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1 INTRODUCTION

1.1 MOTIVATION

Since the breakdown of the Soviet system, Russians have experienced significant
changes in all spheres of daily life. Indeed, with Russia’s recent transformation pro-
cess, the economic, political, and social systems have all changed, including Rus-
sia’s health care system. Though the macroeconomic conditions of the country
have steadily improved, there is still major concern with respect to the health
situation in Russia. According to the FEDERAL STATE STATISTICS SERVICE RussIA (2014),
in 2012 the official life expectancy at birth of 70.24 years for the Russian popula-
tion (males 64.56 years, females 75.86 years), is nearly equal to the Russian life
expectancy in 1987. On average, Russians face a life expectancy that is about ten
years shorter than that of their European neighbors. Considering the aging Rus-
sian population, excessive smoking and drinking behaviors, as well as unhealthy
diets, deaths are mainly caused by non-communicable diseases (COCKERHAM, 1999;
ADEY! et al., 2007; SUHRCKE et al., 2007). For example, in 2012, 85.7 % of deaths in
Russia were caused by non-communicable diseases (WORLD BANK, 2014). These
chronic diseases not only create individual problems, but also an enormous eco-
nomic burden for households, employers, and public health care systems (ENSOR,
2004). Along this line, Russians’ per capita health care expenditure increased from
$113.07 current USD in 1995 to $886.88 current USD in 2012. Furthermore, the
private health expenditure share in percentage of total health expenditure increa-
sed from 26.12 % in 1995 to 39.01 % in 2012 (WORLD BANK, 2014).

Such an epidemiologic transition to the predominance of non-communicable
diseases denotes a major challenge for Russia’s health care system and requires
changes of respective health care strategies in Russia (ROZENFELD, 1996;
SUHRCKE et al., 2007; AVKSENTYEVA, 2010). Thus, it is important to understand the
causal pathways and mechanisms behind epidemiologic transition. Aside from
unhealthy lifestyles like smoking, heavy alcohol consumption, and physical inac-
tivity, nutrition is an important determinant of several chronic diseases such as
cardiovascular diseases, diabetes and various forms of cancer (Hu et al., 2000;
TRAGAKES and LESSOF, 2003; POPKIN, 2006; 2007; ADEY! et al., 2007; SUHRCKE et al., 2007).
When considering countries in economic transition with the respective effects on
nutrition patterns, it is well understood that improvements in per-capita incomes
are generally linked with a major shift in dietary patterns, i.e. a shift away from
a relatively monotonous and starchy diet with low fat intakes towards a more
varied diet with more fruits and vegetables. Furthermore, the intakes of animal
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products, fat, and sugar generally increase with increasing incomes; in contrast
to a decline in total fiber intakes (POPKIN, 2006; ULIJASZEK, 2007). Along these lines,
when considering the income and price elasticities for different food aggregates,
studies by STAUDIGEL and SCHROECK (2014) and BURGGRAF etal., (2014d, 2014f,
2014g, 2015a) find that with increasing incomes Russians tend to increase their
consumption of animal-based products much more than their consumption of
staple foods such as bread. Such an overall shift in dietary patterns, together with
the accompanying increase in nutrition-related chronic diseases, is often refer-
red to as nutrition transition in its narrow sense (POPKIN and Du, 2003).

In Russia, the increase in nutrition-related chronic diseases is even more trouble-
some because of preferences inherited from the Soviet period. Under the former
Soviet system, meat prices were highly subsidized and Russian nutritionists
recommended heavy intakes of livestock products for a full and healthy diet
(LIEFERT, 2004; DELLAVA et al., 2010). Therefore, the Russian diet has traditionally
been characterized by a considerably high consumption of meat and dairy pro-
ducts; all of these products generally have high fat, protein, and cholesterol con-
tents (LIEFERT, 2004). Furthermore, Russian cuisine has traditionally been low in
fruit and vegetable content due to the difficulty of growing fruits and vegetables
in the Russian climate (BRAINERD and CUTLER, 2005). Nowadays, rapid shifts in food
systems, prices and marketing have boosted the consumption of meat and dairy
products towards even higher levels of fat and protein intakes (PopkiN and Ng,
2007). Therefore, against the background of Russians’ traditional eating habits
and recent trends in the prevalence of chronic diseases, Russians’ changing nu-
trition patterns during economic transition are worthy of research attention
(HINOTE et al., 2009).

There are hardly any current empirical studies investigating the link between
nutritional and economic circumstances in the Russian Federation. Until now,
the majority of studies available for Russia have analyzed the health outcomes of
Russian’s nutrition patterns (e.g., obesity or chronic diseases), whereas only a few
studies have focused on the analysis of dietary quality in Russia. ULIJASZEK and
KozieL (2007) show that the growing prevalence of obesity in Eastern European
countries cannot be attributed to increased dietary energy availability, at least at
the macro level. These authors show that the obesity patterns observed in East
European nations can be explained, for example, by less physical activity and
growing real per-capita incomes. DELLAVA et al., (2010) highlight that Russia has
one of the highest cardiovascular mortality rates, combined with low nutritional
literacy. ZOHOORI et al. (2001) and LIEFERT (2004), as well as HUFFMAN and Rizov (2007)
examine the caloric intake of Russians. These authors show that caloric intake, to-
gether with the remarkable overweight and obesity rates, significantly increased
during Russia’s economic transition. JAHNS et al. (2012) focus on obesity among
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children in Russia. For 1995, they find a significant positive influence of income
on children’s energy and fat intake. However, in contrast to the income effects
on energy and fat intake, their results also indicate that overweight prevalence
does not significantly differ for different strata of parents’ income in 1995 and
2002 (JAHNS et al., 2012). For the time period 1995-2005, STAUDIGEL (2012) shows
that Russian expenditure elasticities of energy intakes and food aggregates range
between zero and one, indicating them as necessitates. Considering the differ-
rences between normal-weight, overweight, and obese households, STAUDIGEL
finds that the expenditure elasticities of food quality (in terms of quality differ-
rences in the computation of households’ price variables) of the meat, bread,
fruits, and dairy aggregates are higher for obese households than for normal
households. Analyzing the impact of food prices on overweight and obesity,
STAUDIGEL (2011) shows that food prices are not major determinants of the body
mass index (BMI), and thus obesity, in Russia.

HERZFELD et al. (2014) examine the dynamics of the Russian demand for fat, pro-
tein, and food diversity for the period from 1994 to 2005. Their results show that
with increasing incomes, households tend to consume more fats and proteins,
while food variety increases. Moreover, these authors find habit formation in
the Russian demand for food diversity, but not in fat and protein consumption.
STILLMAN and THOMAS (2008) investigate the impact of fluctuations in household
expenditures on several nutrient intake indicators such as total calorie intake and
the percentage of calories from fat and protein. These authors apply GROSSMAN's
health investment model (GROSSMAN 19723, 1972b, 2000) by taking BMI, total ener-
gy, and the energy percentage of fat intakes as indicators of the demand for
health.! Their results indicate that transitory changes in expenditures are positive-
ly and significantly associated with total calorie intake, the share of calories from
protein and fat, adult BMI, and child weight-for-height.

In sum, previous studies on nutrition in Russia focus on anthropometric out-
comes or measure dietary quality by single macronutrient indicators. Nonethe-
less, such an approach is often too narrow to provide a meaningful picture of
overall dietary quality as well as changing nutrition patterns during economic
transition. Sometimes this narrow approach might even be misleading.

' However, in GROSSMAN's health investment model, the demand for dietary quality should
indicate the investment in health rather than the demand for health (see GRossmAN, 2000).
Furthermore, STILLMAN and THOMAS (2008) examine the percentage of calories from fat as an
indicator of dietary quality. This indicator setting leads to their statement that dietary quality
rises in the sense of an increased energy percentage of fat intakes when household resour-
ces increase. However, this statement seems questionable in a country with noticeably
high fat and protein intakes where the majority of the population is either obese or over-
weight.
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1.2 RESEARCH QUESTIONS

As discussed in chapter 1.1, nutrition-related chronic diseases have significantly
increased during the Russian economic transition, indicating a trend towards
unhealthier diets. Nonetheless, current research studies on single aspects of Rus-
sian nutrition patterns are insufficient for explaining the overall Russian dietary
quality or to link this overall dietary quality to a transformation country’s profile,
which has to represent an array of economic, nutrition, and epidemiologic transi-
tions. Therefore, in order to close this research gap, the following main research
question is outlined for this dissertation:

Main research question: What are the main determinants of Russian’s dietary quality during
transformation?

To answer this main research question, the topic of interest has to be detailed
both thematically and methodically as described in the following. An analysis of
the Russian dietary quality should start with a description of the overall nutrition
patterns of the Russian population. Against the background of the Russian eco-
nomic transition and the aforementioned effects on nutrition and health, it can
be hypothesized that Russia is indeed experiencing a nutrition transition, i.e. a
generally positive consumption trend for fats, proteins, fruits, and vegetables,
but a negative consumption trend for fiber. For instance, STILLMANN and THOMAS
(2008) emphasize in their empirical analysis that increased household incomes
in Russia are concurrent with the consumption of foods being richer in fats. This
development is in line with the observed increase of the overweight and obesity
prevalence in Russia (JAHNS et al., 2003; SEDIK et al., 2003; HuFFmAN and Rizov, 2007).
At the same time, fruit and vegetable consumption in Russia increased between
1992 and 2007 (PAALANEN et al.,, 2011). However, any particular form of nutrition
transition may vary from region to region due to differing traditional eating habits
and consumption patterns (POPKIN, 2001, 2002). Therefore, in contrast to the ob-
served nutrition transition patterns in Asia (see e.g., POPKIN et al., 2001; PoPkIN and
Du, 2003), it has to be considered that the analysis of a Russian nutrition transi-
tion is of particular interest because it started at a consumption level of animal
fats and sugar that had already been high. Furthermore, it is important to note
that the Russian economic transition was disrupted several times by periods of
severe economic crises. Therefore, based on the generally observed link bet-
ween rising incomes and nutrition transition, it can be further hypothesized that
declining household incomes during periods of economic crisis will lead to a
reversed profile of a nutrition transition. For example, empirical studies have
shown that the consumption of fats, particularly animal fats, was considerably
lower in the year of the Russian financial crisis in 1998 than in the periods of
economic growth from 1994 to 1996 and 2004 to 2005 (STILLMANN and THOMAS,
2008; DELLAVA et al., 2010). Hence, the prevalence of obesity has declined during



Introduction 5

the financial crisis in 1998 (WANG et al., 2002). This discussion leads to the first
two detailed research questions of this inquiry:

Research question 1.1: |s there an ongoing nutrition transition in Russia, considering traditional
eating habits and long-standing consumption patterns?

Research question 1.2: Do declining household incomes during periods of economic crisis lead
to a reversed profile of a nutrition transition in Russia?

Furthermore, in order to enable an empirical analysis of Russian dietary quality, it
is necessary to operationalize the latent construct dietary quality. Per definition,
dietary quality is a complex function of the diet’s chemical composition related
to the specific macro- and micronutrient needs of the human body (HANSEN, 1973).
Hence, dietary quality should not be captured by a single indicator, such as fruit
and vegetable consumption, because a single indicator provides too narrow a
picture of overall dietary quality (Dusols, 2000; KANT, 2004). Multidimensional
concepts such as that of dietary quality need to be operationalized through a
composite index as outlined by NARDO et al. (2008). Nevertheless, given the tre-
mendous changes in Russia’s economic, political, and social conditions during
the last two decades, and the fact that diet-related diseases are of major concern
to Russian authorities, it is interesting to note that thus far, measuring the overall
dietary quality of the Russian population has not been addressed by a compo-
site index. However, especially the Russian case might be quite different due to
its history and specific eating habits. Moreover, despite the growing interest in
assessing dietary quality over time, only few longitudinal studies have used die-
tary quality indices to identify trends in dietary behavior (ARABSHAHI et al., 2011).
Still, all of these studies focus on dietary quality in industrialized countries rather
than dietary quality in transition countries (e.g., Hu et al., 2000; FUNG et al., 2007;
LEE et al.,, 2007; ArRABSHAHI et al., 2011). Therefore, the next two detailed research
questions arise for the analysis of Russians’ dietary quality:

Research question 2.1: How can the overall Russian dietary quality be best operationalized
by a composite index construction?

Research question 2.2: How did the overall Russian dietary quality, measured by a composite
index, change during Russia’s transition period?

In contrast to mainly cross-sectional international nutrition studies (e.g., PARKand
DAvis, 2001; DRESCHER et al., 2009; BINKLEY and GOLUB, 2011), this thesis aims to
analyze the influencing factors of Russian dietary quality during the transforma-
tion process by a longitudinal analysis. Thereby, healthy diets can, in addition to
physical exercise and good healthcare, be considered as a long-term investment
in an individual’s health. Yet published studies on the widely used household
production theory or the goods characteristics approach cannot explain dietary
choices by considering this intertemporal health investment character. By
contrast, GROSSMAN’s health investment model (GRoSSMAN, 1972a, 1972b, 2000)
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addresses this intertemporal aspect by allowing health investments to be con-
sidered a choice option for consumers. Nevertheless, GROSSMAN's health invest-
ment model is not without criticism. This is because the model's demand func-
tion for medical care implies a positive impact of actual health on the consump-
tion of medical care, while empirical studies suggest the opposite (ZWEIFEL, 2012).
Furthermore, GROSSMAN limits the variety of health investment input factors in
his theoretical model only to medical care (GROSSMAN, 2000). It is therefore neces-
sary to incorporate the role of dietary quality into the health investment model.
Based on this discussion, the following three final research questions of this thesis
can be derived:

Research question 3.1: Based upon its theoretical implications, is the Grossman health invest-
ment model of practical relevance for health economists?

Research question 3.2: |s the health investment model appropriate for providing a comprehen-
sive theoretical framework that describes the effects of dietary quality-
specific influencing factors on the healthiness of diets?

Research question 3.3: How is Russian dietary quality influenced by socio-economic, socio-demo-
graphic, and lifestyle factors considering a comprehensive theoretical
model?

1.3 STUDY OBJECTIVES

This thesis aims to contribute interdisciplinary findings, which benefit from both
economic and nutritional approaches, that explain the Russian dietary quality
with respect to nutrient deficiencies, but also the increasing prevalence of nu-
trition-related chronic diseases. Thereby, the main objective of this study is an
empirical analysis of Russian dietary quality, as well as its socio-economic, socio-
demographic, and lifestyle-influencing factors. Based on this main objective, the
following specific sub-objectives are derived that aim to answer the aforemen-
tioned relevant research questions of this thesis.

After clarifying the macroeconomic conditions of food demand, the first sub-
objective of this thesis is the empirical analysis of trends in Russian food con-
sumption patterns during economic transition. Thereby, it is necessary to consider
specific features of Russian food consumption before and after the collapse of
the Soviet system such as cultural aspects, food availability, household food con-
sumption budgets, and nutritional education.

The second sub-objective of this study is the development of a composite index
to measure dietary quality, which must be explicitly suitable for the analysis of
Russian dietary quality. Such a composite index regarding the measurement of
dietary quality needs to take into account both the evidenced specifics of Russian
dietary patterns, as well as the data restrictions of the employed data set. The
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respective empirical analysis of this study is supposed to establish if and to what
extent dietary quality has changed during the Russian transformation process.

The third sub-objective of this thesis is to analyze the Russian demand for dietary
quality using a comprehensive theoretical framework; GROSSMAN's dynamic health
investment model provides such an economic framework. However, in order to
employ this model for the analysis of dietary quality, this thesis aims at the follo-
wing two model modifications: first, a change of the specification of the model’s
inherent health investment production function in order to receive more realistic
model implications, and second, the model’s adaption to the analysis of the de-
mand for dietary quality. Based on such a modified health investment model, de-
mand functions shall be derived that describe the optimum demand for dietary
quality depending on relevant socio-demographic, socio-economic, and lifestyle
factors. Afterwards, these theoretically implied relationships between the demand
for dietary quality and its influencing factors shall be empirically employed to ex-
plain the demand for dietary quality in Russia.

The theoretical and empirical findings of the Russian analysis of dietary quality
lead to the fourth sub-objective, which is to provide important suggestions re-
garding nutrition policy. Identified problematic profiles in the Russian diet, as well
as their influencing factors, shall be the basis for designing appropriate educa-
tional or market-specific intervention programs, which must be aimed at achie-
ving a healthier Russian diet. Owing to the increased prevalence of nutrition-rela-
ted diseases and the associated healthcare costs within the Russian population,
such official intervention strategies are of tremendous socio-political interest.

1.4 COURSE OF INVESTIGATION

This thesis is divided into six chapters devoted to answering the research ques-
tions derived in chapter 1.2 and achieving the main- and sub-objectives presen-
ted in chapter 1.3. Except for chapter 2, which introduces the employed data set,
every main chapter has its own chapter introduction and conclusions section in
order to appropriately address the respective research questions and objectives.
In the following, a detailed description of the study organization is outlined and
subsequently displayed in Figure 1.

Chapter 2 introduces the employed data set of Phase Il of the Russia Longitudinal
Monitoring Survey (RLMS-HSE, 1996-2008). The statistical analysis of the RLMS-
HSE data set is performed using STATA 14 (STATACORP, 2015). After a detailed de-
scription of the RLMS-HSE data set considering the time period 1996-2008 (chap-
ter 2.1), data limitations are discussed (chapter 2.2).

In chapter 3, the concept of nutrition transition is discussed in more detail.
Based on this concept’s definition, Russian nutrition patterns are analyzed for
the observed transition period 1996-2008, considering Russia’s macroeconomic
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transformation (chapter 3.2), nutritional transformation (chapter 3.3), and epi-
demiological transformation (chapter 3.4) during this period of time.

Chapter 4 is concerned with the theoretical aspects of the measurement of die-
tary quality by a composite index construction (chapter 4.2) and its empirical
application of measuring Russians’ dietary quality (chapter 4.3). The chapter be-
gins with a short introduction of the purpose of a priori indices regarding human
dietary quality (chapter 4.2.1). After a review of hitherto relevant a priori dietary
quality indices (chapter 4.2.2), the appropriateness of relevant index construc-
tion criteria is discussed, based upon theoretical considerations or recent know-
ledge about diet-health relationships (chapter 4.2.3). Furthermore, a summary-
zing toolbox is offered, which helps nutritionists to identify those indices whose
index construction is most appropriate for their respective study aim; conside-
ring, for example, the theoretical framework or the selected method of indicator
normalization (chapter 4.2.4). Based on this summarizing toolbox, the Diet Quality
Index-International (DQI-I-2003) developed by Kim et al. (2003a) is selected and
aligned to Russia’s country-specific needs, as well as to technical requirements of
a statistically sound composite index (chapter 4.3.1). Finally, the empirical analysis
of the modified DQI-I-2003 provides a more thorough picture of Russia’s overall
dietary quality by identifying if Russians are at risk of either deficient or excessive
intake of several nutrients (chapter 4.3.2).

In chapter 5, a comprehensive theoretical framework is developed, which is able
to explain the demand for dietary quality. First, GROSSMAN’s health investment
model is introduced and a critical summary of this model is offered. Thereby, the
main criticism lies with the model’s demand function for medical care, which
implies, inter alia, a rather unrealistic positive effect of the actual health status on
the demand for medical care (chapter 5.2.1). Therefore, a literature review of pub-
lished English-language literature is provided, which addresses this critique re-
garding the practical relevance of the health investment model (chapter 5.2.2).
Second, motivated by this literature review, GROssMAN’s standard model set-
ting is modified by specifying the health investment production function with
decreasing returns to scale rather than constant returns to scale. This slightly
modified specification is then incorporated into the solution of a deterministic
(chapter 5.2.3) and a stochastic intertemporal health investment optimization
problem (chapter 5.2.4). Third, the theoretical implications of the newly specified
Grossman model are then approved by an empirical analysis of the Russian de-
mand for medical care (5.2.5). Fourth, in order to direct the focus now on the de-
mand for dietary quality, general specifications of dietary quality decision prob-
lems are outlined (chapter 5.3.1). Afterwards, these specifications are operatio-
nalized within the newly developed dietary health investment model, con-
sidering the introduced health investment production function with decreasing
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returns to scale (chapter 5.3.2). Fifth, demand functions for dietary quality are de-
rived from the theoretical dietary health investment model (chapter 5.3.3). For a
better understanding of the issue, the implications of the dietary health invest-
ment model are then graphically displayed (chapter 5.3.4). Finally, the Russian
demand for dietary quality is empirically analyzed (chapter 5.3.5) and policy im-
plications are derived (chapter 5.3.6).

Chapter 6 summarizes the most important findings (chapter 6.1), outlines the
respective research contributions (chapter 6.2), and discusses the limitations of
this thesis (6.3).

Figure1:  Course of investigation

1 Introduction

Motivation Research questions Objectives Course of investigation

2 Data base
Data description Data limitations

3 Russian transformation

Chapter conclusions

4 Russian dietary quality
Indices on dietary quality Russian dietary quality

5 Russian demand for dietary quality
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*Deterministic optimization +Demand functions.
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6 Summary and conclusions

Source: Own presentation.






2 DATABASE

2.1 DATA DESCRIPTION

The empirical analysis of this thesis is based upon household micro data for the
time period 1996-2008 of Phase Il of the RLMS-HSE. Given the tremendous chan-
ges of the Russian economic, political, and social conditions during the last two
decades, and the fact that diet-related chronic diseases are of major concern to
Russian authorities, the observed time period 1996-2008 covers a considerably
long period of an ongoing economic and nutritional transition interrupted by
the economic crisis in 1998.

The RLMS-HSE is conducted by the National Research University Higher School
of Economics and ZAO "Demoscope”, together with the Carolina Population Cen-
ter, University of North Carolina at Chapel Hill and the Institute of Sociology RAS.
The RLMS-HSE is a series of national surveys based on the first nationally repre-
sentative random sample for Russia. In Phase Il of the RLMS-HSE, a multi-stage
probability sampling is employed (NATIONAL RESEARCH UNIVERSITY HIGHER SCHOOL OF
Economics et al,, 2015). The number of sampled households has been steadily in-
creased by the RLMS-HSE, from 3,750 households in 1996 (with 8,342 adults)
to 5,314 households in 2008 (with 11,864 adults).? The RLMS-HSE provides socio-
economic and demographic variables at the household level, as well as personal
characteristics such as various health measures and dietary intake data based
upon a 24-hour recall. Furthermore, the RLMS-HSE includes household food con-
sumption data with information on food expenditure and own production of
foods. Purchased food items refer to the RLMS-HSE food expenditure data of the
last seven days. Data about food home production refer to own production of
food in the last 12 months, which is subsequently averaged and adjusted to a
seven-day household food basket. Therefore, own production data consider the
effects of a typical household's stock-piling of potatoes, canned fruits and vege-
tables, as well as processed meat and dairy products. These data are representa-
tive and of exceptionally high quality. Therefore, they are very useful in the

2 However, merging the 20+ different household and individual data sets on different survey
topics each year shows that a significant portion of households (and individuals) has not
been surveyed regarding all the survey topics (e.g., the data set with household income
data includes only 3,560 households in 1996). Therefore, after an additional deletion of
severe outliers, the number of total observations is reduced to an imbalanced data set with
maximally 81,273 observations for the merged data set of eleven waves.
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research context of the transition in Russia (NATIONAL RESEARCH UNIVERSITY HIGHER
ScHooL oF EcoNomics 2015).2 Furthermore, representativeness of the RLMS-HSE
food consumption data is reflected in the similarity of the food consumption
aggregates between the employed RLMS-HSE data and data from the FEDERAL
STATE STATISTICS SERVICE RUSSIA (2014).

2.2 DATALIMITATIONS

Besides its manifold and useful information, the RLMS-HSE data have some limi-
tations. First, a major limitation of the RLMS-HSE data is the changing structure
of the panel data. For instance, there has been a significant change in the sample
design of the RLMS-HSE data after 2008, which was accompanied by the con-
struction of different identification numbers based upon different stratification
variables. Furthermore, individual data on 24-hour recalls and interviewer-guided
anthropometric measures such as weight and height were only compiled until
2005. These structural changes limit the descriptive analysis of the households’
food and nutrient consumption to the time period 1996-2008 and the more de-
tailed analysis of the individuals’ nutrient intakes to the time period 1996-2005.

Second, for the panel analysis of individual dietary intakes, 24-hour recall data
are restricted by the RLMS-HSE officials to the information on total kcal per day,
fat intake, and protein intake for one day per survey wave. However, the habitual
intake over a prolonged period of time (e.g., one week) is the value that dietary
studies would like to measure (LIVINGSTONE and BLACK, 2003). Furthermore, single
24-hour recalls suffer from random measurement errors and day-to-day intake
variations, which can be reduced by averaging food consumption data (Tian and
Yu, 2013). Therefore, nutrient contents of the households’ seven-day food baskets
given by the household food consumption data (including the averaged home
production) are employed to support the approximation of an individual’s nut-
rient intake per household member in this study. Given that food consumption
is only recorded for the fourth quarter of each year, RLMS-HSE consumption data
are not representative of consumption patterns over the whole year. However,
since the major objective of this thesis is to investigate changes in nutrition pat-
terns over a transition period of 13 years, RLMS-HSE consumption data allow
the researcher to carry out year-by-year comparisons of food consumption
(JAHNS et al., 2003).

Third, considering an individual’s nutrient intakes, common dietary assessment
techniques such as 24-hour recalls or food frequency questionnaires often pose
the problem of systematic underreporting of energy intake (MerTz et al., 1991;

3 For more information on sampling, survey schedule, quality control, and data summaries,
see NATIONAL RESEARCH UNIVERSITY HIGHER SCHOOL OF ECONOMICS (2015).
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BrAy et al., 2008). To test for profound underreporting in this inquiry, the reported
energy intake in kcal per day has been validated against presumed energy ex-
penditures per day. This method rests on the assumption that energy intake
has to equal energy expenditures when an individual’s weight is stable. Thereby,
weight can be regarded as constant at the group level of adult individuals, i.e.
mean individual energy intake has to equal mean individual energy expenditure
(LivINGSTONE and BLACK, 2003). For the Russian data, Table 1 shows the association
between the calculated ratio of energy intake to energy expenditure (EI:EE) and
BMI. Thereby, the expected ratio of EL:EE is one, while a calculated mean EI:EE
with lower values demonstrates the underreporting of energy intakes. As found
in other studies, the higher the respondent’s BMI, the stronger the significant
underreporting. Furthermore, Table 1 shows that the group of females tends to
significantly underreport energy intakes.* Comparing reported fat intakes with
estimated fat intakes from household food consumption data, there is not any
systematic under- or overreporting in the RLMS-HSE data set. These results indi-
cate that there is systematic underreporting of reported energy intakes, while
nutritionists can possibly rely on the reported fat intake data in terms of analy-
zing excessive fat intakes.®

Table 1: Test for profound misreporting in the 24-hour recall

Reported Energy Intake/ Reported En% of fat/

Energy Expenditure* Estimated En% of fat

BMI classification according to

World Health Organization (2015c) Male Female Male Female
| Underweight - Severe Thinness 1.04 0.89 1.22 0.98

1l Underweight - Moderate Thinness 0.97 0.89 1.02 1.02
1] Underweight — Mild Thinness 0.94 0.92 1.01 1.06
IV Normal Range 0.97 0.89 1.08 1.07
\ Overweight - Pre-Obese 0.94 0.85 1.08 1.04
VI Obese-Class| 0.86 0.80 1.08 1.03
VIl Obese -Class|I 0.82 0.73 1.08 1.03
VIll  Obese - Class lll 0.73 0.70 1.09 1.05

Source: Own calculations, RLMS-HSE data, 1996-2005.

Note:  Considering only individuals with stable weight, where stable weight is assumed for
individuals with a weight variation over the observed time period of less than 10 %.
* ELEE significantly decreases with a higher BMI classification (I-VIIl) and female
gender at the 5 % level.

4 About 32.88 % of the variation in EI:EE can be explained by gender and BMI classification.

> Although the possible problem of underreporting is mentioned in SeDIK et al. (2003), this
problem of a systematic misreporting has not been addressed in hitherto studies applying
the RLMS-HSE data set for the analysis of nutrition and obesity problems.
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For the subsequent analysis of Russian dietary quality, information is needed on
household food consumption, which is directly reported by the RLMS-HSE data
set. Nevertheless, for a more detailed analysis, additional information is neces-
sary about individual nutrient intakes. This data have to be approximated accor-
ding to the following procedure. Based upon the aforementioned shortcomings,
the amounts of food items of the seven-day household food basket are con-
verted into the contents of several micro- and macronutrients in g/kcal, using the
food composition table of the NutriSurvey program 2007 (ERHARDT, 2010).° For
the approximation of individual nutrient intakes per household members, nut-
rient contents per household food basket are subsequently multiplied by the
individual energy expenditure in kcal/day to generate individual intake data.”
Individual energy expenditures are generated according to the most widely used
predictive basal metabolic rate, that of HARRIS and BENEDICT (1919), which considers
individual gender, age, height, and weight multiplied by the individual physical
activity level (PAL). Thereby, the RLMS-HSE information on hours and minutes of
sitting, walking, standing, median physical work, and heavy physical work is trans-
lated into PAL values. After deducting the time for daily activities from 24 hours,
the resulting daily time is considered as sleeping time with a PAL of 0.95. If activi-
ty data were missing or if daily activity accounted for more than 20 hours, the
average PAL of 1.55 was assigned. The anthropometric measures height and
weight are measured by experienced interviewers and thus are free of any under-
reporting bias. As a measure of an individual’s total fat intake, the reported in-
take data from the 24-hour recall have been employed.

¢ The use of food composition tables is a central feature of epidemiological studies. The
tables of the NutriSurvey2007 program contain the total energy value in kcal as well as
the contents in g of nutrients including protein, carbohydrates, fat, vitamins and miner-
als, and other important food components such as fiber and ethanol per 100 g edible
portion. The program provides values based upon various national and international
food composition tables to increase the level of correctness. Furthermore, the program
contains an extensive collection of food databases from all over the world.

7 Energy expenditure and fat intake in autumn/winter are possibly higher than in summer
to keep body temperature stable. While this possible bias may affect, for example, the
EI:EE ratio, it generally does not have any effect on the observed trends in overconsumption
of specific population strata.
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3.1 CHAPTERINTRODUCTION

As mentioned above, Russians have witnessed a dramatic increase in chronic
diseases, which contribute significantly to the worrying morbidity and death
rates in Russia (ADEYI et al., 2007; SUHRCKE et al., 2007). Thereby, the growth of nut-
rition-related chronic diseases might be explained by the common link between
increasing household incomes during economic transition and changing dietary
patterns in the sense of a nutrition transition. Generally, a nutrition transition is
marked by a shift away from a relatively monotonous and starchy diet with low
fat and high fiber intakes towards a more varied diet that is higher in fruits and
vegetable consumption but also higher in the consumption of fats, animal pro-
teins, sugar, and other refined carbohydrates (PoOPkiN et al., 2001). As already
experienced in the United States or European countries, such a shift in nutrition
patterns is seriously problematic since it increases the risk of various health con-
ditions and chronic diseases, including overweight, obesity, cardiovascular disea-
ses (Hu et al., 2000; SHEPARD et al., 2001; PoPkiN and Du, 2003; POPKIN, 2006), diabetes
(MONTONEN et al., 2005), and various forms of cancer (BOEING et al., 2007; POPKIN,
2007,2011).

Against the background of Russia’s economic transition as well as the increasing
prevalence of chronic diseases, such a nutrition transition can be assumed for
the Russian population. Results of empirical studies, which investigate the link
between nutritional and economic circumstances in Russia, underline this as-
sumption of an ongoing nutrition transition in Russia. Considering caloric intakes,
ZOHOOR!I et al. (2001) and LIererT (2004), as well as HUFFMAN and Rizov (2007) show
that caloric intakes as well as overweight and obesity rates significantly increa-
sed during economic growth. JAHNS et al. (2012) find a significant positive influen-
ce of income on energy and fat intakes of children in 1995. HERzFELD et al. (2014)
show that with increasing incomes, households tend to consume more fats and
proteins while food variety increases. Finally, the results of STILLMAN and THOMAS
(2008) indicate that transitory changes in expenditures are positively and signifi-
cantly associated with total calorie intake, the share of calories from protein and
fat, adult BMI, and child weight-for-height. Considering fruit and vegetable intakes
during economic transition, PAALANEN et al. (201 1) show higher fruit and vegetable
intake levels in 2007 than in 1992.
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These previous studies on changing nutrition patterns in Russia focus on anthro-
pometric outcomes, energy intakes, or the intakes of specific foods/food groups.
For example, these studies analyze either the Russian intake of fats or the intake
of fruits and vegetables during transition. Nonetheless, such an approach is too
narrow to sufficiently analyze whether there is an ongoing nutrition transition
in Russia. Therefore, this chapter elaborates on whether there have been major
changes in the Russian nutrition patterns over time - considering the overall
consumption trends of fats, protein sources, fruits, vegetables, and fiber — and in
which way these changing nutrition patterns are consistent with the definition
of a nutrition transition. Furthermore, this chapter investigates whether declining
household incomes during periods of economic crisis will lead to a reversed pro-
file of a nutrition transition.

The complex task of analyzing a nutrition transition such as Russia’s should in-
clude an array of economic, nutrition, and epidemiologic transformations (POPKIN,
2014). Accordingly, this chapter is organized as follows. In chapter 3.2 a short over-
view of Russia’s economic transition is provided, considering household budgets
for food consumption as well as aspects of price inflation and income growth.
Afterwards, the Russian transition with regard to nutrition patterns is outlined in
chapter 3.3, considering the demand for food aggregates in chapter 3.3.1, as
well as the more detailed demand for nutrients in chapter 3.3.2. Based on these
results, respective health outcomes for the Russian population are outlined in
chapter 3.4. In chapter 3.5 important findings are summarized and discussed.

3.2 ECONOMIC TRANSITION

Amongst other applications, consumption aggregates are often used to analyze
changes in living standards over time or to assess the distributional impacts of
various nutrition programs and policies (DEATON and ZAIDI, 2004). Since the analy-
sis of the Russian food consumption patterns over the transition period includes
aspects of changing living standards as well as policies affecting food consump-
tion, Table 2 provides an overview of the real expenditure shares of consump-
tion aggregates for the time period 1996-2008 following the approach of DEATON
and ZADI (2004). In this study, the components of consumption are aggregated
into three main classes: (i) food items, (ii) nonfood items, and (iii) housing. There-
by, the expenditure shares provided in Table 2 reflect the relative importance of
each of these consumption aggregates.
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Table 2: Russian food and non-food expenditure shares

Year 1996 1998 2000 2001 2002 2003 2004 2005 2006 2007 2008

Expenditure shares of household consumption
aggregates in %

Food 59.06 6234 5455 5292 50.16 46.18  43.77 4507 4000 4186  38.72
Purchases 46.21 4720 4173 4304 4147 3902 3725 38.12 3417 3531 32.55

Production 1285 1514 1282 9.88 8.69 7.5 6.53 6.94 5.83 6.55 6.17
Non-food

items 2350 1724 2480 3008 3058 30.88 3097 3241 3178 3456  33.70
Health 1.06 1.86 1.95 2.28 247 2.51 239 2.55 240 2,57 2.72
Hygiene 2.05 2.24 1.89 2.40 2.50 247 237 2.60 2.46 2.63 243
Education 091 0.96 0.83 1.08 0.93 0.81 0.92 1.05 1.00 0.94 0.88
Other non-
foods 1947 1219 2014 2432 2467 2509 2529 2622 2593 2841 27.67
Housing 8.69 9.75 8.80 9.03 1056 1491 1595 1416 2020  14.81 19.29
Utilities 6.94 7.91 6.97 6.64 7.84 11.92 1283 9.98 1576 1019 1473
Rent 1.75 1.84 1.84 239 272 299 3.12 4.18 4.44 4.62 4.56
Durables 8.75 1067 1185 7.97 8.70 8.04 9.31 8.36 8.02 8.77 8.29
Overall 100 100 100 100 100 100 100 100 100 100 100
Monthly total expenditure per capita (real)
in 2005
uss 13071 11205 11590 12586 132.17 14227 15212 14596 171.52 179.58 207.96
in RUB 375698 3219.77 333055 361680 379804 408825 437129 419433 492866 516026 597593

Source: Own calculations based on RLMS-HSE, 1996-2008.

Households in transition countries generally face relatively high levels of econo-
mic uncertainty. Due to lacking credit and insurance markets, they have enor-
mous problems smoothing their food consumption against economic shocks
(STILLMAN, 2001). Along these lines, measures provided in Table 2 identify tremen-
dous changes in real total expenditures and in food expenditure shares during
the observed period of economic transition. Average monthly real expenditures
were 3,756 Rubles per capita in 1996. In 1998, the year of financial crisis, average
monthly real expenditures dropped to their lowest level of 3,220 Rubles per capi-
ta; thereafter, total expenditures increased up to 5,976 Rubles per capita in 2008.2

Focusing on food expenditure shares, Table 2 shows that over the observed pe-
riod food expenditures shares were the highest for food items compared to non-
food items and housing. Furthermore, the expenditure shares of total food items
and the expenditure shares of home-productions within the food consumption
aggregate tend to be relatively higher the lower the real total expenditures
are. Therefore, in 1998 when the average real total expenditure per capita was at
its lowest level, food expenditure shares reached their highest levels at 62.34 %,
with a share of 15.14 % of home-produced food items. Afterwards, with steady

8 Monthly total expenditures are nearly similar to the equivalent Russian household con-

sumption per capita data provided by the World Bank DataBank (WORLD BANK, 2014).
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economic growth and increasing incomes, food expenditure shares dropped
down to 38.72 % in 2008, with a share of 6.17 % of home-produced food items.

Figure2: Development of Russian household incomes
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Source: RLMS-HSE data set and World Bank indicators, 1996-2008.

The demand for food and non-food products depends, amongst various socio-
demographic factors and preferences, on real household incomes and prices.
According to the WORLD BANK (2014), the gross national income (GNI) per capita,
based on purchasing power parity converted to international dollars, increased
from 1996 to 2008 by 92.08 %, with an annual growth rate of 5.59 %. Thereby,
GNI is a central income indicator since this measure equals total incomes of Rus-
sian residents earned by labor and property supply. In Figure 2, the GNI develop-
ment over the observed time period is shown. At the beginning of the observed
period the Russian GNI declined until 1998, the year of the financial crisis. Especial-
ly during this period of time Russian households were hit by income shocks that
included problems of wage arrears, pension arrears, and unemployment. These
income shocks affected food consumption significantly since Russian house-
holds were only partially able to protect their food consumption from such shocks
(Mu, 2006).? Afterwards, the GNI increased up to its highest level in 2008. Further-
more, Figure 2 reflects the share of poor and non-poor Russian households. The
group of poor households indicates households that have incomes lower or
equal to the regional poverty threshold. Households with incomes higher than

° See also KUHN and STILLMAN (2004) on inter-household transfers regarding the vulnerability
of elderly and the role of familial transfers in Russia.
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the regional poverty threshold were grouped as non-poor households. As can
be seen in Figure 2, with an increasing GNI the percentage of poor households
decreased progressively over time in favor of the share of non-poor households.
Therefore, Russia’s improving macroeconomic performance over the past years
involving rising household incomes has reduced the portion of households with
incomes below or equal to the poverty threshold from 35 % in 1996 to 5 % in
2008. Thus, this development has reduced the number of food insecure house-
holds in Russia (LIEFERT, 2004). Furthermore, keeping food prices constant, increa-
sing household incomes indicate that financial budgets of Russian households
allow for quantitatively, as well as qualitatively, higher levels of purchased foods.

Besides household incomes, changing food prices also affect food demand by
both income and price effects. With the end of the former socialist system and
the ongoing market liberalization, prices of food and non-food products have
increased alarmingly. Such food price increases, next to their price effects on food
demand, reduce real household incomes and especially affect Russia’s poorer
households, which have a food expenditure share of more than 50 % (ORGANI-
ZATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT, 2009). Hence, the relatively
high inflation rates in Russia, which are mainly driven by energy and food prices,
have caused tremendous problems for Russian food security. Especially in 1998,
food security of the Russian population has been negatively influenced by ac-
celerating food prices. Table 3 provides an overview of the development of the
average yearly Laspeyres price indices over the considered time period 1996-2008
for the following eight food aggregates: carbohydrates; milk and dairy products;
meat and meat products; other protein sources (such as eggs and fish); fruits;
vegetables; fats; and "other foods". In this study, the other foods aggregate in-
cludes sweets, snacks, coffee, tea, and non-alcoholic beverages. The presented
Laspeyres price indices are calculated based upon the procedure proposed by
DEATON and ZAIDI (2004). These calculated price indices are fairly reasonable com-
pared to the Russian all items food price index of the Organization for Economic
Co-Operation and Development (OECD, 2014) for the same time period. As can
be seen, prices of fruits experienced the highest price increases from 1996 to
2008.1°

1% Chapter 3.2 is based on BURGGRAF et al. (2014d).
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Table 3: Russian Laspeyres indices for eight food aggregates

Year 1996 1998 2000 2001 2002 2003 2004 2005 2006 2007 2008
Carbohydrates 1.00 141 277 293 337 382 443 449 509 6.23 7.99
Milk and dairy 1.00 150 280 357 383 435 494 583 653 903 1025
Meat and meat products 1.00 1.64 338 448 469 495 608 738 785 868 1084
Other proteins 100 167 284 348 385 439 513 550 59 761 8.94
Fruits 100 241 358 455 496 552 592 700 819 992 1176
Vegetables 1.00 214 257 3.05 406 437 458 552 623 938 10.14
Fats and oils 1.00 244 304 355 398 440 476 507 520 730 9.04
Other foods 100 209 295 348 387 460 490 534 6.08 7.21 9.16
All items (OECD) 1.00 147 329 400 463 526 584 658 722 787 8.97

Source: Own calculations based on RLMS-HSE, 1996-2008.

Note:  For comparison see the all item Russian food price index of the ORGANIZATION FOR
EcoNomic CO-OPERATION AND DEVELOPMENT (2014), which is adjusted to the base year 1996.

3.3 TRANSITION OF NUTRITION PATTERNS

3.3.1 Transition of food consumption

After clarifying the macroeconomic conditions of food demand, the focus is now
on trends in Russians’ food consumption patterns during economic transition.
Because of the limited available assortment of food products during Soviet times,
Russian food consumption patterns were primarily motivated by availability and
prices, but less by preferences for healthy foods; this fact seems to persist, as re-
cent studies on consumer purchase behavior indicate (HONKANEN and FREWER,
2009). Consumers seem to pay less attention to the vitamin, fiber and mineral
content of foods and thus to the positive health effects of these nutrients on
their body. Moreover, the former Soviet Union prioritized certain foods by provi-
ding high subsidies for a set of meat and dairy items. Thereby, the Russian govern-
ment set consumer prices for livestock goods far below production costs (LIEFERT,
2004). Furthermore, the Soviet Union’s medical and nutritional establishments
created dietary standards that called for high levels of protein intake. These
nutrition guidelines and the promotion of meat and dairy products ended by the
1980s, but the practice seems to prevail since no counter education has been
provided (DEeLLAVA et al., 2010). This is in line with LIEFERT (2004), who states that
Russians consider a heavy intake of livestock products necessary for a healthy diet
(see also HONKANEN and VOLDNESS, 2006). DeLLAVA et al. (2010) conclude that steep
price increases for meat and dairy products, especially in times of economic crisis,
did not result in long-term dietary shifts. In fact, after a decrease in meat con-
sumption by 27 % in the period 1990-1995 due to the collapse of the managed
economy, accompanied by a reduction of the Russian gross national income (GNI)
by nearly 40 %, Russian households reverted to prior consumption patterns as in-
comes increased. Thus, rather high preferences for meat and dairy products might
be one reason for the remarkable obesity rates in Russia (HUFFMAN and Rizov, 2007).
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In addition, Russian cuisine has traditionally been low in fruit and vegetable con-
tents due to the difficulty of growing fruits and vegetables in the Russian climate
(BRAINERD and CUTLER, 2005). This is in line with results by PAALANEN et al. (2011),
who compared fruit and vegetable consumption of people living in Pitkdranta
in the Republic of Karelia (Russia) with people living in North Karelia (Finland) for
the time period 1992 to 2007. These authors’ results document a remarkably
lower level of fruit and vegetables in the Russian region, with slightly higher levels
in 1997 than in 1992. While in 1992 only 10 % of men and 11 % of women stated
that they eat fruits and vegetables on a daily basis, these numbers increased to
24 % and 35 %, respectively, in the year 2007. HERzFELD et al. (2014) find the lowest
levels of food diversity, an indicator of adequate fruit and vegetable consumption,
in the years of the financial crisis in 1998, with increasing levels afterwards."

Table 4: Development of average annual per-capita food aggregate
consumption

1996 1998 2000 2001 2002 2003 2004 2005 2006 2007 2008
Carbohydrates 24019 2272 23515 24364 22867 21688 22173 20870 20347 19626 18937
Milk and dairy 8217 8318  85.11 8889 9158 9273 9022 9083 9204 8877 91.06
Meat products 59.91 46.64 4691 5131 5884 5994 6033 6069 6424 6810 67.79
Other proteins 2499 2109 2355 2530 2503 2560 2559 2638 2671 2733 2821

Fruits 3982 2221 4269 4214 4443 4922 4823 4534 4675 4879 4792
Vegetables 7037 5645 6526 6813 6239 6156 6305 6215 6078 5535 57.09
Fats and oils 16,57 1397 1646 1698 1648 1531 1518 1576 1408 1481 13.77
Other foods 1226 1190 1741 2078 2122 2248 2211 2196 2387 2228 2139

Source: Own calculations based on RLMS-HSE, 1996-2008.
Note:  Average per capita consumption is presented in kg/year.

In order to enhance the above discussion, Table 4 provides an overview of how
the average consumption of food aggregates in kg/year developed over time
based on the RLMS-HSE data set.'> Again, the following eight food aggregates are
considered: carbohydrates; milk and dairy products; meat and meat products; fish
and eggs as other protein sources; fruits; vegetables; fats and oils; and other foods.

" In addition, an FAO survey indicates that a considerable share of the working age population
in Moscow was affected by a lack of vitamins in the years 1996-1998. MARTINCHIK et al. (2005)
show that the average consumption of vitamin A was especially low in the years 1994-1998.
The share of schoolchildren and students with vitamin C, B1, B2, B6 and B12 deficiencies
rose in the period 1990-1994 (SEDKK et al., 2003).

2 |t is of special interest to also consider the poor’s diet separately. This is because with
emerging processed food sectors one may find that the efforts to enhance food production
and increase food security may miss the major target of improving the poor’s diet (POPKIN,
2014). Therefore, in Appendix 1 Table A 1, all numbers are separately provided for households
with income above or equal to Russian median income, as well as below median income.
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As Table 4 shows, meat intake decreased from 59.91 kg/year in 1996 to 46.64 kg/
year in 1998. After the Russian financial crisis and with increasing incomes per
capita, average Russian per capita consumption of meat and meat products in-
creased from 46.91 kg in 2000 to 67.79 kg in 2008. Thereby, until 2007 the average
per capita intake of meat products of households with incomes above or equal
median income has been higher than of households with incomes below the
yearly median income, with a steady catching up effect of the poorer households.
With a yearly meat consumption rate of about 68 kg/year in 2008, Russians’ near-
ly meet the official guidelines of the Ministry of Health and Social Development
of the Russian Federation (MINISTRY OF HEALTH AND SOCIAL DEVELOPMENT OF THE Rus-
SIAN FEDERATION, 2010), which recommends an annual consumption of 70 to 75 kg
meat and meat products. The recommended minimum meat consumption for
Russian adults lies between 54 kg and 70.4 kg per year, depending on the geo-
graphical area in Russia (GOVERNMENT OF THE RUSSIAN FEDERATION, 2013). Hence, on
average Russians’ meet their nationally recommended meat intakes but conside-
ring the upper tail of the meat consumption distribution, about 37.13 % of the
Russian population exceeds its recommended meat intake. For comparison, the
U.S. DEPARTMENT OF AGRICULTURE and U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
(2010) recommends a maximum per-capita intake of only 62 kg per year, while
the GERMAN NUTRITION SOCIETY (2013) recommends an even lower annual maxi-
mum meat intake of about 31.3 kg per capita. Along this line, the World Cancer
Research Fund recommends that the consumption of meat, especially proces-
sed meat, shall not exceed 26 kg per year.” This is because although the intake
of meat is expected to prevent iron deficiencies, frequent meat consumption,
especially of processed meat, is assumed to not only be associated with an increa-
sed risk for colorectal cancer, but also with cardiovascular disease, diabetes, and
chronic kidney diseases (MARMOT et al., 2007; CHol and Kim, 2014; MARCKMANN et al.,
2014; SAvwA and KAFATOS, 2014; TARRAGA LOPEZ et al., 2014).™

Furthermore, per-capita consumption of carbohydrates decreased from 240.19 kg
to 189.37 kg within the time period 1996-2008 with generally higher consumed
amounts of carbohydrates in poorer households. Per capita fruit intake decrea-
sed from 39.82 kg/per in 1996 to 22.21 kg/year in 1998 and afterwards increased
up to 47.92 kg/year in 2008. Fruit consumption in richer households are higher
than in poorer households. For example, in 2008 fruit consumption of households
with incomes above the median was 52.80 kg/year, while fruit consumption of
households with incomes below the median was only 43.73 kg/year. Just as for

13 Processed meats are defined as meats that are preserved by smoking, curing, or salting,
or the addition of chemical preservatives.

' Furthermore, evidence suggests that even in diets with little consumption of white or
red meat, iron status may not be adversely affected (SAvwA and KAFATOS, 2014).
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fruits, the per capita consumption of vegetables decreased from 70.37 kg/year in
1996 to 56.45 kg/year in 1998. But in contrast to the Russian fruit consumption,
vegetable consumption shows no significant trend after 1998, with its highest
amount of 68.13 kg/year in 2001 and its lowest amount of 55.35 kg/year in 2007.
Nonetheless, added together, yearly fruit and vegetable consumption increased
both in richer and poorer households during the period of economic growth
from 1998 up to 2008. However, average per capita fruit and vegetable con-
sumption is still at a much lower level than in western countries (BRAINERD and
CUTLER, 2005; PAALANEN et al., 2011)." In contrast to meat consumption, Russians’
average fruit and vegetable consumption clearly lies below the recommended
intake levels. According to the MINISTRY OF HEALTH AND SOCIAL DEVELOPMENT OF THE
RussIAN FEDERATION (2010), an annual vegetable intake of 120-140 kg per capita
and an annual intake of fruits and berries of 90-100 kg per capita is recom-
mended. Regarding other foods, the RLMS-HSE data suggest an increased con-
sumption of sweets by 46.04 % and a remarkable increase of non-alcoholic beve-
rages such as soda and juice, which are often high in caloric value, by 175.84 %.

Table 5 illustrates the development of the Russian average annual per-capita
meat aggregate consumption.'® Russians consume more raw meat than proces-
sed meats such as sausages or smoked meat. Considering the group of raw meat
in Table 5, Russian households consumed mainly pork and poultry in 2008. Beef
intakes have declined over time for both poorer and richer households, which is
possibly due to the strong decline in beef production in Russia after the break-
down of the Soviet Union. By contrast, during 1996-2008 Russians increased their
average consumption of processed meat by 44.33 %. This trend can be ex-
plained by improved food availability due to new supply chains and increasing
wage rates, which make time-consuming homemade meals relatively more ex-
pensive than processed foods. While processed foods might be healthful, there
is a clear sense in the nutrition world that an excessive intake of processed or
ultra-processed food affects weight gains and the prevalence of obesity and other
non-communicable diseases (POPKIN, 2014). Processed foods tend to have higher
contents of fat, sugar and salt compared to freshly-prepared homemade meals
(BINKLEY and GoLuB, 2011). This aspect of hidden fats can be confirmed by conside-
ring total fat intakes over time. While the consumption of the separate fat and oil
food aggregate decreased over the observed time period, the 24-hour recall
data from the RLMS-HSE show that total fat intakes, i.e. fat intakes in energy

> For comparison, total fruit and vegetable consumption in the United States in 2008 was
293.9 kg per capita.

6 See Appendix 1 Table A 2, where all numbers are separately provided for households with
income above or equal to Russian median income as well as below median income.
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percentage from foods of all food aggregates, increased between 1996 and
2008 by 17.83 %.

Additionally, it is interesting to note that the per-capita processed meat consump-
tion of poorer households started in 1996 at a lower consumption level than that
of households with higher incomes. But in 2008, per capita processed meat con-
sumption of poorer households is higher than that of richer households (see
Appendix 1 Table A 2). As POPKIN (2014) points out, the poor across the world are
selectively purchasing increasing amounts of processed foods from modern food
retailers.

Table 5: Development of average annual per-capita meat aggregate

consumption
Year 1996 1998 2000 2001 2002 2003 2004 2005 2006 2007 2008
Beef 1598 15.81 9.01 930 11.18 1146 10.23 10.19 9.55 11.84 11.25
Pork 2143 1858 17.92 17.82 2360 2454 21.18 2248 2300 2570 24.44
Poultry 13.03 701 910 1291 1424 1309 1627 1577 1932 1944 2085
Other meat 4.61 430 371 452 467 520 434 396 423 404 5.69
Processed meat 510 353 426 526 570 6.61 769 749 812 800 8.0

Source: Own calculations based on RLMS-HSE, 1996-2008.
Note:  Average per capita consumption is presented in kg/year.

3.3.2 Transition of nutrient consumption

In addition to the above described food consumption data, it is beneficial to
provide a more detailed picture of deficient or excessive nutrient consumption
during economic transition. Previous studies have found deficient intakes of vita-
mins A, B-complex, C, and E, as well as calcium and iron in Russia for the period
from 1996 to 1998 (SEDIK et al., 2003; MARTINCHIK et al., 2005; OGLOBLIN et al., 2005;
PAALANEN et al., 2011). Despite these deficiencies in certain vitamins and minerals,
the moderate intake of fatty acids is especially important in the Russian context
since overweight and obesity may cause major health problems (SeDik et al., 2003).
Furthermore, POPKIN (2006) implies that fiber intakes generally decrease during
economic transition. Nonetheless, fiber is an important component of the human
diet because this mainly indigestible part of plant foods has beneficial physiolo-
gic effects in humans. Therefore, Figure 3 and Figure 4 illustrate box-and-whisker
plots of the relative intake of these selected relevant nutrients for the period
1996-2008."7 The respective box lines represent the 25, 50, and 75 percentiles.
The upper (lower) adjacent lines of the box-and-whisker plots are calculated as

17 Iron is not considered in this analysis because iron availability from plant resources differs
significantly from animal resources such as meat due to the fact that human beings can far
more readily use iron from foods of animal origin than from fruits and vegetables. Moreover,
iron is normally bound to other substances, which may inhibit absorption.
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the third quartile +1.5 IQR (first quartile -1.5 IQR). The horizontal lines define the
adequate intake levels (Al).
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Figure 4: Relative intake of saturated and total fat
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Source: Own presentation based on RLMS-HSE, 1996-2008.

Relative nutrient intakes are given as the ratio of actual nutrient intake in g/MJ
per household food basket to the recommended intake in g/MJ per household.
Recommended intakes of vitamin A, B1, B2, B12, C, and E, calcium, fatty acids, and
fiber are calculated considering the age and gender of each household member,
using the official Russian recommendations of TUTELJAN et al. (2008). If the recom-
mendations in the sense of adequate intake levels (Al) or upper tolerable intake
levels (Ul) are fulfilled, the mean relative nutrient intake is one. Figure 3 illustrates
that the level of vitamin and mineral intakes tends to be the lowest in the crisis
year 1998. After 1998, with economic recovery, adequacy levels of vitamins A,
B-complex, and C, as well as calcium show a significant positive trend over time.
These results are perfectly in line with the results of MARTINCHIK et al. (2005) and
OGLOBLIN et al. (2005). Employing Russian 24-hour recall data for the year 2000,
MARTINCHIK et al. (2005) show a median vitamin C intake of 53.77 mg for men
(44.95 mg for women) and a median vitamin E intake of 16.88 mg for men
(11.92 mg for women). Considering the Russian gender-neutral recommended
intake level of vitamin C of 90 mg and Vitamin E of 15 mg, these authors’ results
are mirrored by the present study’s results.'® For calcium intakes, OGLOBLIN et al.
(2005) show that in 2003 43.3 % of the Russian population had an insufficient
calcium intake. Furthermore, Figure 4 indicates a significant positive trend over
time for the relative intake of saturated and total fatty acids, which are conside-
red to increase the risk of chronic diseases if consumed in excess. Thereby, the
intake of saturated and total fatty acids becomes increasingly excessive after
2001/2002, meaning that mean actual fat intake exceeds the recommended

'8 Because of only one day recalls, MARTINCHIK et al. (2005) show relatively high standard devia-
tions, especially of vitamin A intakes. These authors present a mean vitamin A intake of
0.52 mg for men with a respective standard deviation of 2.11 mg and a median vitamin A
intake of 0.16 mg.



Russian transformation 27

fat intake. By contrast, as observed in other countries experiencing a nutrition
transition, the relative intake of fiber decreases with economic growth.

In order to more closely consider the association between household incomes
and nutrient intakes, Table 6 reports mean relative nutrient consumption for the
population as a whole and according to income quartiles for 2008. Households
with higher incomes tend to have a higher relative intake of most vitamins and
minerals, reflecting a crucial result in the context of social inequity. However, there
is a negative association between the level of household income and fiber intake,
which is in line with the results of PopkiN and Du (2003) for China. Furthermore,
Table 6 indicates that vitamin E intake is negatively associated with household
income, which indicates that households with higher incomes tend to consume
lower amounts of vegetable oils, nuts, and whole grains as their major sources of
vitamin E. Moreover, Table 6 indicates that the relative intake of (saturated) fatty
acids is significantly higher in higher income groups.



28 Russian transformation

Table 6: Mean relative nutrient intakes for total population and income

groups
Income Groups LowerIncome Lower Middle Upper Middle Upperincome Total
by Quartiles* Income Income N=4,671
Fiber 0.62 [0.60] 0.60 [0.57] 0.59[0.57] 0.58 [0.55] 0.60 [0.57]
(0.45-0.79) (0.43-0.76) (0.42-0.73) (0.42-0.72) (0.43-0.75)
Vitamins and minerals
Vitamin A* 0.66 [0.53] 0.70[0.57] 0.77 [0.63] 0.80 [0.69] 0.73[0.60]
(0.30-0.89) (0.33-0.93) (0.40-1.03) (0.43-1.09) (0.36-0.98)
Vitamin B1* 0.63 [0.62] 0.62[0.61] 0.65 [0.64] 0.65 [0.64] 0.64 [0.63]
(0.46 - 0.79) (0.45-0.77) (0.47-0.82) (0.48-0.80) (0.46-0.79)
Vitamin B2* 0.60 [0.56] 0.62 [0.58] 0.65[0.61] 0.67 [0.63] 0.63 [0.60]
(0.39-0.78) (0.40 - 0.80) (0.44-0.81) (0.46-0.83) (0.43-0.81)
Vitamin B6* 0.76 [0.74] 0.76 [0.75] 0.79[0.78] 0.80[0.79] 0.78 [0.77]
(0.60-0.92) (0.59-0.92) (0.62 - 0.95) (0.64-0.95) (0.61-0.93)
Vitamin B12* 1.04[0.85] 1.12[0.92] 1.21[1.03] 1.32[1.16] 1.17 [1.00]
(0.37-1.50) (0.44-1.62) (0.56 - 1.73) (0.62-1.87) (0.49-1.70)
Vitamin C* 0.53 [0.44] 0.58 [0.50] 0.63 [0.55] 0.70 [0.63] 0.61[0.53]
(0.19-0.77) (0.27-0.84) (0.31-0.87) (0.36-0.98) (0.28-0.87)
Vitamin E 1.10 [0.65] 1.09[0.72] 1.09 [0.76] 1.01[0.57] 1.07 [0.65]
(0.32-1.86) (0.33-1.76) (0.35-1.74) (0.33-1.65) (0.33-1.75)
Calcium+ 0.44 [0.40] 0.47 [0.45] 0.49 [0.47] 0.53[0.52] 0.48 [0.46]
(0.25 - 0.59) (0.28-0.63) (0.31-0.64) (0.36-0.70) (0.30-0.64)
Fatty acids
Saturated fatty
acids* 1.09 [1.07] 1.18[1.16] 1.22[1.21] 1.29[1.30] 1.20[1.19]
(0.74-1.42) (0.81-1.54) (0.93-1.52) (0.96 - 1.64) (0.86-1.54)
Total fatty acids* 1.13[1.14] 1.16[1.18] 1.19[1.20] 1.22[1.23] 1.18[1.19]
(0.83-1.43) (0.86 - 1.45) (0.92-147) (0.94-1.52) (0.88-1.47)

Source: Own calculations, RLMS-HSE 2008.

Note: Median intakes appear in brackets. Interquartile ranges of intakes as the difference
between the first and third quartiles appear in parenthesis.
* Boundaries of the four income groups are the three quartile points of the house-
holds’ income distribution, i.e. household incomes of the lower-income group
<25th percentile, of the lower-middle income group >25th percentile and <50th
percentile, of the upper-middle income group >50th percentile and <75th percentile,
and of the upper-income group >75th percentile.
* Relative intake increases significantly with higher-income groups at the 5% level.
- Relative intake decreases significantly with higher-income groups at the 5 % level.

3.4 EPIDEMIOLOGIC TRANSITION

According to the WORLD HEALTH ORGANIZATION (2015a, 2015b), overweight and
obesity are expected to rise at an alarming rate, representing one of the greatest
public health challenges of the 21 century. Therefore, this section gives an
overall view of the current situation and trends regarding overweight, obesity,
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and diet-related chronic diseases in Russia. Based upon the RLMS-HSE data set,
Figure 5 indicates that over 50 % of the Russian population was overweight or
obese in 1996, with a significant positive trend towards even higher prevalence
rates over the transition period, reaching its highest level of 55.09 % in 2008
(32.32 % overweight, 22.77 % obese).” As mentioned above, the growing preva-
lence of overweight and obesity might be explained by Russians’ traditional
preferences for animal products, which are usually high in fat, as well as their
relatively low intake of fruits and vegetables (LIEFERT, 2004; BURGGRAF et al., 2014d).
Figure 5 also illustrates that the percentage of Russians that are overweight or
obese fell to its lowest level of 50.51 % in 2000 (30.34 % overweight, 20.17 %
obese), which was shortly after the economic crisis in 1998. Indeed, during such
a period of tremendous economic stress, a large reduction in the energy density
of the average Russian diet occurred due to food shortages, high inflation rates,
and low real household incomes (WANG et al., 2002). Measured within this group
of obese and overweight, the percentage of obese Russians increased from
39.33 % to 41.33 % within the time period 1996-2008.

Figure5: Prevalence of overweight and obesity as percentages
1996 1998 2000 2001 2002 2003 2004 2005 2006 2007 2008

Year
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Source: Own calculations based on RLMS-HSE, 1996-2008.

Note:  The upward sloping line indicates the significant positive trend at the 5 % level. For
2006-2008, due to missing BMI data, the classification of overweight and obesity is
based on the individual's simulated BMI, which is calculated based on the according
development of the individual’s self-reported height and weight.

Aside from problems of physical disabilities as well as psychological problems,
overweight and obesity are known to drastically increase a person’s risk of diet-
related chronic diseases, including diabetes, cardiovascular diseases, and cancer

9 The WORLD HEALTH ORGANIZATION (2015¢) defines overweight as a BMI larger than 25 and obe-
sity as a BMI larger than 30.
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(WORLD HEALTH ORGANIZATION 2003). Based on the RLMS-HSE data, the association
between changing food consumption patterns and the prevalence of chronic
diseases can be supported considering the incidence of diabetes. With respect
to the development of diabetes rates, interpretation is not as straightforward
as with obesity rates because the association between dietary intakes and the
incidence of nutrition-related chronic diseases is weaker, especially within a rela-
tively short observation period. However, as presented in Figure 6, the preva-
lence of diabetes has significantly increased over the observed transition period
of 13 years. This result indicates an increasing risk of diabetes with growing
household incomes, as well as the possible influence of an overall aging of the
Russian population (see BURGGRAF et al., 2014d).

Figure 6: Prevalence of diabetes as percentages
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Source: Own calculations based on RLMS-HSE, 1996-2008.
Note:  The upward sloping line indicates the significant positive trend at the 5 % level.

Several studies have shown that the incidence of chronic diseases such as diabe-
tes, gallstones, hypertension and heart disease increases with the degree of over-
weight (FIELD et al., 2001; MOKDAD et al., 2003; SOWERS, 2003; HEDLEY et al., 2004).
Therefore, Table 7 shows correlation results between BMI and various health con-
ditions. Thereby, due to categorical self-reported health data, Spearman’s non-
parametric rank correlation coefficient (SPEARMAN, 1904) is estimated as a non-
parametric version of the Pearson correlation. For determining the Pearson corre-
lation coefficient between the continuous BMI values and the other dichotomous
health variables such as a positive diabetes diagnosis, the point biserial correlation
coefficient is estimated (see ANDERSON, 1994). The respective results indicate that
the actual incidence of obesity and hypertension is significantly and positively
correlated with the lagged BMI variable five waves before the actual wave. Even
after a follow-up period of only five years, the estimated correlation coefficients
suggest a moderate positive correlation of lagged BMI with the incidence of
obesity and a low correlation with the incidence of hypertension. Furthermore,
health criteria such as a positive diabetes diagnosis or being ever diagnosed with
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a heart attack or stroke are significantly positively correlated with BMI five years
before. Finally, higher ranks of the individuals’ self-reported health are negatively
correlated with the respective BMI five rounds before. In summary, these results
may indicate the increased health risks coming from the higher BMI levels of over-
weight and obese people.

Table 7: Correlation between BMI and health outcomes

Point biserial correlation with BMI Correlation coefficient Observations
(5 waves lag)

Obesity [BMI>=30]? [0 no, 1 yes] 0.6567" 105,125
Ever diagnosed with diabetes? [0 no, 1 yes] 0.2169" 114,562
Doctor says high blood pressure? [0 no, 1 yes] 0.3385" 96,796
Ever diagnosed with heart attack? [0 no, 1 yes] 0.0711 114,827
Ever diagnosed with stroke? [0 no, 1 yes] 0.1032" 114,799
Health evaluation [1 very bad, 5 very good] -0.2061" 114,627

Source: Own calculations based on RLMS-HSE, 1996-2008.
Note: “p <0.05.

According to ROZENFELD (1996), the above outlined epidemiologic transition with
a growing predominance of non-communicable diseases requires changes in
health care strategies in Russia, especially those of preventive care. Dietary chan-
ges during nutrition transition increase the risk of diet-related chronic diseases
(e.g., hypertension and diabetes) and mortality (e.g., POPKIN and Kim, 2001; POPKIN
and Du, 2003; PopkIN 2007), which will probably cause tremendous costs for Rus-
sia’s health care system as well as Russia’s national productivity levels. According
to the WORLD BANK (2014), Russians’ per capita total health care expenditure in-
creased from 113.07 US$ in 1995 to 886.88 US$ in 2012 (see Figure 7). Total health
expenditure is the sum of public and private health expenditures and covers the
provision of health services, family planning activities, nutrition activities, and
emergency aid.
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Figure7: Development of GNI per capita and heath expenditure
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Besides public health care costs, it is especially interesting to focus on private
financial health expenditure in order to consider a household’s potential finan-
cial problems. The private health expenditure share in percentage of total health
expenditure has increased from 26.12 % in 1995 to 39.01 % in 2012. Especially
worrisome is that out-of-pocket health expenditure, i.e. any direct outlay by
households in percentage of private health expenditure, has increased from
64.66 % in 1995 to 87.97 % in 2012. This suggests that although the access to
basic public health care is publicly provided, the quality of health services pro-
bably varies with household incomes (DENisovA, 2010). Additionally, informal pay-
ments for health care are deeply embedded in the health care system in transition
countries (ENSOR, 2004).2°

3.5 CHAPTER CONCLUSIONS

With the descriptive analysis provided in chapter 3, research question 1.1 -
whether there is an ongoing nutrition transition in Russia, considering traditional
eating habits and long-standing consumption patterns — has been answered.
The provided empirical results on the Russian food and nutrient consumption
during the time period 1996-2008 confirm the assumption that Russians’ dietary
patterns follow the experienced rules of an ongoing nutrition transition in pe-
riods of economic growth. Not only has the Russians’ consumption of the fruits
and vegetables aggregate increased with economic growth and higher house-
hold incomes, but so has their consumption of meat products and total fat

20 Chapters 3.3.2 and 3.4 are based on BURGGRAF et al. (2015b).
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intakes. These changing nutrition patterns have two controversial nutrition-rela-
ted health effects. On the one hand, an increasing and more varied consumption
of fruits, vegetables, and meat products reduces the risk of several vitamin and
mineral deficiencies, and thus improves dietary quality. On the other hand, the
increasing consumption of (saturated) fats in meat and dairy products, accom-
panied by increasing energy intakes per day, worsens dietary quality because
it raises the incidence of overweight and obesity rates, as well as the risk of
nutrition-related chronic diseases. This overall development is affected by tradi-
tional Russian eating patterns such that Russians’ fruit and vegetable intakes are
still at considerably low levels, while the rising meat and fat intakes are reinfor-
ced by preference structures evolved from the Soviet Systems. Furthermore,
as expected by the definition of nutrition transition, the intake of dietary fiber
decreases with increasing household incomes.

Additionally, this descriptive analysis answers research question 1.2 — whether
declining household incomes during periods of economic crisis lead to a rever-
sed profile of a nutrition transition in Russia. Considering the definition of a nutri-
tion transition, a reversed profile of a nutrition transition can be shown during
periods of economic crises such as in the year of the Russian financial crisis in
1998. From 1996 to 1998 the consumption of fruits and vegetables as well as of
meat products, fats, and oils decreased. Fiber intakes, on the contrary, are at their
highest levels in 1998. This reversed profile of a nutrition transition is mirrored in
the decreasing rates of overweight and obesity prevalence from 1996 to 2000.

Since chronic diseases are largely preventable, the observed overall nutrition
transition and its accompanying growth of nutrition-related chronic diseases
require changes in Russia’s health care strategies, especially an increased promi-
nence of preventive intervention strategies in the field of nutrition. Therefore, a
more detailed analysis of Russian dietary quality as well as its influencing factors
is provided in the following two chapters.






4 RUSSIAN DIETARY QUALITY

4.1 CHAPTERINTRODUCTION

In order to enable an empirical analysis of Russian dietary quality, it is necessary
to operationalize the latent construct dietary quality. Per definition, dietary quali-
ty is a complex function of the diet’s chemical composition related to the specific
macro- and micronutrient needs of the human body (HANSEN, 1973). Hence, die-
tary quality should not be captured by a just single indicator because this tends
to provide a too narrow picture of the complex construct dietary quality (Dusols,
2000; KANT, 2004). Because of the evidenced various associations between die-
tary quality and health outcomes, different dimensions of dietary quality need to
be taken into account when indicating the level of the healthiness or unhealthi-
ness of a specific dietary pattern (BAsioTis et al., 1995).2! This is mainly because the
complexity of human diets and the interactions among nutrients complicates the
search for associations between single dietary factors and certain health out-
comes (BAZELMANS et al.,, 2006). Thus, dietary quality should ideally be measured
by a composite index of overall dietary quality (Dusols, 2000; NARDO et al., 2008).
It has been shown in empirical studies that such composite indices of overall
dietary quality are more strongly related to the risk of chronic diseases than indi-
vidual indicators of single nutrients or foods. Consequently, these overall indices
are more appropriate for identifying individuals with high- versus low-quality
diets based on their adherence to nutritional recommendations and, thus, to re-
duce the risk of nutrition-related chronic diseases (KANT, 1996).

The purpose of diet quality indices is to assess an individual's dietary intake for
the promotion of health and prevention of disease (FUNG et al., 2005). Assessing
an individual's dietary intake allows for a rapid screening of the dietary quality
of a population or different population strata. This assessment of dietary quality
further enables the analysis of associations between diet quality (or its compo-
nents) and respective health outcomes, as well as the analysis of influencing

21 Conceptual dimensions of dietary quality mirror broad factors of the latent multidimen-
sional concept dietary quality. These dimensions need not to be independent of each other,
but existing linkages should be explained (NARDO et al., 2008). Index dimensions can be
measured by various indicators (and assessed by sub-indices within the composite). In nutri-
tion literature on dietary quality, generally four dimensions of dietary quality can be distin-
guished: adequate intakes of foods and/or nutrients, moderate intake of foods and/or nu-
trients that increase the risk of chronic diseases, overall balance of macro- and micronutri-
ents, as well as variety of foods consumed.
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factors of dietary quality. Thus, such an assessment contributes to the deriva-
tion of more effective but also more efficient nutrition intervention strategies
(SHATENSTEIN et al., 2005). Nonetheless, given the fact that diet-related diseases
are of major concern to Russian authorities (see chapter 3.4), it is interesting to
note that thus far Russian dietary quality has not been measured by a composite
index in any empirical studies. Moreover, despite the growing interest in asses-
sing dietary quality over time, only few longitudinal studies have employed diet
quality indices to identify trends in dietary behavior (ARABSHAHI et al., 2011).
However, these studies focus on time paths of overall diet quality in industrialized
countries such as the United States or Australia (e.g., Hu et al., 2000; FUNG et al.,
2007; Lee et al., 2007; ARABSHAHI et al., 2011). For transition countries such as the
Russian Federation, empirical studies on the development of diet quality are
missing. Thereby, the Russian case might be especially interesting due to its tradi-
tional eating habits, as well as the recent political, economic, and social changes.

Based upon the above discussion, the aim of this chapter is to investigate the
overall dietary quality of the Russian population, as well as trends in dietary be-
havior, by applying a composite index of overall dietary quality. Hence, this in-
quiry contributes as follows to the existing literature. First, based on the index
construction criteria explicated in the OECD handbook on constructing compo-
site indicators (NARDO et al., 2008) a systematic discussion is provided regarding
the most suitable design of the relevant construction criteria of dietary quality
indices. Second, this is the first study that offers a summarizing toolbox for nutri-
tionists to help them to identify those indices whose index construction is most
appropriate considering their respective study aim, as well as any restrictions
given by the study target region and available dietary intake data. Third, after the
selection of the DQI-I-2003 as the most suitable index construction for transition
countries, this chapter offers a methodological contribution by aligning the
DQI-I-2003 to the Russian country-specific needs, as well as to technical requi-
rements of a statistically sound composite index. Fourth, based on the empir-
ical application of the modified DQI-I-2003 to the RLMS-HSE data set, a more
thorough picture of Russians’ overall diet quality is provided by identifying
whether several nutrients are at risk of deficient or excessive intakes, and how
nutritional profiles changed over time. Therefore, this study contributes to the
very limited literature on longitudinal changes in dietary quality.

Chapter 4 is organized as follows. First, some basic theoretical insights into the
construction of dietary quality indices are provided in chapter 4.2.1. A short
overview of existing a priori indices on human dietary quality is then presented
in chapter 4.2.2. In chapter 4.2.3 the appropriateness of different index con-
struction criteria is discussed based upon theoretical considerations or recent
knowledge about the diet-health relationship. Based upon this discussion, a
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summarizing toolbox is derived in chapter 4.2.4. For the subsequent empirical
analysis, the DQI-I-2003 is selected and modified in chapter 4.3.1. In chapter 4.3.2,
empirical results are presented. Finally, in section 4.4, the findings of this chapter
are summarized and concluded.

4.2 INDICES ON DIETARY QUALITY

4.2.1 A priori indices on dietary quality

In recent years a number of indices used to measure the theoretical construct
dietary quality have evolved and in general two different categories can be dis-
tinguished: a posteriori indices and a priori indices (see e.g., KANT, 2004). A poste-
riori indices define dietary patterns through statistical methods such as factor
analysis, cluster analysis, or reduced rank regression using dietary intake data at
hand.?? These exploratory post hoc techniques aggregate intake variables in-
to factors and reveal common underlying patterns of food consumption within
a population (NEwBY and TUCKER, 2004; INTERACT CONSORTIUM, 2014). The generali-
zability of a posteriori defined dietary patterns is often criticized since these die-
tary patterns are derived specifically for the population under consideration
(KIEFTE-DE JONG et al., 2014). This often makes a posteriori derived patterns not re-
producible across countries since statistical factors differ across populations and
there is no assurance of the conceptual meaning of these factors (KanT, 2004).
Furthermore, these a posteriori defined patterns do not necessarily define the
healthiest patterns because they are not derived from current nutritional know-
ledge or evidence-based diet-health relationships (Hu, 2002).

For the purpose of this study focus is placed on a priori dietary indices, which are
based on current nutrition knowledge. A priori dietary indices determine theo-
retically-defined dietary components, which are considered important for the
promotion of health and reflect a risk-gradient for major diet-related diseases.
These single components are then quantified and aggregated to an overall mea-
sure of dietary quality (GERBER et al., 2000; WALERS et al., 2007). The resulting sco-
ring scale has to reflect the range between the least possible dietary quality up
to the optimal dietary quality. However, the accuracy of an a priori index approach
is limited by the current level of dietary knowledge regarding the diet-health
relationship as well as uncertainties accompanying the index construction pro-
cess. HU (2002) suggests that the selection of index construction criteria - for
example its components, applied normalization methods, and selection of cut-
off values — is possibly fraught by subjectivity.

22 Reduced rank regression is a mixture of a hypothesis-oriented and an exploratory ap-
proach. It aims to identify food group combinations that explain a maximum of varia-
tion in (disease-related) response variables (MILA-VILLARROEL et al., 2011).
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The choice of an appropriate a priori dietary index for the analysis of diet quality
has to be motivated — amongst practicability, sensitivity, and reliability criteria -
by its empirical validation with health outcomes and mortality. Existing a priori
diet quality indices have been validated in relation to various health outcomes
such as cardiovascular diseases, cancer, or mortality (e.g., MCCULLOUGH et al.,
2000a, 2000b; SEYMOUR et al., 2003; STOODY et al., 2014). However, empirical studies
have shown that all of these indices appear to have more or less the same pre-
dictive capacity for the risk of chronic diseases (SEYMOUR et al., 2003; KANT, 2004;
WALJERS et al., 2007; DREWNOWSKI et al. 2009; WIRT and COLLINS 2009; STOODY et al.,
2014). Furthermore, comparing validity results of a priori indices is difficult due
to the variability of population groups, length of study follow-up periods, dietary
measurement methods, and approaches to adjust for confounders such as BMI,
physical activity, age, or education (WALERSs et al., 2007; WIRT and COLLINS, 2009).

Since validation results do not sufficiently facilitate the choice of a specific a priori
dietary quality index, the choice of such a dietary quality index should be based
on its key issues of index construction, which are as follows: (i) theoretical frame-
work considering index purpose, diet quality dimensions, and index structure;
(i) selection of nutrient- or food group-based indicators; (iii) normalization
methods considering scaling procedures, cut-off points, and valuation functions;
and (iv) methods to weight and aggregate index components (NARDO et al., 2008).
Judging the soundness of the theoretical framework and the fitness of the metho-
dology for the study purpose enables researchers to select the most suitable in-
dex out of the vast pool of existing composite indices. Until now, the discussion
on index construction criteria has been rather unsystematic and not comprehen-
sive considering the index construction criteria explicated in the OECD handbook
on constructing composite indicators (NARDO et al., 2008). Previous studies have
a strong focus on indicator selection, scaling techniques, and cut-off points (see
e.g., WALERS et al., 2007; WIRT and COLLINS, 2009; STOODY et al., 2014). Nonetheless,
little attention has been given to the other relevant key issues of index construc-
tion. However, a consensus regarding all key issues is needed because otherwise
subjective decisions may affect diagnostic capacity (WAUERs et al., 2007; DRAKE et al.,
2011). Based on their survey results regarding the association of index scores and
health outcomes, in their concluding statements Stoopy et al. (2014) recommend
more research on the methods by which index components are chosen, grou-
ped, and scored. Along these lines, MILA-VILLARROEL et al. (2011) conclude that
although the various indices employed in their study are supposed to measure
adherence to Mediterranean diet patterns, correlations between these indices
are rather weak, most likely due to many arbitrary choices in a priori index con-
struction, such as those regarding selected indicators, normalization, and aggre-
gation methods.
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4.2.2 Review of a priori dietary quality indices

In order to identify relevant a priori dietary indices, a review of published English-
language literature from 2008 to 2014 was conducted. Prior to this time period,
results are based on the review by WIRT and COLLINS (2009). The electronic data-
base MEDLINE was searched using the following search terms: diet, dietary, food,
eating, nutrition, or nutritional, in combination with habit, pattern, patterns, or
quality. Thereby, indices with the following specific criteria are excluded from this
search: (i) indices on animal feeding; (ii) indices with less than two dimensions
(due to the multidimensional character of dietary quality) such as the Recom-
mended Food Score by KANT et al. (2000), which considers only adequate intakes,
or the Not Recommended Food Score by MicHELS and WoLK (2002), which consi-
ders only moderate intakes, as well as indices exclusively measuring diversity pat-
terns (e.g., the Dietary Variety Score by BERNSTEIN et al. 2002); (iii) indices on specific
population groups such as the Diet Quality Score for Pregnancy by BoDNAR and
SIEGA-RIZ (2002), or the Diet Quality Index for American Prescholars by KRANZ et al.
(2006); (iv) indices developed for the prevention of specific diseases such as the
adherence to dietary approaches to stop hypertension (DASH diet) by FUNG et al.
(2008) or the Heart Disease Prevention Eating Index by LEE et al. (2007); and (v)
indices not exclusively based on the assessment of dietary quality such as the
Dietary Guideline Index (DGI-2002) by HARNACK et al. (2002) or the Dutch Healthy
Diet Index by van LEe et al. (2013), both of which include dietary intake compo-
nents as well as components on physical activities, or the Overall Nutritional Qua-
lity Index by KAtz et al. (2009), which is designed for food labeling purposes.®
Table 8 provides an overview of all relevant indices, where the main indices are
ordered alphabetically. If indices are modifications of an originally defined in-
dex, these modified indices are then ordered with regard to content-related
proximity with the original index and finally chronologically.

2 Indices developed for the prevention of a specific disease have been excluded because
they are assumed to be inappropriate for assessing and guiding overall dietary quality of
individuals generally facing a considerably wide range of different health outcomes.
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Table 8: A priori indices on dietary quality

Index (Abbreviation)

Authors (Year)

Danish Healthy Diet Index (D-HDI-2003)

Diet Quality Index (DQI-1994)
Diet Quality Index (DQI-2003)
Diet Quality Index-Revised (DQI-R-1999)
Diet Quality Index-Revised (DQI-R-2003)
Diet Quality Index-International (DQI-I-2003)

Diet Quality Index-Swedish Nutrition Recommendation (DQI-SNR-2011)

Chinese Diet Quality Index (CH-DQI-2000)
Mediterranean Diet Quality Index (Med-DQI-2000)

Mediterranean Diet Quality Index incl. tobacco use (Med-DQI-f-2000)

Mediterranean Diet Quality Index (Med-DQI-2006)
Diet Quality Score (DQS-2002)
Diet Quality Score (DQS-2007)
Dietary Behavior Score (DBS-2009)
Dietary Guidelines for Americans Adherence Index (DGAI-2005)
Dietary Quality Index Nutrient Based (DQINB-1999)
German Food Pyramid Index (GFPI-2012)
Healthy Diet Indicator (HDI-1997)
Healthy Diet Indicator (HDI-2011)
Healthy Diet Indicator (HDI-2013)
Healthy Diet Score (HDS-2005)
Healthy Eating Index (HEI-1995)
Healthy Eating Index-2005 (HEI-2005)
Healthy Eating Index-2010 (HEI-2010)
Healthy Eating Index-Frequency Questionnaire (HEI-f-2000)
Alternate Healthy Eating Index (AHEI-2002)
Alternate Healthy Eating Index (AHEI-2010)
Canadian Healthy Eating Index (C-HEI-2005)
Healthy Food Index (HFI-2001)
Healthy Food and Nutrient Index (HFNI-2006)
Italian Mediterranean Index (IMI-2011)
Mediterranean Adequacy Index (MAI-1999)
Mediterranean Adequacy Index (MAI-2006)
Mediterranean Adherence Diet Screener (MEDAS-11)
Mediterranean Adherence Diet Screener (MEDAS-2013)
Mediterranean Diet Score (MDS-1995)
Mediterranean Diet Score (MDS-2002)
Mediterranean Diet Score (MDS-2003)
Mediterranean Diet Score (MDS-2004)
Mediterranean Diet Score (MDS-2011)
Modified Mediterranean Diet Score (mMDS-2005)
Modified Mediterranean Diet Score (mMDS-2014)
Alternate Mediterranean Diet Score (aMED-2005)
Mediterranean Dietary Pattern (MDP-2002)
Mediterranean Food Pattern (MeDiet-2008)
Mediterranean Score (MS-2003)
Mediterranean-Style Dietary Pattern Score (MSDPS-2009)
Recommendation Compliance Index (RCI-2008)
Relative Mediterranean Diet (rMED-2009)

DYNESEN et al. (2003)
PATTERSON et al. (1994)
SEYMOUR et al. (2003)
HAINES et al. (1999)

NEWBY et al. (2003)

Kim et al. (2003A)

DRrAKE et al. (2011)
STOOKEY et al. (2000)
GERBER et al. (2000)
GERBER et al. (2000)
GERBER (2006)

FITZGERALD et al. (2002)
TorTet al. (2007)

KANT et al. (2009)
FOGLI-CAWLEY et al. (2006)
Loewik et al. (1999)

VON RUESTEN et al. (2010)
HUBREGTS et al. (1997)
CaDEetal.(2011)
BERENTZEN et al. (2013)
MAYNARD et al. (2005)
KENNEDY et al. (1995)
GUENTHER et al. (2008)
GUENTHER et al. (2013)
McCuLLOUGH et al. (2000a, 2000b)
McCULLOUGH et al. (2002)
CHIUVE et al. (2012)
SHATENSTEIN et al. (2005)
OsLer et al. (2001)
BAZELMANS et al. (2006)
AGNoLl et al. (2011)
ALBERTI-FIDANZA et al. (1999)
KNooPs et al. (2006)
SCHRODER et al. (2011)
DOMINGUEZ et al. (2013)
TRICHOPOULOU et al. (1995)
HAVEMAN-NIES et al. (2002)
TRICHOPOULOU et al. (2003)
KNoOPs et al. (2004)

CaDEet al. (2011)
TRICHOPOULOU et al. (2005)
YANG et al. (2014)

FUNG et al. (2005)
SANCHEZ-VILLEGAS et al. (2002)
SANCHEZ-TAINTA et al. (2008)
GOULET et al. (2003)
RUMAWAS et al. (2009)
MAZzzoccHI et al. (2008)
BUCKLAND et al. (2009)

Source: Own presentation.
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A total of 49 different indices or their variations have been identified, which are
primarily based on the Diet Quality Index (PATTERSON et al., 1994), the Healthy
Eating Index (KENNEDY et al. 1995), and the Healthy Diet Indicator (HULBREGTS et al.,
1997). Moreover, in recent years indices that measure the adherence to Medi-
terranean dietary patterns (e.g., Mediterranean Diet Score by TrICHOPOULOU et al.,
1995) have witnessed growing attention. This vast pool of various index construc-
tions makes it difficult for nutritionists to select the most appropriate composite
index considering the respective research aim, target region, and data restric-
tions, as well as the theoretical soundness and methodological fitness of the in-
dex construction.

4.2.3 Comparison of dietary quality indices
4.2.3.1 Theoretical framework
Information sources and index purpose

Identifying a sound theoretical framework is the starting point of an index con-
struction (NARDO et al., 2008). A theoretical framework defines the respective
latent construct with its dimensions and provides the basis for the subsequent
selection and composition of indicators. As NARDO et al. (2008) point out, the qua-
lity of a composite index and the soundness of its message depend heavily on
the appropriateness of the framework. Hence, it seems to be reasonable to start
the discussion of diet quality index construction issues with the consideration of
the theoretical framework. It is important to note that human needs in terms
of the best composition of nutrients, taking interactions among nutrients into
account, are only incompletely known. Nevertheless, dietary guidelines try to
reflect the latest evidence on the effects of different dietary patterns on human
health. Therefore, indices are generally based on national dietary guidelines and/
or current scientific evidence. Additionally, in recent years a number of indices
measuring the adherence to Mediterranean diets have evolved because of the
significant diet-health relationship for Mediterranean dietary patterns (WiRT and
COLLINS, 2009).

Some indices have been primarily developed to assess and guide an individu-
al’s diet in the context of public health promotion programs rather than moni-
toring dietary quality (WAUERS et al., 2007). These indices definitely ask for simpler
food-based indicators and are often based on a direct translation of common
dietary guidelines into index components (see e.g., HDI-2013). Yet if dietary indi-
ces do not aim to have direct promoting power for healthy eating programs but
rather to assess and monitor a population’s dietary intake patterns with regard
to related health outcomes, then more detailed and elaborated indices are bene-
ficial because a higher degree of elaboration tends to increase the indices’ dis-
tinctive power. Thereby, the general information of dietary guidelines is often



42 Russian dietary quality

enhanced by additional considerations of the latest epidemiological evidence
on the various diet-health relationships. In this line, WIRT and COLLINS (2009) as
well as WALERS et al. (2007) show that more elaborate indices, which consider
the latest epidemiological associations and which are constructed with a more
detailed scoring range (e.g., A-HEI-2005, A-HEI-2010), are better health risk pre-
dictors than those indices which are developed to simply measure direct adheren-
ce to dietary guidelines/recommendations with a strong health promotion pur-
pose (e.g., HDI-2013, DQS-2007).

Furthermore, the majority of dietary indices has been created due to the consen-
sus regarding diet-related chronic diseases in developed countries, such as the
U.S. (e.g., HEI-2005, HDI-1997, DGAI-2005). It follows from the multidimensional
character of dietary quality that the respective overall indices have to consider at
least two dimensions of dietary quality with their according effects on one’s
health (BasioTis etal,, 1995) (HDI-1997, DGAI-2005) or the Mediterranean area
(e.g., MDS-1995, mMDS-2005). For example, the DGAI-2005 has been developed
for the U.S. population with a focus on problems of overconsumption and ener-
gy density (FOGLI-CAWLEY et al., 2006). Also, GERBER et al. (2000) exclude calcium
intake from the selected intake indicators of the Med-DQI-2000 for the popu-
lation of southern France, because calcium was not judged sufficiently for the
prevention of cardiovascular diseases and cancer. Focusing on the prevention of
cardiovascular diseases and cancer, the authors do not consider the importance
of adequate calcium intake for the prevention of osteoporosis. By contrast, the
DQI--2003 as well as the CH-DQI-2000 accommodate coexisting problems of
under- and overnutrition, and thus consider adequate calcium intakes as indica-
tors of their diet quality indices. In particular, the DQI-I-2003 aims to assess die-
tary quality across diverse countries at different stages of nutrition transition and
wants to provide a global tool for exploring different aspects of diet quality,
which are related to nutrition transition (Kim et al., 2003a).

Dimensions of dietary quality

The index’s purpose is closely connected to the question of which dimensions of
dietary quality have to be addressed in an index construction. It follows from the
multidimensional character of dietary quality that the respective overall indices
have to consider at least two dimensions of dietary quality with their according
effects on one’s health (BAsIOTIS et al., 1995). Yet as mentioned above (see foot-
note 21), generally four dimensions of dietary quality can be distinguished: ade-
quate intakes of foods and/or nutrients, moderate intakes of foods and/or nu-
trients that increase the risk of chronic diseases, overall balance of macro- and
micronutrients, and variety of foods consumed.

All existing indices on dietary quality that follow this multidimensional approach
involve at least the adequacy and moderation dimensions. Adequacy refers to the
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sufficient intake of dietary elements beneficial to health that must be supplied to
guarantee a healthy diet. On the contrary, moderation means avoiding the intake
of nutrients detrimental to health, i.e. nutrients that increase the risk of chronic
diseases if consumed in excess. Controlling for the moderation dimension when
analyzing adequate intakes is necessary since a diet that supplies adequate in-
take levels of vitamins and minerals tends to also be more excessive in fat and
cholesterol contents. Additionally, some diet quality indices consider a balance
dimension, which addresses the proportionality in macronutrients as energy
sources (carbohydrates, proteins, and fats) and/or in fatty acids (saturated fatty
acids (SFA), mono unsaturated fatty acids (MUFA), poly unsaturated fatty acids
(PUFA)). Especially the unbalanced intake of total fat and of unsaturated fatty
acids has been associated with obesity, cardiovascular diseases, and other chronic
diseases (WAUERS et al., 2007; Guo et al., 2013; ScHwAB et al., 2014).

Besides the adequacy, moderation, and overall balance dimensions, several indi-
ces (e.g., DQI-R-2003, DQI-I-2003, HEI-1995) take into account food variety (or
diversity) as a further dimension. Variety indicates whether the individual's diet is
derived from a sufficient variation of different food items. Dietary variety is a
possible dimension of overall dietary quality because it is significantly associated
with an adequate nutrient intake, i.e. the risk of nutrient deficiencies tends to
decrease with greater dietary variety (e.g., RoYo-BORDONADA, 2003; FOOTE et al.,
2004; SAvy et al., 2007; IsA et al., 2013). Furthermore, several studies indicate
that a higher level of variety within specific food groups, especially within the fruit
and vegetable group, may reduce a number of health risks (e.g., JEURNINK et al.,
2012; DE OLIVEIRA et al., 2012; IsA et al., 2013). Finally, a higher variety of consumed
food items is assumed to reduce the likelihood of an unhealthy exposure to food
contaminants contained by some of these consumed food items (LOEwIK et al.,
1999). However, WALERSs et al. (2007) argue against the need of a variety dimen-
sion because of the close link between variety and adequacy, which leads to the
potential problem of unaccounted component correlations with the related
problem of potential double-counting. Generally, diet quality indices contain a
great number of different food and nutrient indicators in their adequacy dimen-
sion, which can only be successfully achieved with a varied diet. Therefore, in
order to avoid problems of double-counting in equally weighted aggregates,
WALERS et al. (2007) suggest excluding the variety dimension from an index con-
struction.* Nevertheless, it is important to note that not all relevant adequacy

24 Similar to the adequacy dimension, the variety dimension is also negatively correlated with
the moderation dimension because increased dietary diversity generally increases daily
energy intakes and, thus, decreases the level of moderation. This is also true for food group
variety with food groups categorized in carbohydrate foods, protein foods, and fat foods
(e.g., LyLEs et al., 2006; JAYAWARDENA et al., 2013).
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indicators can possibly be considered in an index construction. This fact makes
the inclusion of the variety dimension, especially of the within-food group variety
of fruits and vegetables, beneficial as long as possible inter-correlation problems
are accounted for. To conclude, while the adequacy, moderation, and balance
dimensions ought to be included in a composite dietary quality index, including
the variety component depends on the chosen number of relevant adequacy
indicators in the index construction as well as the consideration of potential cor-
relations between the variety dimension and certain adequacy or moderation
components.

Index structure

The structure of the composite has to be determined based on the selected di-
mensions of dietary quality (NARDO et al., 2008). While composite scores may be
useful to provide a first overview of dietary quality, it is beneficial for the analysis
of dietary quality if the index construction is structured in a way that the compo-
site is easily decomposable. Such a structure can be achieved if indicators are ne-
sted in sub-indices, which can be analyzed afterwards in more detail (NARDO et al.,
2008). A nested structure of several sub-indices is preferable for analyzing a pop-
ulation’s diet because an aggregation of several dimensions would inevitably
lead to a loss of information and would make it more difficult to determine which
area of the diet requires additional attention (THIELE et al., 2004; NARDO et al., 2008).
In this line, Kim et al. (2003a) point out that indices, which simply aggregate ade-
quacy and moderation components, make it impossible for the researcher to
determine whether a low diet quality score is due to deficits or excesses in dietary
intakes. THIELE et al. (2004) argue that the process of aggregating the adequacy
and moderation dimensions would cancel out important information of defi-
cient and excessive intakes. A further possibility of information loss might arise if
certain determining factors are responsible for opposing values of sub-indices,
i.e. sub-indices might be affected by the same influencing factors albeit in dif-
ferent directions (RODER, 1998; BURGGRAF et al., 2010; BURGGRAF et al., 2012). For
example, increasing incomes are found to increase the Chinese consumption of
animal products and fatty acids. An increased consumption of animal products
possibly improves nutrient adequacy, for example in terms of iron intakes, while
it is expected to worsen (saturated) fat moderation (PoPkIN and Du, 2003; POPKIN
and NG, 2007). Therefore, an aggregated index without explicitly provided sub-
indices would make it considerably difficult to determine which area of a popu-
lation’s diet is actually in need of policy attention and which intervention strate-
gies are most appropriate. To conclude, a nested structure of several sub-indices
within the composite is desirable when assessing and analyzing a population’s
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dietary quality for the following three reasons: (i) to avoid a loss of information
when aggregating beneficial and critical aspects of the observed dietary quality;
(i) to enable separate empirical analyses regarding the effects of influencing fac-
tors on sub-components because some influencing factors might have opposite
effects on index sub-components, resulting in possibly insignificant estimated
effect sizes on overall diet quality; and (iii) to more effectively and efficiently target
those aspects of a population’s dietary quality by nutritional intervention pro-
grams that have been assessed as critical.

Despite the advantages of a nested structure, only the DQI-I-2003, the CH-DQI-
2000, MAI-1999, and the MAI-2006 provide such a nested structure. The majority
of indices (25 out of 49) do not have a nested structure but provide a specific or-
der of their components, which makes the calculation of sub-indices at least easily
achievable by an interested reader (e.g., HEI-2005, mMDS-2005).* The remaining
reviewed indices provide their indicator scores in an order that is independent of
the respective diet quality dimensions. Therefore, for more advanced applica-
tions, the interested reader would need to first order indicators according to their
dimensions and then calculate sub-scores for a more meaningful analysis.

4.2.3.2 Indicator selection
Food group versus nutrient based indicators

In order to operationalize the selected dimensions of dietary quality, suitable
indicators have to be selected. In his survey KANT (1996) differentiates between
intake indicators based on food groups (or items), nutrients, or a combination
of these two. Both approaches, which use food-based or nutrient-based indica-
tors, have their strengths and weaknesses. The strength of food-based indicators
is that interactions of nutrients within products are taken into account. For exam-
ple, an indicator based on whole grain products considers the fact that the health
effect of whole grains is not attributed to fiber alone, but also to other micronu-
trients, antioxidants, and non-nutritive dietary constituents such as phytoes-
trogens (WALERs et al., 2007). Yet considering the reviewed indices, it seems that
these indices primarily focus on adequate fiber intakes, probably due to practi-
cability. The weakness of food-based indicators is that an index based on food
groups can result in an increase of food consumption without an important effect
on dietary quality, especially when not controlled for moderation (Loewik et al.,
1999). This is because if indicators are solely based on various food groups (e.g.,
vegetables, grains, fruits), resulting composites are probably unable to keep track
of the large heterogeneity within the considered food groups (WALERs et al., 2007).

% Thereby, within this ordered structure, single indicators are sometimes already named with
respect to the according dimension, such as adequacy of fruit and vegetable intakes, ade-
quacy of whole grain intakes, etc.



46 Russian dietary quality

To emphasize this problem, SEYMOUR et al. (2003) argue that although the intake
of fruits and vegetables has been associated with a lower risk of cardiovascular
disease and many diet-related cancers, fruits and vegetables vary in terms of how
protective they are. For example, citrus fruits, tomatoes, and cruciferous vege-
tables are more highly associated with the reduced risk of many chronic diseases
than is iceberg lettuce. This heterogeneity aspect makes an analysis at the food
group level overly restrictive while the analysis at the extensive food item level is
likely impractical. Furthermore, it is quite difficult for most food items to be classi-
fied into healthy foods (for adequacy aspects) and unhealthy foods (for modera-
tion aspects), which is the common procedure in index constructions. For exam-
ple, meat contributes significantly to an adequate level of iron intake. But frequent
meat consumption, especially of processed meat, is assumed to be associated
with an increased risk for colorectal cancer, cardiovascular diseases, diabetes, and
chronic kidney diseases (MARMOT et al., 2007; CHol and Kim, 2014; MARCKMANN et al.,
2014; SAwA and KAFATOS, 2014; TARRAGA LOPEZ et al.,, 2014). Therefore, some indices
consider the consumption of meat (including red and processed meat) in their
adequacy dimension (HEI-1995, HEI-2005, and DGI-2002), while other indices con-
sider them in their moderation dimension (MDP-2002, AHEI-2010, and aMED-
2005).%

The problem arising from food group indicators is due to the fact that foods gene-
rally involve a combination of nutrients that are supposed to be healthy and
nutrients that increase the risk of chronic diseases if consumed in excess. So it is
essentially more appropriate to concentrate on the dosage of nutrient intakes
and their effects on health rather than on foods per se. As VARIYAM et al. (1995)
state, foods derive their value by supplying different amounts of nutrients neces-
sary for the production of healthiness and taste. Hence, the concept of dietary
quality can be directly related to nutrient intakes with respect to their recommen-
ded intake values. Therefore, the dimensions of dietary quality are best captured
by nutrient-based indicators.

Considering the aforementioned strengths and weaknesses, the choice of food-
or nutrient-based indicators should depend on the index purpose (see chap-
ter 4.2.3.1). If the index has been primarily developed to guide an individual’s

% The same is true for milk products because the role of dairy products in regard to health
outcomes is rather unclear (KIEFTE-DE JONG et al.,, 2014). The HEI-1995, the HEI-2005, and
the HEI-2010 have included milk as adequacy components, whereas the MDS-2003 con-
siders milk in the moderation dimension. According to WALERS et al. (2007) using a range
to appraise the intake of meat and dairy seems most appropriate. However, this range is
caused by the concurrent importance of the respective adequate and moderate nutrient
intakes and, thus, can be much better controlled for by nutrient intakes.
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diet in the context of public health promotion programs rather than monitoring
a population’s dietary quality, indicators should be food group-based because of
its practicability and easier comprehensibility. If the applied index does not aim
to have direct promoting power for public health but rather to assess the dietary
quality of a population (or different strata of population), the dimensions of
dietary quality should be directly captured by nutrient-based indicators. As a
consequence, it seems appropriate that the HEI-1995, which was developed to
assess Americans’ dietary quality using broad food group terms, has been modi-
fied and improved by the use of more nutritional value-specific food indicators,
resulting in the HEI-2005.

Despite the dependence on the index purpose, the choice of food group-based
indicators is surely dependent on the type of data available. For example, if nu-
tritionists employ only a short food frequency questionnaire, then food group-
based indicators are much more appropriate than nutrient-based indicators due
to less qualitative and quantitative information. Furthermore, in favor of practi-
cability with regard to the number of selected indicators, it may also be recom-
mendable to integrate a few particular food group-based indicators, even if the
data source would allow nutrient-based indicators. In the thesis author’s opinion,
it is practicable to resort to specific food groups if the according food items meet
the following criteria: (i) they are classifiable as either an adequacy or a modera-
tion indicator without considerable overlaps; (ii) they are almost homogeneous in
their nutrient contents rather than evolving problems of substantial hetero-
geneity within this food group; and (iii) they embrace a great number of highly
relevant nutrients, antioxidants, and other components that would otherwise
not be considered in the adequacy dimension. For example, whole grain products
are easily classifiable as part of the adequacy dimension and embrace a great
number of otherwise not considered highly health-relevant food components.
Furthermore, empty-calorie products comprise a considerably wide range of
highly energy-dense food products, which have to be moderated.?” Thereby, the
moderate-to-strong positive effect of whole grain and the moderate-to-strong
negative effect of empty-calorie food groups on health are documented by
SToODY et al. (2014). Hence, it is probably more effective and more efficient to
assess the food group intake of empty-calorie products and whole grains than
assessing all relevant nutrient intakes separately.

Overall diet quality indices that consist solely of food group indicators include the
following: DBS-2009, DQS-2007, HFI-2001, mMDS-2014, rMED-2009, MS-2003,
MSDPS-2009, MeDiet-2008, MEDAS-2013, and MAI-1999. By contrast, the

2 Empty-calorie foods indicate foods which are low in nutrient density of various vitamins
and minerals but high in energy. Examples are products such as sweets, candy, alcohol,
or white bread.
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DQINB-1999 and the DQS-2002 contain nutrient indicators only. Generally, the
majority of indices includes a combination of nutrient intake and food group
intake indicators such as the DQI-I-2003, MDS-2002, and the AHEI-2010. Even if
some indices consider primarily nutrient-based indicators, for practicability rea-
sons they often use the whole grain food group in the adequacy dimension (see
e.g., DQI-I-2003) and the empty-calorie food group in the moderation dimension
(see e.g., DQI-I-2003, HEI-2010).

Specific indicators per diet quality dimension

Indicator selection has to be based on the latest epidemiologic evidence, actual
nutrition standards, and on considerations of the country-specific situation
(LoEwIK et al., 1999). For example, AGNoLI et al. (2013) define high intakes of six
typical Mediterranean foods as beneficial for the Italian diet: pasta, typical Medi-
terranean vegetables, fruit, legumes, olive oil, and fish. Therefore, food-based
intake indicators based on these food groups should be represented for an ap-
propriate measurement of the adequacy dimension within their specific Italian
index construction. In their internationally-oriented review, STooDy et al., (2014)
present a strong-to-moderate evidence that the adequate intakes of fruits, vege-
tables, whole grains, nuts, legumes, and unsaturated oils, as well as low-fat dairy,
poultry, and fish are associated with a decreased risk of several disease outcomes.
Hence, the adequate intake of these food groups seems to be beneficial in diet
quality index constructions for international applications.

Yet as mentioned above, in order to more appropriately cope with the hetero-
geneity of nutrient supply within these food groups, many index constructions
are based on nutrient-based indicators. Considering adequate nutrient intakes,
FITZGERALD et al. (2002) create their DQS-2002 for the Canadian population based
on those 14 nutrients that are considered to be relevant within the newly re-
leased U.S./Canadian dietary reference intakes (DRI): protein, vitamins A, C, E, vita-
min B-complex, phosphorus, magnesium, iron, zinc, and selenium. Furthermore,
country-specific empirical results regarding nutrients that are at risk of deficient
intakes should be considered when selecting adequacy indicators. For example,
in their diet quality analysis MURPHY et al. (1996) apply those eight nutrients whose
intakes fall below two-thirds of the corresponding U.S. reference intake values:
protein, calcium, iron, thiamine, riboflavin, preformed niacin, vitamin A, and vita-
min C.

According to StooDy et al. (2014), composite indices often consider the mode-
rate intake of (processed) meat, sugar-sweetened foods and drinks, salt, (high-fat)
dairy products, and alcoholic drinks as being healthy. Nevertheless, and in line
with the above discussion of food- versus nutrient-based indicators, the detri-
mental effects of these moderation food groups (especially of high-fat dairy pro-
ducts) can be more appropriately analyzed when considering their embodied
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nutrients. Nutrients considered to be subject to moderate intake are generally
total fat, saturated fatty acids, cholesterol, sodium, and sugar (WAUERs et al., 2007).
The intakes of these nutrients are considered as moderation indicators because
of evidence-based associations between the intake of these nutrients and the
incidence of chronic diseases. For example, SCHWAB et al. (2014) find evidence
that saturated fat intake is positively associated with a fasting plasma/serum
cholesterol concentration. Furthermore, these authors found a direct associa-
tion between the intake of major saturated fatty acids and the incidence of dia-
betes, as well as evidence for a moderate association between total fat intake
and body weight. Additionally, total fat intake and incidences of several types of
cancer are significantly correlated (ARNADE and GOPINATH, 2006). Cholesterol in-
take is often considered to be a moderation indicator (STooDy et al., 2014). How-
ever, it is the type of fat in the diet that to a large extent determines the amount
of cholesterol in the bloodstream; cholesterol in foods shows only a weak rela-
tionship with blood cholesterol levels (Hu et al., 1997; Hu et al., 1999; KraTz, 2005).

Furthermore, according to common dietary guidelines, a positive association
between sugar or salt intake and the risk of nutrition-related chronic diseases is
generally assumed (NISHIDA et al., 2004; WORLD HEALTH ORGANIZATION, 2014). This
association justifies sugar and salt intakes as compulsory moderation indica-
tors. Nevertheless, salt and sugar indicators are often limited in practical applica-
tions because of problems with accurately determining salt and sugar intakes
(HUUBREGTS et al., 1997; GIBSON, 2005).2 Alcohol, another possible indicator of the
moderation dimension, is employed in many indices although the status of
alcohol as part of nutrition rather than confounding lifestyle factors is critical
(VON RUESTEN et al., 2010). Furthermore, the association between the level of al-
cohol intake and the respective health effect is not straightforward. In this line,
some indicators clearly value a zero or low alcohol intake with the highest score,
while others explicitly indicate an alcohol intake within a specific intake range

28 Measurement of sodium intakes has its limitations in the level of accuracy (GIBsON, 2005;
HUBREGTS et al., 1997). While it is possible to calculate nutrient intakes from given food
quantities, this procedure is not meaningful for estimating salt contents due to person-
dependent salting behaviors, which are fairly independent of the consumed food types.
This is also true for individual sugar intakes. Besides this measurement problem of sugar
intake, until now it is not clear which kind of sugar (free sugar, added sugar, for example in
beverages, disaccharide, or fructose) is strongest associated with the incidence of chronic
diseases (see e.g., WORLD HEALTH ORGANIZATION, 2003; KELLER et al., 2014; ESFAHANI et al., 2009).
Furthermore, available epidemiological data are not sufficient to set an upper limit of sugar
intake (MANN, 2012; WORLD HEALTH ORGANIZATION, 2014). In this line Russian authorities do
not provide dietary guidelines regarding the upper intake level of sugar, while other guide-
lines vary in their upper intake limits considerably. Therefore, sugar intake is often conside-
red in the form of empty-calorie foods intake.
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(e.g., IMI-2011) with higher scores. Yet the majority of indices value alcohol in-
takes up to a specific upper tolerable intake level (e.g., one drink with portion size
10 g pure ethanol per day for women and two drinks with 20 g pure ethanol per
day for men) with the highest score and intakes above these ranges with lower
scores (e.g., DQI-SNR-2011). Finally, as WALERS et al. (2007) suggest, intakes of
trans-fatty acids may be another indicator candidate for the moderation dimen-
sion since the risks associated with high intakes of trans fatty acids are generally
acknowledged (see, e.g., DGAI-2005).

The overall balance considering the macronutrient proportionality of protein, fat,
and carbohydrates is often addressed by a preferred intake range, i.e. the intake
recommendations for these macronutrients are provided as a range including
a lower and an upper intake level measured in energy percentage. For example,
the majority of indices consider an optimal fat intake range (e.g., DGAI-2005,
CH-DQI-2000, HDI-2011) and/or an optimal carbohydrate intake range (e.g.,
CH-DQI-2000, HDI-2011, DQS-2002). Only some indices address the macronutrient
overall balance dimension by the intake ratio of carbohydrates, proteins, and fats
rather than separate intake ranges (e.g., DQI-I-2003). While the macronutrient ba-
lance is mainly referred to by recommended intake ranges, the fatty acid balance
is primarily referred to by intake ratios. A higher consumption of MUFA and PUFA
has been reported to be associated with a reduced risk of cardiovascular diseases,
while SFA consumption is generally considered to be unhealthy (ScHwas et al.,
2014; StooDy et al., 2014). Hence, several indices assess the ratio of PUFA to SFA
(e.g., AHEI-2002), the ratio of MUFA to SFA (MDS-2003), or the ratio of the sum of
MUFA and PUFA to SFA (e.g., mMDS-2005). The DQI-I-2003 considers the intake
ratio of SFA to PUFA to MUFA. Only some dietary indices address the fatty acid
balance dimension by the SFA or PUFA recommended intake range (e.g., HDI-
1997). But despite the vast research efforts regarding the healthiest balance of
fatty acids, many questions remain unresolved for nutritionists and should be the
basis for future research, especially regarding the relative importance of PUFA
and/or MUFA versus SFA (SCHWAB et al., 2014).

The variety of dietary patterns generally increases with the number of considered
food units. Hence, variety is often operationalized by count measures, i.e. the num-
ber of different food units consumed during a certain period of time (DRESCHER,
2007). Thereby, food units counted toward the variety score of diet quality indices
consist either of food items or broader food groups. Based on this distinction,
three types of variety measures exist: the number of unique food groups report-
ed (between-group variety); the number of unique food items within the food
groups reported (within-group variety); and the total number of unique food
items reported (overall variety; FOOTE et al., 2004). Thereby, it is often requested
that food items from the fat and oil group should not be part of the variety
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measure since the variety of caloric-rich foods mostly increases energy intakes,
and thus, the risk of overweight and obesity (McCRORY et al., 1999).

4.2.3.3 Normalization and valuation function
Scaling procedure

Normalization of the reported data is required since dietary variables often have
different measurement units. Operational forms of dietary variables include in-
take amounts in grams or liters, number of servings, and percentage of energy
contributed (KaNT, 2004). A normalization procedure can be achieved by ranking,
standardization, linear scaling techniques, ordinal response scale assignments,
etc. (NARDO et al., 2008). The selection of a suitable normalization method is criti-
cal with respect to eventual scale adjustments, transformation, or highly skewed
indicators (NARDO et al., 2008). Thereby, it has to be considered that a normaliza-
tion by the ordinal response technique results in less detailed scoring ranges and
a loss of information, discriminating power, and predictive capacity of future
health outcomes (PANAGIOTAKOS et al., 2006; WALERS et al., 2007; WIRT and COLLINS,
2009; DrRAKE et al., 2011). Especially the dichotomization of an originally continuous
variable into scores of zero and one discards most of the original information. For
example, the aggregated HFI-2001 with a discrete scoring scale between zero
and four (based on four dichotomous indicators) is not significantly associated
with all-cause mortality after controlling for potential confounding factors
(OsLer et al., 2001). Furthermore, the HFI-2001 shows no statistically significant
effect on the risk of coronary heart disease or cardiovascular mortality (OsLER et al.,
2001, 2002). Moreover, dichotomization results in different effect sizes and a mo-
derate-to-substantial decrease in measurement reliability because the remaining
information might be quite different from the original. Even the common argu-
ment that the categorized but formerly continuous variables would better rep-
resent the underlying latent categories breaks down under close examination,
especially since categories are simply arbitrary.?® Finally, it has to be mentioned
that technically it is not appropriate to use ordinal measures of diet quality as the
dependent variable in regression analysis. However, in behavioral science such a
procedure is considered to be feasible if: (i) the theoretical concept being measu-
red by an ordinal scale is assumed to be continuous; and (ii) the variable is nor-
malized by at least five ordinal equidistant categories (JOHNSON and CREECH, 1983;
ZumBo and ZIMMERMAN, 1993).

In conclusion, if the index construction aims to assess dietary quality with regard
to health outcomes, more detailed scoring ranges are preferable because they
increase discriminating ability and predictive power of future health outcomes.
For this reason, the DQI-1994 with a discrete scoring scale from zero for the

2% For a more detailed discussion, see MACCALLUM et al. (2002).
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healthiest diet to 16 for the least healthy diet has been revised by the DQI-R-1999
with a more detailed scoring scale from zero to 100, with 100 indicating the
healthiest diet pattern. Yet despite these associations, a large number of indices
are still exclusively based on dichotomous or non-dichotomous ordinal indica-
tors (e.g., DQI-I-SNR-2011, DQS-2002, HDI-2013, HDS-2005, and MDS-2003). Other
indices are solely based on metric indicators normalized by linear scaling tech-
nique (e.g., GFPI-2010, HEI-2005). But the majority of indices contain a mixture of
both metric and ordinal indicators (e.g., DQI-R-2003 and DQI-I-2003).

Cut-off values

Cut-off values to normalize data should be country-specific (or region-specific)
because country-specific recommendations use the best scientific knowledge
available for the population under scrutiny (Kim et al., 2003a). Furthermore, cut-off
values should be age- and gender-specific or should otherwise take into account
different energy needs, except for variables such as fat intakes, which are often
already expressed in energy percentages. This is because individuals with higher
physiological energy and nutrient needs tend to consume more foods. With this
greater food consumption, these individuals would more easily meet equally as-
sessed adequate nutrient intake cut-off values than individuals with lower energy
and nutrient needs (DRAKE et al., 2011). For example, the actual DRIs recommend
higher energy intakes and higher intakes of several nutrients (see e.g., vitamin C,
thiamin, riboflavin, magnesium, zinc) for men aged between 31-50 years than for
women of the same age. If adequate nutrient intake cut-off values are equally set,
for example at the women'’s adequate intake levels, then men would more easily
achieve these rather incorrect (i.e. too low for men) intake levels although their
nutrient intakes are in fact rather suboptimal. Therefore, the HEI-1995 provides
cut-off values for five different energy intake levels (KENNEDY et al., 1995). Along
these lines, the MAI-2006 adjusts cut-offs to daily recommended energy intakes
for men and women. The CH-DQI-2000 provides separate standards for higher and
lower intake categories. Other indices apply some density measures to account
for different energy intakes, such as the HEI-2005, DQI-SNR-2011, or the MAI-1999.

Aside from these differences, applied cut-off points differ between normative cut-
offs and percentile cut-offs. Normative cut-offs are derived from current evidence
or the best knowledge available regarding the diet-health relationship. These
cut-offs are derived to meet the nutrient requirements of healthy individuals in a
particular life stage and gender group. For example, FITZGERALD et al. (2002) use
cut-off values derived from estimated average requirement recommendations,
i.e. the average daily nutrient intake value, to meet the requirements of 50 % of
the healthy individuals in a particular life stage and gender group. In general, nor-
mative cut-off values of vitamins and minerals are based upon the availability of
recommended intake values such as the recommended dietary allowances (RDA),
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which are supposed to be set at two standard deviations above the estimated
average requirement (FOoD AND NUTRITION INFORMATION CENTER, 2014).3° For mode-
ration indicators, tolerable upper intake levels (Ul) are generally employed as
normative cut-off values in index constructions. A tolerable upper intake level is
the highest level of daily nutrient intakes that is likely to pose no risk of adverse
health effects to almost all individuals in the general population.' For the overall
balance dimension, cut-offs such as the acceptable distribution ranges (DR)
are often used with the intakes specified as a percentage of total energy intakes
(FOOD AND NUTRITION INFORMATION CENTER, 2014). However, when employed for an
ordinal or even dichotomized indicator, normative cut-offs have the disadvan-
tage that they may lose discriminatory power when almost all subjects fall below
or above the normative cut-off (DRAKE et al., 2011). This problematic issue is dis-
played in Figure 8. Within this fictive fiber distribution, 95 % of the observed
individuals would fail the normative Russian cut-off value, i.e. they have a fiber
intake below the proposed adequate Russian fiber intake value of 20 g/day (see
TUTEUAN et al,, 2008). Considering a dichotomous indicator, 95 % of the obser-
ved population would receive a score of zero, while only 5% would receive a
score of one, indicating marginal discriminatory power of the normative cut-off
value in this example.

Figure 8:  Fiber intake Kernel density function of a fictive sample with
N=10,000
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Note: The dashed lines Q1, Q2, Q3 indicate the first quartile (25 percentile), second quartile
(median), and the third quartile (25" percentile), respectively, while the solid vertical
line indicates the normative cut-off value at the adequate intake value.

30 Adequate intake levels (Al) are applied to compensate for missing nutrient RDAs. They are
determined as approximations of nutrient intake by a group (or groups) of healthy people.

31 In order to emphasize the importance of moderation in total fat intake, the DQI-I-2003 uses
even more stringent cut-off values than those found in other dietary indices (Kim et al., 2003a).
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In contrast to normative cut-offs, percentile cut-offs (e.g., median or quartile
cut-offs) simply indicate the intake values below which a given percentage of
observations in a group of observations fall. Therefore, percentile cut-offs such
as the often-used median cut-off may not be related to healthy intake levels
(WALERs et al.,, 2007). Yet, despite this weak diet-health relationship, indices with
dichotomous scaled indicators generally use median cut-offs to assure significant
discriminatory power (e.g., MDS-2003 and MDS-2011). In Figure 8, the median
cut-off of 11.95 g/day is much lower than the recommended adequate intake
value of 20 g/day, but it discriminates the observed fictive distribution better
than the normative cut-off value. Even more discriminatory power is provided
using quartile cut-off values. Nevertheless, if the intake values get normalized
proportionally with regard to the normative cut-off levels, resulting in metric sca-
led indicators (e.g., a score of 0.75 for a 75 % achievement of the adequate fiber
intake value), then normative cut-off values provide the most sufficient discrimi-
natory power regarding the healthiness of the respective intake levels. In con-
clusion, normative cut-offs ought to be preferred for continuous scales if intake
recommendations are available. If these are not available, percentile cut-offs with
at least three or more ranks on an ordinal scale should be used.

In line with these considerations, the majority of metric scaled indices employ
mainly normative cut-offs (e.g., DQI-2003, AHEI-2010), while the majority of ordi-
nal scaled indices generally employ median cut-offs (e.g., MDS-2003, MDS-2011).
For example, the mMDS-2005 uses median cut-offs except for alcohol intake,
which is scored according to a normative cut-off. Examples of an index with exclu-
sively dichotomous but normative cut-offs are the MEDAS-2011 and MEDAS-2013.
The HFNI-2006 also chooses dichotomous normative cut-offs, except for beta-ca-
rotene. Furthermore, the DGAI-2005 chooses normative cut-offs except for satu-
rated fat intake in order to increase discriminatory power since normative cut-
offs for saturated fat intakes are failed by almost all Americans (FOGLI-CAWLEY et al.,
2006).? If indicators are categorized by three ranks, cut-offs are often based on
the tertiles of the indicator distribution. For example, the rMED-2009 uses cut-offs
based on tertiles except for a normative cut-off for alcohol. Other ordinal indices
choose both normative and percentile cut-offs. For example, the Med-DQI-2000
uses normative cut-offs according to recommended intake levels if available. If
evidence-based recommended intake levels are not available, the Med-DQI-2000
uses tertile cut-offs (GERBER et al., 2000).

32 The DQI-SNR-2011 chooses normative cut-offs except for SFA and dietary fiber due to mis-
sing recommended intake levels for total fiber and actual SFA intake levels not close to the
recommended intake level of SFA.
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Valuation function

Normalization procedures should take into account the objectives of the compo-
site indicator through a valuation function because the intake of several nutrients
and foods is only an instrument that values the health impact of this nutrient or
food intake (ANAND and SEN, 2000). Therefore, a valuation function has to as-
sign each indicator a transformation function, which represents the association
between the (normalized) indicator value and its assumed health impact value.
Therefore, a specific valuation function is always necessary if it is assumed that
the marginal health impact of a specific intake indicator varies with its absolute
amount. Such an association would ask for a valuation formula with increasing
or diminishing returns of this indicator on human health.

Epidemiological research often suggests a U-shaped association between dietary
patterns and health outcomes (e.g., IQBAL et al., 2008). This U-shaped function can
also be shown for the direct relationships between different nutrient intakes and
various health outcomes, for example for iron (PRA et al., 2011; MARTINSSON et al.,
2014), folate (CHUANG et al., 2011), fat and protein (BAsIRI et al., 2009; Guo et al.,
2013), alcohol (FEART et al., 2013), retinol (Wu et al.; 2014), and sodium (GRAUDAL,
2014). Because of these U-shaped associations, it seems appropriate to assume
nonlinear valuation functions. For example, the valuation function of vitamin and
mineral intake indicators might be specified as being increasing with diminishing
marginal health products until the adequacy cut-off level (e.g., RDA) is reached.
After the adequacy cut-off level, valuation scores are often restricted to a maxi-
mal achievable score. By contrast, the valuation function of a fat intake indicator
might be specified as being decreasing with diminishing marginal moderation
scores.®* Such plausible associations between different nutrient intake values,
their respective health effects, and hence appropriate indicator scores are dis-
played in Figure 9. However, for existing diet quality indices the choice of a spe-
cific valuation function is often not explicitly described. In fact, the observed indi-
cators often assume constant health returns yielding a proportional valuation
function without further explanation. But certainly more future work on this
topic is necessary.

3 Healthy nutrient valuation scores are often restricted to a maximal achievable score be-
cause vitamin and mineral intakes of a diet without supplements are generally assumed to
be below the unhealthy intake levels. For fat intakes, it is generally assumed that intake levels
of a normal diet are above the lower border of the acceptable intake range.
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Figure9: Association between nutrient intakes and possible indicator
scoring values
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Note:  For adequacy (moderation) scores, it is assumed here that intakes are generally not
above (below) the higher (lower) boarder of a respective range of acceptable intakes.

Additionally, as mentioned in chapter 4.2.3.2, the variety dimension of diet quali-
ty indices is generally assessed by count measures. However, count measures
count food items regardless of their respective intake shares. Therefore, GoLLop
and MONAHAN (1991) state that the health effects of food variety are not only de-
termined by the number of food units but also by their respective distribution.>*
Considering distribution aspects, which is appropriate especially in the case of

34 GoLLop and MONAHAN (1991) also consider the heterogeneity of food items regarding the
difference of their product features. Yet, for practicability, differences of food product fea-
tures are more easily subsumed by the consideration of within-food group variety.
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within-group variety, variety scores will increase if food items are more equally
consumed rather than being more concentrated. For example, a simple count
measure would assign the same scores to the consumption of broccoli and ice-
berg lettuce within the vegetables group with either consumption shares of 50 %
and 50 % or consumption shares of 5 % and 95 %.3* Such a count measure would
disregard the fact that the more concentrated vegetable consumption is nearly
exclusively composed by iceberg lettuce and less appropriate. In order to con-
sider distribution aspects, which seems to be especially appropriate for the with-
in-group variance (e.g., for the fruits and vegetables group), there exists a
broad pool of possible approaches, such as the Berry Index (Bl) of BERRY (1975),
the Gollop-Monhan-Index (GMI) of GoLLoP and MONAHAN (1991), and the Healthy
Food Diversity-Index (HFD-I) of DRESCHER (2007).%° Yet despite these approaches,
variety aspects in overall dietary index constructions are generally operationali-
zed by simple count measures.

4.2.3.4 Aggregation technique

After normalization and valuation of the indicators, indicators have to be com-
bined into the composite. Since the compensability of indicators is generally assu-
med, the exclusive aggregation technique in existing diet quality index construc-
tions is a linear aggregation. Applying such a linear aggregation technique, the
most naive method of constructing a composite index is obtained with equally
weighted indicators (NARDO et al., 2008). This method yields a robust composite
index, but validity could be suboptimal if some indicators or dimensions are
more effectively related to future health outcomes than others. Furthermore,
NARDO et al. (2008) point out that if indicators are grouped into sub-indices, which
are further aggregated into the composite, then equal weighting of the indica-
tors implies an unequal weighting of the sub-indices given that the amount of
indicators per sub-indices differs. For example, the MDS-2004 consists of the fol-
lowing equally weighted indicators: one indicator regarding the fatty acid bal-
ance; five adequacy indicators; and two moderation indicators. Therefore, the
MDS-2004 results in an indirect relative weighting of the balance, adequacy, and
moderation dimension of 12.5 %, 62.5 %, and 25 %, respectively. Regarding po-
tential inter-correlation between indicators, the question arises whether single
indicators in fact measure different aspects of the construct and therefore bear
equal weights. If this is not the case, it is permissible to give positively correlated
indicators lower weights.

¥ Sometimes a minimum intake of at least a half serving size per day is requested for a food
item to be accounted in the variety score.
36 For a comprehensive overview, see DRESCHER (2007).
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If weights shall be assigned to the indicators of the composite, weights can be
determined either on the basis of subjective expert information or from the ap-
plication of some statistical method. As KaTz et al. (2009) point out, weights have
to relate variations in nutrient intake levels to population level variations in
health outcomes, for example by theoretical considerations or by correlation fac-
tors of those index components most strongly associated with health out-
comes. Furthermore, those indicators, which are highly correlated with each oth-
er, should get lower weights in order to correct their heavier contribution to
the (sub-)index score. However, as DRAKE et al. (2011) point out, determining
the acceptable level of correlation between indicators is highly subjective and
future research regarding this issue is necessary. For example, HUUBREGTS et al.
(1997) exclude the macronutrient indicators carbohydrate and fat intake in order
to avoid correlations with the selected protein intake indicator. DRAKE et al. (2011)
adjust the DQI-SNR-2011 for inter-correlation problems by excluding MUFA
from the index because of a strong correlation between SFA and MUFA (r=0.65).
Nevertheless, they do not adjust the DQI-SNR-2011 for the strong correlation be-
tween dietary fiber intake and the fruit and vegetable consumption (r=0.63).
Furthermore, in the DGAI-2006 the two indicators fiber intake and percentage
of whole grains from total grain intake are equally weighted, although both in-
dicators are possibly highly correlated since whole grains are a major source of
fiber intakes.

The majority of hitherto existing diet quality indices use equal weighting (e.g.,
HEI-1995) to reduce conscious interferences to a minimum and as a consequence
of the lack of sufficient information. However, in case weights are assigned with-
in the pool of existing diet quality indices, they are exogenously attributed on
the basis of some subjective expert information (e.g., DQI-I-2003, MEDAS-2013).%’
Participatory methods that incorporate various stakeholders such as experts, citi-
zens and politicians are feasible when there is a well-defined basis for a national
policy (MUNDA, 20053, 2005b). For example, DOMINGUEZ et al. (2013) weight each
item of the MEDAS by evidence-based contribution factors of each component
to coronary heart diseases. Kim et al. (2003a) deduce weights for their adequacy,
moderation, overall balance and variety dimension of the DQI-I-2003 based on
actual literature. However, Kim et al. (2003a) failed to establish a documentary
method, which would make the rationale for their weighting system more con-
trollable by inter-subjective comprehensibility and verifiability (see BOHNSACK et al.,
2007). Answering a written follow up, Kim argues that the rationale for the
weighting system across the four major categories of the DQI-I-2003 was mainly
based on a literature review but no empirical testing was done to determine the

37 The Overall Nutritional Quality Index by Katz et al. (2009) for food labelling applies theo-
retically derived weights for all indicators.
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weighting system. Yet determining a favorable weighting approach would im-
prove the rigor of future index applications (SToopy et al., 2014).

4.2.4 Overview of diet indices and their construction criteria

Utilizing the above discussion for a comparison, Table 9 provides an overview of
existing composite indices of dietary quality considering theoretical background,
indicator selection, normalization, and aggregation techniques. According to the
above discussion, preferable features of dietary indices, which have to measure
dietary quality with regard to future health outcomes, are shaded grey. Thereby,
the inclusion of the adequacy, moderation, and balance dimensions is identified
as being a preferable feature of dietary quality constructions in order to cope
with the multidimensional character of dietary quality. Furthermore, a nested
index structure is favored with indicators based on nutrients or a combination
of nutrients and some specific food groups. In order to increase discriminatory
power, metric or a combination of metric and ordinal scaled indicators are con-
sidered to be more beneficial than exclusively dichotomous indicators. Still, the
choice of metric scaling is surely dependent on the intake data at hand. Finally, a
weighting system is preferable, which has to take into account different diet-
health relationships and inter-correlation problems of the index components in
an objective and intersubjective comprehensible manner. Using the summarizing
toolbox of Table 9, nutritionists are now able to choose an appropriate index
construct considering the most suitable construction criteria, the particular tar-
get region, and the data base at hand.
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As Table 9 shows, none of the observed Mediterranean diet quality index con-
structions seem to properly conform to the theoretical soundness and afore-
mentioned methodological requirements of an appropriate diet quality index
construction. Indices measuring Mediterranean dietary quality are generally not
nested, have mainly food-based indicators, use (with few exceptions) mainly per-
centile cut-offs, and often have a considerably low scoring range. Some of these
critiques may be explained by data restrictions because Mediterranean diet qua-
lity index constructions are often based on the intake data from (short) food fre-
quency questionnaires.

For the assessment of U.S. dietary patterns, which can surely be adjusted to other
western countries considering country-specific intake recommendations, the
HEI-2010 meets the aforementioned preferable key issues of index construction.
The HEI-2010 considers the adequacy, moderation, and balance dimension within
an ordered index structure. Based on national dietary guidelines but also addi-
tional expert knowledge, the weighted metric food and nutrient indicators of
the HEI-2010 sum up to a metric scoring range of [0;100]. However, it would be
more beneficial if the ordered structure of the HEI-2010 is enhanced by a nested
structure with predefined sub-indices. Furthermore, it has to be noted that
this index does not consider a moderate intake of total fat because some types
of fatty acids are assumed to be more important in influencing the risk of cardio-
vascular diseases than the total fat intake (GUENTHER et al., 2013).

For the purpose of this thesis, the summarizing toolbox of Table 9 suggests that
the DQI-I-2003 seems to be most appropriate for analyzing transition countries
(BURGGRAF et al., 2014a). In contrast to other indices, which have been created due
to diet-related concerns of developed countries such as the USA and Western
European countries, the DQI-I-2003 is especially appropriate for Russian circum-
stances because it not only accounts for dietary aspects in relation to chronic
diseases but also for problems of deficient nutrient intakes. The DQI-I-2003
therefore provides "a global tool for monitoring healthfulness of diet and for ex-
ploring aspects of diet quality related to the nutrition transition" (Kim et al,
2003a). Since not only nutrition-related chronic diseases but also several nutrient
deficiencies (see chapters 3.3 and 3.4) are present within the Russian population,
the DQI-I-2003 is considered to be the most suitable measure of the Russians’ di-
etary healthfulness.

The DQI-I-2003 is derived from international and national nutrient guidelines
and the food guide pyramid (Kim et al., 2003a). It also considers advantages and
disadvantages of the DQI-1994, DQI-R-1999, and the CH-DQI-2000. As mentio-
ned in section 4.2.3, the DQI-I-2003 monitors the healthfulness of a diet by as-
sessing four separate sub-indices: (i) variety of the foods consumed, (ii) adequacy
of the nutrient intakes, (iii) moderation of foods and nutrients that are predicted
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to cause chronic diseases, and (iv) overall balance of the macronutrient and fatty
acid sources of the diet. For each dimension, as well as for each component with-
in these categories, weighted scores are allocated and summed up, resulting in
the total DQI-I-2003. The DQI-I-2003 describes a population’s diet quality as an
aggregated diet quality measure and, at the same time, the nested structure of
the DQI-I-2003 enables the researcher to pinpoint exactly those forms of nutri-
tional deficiencies that need to be improved most (see e.g., BURGGRAF et al., 2012
and BURGGRAF et al., 2014a). Hence, this index is able to provide valuable infor-
mation for public nutritional education programs (Kim et al., 2003a). Furthermore,
this index is very detailed with a mixture of metric and ordinal scaled indicators,
which sum up to a total scoring range between zero points and 100 points. Final-
ly, indicator selection and cut-off points are based on dietary guidelines and ad-
ditional epidemiological evidence.

Despite its various advantages, some construction aspects of the DQI-I-2003 give
reason for concern. For instance, for the calculation of the DQI-I-2003 a number
of metrically reported nutrition variables need to be normalized by a three-rank
ordinal response technique, which means a considerable loss of information and
discriminatory power. Furthermore, the development of weights is not inter-
subjectively comprehensible and verifiable. Finally, the DQI-I-2003 considers a
count measure of the variety dimension, ignoring the distributional aspect of
dietary variety and potential problems of double-counting adequacy aspects
(BURGGRAF et al., 2014a).3®

4.3 RUSSIAN DIETARY QUALITY

4.3.1 Assessment of the modified DQI-I for Russia

Against the background of the discussion provided in chapter 4.2.4, the DQI-I-
2003 is employed for the empirical analysis of Russian dietary quality. Nonethe-
less, the DQI-I-2003 has to be slightly modified in order to (i) consider evidenced
problematic areas of nutrition in Russia, as well as the latest Russian official recom-
mendations, (ii) deal with metric scores for all indicators as well as for the four sub-
scores, and (iii) enhance the original variety count measure by distributional as-
pects of the within-group variance. Finally, in this inquiry the modified DQI-I-2003
is represented by a formula because an index formula contains mathematical
statements on standardization, evaluation and aggregation of the indicators. It
thereby allows an analysis of the change in diet quality caused by marginal

38 Chapter 4.2 results from the author’s contribution to the research project of the European
network titled Determinants of Diet and Physical Activity (DEDIPAC) Knowledge Hub (KH),
which is financed by the German Federal Ministry of Education and Research. In this regard,
chapter 4.1 and 4.2 are also part of a manuscript prepared for soon publication together
with the co-authors Dr. Ramona Teuber, Dr. Stephan Brosig, and Dr. Toni Meier.
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changes in indicator values. Because the weighting system of the DQI-I-2003 is
not inter-subjectively comprehensible and verifiable, it has to be assumed for
this inquiry that the originally assigned weights for the DQI-I-2003 components
already account for potential problems of inter-correlation with other index-
components, as well as latest knowledge on the relationships between diet com-
ponents and health.

In principle, the calculation of the modified Diet Quality Index-International
(DQI-lmoa) adheres to the following formula:

DQly,,,, = Variety + Adequacy + Moderation + Balance (1)
with
1 5 x
Variety =w, 52 (1 - Z sx]kz), (2)
k=1 x=1
Ad ! (28 Mi [ Ta 1]) 3)
equacy =w,-— in ; ,
q Y 2 10 a=1 na(A,)
5
1 n -n
Moderation = wy — Z Min [Max (M; 0) ; 1], (4)
5 ~= NmwL) — Mm(LL)

1
§2131=1(5b - Sb(MR))z

Balance =wy |1 - 1 3
Max§23=1(5b - Sb(MR))

1
§Zg=4(5b - Sb(MR))Z

W42 1 - 1 6 2 -
Max§2b=4(5b - Sb(MR))

Equation (1) describes the formulation of the DQI-Im.q as a weighted aggregation
of the four DQI-I-2003 sub-scores. The functional forms of the four diet quality
dimensions are ordered in line with the original DQI-I-2003 and are specified by
equations (2), ..., (5). Equation (2) addresses the variety sub-index with food
items x within each of the five relevant food groups k considering the food share
indicators sy Vx =1,..,7 and Vk = 1, ...,5, whereby s, represents the in-
take shares of each food item within the food group of k. Equation (3) addresses
the adequacy sub-index with ten adequacy indicatorsn, vV a = 1, ...,10, where-
by n, represents the actual daily intake of adequacy-relevant nutrient a and
Nq(ar) represents the Russian RDA (or Al) of nutrient a. The moderation sub-index
is given by equation (4) considering five relevant moderation indicators
n, vm=1,..,5 whereby n,, represents the actual daily intake of those nu-
trients/food groups m that tend to cause the genesis of chronic diseases and
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Nm(ur) represents the Russian Ul (or the upper DR border) while np, 1) presents
zero (or the lower DR border) of the food group or nutrient. Finally, equation
(5) deals with the overall balance sub-index with its indicators marked s, with
sp = 1,2,3 for the proportions of fat, protein, and carbohydrate intakes in ener-
gy percentage and s, = 4,5,6 for the proportions of PUFA, MUFA, and SFA in-
takes in energy percentage. After indicator normalization and valuation according
to equations (2), ..., (5), index components are weighted by the weights w;to
W5, Which are adopted from the DQI-I-2003, yielding a total scoring range of
[0;100]. In the following, the index construction of the DQI-Imedq is being explained
in more detail for each sub-index separately.

Variety sub-score

The variety sub-score of the DQl-Inos assesses whether the consumed diet de-
rives from a sufficient variation of different food items because eating diversely is
internationally recommended for a healthy diet (see e.g., GERMAN NUTRITION SOCIETY,
2013). The variety dimension of the original DQI-I-2003 reflects both between-
group variety and within-group variety regarding five food group categories:
grains/grain products/potatoes; vegetables/salad; fruits; milk/milk products; and
meat/meat products/fish/eggs.>® However, in the DQI-I-2003, between-group
variety and within-group variety are calculated by simple count measures.

Thus, the modified version of the DQI-I-2003 shall also consider distribution
aspects of the variety dimension. There exists a broad pool of variety measures,
which additionally consider distribution aspects, such as the Bl with Bl = 1 —

n_ 5.2 orthe HFD-lwith HFD = (1 — X7_, s5,.2) * health value.*® The Bl con-
siders the amount and distribution of the food items consumed. Based on the B,
the HFD-I extends the Bl aiming at a complementary association between variety
and healthiness of a diet (DRESCHER, 2007). Nevertheless, the HFD-I improperly
mixes different dimensions of dietary quality.*' Therefore, the variety sub-index

3 The DQI-I-2003 excludes the group of fats and oils since the variety of caloric-rich foods
such as fats increases the risk of obesity and overweight (Sea et al., 2004).

4" The Gollop-Monhan-Index (GMI) of GoLLopP and MONAHAN (1991) considers dissimilarities in
product categories with a continuous treatment of product heterogeneity regarding manu-
facturing. Nevertheless, within a dietary quality index product heterogeneity and dissimilarity
are expressed within the indicators on adequate, moderated, and balanced intakes with
respect to their health outcomes. Hence, these variety aspects are neglected here.

4 The HFD-I combines the Bl with a health value, which is the mean of the recommended in-
take shares (called health factors of the HFD-I) of food groups weighted by the actual intake
shares of these consumed food groups with regard to all foods consumed (DRESCHER et al.,
2009). However, this weighting procedure seems to be inappropriate for considering the
healthiness of adequate (or moderate) intake shares. For example, consider a food group
that should be consumed with an intake rate of 0.4, but it is actually consumed by an intake
rate of 0.9, resulting in a health value contribution of this heavily overconsumed food group
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of the DQI-Imogis based on the Bl formula. Thereby, for each of the five respective
food groups, a separate Bl is calculated to address the within-group variety of
food items within each food group. Afterwards the mean of these within-group
Bls is calculated yielding a variety sub-index of the DQI-Imoq With the following
desired properties: i) it increases with a growing number of food items x con-
sumed within food groups k (within variety); ii) it gives the highest valuation on
equal distribution within each of the five food groups; iii) it increases with an
increasing number of food items (overall variety) and food groups (between
group variety); and (iv) it is bounded between zero and one. Finally, this normali-
zed and valued variety sub-index is weighted by 20 % of the total DQI-Imeq ScoOTe,
i.e. the maximum variety score equals 20 points. As mentioned above, all
weights of the DQI-Inoq are taken from the original DQI-I-2003.

Adequacy sub-score

The adequacy sub-score measures how the physiologically needed amounts
of vitamins, minerals, and fiber are actually met by daily nutrition. In the original
DQI-I-2003, this sub-index has eight different indicators which, among other fac-
tors, are based on the consumption of the fruit, vegetable, and grain food groups.
But as mentioned above, if indicators are based on food groups they cannot
take into account the enormous nutritional heterogeneity of the various types of
food items/nutrients within a food group (WAUERs et al., 2007). Therefore, the
adequacy sub-index of the DQI-Imod is exclusively calculated via eight nutrient-ba-
sed indicators. Previous studies found deficient intakes of vitamins A, B-complex,
C, and E, as well as calcium and iron among the Russian population for the
period from 1996 to 1998 (SEDIK et al., 2003; MARTINCHIK et al., 2005; OGLOBLIN et al.,
2005; PAALANEN et al., 2011). Furthermore, POPKIN (2006) implies that fiber intakes
generally decrease during a nutrition transition. Hence, essential micronutrients
considered to be included in the Russian-specific adequacy sub-index are vita-
mins A, B1, B2, B12, C, and E, calcium, and fiber.** Additionally, indicators regar-
ding the intakes of the essential minerals potassium and magnesium are included
as further adequacy indicators because the consideration of only calcium seems
to be inappropriate and may be caused by missing studies on the intakes of other
minerals. For normalization purposes, the Russian official recommendations of

of 0.36. The same health value contribution would be assigned to a food group with an ac-
tual intake rate of 0.6, which exactly meets the recommended intake rate of 0.6 for this
food group. Moreover, such a combination of different aspects of dietary quality in one di-
mension is not desirable for the research aim of this thesis.

42 Vitamin B6 strongly correlates with vitamins B1 and B2. Therefore, vitamins B1, B2, B12, but
not vitamin B6, are considered to be part of the vitamin B complex in the modified index.
Furthermore, as explained in footnote 17, iron is not considered in this analysis.
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the Russian Federal Service on Customers' Rights Protection and Human Well-
being Surveillance provided by TUTELJIAN et al. (2008) are employed.

Considering each adequacy indicator separately, normalized adequacy indicator
scores range proportionally on a continuous scale from zero for a 0 % attain-
ment to one for a 100 % attainment.* The maximum relation between actual
and recommended volumes needs to be limited at one in order to prevent nut-
rients in oversupply compensating for nutrients in undersupply (see BasioTis et al.,
1995; Kim et al. 2003a). These normalized and proportionally valued adequacy
indicators are then averaged to a total adequacy sub-index, which is weighted
by 40 % of the total DQI-In. Score, meaning a maximum of 40 adequacy points.
As mentioned, the adequacy weight of 40 % is adopted from the original DQI-I-
2003. These 40 adequacy points can also be equally assigned to each of the ten
adequacy indicators by a maximum indicator score of four points each.

Moderation sub-score

According to the DQI-I-2003, foods and nutrients considered to be as modera-
tion indicators are total fat, saturated fat, empty-calorie foods, cholesterol, and
sodium because they are related to chronic diseases and therefore may need
restrictions. Yet, as explained in chapter 4.2.3.2, cholesterol as a moderation indi-
cator is inappropriate because of the low association between cholesterol in-
takes and blood cholesterol. Furthermore, sodium intakes cannot be reasonably
determined by most intake data sets, which is also true for the RLMS-HSE data
set. Besides a reasonable exclusion of cholesterol and sodium intake indicators
from the moderation dimension, a moderate intake of total energy in kcal can
be considered as being an important part of the moderation sub-index since
cut-off values of moderate (saturated) fat intake are generally expressed in
energy percentage such that absolute energy intake itself is not accounted for
(WAUERs et al., 2007).** Additionally, alcohol intake can be regarded as being part
of the moderation dimension because alcohol is often recommended to be con-
sumed in moderation up to a Ul of 10 g pure ethanol per day for woman (equals
one glass of alcoholic beverages) and 20 g pure ethanol per day for men (equals
two glasses of alcoholic beverages) (see e.g., GUENTHER et al., 2013; DRAKE et al.,
2011). Therefore, the components of the moderation sub-index of the DQl-lImod

4 In using interval-scaled continuous scoring systems, the DQI-Im.q relies on proportional
valuation functions. A discussion on other valuation functions should be part of future re-
search work.

4 Energy intake is primarily assessed as a proxy for dietary quality in developing countries
where energy intake is insufficient (KNUDSEN and SCANDIZZO, 1982; SUBRAMANIAN and DEATON,
1996). By contrast, in industrialized countries it is advisable to assess excessive energy intake
in the moderation sub-score of dietary quality indices, a fact that has been confirmed to the
author by a written statement from one of the most popular nutritionists, Barry Popkin.
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are changed in order to evaluate to what extent excessive intakes of total fat,
saturated fat, empty-calorie foods, alcohol, and energy intakes are moderated.

Employing the RLMS-HSE data to the calculation of the DQI-Imeq, individual total
fat intakes are provided by the 24-hour recalls while saturated fat intakes and
(unbiased) energy intakes have to be approximated (see section 2.2). Individual
alcohol intakes are calculated as a weighted average of the pure ethanol typical-
ly found in alcoholic beverages, as done by TEKIN (2004).** Thereby, the RLMS-HSE
reports data on individual alcohol consumption in grams of beer, vodka, fortified
wine, table wine, and homemade liquor. Regarding the moderation of empty-
calorie foods, it is suggested that cakes, cookies, and other pastries, white bread,
ice cream, cheese, pizza, and processed meats are the foods with most empty
calories (U.S. DEPARTMENT OF AGRICULTURE, 2015). Nonetheless, in order to avoid
double counting, cheese, pizza, and processed meats have been excluded from
the calculation of the empty-calorie foods intake indicator, because these foods
obtain their empty calories mainly from solid fats (U.S. DEPARTMENT OF AGRICULTURE,
2015). When the energy supplied by empty-calorie foods is larger than 10 % of
total energy intake per day, the lowest score is assigned.

Similar to the adequacy dimension, normalized and proportionally valued mode-
ration indicators are then averaged to a total moderation sub-index, which is
weighted by 30 % (or a maximum of 30 points) of the total DQI-Im.d score. In line
with the procedure of the DQI-I-2003, these 30 points can be equally assigned to
each of the five moderation indicators by a maximum indicator score of six points
each.

Overall balance

The final sub-index of the DQI-I-2003 is the overall balance of macro- und micro-
nutrients. This sub-index addresses the proportionality in the macronutrient ener-
gy sources and fatty acids composition. Yet, for the DQl-Imog, country-specific re-
commendations are taken from TUTELAN et al. (2008). Furthermore, in the DQI-lmod
macronutrient intakes in energy percentage as well as fatty acid intakes in en-
ergy percentage are normalized with a metric scale rather than the originally
ordinal scale of the DQI-I-2003. Thereby, deviations from the recommended
intakes are addressed by a squared functional specification in order to punish
larger deviations more strongly. Hence, at first, the squared deviations of the
actual macronutrient and fatty acid intakes from the recommended macronutri-
ent and fatty acid intake shares are calculated. Second, these squared deviations
are averaged for both the three macronutrient intakes and the three fatty acid

4 The algorithm used to construct the measure of ethanol consumption assumes that total
amount of ethanol is 5 % in beer, 40 % in vodka and homemade liquor, 20 % in fortified
wine, and 12 % in table wine.
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intakes. Finally, in order to ensure a normalized boundary between zero and one,
the averaged squared deviations are divided by their respective maximal possi-
ble averaged squared deviations. The original DQI-I-2003 assigns a maximum
score of six points to the macronutrient balance and a score of four points to the
fatty acid balance, yielding a total maximum overall balance score of ten points.
Again, this weighting procedure is adopted here for the weighting of the DQI-Imod
balance dimension.

Table 10 contains the composition of the DQI-Imog, including the four sub-scores of
variety, adequacy, moderation, and overall balance. Just as for the DQI-I-2003,
the total DQI-Imod is measured on a scoring range of [0;100] with maximal sub-
index scores of 20 points for the variety sub-index, 40 points for the adequacy
sub-index, 30 points for the moderation, and ten points for overall balance sub-
index.

Table 10: Composition of the DQI-Imod

Sub-index Maximum Maximum Indicator description
score per score per
sub-index indicator

Variety 20

Bl for within-group variety of the carbohydrates group
Bl for within-group variety of meat and meat products
Bl for within-group variety of milk and dairy products
Bl for within-group variety of the fruits group

Bl for within-group variety of the vegetables group
Adequacy 40 Adequacy of fiber intakes
Adequacy of vitamin A intakes
Adequacy of vitamin B1 intakes
Adequacy of vitamin B2 intakes
Adequacy of vitamin B12 intakes
Adequacy of vitamin C intakes
Adequacy of vitamin E intakes
Adequacy of calcium intakes
Adequacy of magnesium intakes
Adequacy of potassium intakes
Moderation 30 Moderation of total calorie intakes
Moderation of alcohol intakes

Moderation of total fat intakes

Moderation of saturated fat intakes
Moderation of empty-calorie foods intakes

Overall Balance 10 Balance of the macronutrient ratio

A O OO0 O D~ DDDDDDDSDNSEDDDDDDSN

Balance of the micronutrient ratio

DQl-mog 100

Source: Own presentation.
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4.3.2 Empirical results

In Table 10, the empirical results of the calculated DQI-Imoq, as well as the percen-
tage achievement of the maximum scores, for the observed time period of 1996-
2005 are provided. As Table 10 shows, the total Russian DQI-lmes scores have
been fairly stable over the observed time period, i.e. the calculated scores range
between 48.84 points (in 2002) and 49.85 points (in 2000). Since a trend in the
Russian overall dietary quality considering these total scores cannot be noticed
for the observed time period, a more detailed investigation of the four sub-
indices of the Russians’ DQI-Imeq is necessary by applying the nested structure of
the DQ-lmod (see also BURGGRAF et al., 2014a).
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The sub-indices and their individual indicators presented in Table 11 show that
Russian diets are almost appropriate in some aspects but highly problematic in
other ones. For the variety dimension, which indicates several adequacy and mo-
deration aspects of dietary quality but also a reduced risk of the intake of con-
taminated foods (see chapter 4.2.3.1), Table 11 shows that scores range from 8.61
in 1998 up to 10.05 in 2008.* Comparing the respective percentage achieve-
ment of the maximal scores, these numbers indicate that food variety increased
from a 43.05 % to a 50.27 % achievement of the maximal achievable scores. This
development of the variety index is a first proxy of an increased dietary quality
during the periods of economic growth and increased household incomes.
Along these lines, results from BURGGRAF (2011) suggest that increasing incomes
have a positive influence on food diversity in Russian households, amongst other
influencing factors such as education, age, urban settlement, and household
farming.

For the adequacy dimension of changing intake patterns, the picture is not that
clear because the adequacy sub-index is fairly stable with its lowest score of 25.95
(64.87 %) in 1998 and its highest score of 26.42 (66.05 %) in 2000 and 2005.
Therefore, it is beneficial to take a more detailed look at the individual indicators
of the adequacy sub-index and their changes during the observed time period.
As already suggested in section 3.3.2, during the examined period of economic
growth, adequate fiber intakes have decreased, just as they have for magnesium
and potassium intakes. Fiber and magnesium are largely provided by whole grain
products and potatoes, whose consumption is assumed to decrease during eco-
nomic transition. Potassium is included in an extensive range of food products
such as yam, parsley, dried apricots, chocolate, various nuts, potatoes, etc. Accor-
ding to the results presented in Table 11, potassium intakes were considerably
high but decreasing during the observed time period, which may also be caused
by a decreasing potato consumption from 124 kg per year in 1995 to 109 kg per
year in 2005 (FEDERAL STATE STATISTICS SERVICE RUSSIA, 2014). In contrast to the de-
creasing intakes of fiber, magnesium and potassium, other vitamin and mineral
intakes have improved. These positive intake trends are mirrored in the respective

% The correlation of the variety sub-score with the adequacy, moderation, and balance sub-
scores is significant but considerably low, i.e. the variety correlation coefficient regarding
the overall balance sub-score equals 0.19, regarding the adequacy-sub-score equals 0.21,
and regarding the moderation sub-score equals minus 0.28.

47 1t is important to note that the Russian household production of agricultural goods is not
generally dependent on living in rural areas. In fact, such household production is also
carried out intensively by the urban population. The urban population also enjoys better
food availability than rural areas (BURGGRAF, 2011). Therefore, BURGGRAF et al. (2014c¢) suggest
that urban developments with allotment sites may take over important functions regarding
the Russian food variety and food security.
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increasing indicator scores, for example for vitamin C, vitamin B12, and cal-
cium. The orthogonal positive and negative intake trends seem to cancel out
each other within the aggregated adequacy sub-index, especially since in the
DQI-Imod (just as in the DQI-I-2003) the relative adequate intakes are restricted by
a maximum achievement of 100 %.

In line with the results of OGLOBLIN et al. (2005), calcium intakes have been
alarmingly low with a score of 1.90 in 1998 and 2.07 in 2005, indicating an average
adequate calcium intake achievement of only 47.59 % and 51.64 %, respectively.
Although Russians have a preference for dairy products, the RLMS-HSE food con-
sumption data suggest a possible explanation for the considerably low calcium
intakes. According to this food consumption data, Russians consume relatively
high amounts of milk (with only 120 g calcium per 100 g milk), but relatively low
amounts of good calcium suppliers such as cheese (with 800-1300 g calcium per
100 g cheese). In contrast to the most inadequate calcium intakes, potassium in-
takes have been most adequate amongst the considered ten indicators, with a
score of 3.17 in 2005, i.e. an average adequate intake achievement of 79.14 %. As
mentioned above, these more adequate intakes are possibly due to the fact that
potassium is included in a considerable range of different food products.

The moderation of foods and nutrients that increase the risk of chronic diseases
worsened over the observed time period, i.e. the moderation score decreases
from 11.07 (36.91 %) in 1998 to 8.60 (28.66 %) in 2005. Within this sub-index, the
moderation of empty-calorie foods, in particular the consumption of white bread
and sugar, as well as the moderation of total fat intakes were especially problema-
tic because their intakes tended to be above the upper recommended intake
levels. Thereby, the moderation indicator of empty-calorie foods decreased from
0.72 points (11.94 %) in 1998 down to 0.33 points (5.48 %) in 2005 and the mode-
ration indicator of total fat intakes decreased from 1.91 points (31.82 %) in 1998
down to 1.18 points (16.69 %) in 2005. Within total fat intakes, the moderation of
saturated fat intakes worsened during the examined period of economic growth,
i.e. a desirable moderation of saturated fats decreased from 2.99 points (49.88 %)
in 1998 to 1.91 points (31.85 %) in 2005. In line with these changing food and
nutrient intake patterns, the moderation of calorie intakes per day also worsened
from 1998/2000 until 2005, which means that on average total daily energy in-
takes more often tended to be excessive during economic growth. Furthermore,
alcohol intakes receive their highest score of 3.59 points (59.84 %) in 1996 and
their lowest score of 3.15 points (52.42 %) in 2001. Afterwards, until 2005, alcohol
intakes were again more moderated, resulting in higher moderation scores of
3.36 (56.03). Nevertheless, it has to be noticed that alcohol intake data include
quite a lot of missing values. If especially strong alcohol drinkers did not report
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their alcohol intakes, this would indicate a bias of the alcohol intake data towards
lower intake rates.

Finally, the overall balance dimension slightly changes over the observed time
period. The percentage achievement of maximum scores increases from 38.60 %
in 1998 to 43.76 % in 2004. Thereby, the balance of the macronutrient intakes
worsens over time (from 53.69 % in 1996 to 43.86 % in 2005) while the balance
of the fatty acid intakes improves over time (from 33.78 % in 1996 to 41.84 % in
2005), probably due to a growing consumption of vegetable oils.*®

For a more detailed analysis of Russian dietary quality, focus is now placed on the
distribution of the DQI-Imod in 2005. The distribution of the DQI-Imoq in 2005 is
illustrated in Figure 10. As can be seen, the calculated DQI-Inoq is fairly normally
distributed with a mean score of 49.09 and a standard deviation of 8.29. The mini-
mum DQl-Imed is 13.48 and the maximum DQI-Imod is 78.84.

Figure 10: Histogram of the DQI-In.4 for the year 2005
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Source: Based on own calculations, RLMS-HSE 2005.

8 This micronutrient balance indicator mirrors the balanced intakes of SFA, PUFA, and MUFA,
considering positive and negative deviations. By contrast, the moderation indicator of SFA
accounts only for positive deviations of SFA intakes from the Ul. Hence, the presented de-
creasing SFA moderation scores (but the increasing micronutrient balance scores) are not
contradictory. They might arise from the following two developments: i) the balance of
PUFA and the balance of MUFA intakes have improved over time and off-set the SFA balan-
ce development (according to the RLMS-HSE data, Russians increased their vegetable oil
consumption during 1996-2008); and ii) if SFA intakes increased on average, those individuals
with SFA intakes below the optimal intake range might even have gotten closer to the op-
timum value. This development of the negative SFA intake share deviations might also partly
off-set the increased positive SFA intake share deviations from excessive SFA consumption.
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To better explain the variations of the Russian DQI-lmod in 2005, a closer look will
be taken, first at the distribution according to income groups and second at the
regional distribution of the DQI-Imod. As can be seen in Table 12, variety and ade-
quacy sub-scores significantly increase with higher household incomes while the
moderation sub-score significantly decreases with higher household incomes.*
Finally, the overall balance does not significantly vary between the four income
groups, possibly due to the two orthogonal developments of macronutrient
balance and fatty acid balance. In 2005, the balance of the macronutrient ratio
significantly worsened and, at the same time, the balance of the micronutrient
ratio significantly improved with higher household incomes.

Furthermore, considering the regional distribution of the DQI-Imoq in 2005, Figu-
re 11 displays the mean index scores of DQI-Imod in 2005 for each of the eight
broad Russian economic regions: the Moscow and St. Petersburg area, the Central
and Central Black Earth region, the North and Northwestern Russian region, the
Volga-Vaytski and Volga Basin region, the Ural, the North Caucasus, West Siberia,
and East Siberia.*® With the RLMS-HSE sample, the highest DQI-Imoq is found for the
metropolitan areas Moscow and St. Petersburg with a mean score of 51.96. This
highest score mainly results from the good nutrient adequacy (74.39 %) and food
variety (58.13 %) achievements in the metropolitan areas of Moscow and St. Pe-
tersburg, which are both the highest for all eight Russian economic regions. The
higher food variety and nutrient adequacy is possibly due to better food availa-
bility within these metropolitan regions. Also, real household incomes in metro-
politan areas of Moscow and St. Petersburg are significantly higher than the Rus-
sian average real household incomes, indicating higher food budgets. Neverthe-
less, people living in the metropolitan areas show on average the worst modera-
tion scores (21.85 %) in 2005; especially for total fat (11.24 %), saturated fat
(10.01 %), and empty-calorie products (2.15 %). A slightly lower overall diet score
of 49.76 points is found for the Central and Central Black Earth region, which lies
at the western border of Russia and covers the region around the Moscow area.
The Central and Central Black Earth region is famous for its fertile soil and good
climatic circumstances. Possibly caused by these favorable harvesting conditions
as well as its favorable location near the western border, variety and adequacy
scores of the Central and Central Black region are second-best amongst the eight

4 In contrast to the intakes of fat and empty-calorie foods, daily energy intakes seem to follow
a U-shaped functional association with the amounts of household incomes, i.e. the house-
holds within the upper and lower tails of the income distribution show the best calorie mo-
deration, while the households within the interquartile range of the income distribution
show the worst calorie moderation.

%0 Results of the one-way analysis of variance (ANOVA) imply a statistically significant differ-
rence in the mean of the DQI-In.q between the eight different regional groups.
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Russian economic regions. In contrast to the variety and adequacy sub-indices,
the moderation sub-index of the Central and Central Black region performs on
average the second-worst amongst the Russian regions (25.00 %).

Table 12:  Percentage achievements of the DQI-Imo.q per income groups

Income groups Lower income Lower middle Upper middle  Upperincome
by quartiles* income Income

Sub-index variety* 46.88 % 49.07 % 52.21% 52.58 %
Adequacy of

Fiber 69.32 % 64.99 % 65.85 % 63.23 %
Vitamin A* 56.64 % 62.40 % 69.36 % 70.08 %
Vitamin B1* 65.19 % 65.02 % 66.81 % 67.40 %
Vitamin B2* 60.45 % 64.89 % 68.02 % 68.93 %
Vitamin B12* 61.68 % 70.40 % 78.04 % 80.95 %
Vitamin C* 51.89 % 56.89 % 62.10 % 66.48 %
Vitamin E 70.63 % 70.16 % 72.18% 69.68 %
Calcium* 44.64 % 49.49 % 54.06 % 57.47 %
Magnesium 64.77 % 61.22 % 63.24 % 63.60 %
Potassium* 77.04 % 77.22% 79.74 % 81.67 %
Sub-index adequacy* 62.22 % 64.29 % 67.94 % 68.91 %
Moderation of

Calories 45.13 % 37.00 % 39.84 % 4242 %
Alcohol 63.89 % 62.38 % 5342 % 45.15%
Total fat 28.71% 22.19% 16.07 % 12.55%
Saturated fat 45.80 % 34.28% 25.67 % 24.22%
Empty-calorie foods 6.32% 5.55 % 4.86 % 517 %
Total moderation 35.60 % 30.62 % 26.35% 24.04 %
Overall balance of

Macronutrient ratio” 46.51 % 44.94 % 44.47 % 40.56 %
Micronutrient ratio* 39.48 % 40.82 % 43.12% 43.29%
Total Overall balance 43.00 % 42.88 % 43.79 % 41.92 %
DQI-I* 48.83 % 48.61 % 49.50 % 49.29 %

Source: Based on own calculations, RLMS-HSE 2005.

Note: Indicators are not presented as scores but as the percentage achievement of the
maximal achievable scores.

“ Boundaries of the four income groups are the three quartile points of the house-
holds’ income distribution, i.e. household incomes of the lower income group
<25th percentile, of the lower middle income group >25th percentile and <50th
percentile, of the upper middle income group >50th percentile and <75th percentile,
and of the upper income group >75th percentile.

* Relative intake increases significantly with higher income groups at the 5 % level.
- Relative intake decreases significantly with higher income groups at the 5 % level.

The remaining regions receive average DQl-lmos scores lower than the Russian
sample average: the North and Northwestern Russian region (48.91 points),
the Ural region (48.67 points), the North Caucasian region (48.61 points), the
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Volga-Vaytski and Volga Basin region (48.52 points), the East Siberian region
(48.20 points), and the Western Siberian region (47.31 points). Hence, the lowest
average DQI-Imod score can be identified for the Siberian regions possibly due to
the difficulty of growing fruits and vegetables considering the Siberian climatic
and soil conditions, while modern supply chains might still not be able to catch
up with the related supply problems. Western Siberia especially shows very low
variety and adequacy sub-scores, as well as the lowest fatty acid balance.”
However, the moderation of foods that increase the risk of chronic diseases in
Western Siberia (30.01 %) is above the Russian average of 28.66 %, just as it is
for the North Caucasus (35.28 %) as well as the Volga-Vaytski and Volga Basin
region (31.35 %).

Figure 11: Regional distribution of the DQI-Imod in 2005
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Source: Based on own calculations, RLMS-HSE 2005.
4.4 CHAPTER CONCLUSIONS

In chapter 4, research question 2.1 is answered by elaborating on how the overall
dietary quality in Russia can be best operationalized. Therefore, hitherto relevant
a priori dietary indices are discussed in relation to their construction criteria ac-
counting for theoretical considerations and recent knowledge about diet-health

51 In contrast to Western Siberia, markets in Eastern Siberia (including the Far East) import
foods from China with increasing import rates (ORGANIZATION FOR ECONOMIC CO-OPERATION AND
DEVELOPMENT, 1998). This fact of growing imports of relatively cheaper Chinese food products
may explain the slightly better food variety and adequacy of the East Siberian population in
contrast to the West Siberian population.
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relationships. This discussion is based on the OECD handbook on constructing
composite indicators (NARDO et al., 2008) and aims to be both more systematic
and more comprehensive than existing reviews. Preferable features of indices
assessing a population’s dietary quality are identified and described. For exam-
ple, the inclusion of the adequacy, moderation, and balance dimensions is valued
as being necessary to provide an overall picture of a population’s dietary quality.
The inclusion of the variety dimension depends on the considered number of
relevant adequacy indicators in the index construction and inter-correlation prob-
lems of the variety sub-index with other index components. Furthermore, a nested
index structure is favored with indicators based on nutrients or a combination of
nutrients and food groups. In order to increase discriminatory power, metric or
combined metric and ordinal indicator scales are considered as beneficial, with
feasibility depending on the intake data type at hand. Finally, a weighting system
has to take into account variations in nutrient intake levels to variations in health
outcomes and correlations between index components. Based on this discus-
sion, a summarizing toolbox is provided, which helps nutritionists to identify
those indices whose concept of index construction is most appropriate for their
respective study aim; it also considers regional specifics and data set restrictions.
Based on this summarizing toolbox, the DQI-I-2003 has been selected for the
empirical analysis of Russian dietary quality for two reasons: the DQI-I-2003 com-
prises a range of most favorable index construction criteria and the DQI-I-2003 is
most appropriate for the analysis of transition countries such as Russia.

With the presented results of the empirical analysis, research question 2.2 is ans-
wered by showing how Russian dietary quality changed during the observed tran-
sition period. Therefore, the DQI-I-2003 is modified towards the Russian DQI-Imod
in order to take into account recent advancements in methodology, regional spe-
cifics of the Russian diet, and restrictions based on the RLMS-HSE data set. After-
wards, the Russian DQl-lnod has been empirically assessed. Thereby, it has been
revealed that key issues of the DQI-Inoq construction have been proven to be
beneficial, especially the relatively high degree of elaborateness considering pri-
marily nutrient-based indicators and its nested structure. Both issues significantly
contribute to the informative value of this inquiry. As a result, the calculated
scores of the DQI-Imod as well as its sub-scores detail what has been found in chap-
ter 3 regarding the Russian nutrition transition. Again, it can be shown that with
economic growth and higher household incomes, food variety and the adequate
intakes of vitamins and minerals generally tend to improve, while the moderate
intakes of (saturated) fats, empty-calorie products, alcohol, and total energy tend
to worsen. Furthermore, as noted by the definition of a nutrition transition, the
intake of dietary fiber decreases with increasing household incomes. Finally, the
nested structure of the DQI-Imog highlights, in an excellent manner, that Russians’
of different income groups as well as different economic regions have their own
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distinct problematic areas of dietary quality. Therefore, Russians are in need of
strata-specific intervention strategies, with some of them mainly targeting more
adequate nutrient intakes and some of them mainly targeting more moderate
intakes of fats and empty-calorie products.

For future research, nutritionists have to pay more attention to the derivation of
appropriate valuation functions and a reasonable weighting system, which ought
to be inter-subjectively comprehensible and verifiable. Furthermore, with the as-
sessment of Russians’ dietary quality, more research is now necessary regarding
the influencing factors of dietary quality in order to derive implications for nutri-
tion policy. Such theoretical and empirical work regarding the demand for die-
tary quality and its influencing factors is presented chapter 5.



5 RUSSIAN DEMAND FOR DIETARY QUALITY

5.1 CHAPTERINTRODUCTION

Russian nutrition transition and its accompanying growth of nutrition-related
chronic diseases require changes in Russia’s health care strategies, especially in
the field of nutrition. In chapter 4, Russians’ dietary quality was operationalized
considering its multidimensional character. Based on this operationalization, areas
of the Russian diet were identified that are evidently in need of improvement.
Now, after the assessment of Russian dietary quality, a detailed theoretical and
empirical analysis of the influencing factors of the demand for dietary quality is
needed to derive effective and efficient nutritional intervention programs. Yet
considering the manifold effects of dietary quality on human health suggests the
need for more elaborate dietary demand models than those assuming that food
demand is affected simply by income and prices. This is because the different
dimensions of dietary quality might be affected by different influencing factors.
Even if the influencing factors are the same, effect directions and effect sizes of
these influencing factors may vary across the different diet quality dimensions.
Nonetheless, according to HusTON and FINKE (2003), studies on the demand for
dietary quality have lacked a comprehensive theoretical framework guiding the
selection and effects of the manifold diet-specific explanatory factors, considering
the multidimensional character of dietary quality. So the question arises, which
model is able to provide a comprehensive theoretical framework for the analysis
of the demand for dietary quality.

On the theoretical grounds of the household production theory by BECKER (1965),
demand for dietary quality is primarily influenced by food prices, wage rates, and
knowledge. In this context, a variety of existing studies for industrialized countries
indicate that relative prices of healthy and unhealthy foods differ. More concre-
tely, vitamin- and mineral-dense foods such as whole grains and fresh fruits and
vegetables are relatively more costly and hence less affordable if economic re-
sources are limited. By contrast, energy-dense foods such as refined grains, sweets
and fats cause excessive eating behaviors because technological changes have
made them accessible at remarkably low costs (e.g., DREWNOWSKI and DARMON,
2005; RosIN, 2008). Furthermore, wage rates influence dietary behavior by re-
stricting household budgets. It has been shown that lower-income households
tend to select diets high in low-cost meats, inexpensive grains, added sugars and
added fats (VARIYAM, 2003; STEWART und HARRIS, 2005; BINKLEY and GoLus, 2011).
Additionally, increasing wage rates make time-consuming homemade meals
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relatively more expensive than processed foods. However, processed foods tend
to have higher contents of fat, sugar, and salt compared to freshly-prepared
homemade meals (BINKLEY and GoLUB, 2011). Considering knowledge, individuals
with lower nutrition knowledge — often approximated by educational achieve-
ment - are frequently found to have unhealthier eating habits (e.g., ADRIAN and
DANIEL, 1976; VARIYAM, 2003). This is because higher educational and knowledge
levels lead to a better searching ability for nutrition-relevant information and
a more efficient use of the information gathered, resulting in healthier food bas-
kets (VARIYAM et al., 1999). Regarding the socio-demographic and demographic
control variables, individuals’ dietary quality is enhanced, inter alia, with increas-
ing age and female gender (see e.g., VARIYAM et al., 1998).

In order to gain deeper insights into the demand for dietary quality, it is neces-
sary to consider further influencing factors typically involved in dietary choices.
Besides sensory motives, which have been identified as a major determinant of
consumers’ food choices, health issues of vitamin and mineral intakes are also im-
portant impact factors of dietary choices (EERTMANS, 2001; BRUG, 2008; BLANCK et al.,
2009; HONKANEN and FREWER, 2009; WETTSTEIN et al., 2011). Along these lines, the
goods characteristics approach, which became popular through the theoretical
work of LANCASTER (1966, 1971), is often applied for the empirical analysis of
various nutrient intakes (e.g., EASTWOOD et al., 1986; MORSE and EASTWOOD, 1989;
VARIYAM et al., 1995, 1998, 1999). However, in an intertemporal context, the ade-
quate intake of vitamins and minerals can be considered as a long-term invest-
ment in an individual’s health, in addition to healthy lifestyles and good health-
care. Furthermore, healthy dietary behavior often means sacrificing the pleasure
of palatable yet unhealthy diets in return for an increased probability of future
healthiness (BLAYLOCK et al., 1999). Without such a sacrifice of pleasure, it would
be much easier to improve dietary quality in western countries (BINKLEY and GOLUB,
2011). This trade-off between dietary quality and taste has been intensified with
the growth of food processing sectors and food-away-from-home suppliers. These
industries increasingly add fats, sweeteners, and salt to their foods, which enhan-
ces palatability but also increases nutrition-related health risks (BLAYLOCK et al.,
1999; BINKLEY and GOLUB; 2011).

Previous studies employing either the household production theory or the goods
characteristics approach have not explained dietary choices by considering the
aforementioned multidimensional character of dietary quality, the intertemporal
health investment character of vitamin and mineral intakes, and also the health-
taste trade-offs of palatable yet risky nutrients. Hence, to explain the decision on
the actual composition of nutrients and their future health outcomes, a more rea-
listic dynamic model is needed (ARNADE and GOPINATH, 2006). GROSSMAN's health
investment model (GROSSMAN, 1972b, 1972a, 2000) would be able to address this
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intertemporal diet-health relationship because this model allows for health in-
vestments as a choice option for consumers. Thereby, GRossMAN's model is for-
mulated as a lifecycle household production model in which the stock of health
capital is determined endogenously by health investment choices. This is be-
cause, conditional on genetics and other exogenous factors, health is a result of
individual health investment choices.>? Nonetheless, for simplification purposes,
GROSSMAN limits his detailed analysis of health investment input factors only to
medical care. This rather narrow interpretation of health investments tends to
overlook the richness of the model’s implications. Even GrossMAN himself notes
that many other market goods or services influence an individual’s health,
such as dietary quality (GROSSMAN, 2000). Therefore, it is necessary to incorpo-
rate the role of non-medical inputs such as dietary quality into the health in-
vestment model (LeiBowiTz, 2004). However, GROSSMAN's work has remained as a
standard healthcare analysis tool to explain the demand for medical services.
In the hitherto existing version, the health investment model has not been spec-
ified to consider the demand for dietary quality with its multidimensional nature,
nor has it taken account of the health-taste trade-off typically involved in dietary
choices.> Beyond that, central criticism lies with the model's theoretical implica-
tions. GROSSMAN's standard health investment model implies, inter alia, that the
demand for health investments by medical care increases with a better health
status. Yet empirical studies indicate the opposite, meaning that people tend
to consume more medical care if their health status worsens.

Based upon the above discussion, the aim of this chapter is to provide a compre-
hensive theoretical framework that describes the effects of dietary quality-spe-
cific explanatory factors on the demand for dietary quality. This chapter thereby
contributes to the literature in the following ways. First, the often criticized in-
consistencies between the Grossman model’s theoretical implications and its

52 As GROSSMAN (1972a) states, individuals invest in better health status for two reasons: first,
health investments increase the amount of healthy time available in any future instant of
life, with healthy time generating direct utility; and second, healthy time is a necessary input
factor to indirectly generate utility from increased market incomes or further household
commodities, including leisure time.

%3 According to GROSSMAN (2000) and CHERN (2003), treating dietary quality as a separate input
factor in the health investment model would be technically feasible. However, in contrast to
their statements, the model should not retain its original structure if the primary health in-
put is not medical care but the two-dimensional construct dietary quality. This is because
dietary quality is a theoretical construct that cannot be purchased on the market itself and
hence does not have an observable market price. Even if an implicit price of dietary quality
is considered, expenses for dietary quality will not necessarily increase in accordance with
the demanded dietary quality, considering the often opposing influences on adequacy and
moderation components (see chapter 5.3.1).
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empirical results is solved, thus emphasizing its practical relevance. Specifying
the model’s inherent health investment production function to be of decreasing
rather than constant returns to scale, this is the first study that shows that even
the standard Grossman model might generate a reasonable demand function for
medical care, which implies that sick people use more medical care. Second, the
newly derived model implications are then proven for the Russian demand for
medical care. Third, after this validation of the practical relevance of GROSSMAN's
standard health investment model, this is the first study that enhances the stan-
dard health investment model to the dietary health investment model, which
(i) incorporates basic aspects of LANCASTER's goods characteristics approach,
(i) explains the intertemporal health investment character of vitamin and mine-
ral intakes, (iii) considers the health-taste trade-offs of palatable yet risky nutrients,
and (iv) generates a structural demand function for health investments by healthy
nutrients, which implies that sick people demand more health investments. In or-
der to keep the model’s simplicity as high as possible, the focus is set on the ade-
qguacy and moderation dimensions of dietary quality. These two dimensions al-
ready fulfill the above-mentioned diet-related aspects of health investments
by vitamins and minerals and the health-taste trade-off of palatable yet risky
nutrients.>* Fourth, the theoretically-derived implications of the dietary health
investment model are affirmed in an empirical analysis of the Russian demand
for dietary quality.

This chapter is divided into two main sub-chapters, 5.2 and 5.3. Chapter 5.2 solves
the criticized inconsistency of the standard health investment model, while chap-
ter 5.3 introduces the dietary health investment model. Following this struc-
ture, chapter 5.2.1 outlines the basic assumptions of GROSSMAN's health invest-
ment model as well as its limitations. A systematic English-language literature
review of theoretical studies on GROSSMAN's health investment model, which dis-
cusses these model-related limitations, is provided in section 5.2.2. Chapter 5.2.3
presents the deterministic optimization process of GROSSMAN's standard health
investment model considering a specification of the health investment produc-
tion function with decreasing returns to scale. A structural demand function for
medical care is derived, which hypothesizes a negative effect of the current

** Furthermore, the extraordinary importance of these two dimensions is mirrored in the rela-
tive sub-index weights, i.e. either directly assigned weights or indirectly assigned weights
by the number of equally-weighted indicators per sub-index. Considering the relative ade-
quacy and moderation sub-index weights of the latest relevant dietary quality indices (see
chapter 4.2.2), which should indicate the common nutritional expert knowledge regarding
the effect strengths of the adequacy and moderation dimension on human health, these
two dimensions sum up to an impact weight of 85 % of the total scores.
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health status on the demand for medical care.® This result is shown to be stable
even in the stochastic model setting discussed in chapter 5.2.4. Results of the
empirical analysis of the demand for medical care are presented in chapter 5.2.5,
and a short summary of the model’s practical relevance is given in chapter 5.2.6.
Then the focus is set on the newly developed dietary health investment model.
Therefore, the concept of dietary quality is described with respect to rational utili-
ty-maximizing theoretical models in chapter 5.3.1. In chapter 5.3.2, the dietary
health investment model is developed and the dynamic optimization problem is
solved by the maximum principle of optimal control. Based on optimality condi-
tions, the structural demand functions for two different aspects of dietary quality
are derived in chapter 5.3.3. Afterwards, the dietary health investment model is
empirically employed for the analysis of Russian dietary quality. Finally, overall
chapter conclusions are provided in chapter 5.4.

5.2 HEALTH INVESTMENT MODEL

5.2.1 Standard Grossman health investment model

Since 1972, GROSSMAN's health investment model has been one of the most im-
portant developments in the theory of the demand for medical care (MUURINEN,
1982). The model’s basic assumption is that medical care is not demanded for its
own purpose, but rather because of its effect on health (GRossmAN, 2000). There-
fore, the health investment model provides a sharp distinction between market
goods and commodities (JACOBSON, 2000). In GROSSMAN’s approach, direct outlays
on medical services and opportunity costs of the time invested in health are in-
puts that produce investments in a better health status.>

In the following, the standard model setting of GROSSMAN's health investment
model is briefly presented according to GROSSMAN (2000).>” In GROSSMAN's model,
utility is generated by the amount of healthy time h(t) as well as the consump-
tion of household commodities Z(t). For analytical convenience, an individual's
lifetime utility function J is specified as being separable over time, together

% As GALAMA et al. (2012) point out, the terminology structural demand function comprises an
equation that contains some endogenous explanatory variables, in contrast to reduced-
form demand functions, which contain exclusively exogenous explanatory variables. Fur-
thermore, since these structural demand functions are generally derived by employing
functional specifications for several explanatory variables, the coefficients in these structural
functions are generally functions of the underlying structural parameters rather than struc-
tural parameters themselves.

% Based on GROSSMAN's standard model assumptions, various health economists have enhan-
ced the dynamic health investment model. These enhancements address, for example, the
introduction of uncertainty into the theoretical model (e.g., EHRLICH, 2000) or the distribu-
tion of health within the family (e.g., BoLIN et al., 2002b).

7 For more detailed information see GROSSMAN (1972a, 1972a, 2000).
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with the assumption of additive separability of preferences. Thus, under condi-
tions of certainty, an individual’s lifetime utility function can be expressed as

J = J; ULZ(®), h(t)]e "t dt (6)
with h(t) = ¢p(H(t)).

The amount of healthy lifetime in t is a function of an individual’s stock of health
capital in t. Furthermore, U(*) and h(-) are assumed to be increasing, strictly con-
cave, and continuously differentiable in their arguments. The parameter p de-
notes the subjective discount rate. KOMLOS et al. (2004) highlight that the higher
the subjective discount rate of an individual, the lower the present value of future
utility and the greater the individual’s impatience and time preference. Compa-
red to individuals with lower time preferences, these individuals value their cur-
rent pleasure much more than future utility. The utility function in equation (6) is
maximized subject to the restrictions set by the individual’s health and wealth
time paths, as well as the production technology for the production of household
commodities and health investments. These restrictions are detailed below.

The stock of health capital H(t) depreciates on a progressive depreciation rate
and can be revalued upwards by investments in health capital (GRossmaN, 2000).
Therefore, the equation of motion in health is expressed as

H(t) =I1(t) — §(t)H(t) 7
with H(0) = Hy, H(0) > Hypin > 0, H(T) < Hypin, H(t) > Hpyin Vt # T,
§(t)>0,6(t)>0Vtel0,T],

where I(t) is the investment in health capital and & (t) is the depreciation rate of
health capital. The depreciation rate depends on an individual’s specific health
endowments (e.g., genetic traits), which cannot be controlled for. The stock of
health capital at t = 0 is indicated by H,. The end of lifetime T is assumed to
occur automatically once H(t) drops to its critical minimum level H,,;,.

Investments in health are produced by medical services M (t) and time invested
in health m(t), subject to one’s level of knowledge E(t) in the sense of total
factor productivity. Under the condition of non-joint production functions, i.e.
market goods and time inputs can be additively split between separate produc-
tion processes for health investments and household commodities, the general
form of the health investment function can be expressed as

1(t) = fy(M(®), m(t); E(v)) 8)
with I(t) >0vte|[0,T].

Furthermore, the consumer produces household commodities Z(t) that are pro-
duced by non-medical market goods Q(t) and consumption time k(t), subject
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to one’s level of knowledge E (t). For example, a consumer cooks a meal by using
foods and time, prepares clean clothes by using washing powder, water, and
time, or generates recreation by using sport equipment and leisure time. These
household commodities are produced by

Z(t) = fz(Q®), k(®); E(D)). 9)

Over one’s entire lifetime, expenditures on medical care and other market goods
are restricted by the initial wealth in t plus the wealth surplus in t. Financial wealth
A(t) develops over the whole lifetime according to the following equation of
motion

A®) = w®I®) + r(OA®) + y(8) — pe(H)Q®) — py (DM () (10)
with A(0) = 4,,A(0) > 0,A(T) = 0.

The individual periodically receives labor income by labor [(t) valued at its wage
rate w(t), other non-labor income y(t), and interest revenues on financial
assets with the interest rate r(t). Wealth decreases over time by expenditures
on market goods Q(t) valued at their market prices p, and medical care M (t)
valued at the market prices for medical care py,.

Besides the constraint on wealth, an individual’s time is also constrained. This
time constraint is given by

20 =1t) + m(t) + k() + s(t) (11)
with 2(t) — s(t) = h(t).

Hence, total time 2(t) available in t has to be fully divided into labor time I(t),
time invested in gross health investments m(t), consumption time k(t), and
sick time s(t). Because of the imposed time restriction, time for producing
commodities is healthy time h(t), which has to be withdrawn from competing
uses for labor and health investments. Sick time is lost for labor and non-market
activities.

Nevertheless, despite the above presented theoretical elegance of modeling the
demand for health and health investments, GROSSMAN’s model is not without criti-
cism (ZwelFeL, 2012). Indeed, it is often argued that the model fails to account for
the uncertainty of one’s future health status and the uncertainty of the health in-
vestment efficiency (GRosSMAN, 2000). Yet until now, a number of theoretical stu-
dies have already introduced uncertainty into the health investment model (see
e.g., CROPPER, 1977; EHRLICH, 2000; LAPORTE and FERGUSON, 2007). Beyond that, one
central criticism lies with the implications of the model’s demand function for
medical care (ZWEIFEL, 2012). According to the model’s conditional demand func-
tion for medical care, the coefficient of health is positive because an increase in
the optimal quantity of health is supposed to increase the demand for health
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inputs (GROSSMAN, 2000). Grossman assumes instantaneous health adjustments,
i.e. the optimal quantity of health demanded is interpreted as the optimal stock
of health capital, which is assumed to equal the actual stock of health capital
(GROSSMAN, 2000). But empirical studies that have tested the implications of
GROSSMAN's model (e.g., WAGSTAFF, 1986, 1993; LEU and GERFIN, 1992; ERBSLAND et al.,
1995; GALAMA et al., 2012) indicate that actual health has a significantly negative
coefficient in the demand function for medical care.’® This implies that sick people
tend to use more medical care (KAESTNER, 2013). Even if a variety of different eco-
nometric methodologies and datasets is employed, this inconsistency between
the theoretical implications and the empirical results persists (GALAMA and KAPTEYN,
2009). Therefore, WAGSTAFF (1993) suggests a non-instantaneous character for
health adjustments and questions the appropriateness of GROSSMAN's underlying
assumptions regarding the empirical model specifications. Along these lines,
ZWEIFEL (2012) concludes that translating the model’s basic optimum conditions
into an empirically testable formulation is a major challenge. Hence, the present
inquiry aims to address the proposed challenge by deriving an empirical demand
function for medical care that indicates a negative health coefficient in the de-
mand function for medical care.

5.2.2 Review of theoretical studies on health investment model

Given the introduced standard model setting, GROSSMAN's health investment
model has been enhanced by various authors to overcome the above mentio-
ned criticisms. Therefore, a systematic review of the published English-language
literature has been conducted to search for theoretical modifications, which may
solve the criticized inconsistencies between the model’s theoretical implications
and its empirical results. The electronic database MEDLINE has been searched for
the following search items: Grossman, health investment, demand for health,
longevity, as well as its combinations. Based on the search results of published
articles, additional relevant literature has been identified from cited articles. The
resulting overview of theoretical studies and modifications of GROSSMAN's health
investment model is presented in the following.

%8 Instrumenting health with childhood health or a binary indicator of one parent’s smoking
during childhood, GALAMA et al., (2012) estimate insignificant health coefficients. Neverthe-
less, their individual health expenditure data have been imputed and hence may include
potential measurement errors (see GALAMA et al., 2012). Moreover, there are possible con-
cerns regarding the accuracy of the retrospectively recalled childhood health data. Finally,
considering strong associations between childhood health as well as childhood and adult
socioeconomic status (see e.g., GILMAN, 2002; CURRIE and GOODMAN, 2010), the coefficients of
their employed socioeconomic variables in the generally less efficient IV regressions might
mitigate the estimation of the instrumented health coefficient due to severe problems of
multicollinearity and endogeneity.
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Studies on the demand for health

Some of the searched theoretical studies focus solely on the demand for health
without further considering the demand for medical care. CROPPER (1981) modi-
fies GROSSMAN's model to define what a person would pay for a change in air
quality. JACOBSON (2000), BoLIN et al. (2001), and BOLIN et al. (2002b) restrict their
analysis to the optimal demand for health and its distribution among family
members. LILJAS (1998, 2000) and TABATA and OHKUSA (2000) investigate how the
individual's demand for health would be affected by uncertainty and the intro-
duction of insurance. DUSTMANN and WINDMELER (2000) present a life-cycle model
for the demand for health in which they distinguish between transitory and per-
manent wage responses. FORSTER (2001) applies a very basic version of GROSSMAN's
model and enhances this to the analysis of separate healthy and unhealthy goods.
By simulation, Forster analyses the impacts of various terminal conditions, path-
ways of health-related consumptions, and health. DiAs (2010) integrates the John
Roemer framework of inequality of opportunity into the Grossman model to de-
rive a demand for health and healthy efforts such as avoiding smoking. TABATA
(2010) extends the health investment model to a neoclassical infinite horizon
growth model with the accumulation of health and wealth and analyzes how
policies can enhance health and health investments. JONES et al. (2014) integrate
the problem of rational addiction, considering an individual's lifetime smoking
consumption pattern, into the Grossman model of health investment. Koka et al.
(2014) simulate the model’s optimal health capital lifetime trajectories conside-
ring varying assumptions of health depreciation rates and conditional survival
probabilities.

Studies on the demand for medical care

Despite the analysis of optimal health levels, an ongoing discussion in the health
investment literature is primarily concerned with the optimal demand for medical
care. Indeed, various researchers address the impact of uncertainty on the de-
mand for medical care. This is mostly achieved with an analytical solution of a sim-
plified static or two-period model setting. For example, DARDANONI and WAGSTAFF
(1987), SELDEN (1993), and CHANG (1996) use a simplified two-period pure invest-
ment model to introduce uncertainty surrounding the marginal effectiveness
of health capital through the earnings-generating function.>® These authors
concentrate their studies on the demand for medical services with regard to
wealth. DARDANONI and WAGSTAFF (1987) show that if uncertainty is introduced in-
to a two-period investment model wealthier individuals will invest more in health

¥ In the pure consumption model the marginal monetary return on health investment is set
to zero, whereas in the pure investment model the marginal utility of healthy days is set to
zero (see chapter 5.2.3.2.)
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capital. DARDANONI and WAGSTAFF (1990) show in a static model setting the effect
of uncertainty surrounding the incidence of iliness and uncertainty surrounding
the effectiveness of medical care on the demand for medical services. Asano and
SHIBATA (2011) analyze how the presence of Knightian uncertainty about the effi-
ciency of health care affects the optimal health investment behavior of individuals
in a two-period model.®° Furthermore, PICONE et al. (1998) and FONSECA et al. (2008,
2009) analyze the effect of uncertainty considering retirement decisions by sol-
ving the lifetime model numerically or by simulations. In contrast to the inclu-
sion of uncertainty, EHRLICH and CHUMA (1990) enhance GROSSMAN's health invest-
ment model by considering the demand for longevity, i.e. they specify the indi-
vidual’s health investment problem as a fixed endpoint problem. In their con-
tinuous version of the health investment model, these authors are the first who
explicitly specify the production function for health investments to be of decree-
sing returns to scale. EHRLICH and CHUMA apply comparative dynamic analysis using
path analysis to show the effects of marginal parametric changes on the demand
for longevity, health capital, health investment, the shadow price of health, and
consumption. Still, theoretical implications of the effect of health capital changes
on the demand for medical care remain unconsidered in their study.

Studies on the demand for medical care dependent on health

Results of studies that analyze the impact of one’s health status on the demand
for medical care do not draw a uniform picture. Applying GROSSMAN's standard
theoretical model specified with a health investment function with constant re-
turns to scale, WAGSTAFF (1986), ERBSLAND et al. (1995), and GROSSMAN (19723, 19723,
2000) derive a structural demand function for medical care that indicates a strict
positive effect of the optimal (and actual) health status on the demand for medi-
cal care. However, WAGSTAFF (1986, 1993) and ERBSLAND et al. (1995) also provide
empirical evidence showing that better actual health states have a significant
negative effect on the demand for medical care, which indicates the opposite of
their theoretical implications. MUURINEN (1982) derives a generalized demand for
health model by incorporating the stock of knowledge. Just as GROSSMAN does,
MUURINEN derives a demand function for medical care that indicates a positive as-
sociation between health status and medical care. Based on these inconsisten-
cies between theoretical implications and empirical results, WAGSTAFF (1993, 2002)
proposes an alternative empirical formulation in which not the actual but the
lagged health stock variable negatively affects the current consumption of medi-
cal care. This author also provides empirical results to confirm his rather ad hoc
empirical model formulation. WAGSTAFF (1993) concludes that his empirical results

% Based on the work of KNIGHT (1921), there is a difference between the unmeasurable risk, i.e.
uncertainty, and a measurable risk with predictable outcomes.
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do not confirm instantaneous health adjustments. Furthermore, GALAMA et al.
(2013), as well as GALAMA and KAPTEYN (2011) specify a health investment func-
tion with constant returns to scale but allow for corner solutions in their mod-
els. Hence, these authors interpret GROssMAN's "optimal" health stock as a health
threshold that equals the individual’'s minimum health level. By solely consider-
ing people whose health is at the health threshold, these authors derive the same
predictions regarding the demand for medical care as GROSSMAN (1972b, 19723,
2000). However, measured across healthy and unhealthy individuals and allow-
ing for corner solutions, GALAMA and KAPTEYN (2011) state that unhealthy individ-
uals consume more medical care than healthy individuals. Furthermore, based on
GALAMA (2011), GALAMA et al. (2012) provide a theoretical framework in which
health investments are produced by combining time and medical care according
to a Cobb-Douglas production function with constant returns to scale, but health
capital is improved by health investments with decreasing returns to scale, i.e.
equation (7) of the standard model setting changes to

H(t) = I1(t)* — §(t)H(t) (12)
with0 < a < 1.

With their modified version of the Grossman model, GALAMA et al. (2012) contri-
bute significantly to the health investment literature because they analytically
derive a structural demand function for medical care that indicates a negative ef-
fect of health capital on the demand for medical care.5' Also, based on the modifi-
cations of GALAMA (2011), GALAMA and VAN KIPPERSLUIS (2010, 2013) enhance
GROSSMAN's conceptual framework to understand the observed disparities in
health between different groups of socioeconomic status. These authors analyze
the effects of socioeconomic status and health on the consumption of curative
care as well as healthy household commodities (e.g., consumption of healthy
foods, doing sports and exercise) and unhealthy household commodities (e.g.,

1 In contrast to EHRLICH and CHUMA (1990), it is not the production function of health invest-
ments but the appreciation of health capital that is of decreasing returns in their modified
model assumptions (GALAMA, 2011). GALAMA (2011) continues to specify the health invest-
ment production function to be of constant returns to scale but assumes the appreciation
of health capital (noted in his study as the "health production process") in the motion of
health to be of decreasing returns to scale. GALAMA et al. (2012) argue that at higher levels of
health investment very expensive treatments often provide only relatively small improve-
ments in health. While this definition of health production is possibly appropriate in cost-
benefit analyses, it is rather misleading in the sense of investment models. In GROSSMAN's
health investment model, the improvement in health is already generated by the health
investment production function, which is by definition the gross increase in health stock.
Therefore, EHRLICH and CHUMA (1990) keep health capital accumulation in equation (7) un-
changed but specify the health investment production function to be of decreasing returns
to scale.
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smoking, excessive alcohol consumption) in a generalized model. Finally, in or-
der to address major criticisms leveled at the Grossman model, LAPORTE (2014)
outlines a simplified version of the Grossman model with only health capital accu-
mulation but not wealth accumulation over the individual's lifetime. In LAPORTE's
version, total lifetime utility depends on health capital and the amount of house-
hold commodities, which are substituted by the period’s budget function consi-
dering full income and health investments. In that case, i.e. health investments
are specified within the utility function, an optimal level of health investments can
be determined although LAPORTE employs the health investment production func-
tion to be of constant returns to scale.5? LAPORTE's qualitative analysis shows that
the amount of health investments increases with decreasing health until the sta-
tionary locus for health investments. Furthermore, LAPORTE shows that individu-
als respond to suddenly lower health states by more health investments.

CROPPER (1977) sets out a model to explain health investments in which the stock
of health is deterministic, but the illness threshold is stochastic. By qualitatively
solving the model by path analysis, CROPPER presents an optimal strategy in which
the amount invested in health increases up to a peak in the early years of life,
while the health stock decreases steadily by depreciation. Afterwards, investment
in health declines as one’s health status decreases. Yet CRoPPER does not work with
a continuous set of health states but rather with two states: ill or not ill. Hence,
iliness is assumed to have no impact on the health stock itself. Since this assump-
tion is rather unrealistic for many chronic diseases, CROPPER focuses solely on mild
illness. EHRLICH (2000) analyzes individuals’ demand for life protection and lon-
gevity under uncertainty concerning the arrival time of death and alternative insu-
rance options by path analysis, and derives a path of self-protective expenditures
that increase with less healthy time. LAPORTE and FERGUSON (2007) concentrate
their study on the utility-generating aspect of health, and solve their theoretical
version of the Grossman model by working with phase diagrams. In these authors'’
deterministic case with a finite horizon, the investment in health tends to in-
crease with decreasing health until the stationary locus of investment in health is
reached. Afterwards, health investments decrease with decreasing health capital.
In their stochastic case with infinite horizon, investment in health and health sta-
tus are negatively correlated until the stock equilibrium is reached (especially after
illness has occurred). For an overview of theoretical studies regarding the de-
mand for medical care with respect to the influence of health in deterministic
and stochastic model settings, see Table 13.

62 According to this version, health investments do not cancel out with the first derivation of
the respective Hamiltonian function, even if they are specified as being of constant returns

to scale. In fact, health investments are still included in the first order conditions of the

Hamiltonian system by 211]_((5))'
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Summary of reviewed theoretical articles

This literature review highlights the widespread application of the Grossman
model. Though empirical studies clearly indicate that actual health enters the
demand function for medical care with a negative coefficient, the theoretical
implications of GROSSMAN's model, as well as its enhancements presented above,
do not provide such a clear indication. In fact, GROSSMAN’s standard model setting
still predicts a positive association between the health status and the demand
for medical care to be optimal if the health investment production is assumed to
be of constant returns to scale.®® If the standard model setting is modified, the
theoretical implications of GROSSMAN’s model vary considerably (see e.g., CROPPER,
1977; GALAMA et al., 2012; GALAMA and VAN KIPPERSLUIS, 2013; LAPORTE, 2014).%*
This is especially true when introducing uncertainty into the model (see e.g.,
EHRLICH, 2000; LAPORTE and FERGUSON, 2007). Yet in contrast to these modifications,
this inquiry aims to underscore the practical relevance of GROSSMAN’s standard
model setting. Therefore, it has to be analyzed whether the health investment
model is able to predict a negative effect of actual health capital on the demand
for medical care, even if GROSSMAN's standard model setting is applied without
any modification of equations (6), ..., (11). To analyze this research question,
GROSSMAN's standard model setting is first applied under the assumption of
certainty, but the specification of the model’s inherent health investment produc-
tion function is slightly modified. This approach has been suggested by KAESTNER
(2013) in his response to ZWEIFEL's criticism (ZWEIFEL, 2012). Afterwards, the analy-
sis determines whether the newly derived implications of the deterministic model
setting still hold under the assumption of uncertainty (BURGGRAF et al., 2014e).

8 GROSSMAN (2000) states that decreasing returns to scale regarding the health investment
production function would unnecessarily complicate his model. Hence, GRossMAN decides to
keep the assumption of instantaneous health adjustments. Furthermore, he questions EHRLICH
and CHUMA's statement of non-determinable optimal health investments in his model be-
cause in his opinion the discounted marginal health benefit function would depend on I (t)
(see relative shadow price of health, chapter 5.2.3.1). Although GROSSMAN correctly argues
that the marginal product of health capital would diminish as the health stock rises and
therefore the discounted marginal benefits must fall, his line of argumentation fails to
consider that it is the discounted marginal benefit in t + 1 that is affected in by an invest-
ment at age t. Hence, with constant returns to scale, an interior solution for the optimal
gross investment does not exist. But certainly the optimal investment in health is what
rational consumers want to control in order to overcome the discrepancies between actual
and desired health stock.

% In this thesis, a modification of GROSSMAN's model assumptions is defined as a change in the
general model assumptions given by equations (6) ... (11) in chapter 5.2.1.
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5.2.3 Deterministic optimization problem with decreasing returns to scale
5.2.3.1 Optimum conditions

Since the customer’s utility function is assumed to be inter-temporally separable,
the customer solves two separate optimization problems: an inter-temporal
utility maximization problem and an intra-temporal cost minimization problem
(RoE et al., 2010). Beginning with the intra-temporal cost minimization problem,
the customer determines those input bundles that minimize the short run costs
of attaining health investment I(t) and household commodities Z(t), subject to
the constraints imposed by the respective production functions and the given
level of knowledge.

Regarding the functional form of the health investment production function,
there is still little empirical evidence to support the selection process (see e.g.,
LeiBowITZ, 2004; HALL and JONES, 2007; GALAMA et al., 2012). However, productions
in the human capital-dependent field of health investments generally provide
sufficient justification for decreasing returns to scale because of reasonably less
automation and rationalization. Despite this fact, the majority of theoretical stu-
dies that utilize GROSSMAN's pure investment model to derive a demand func-
tion for healthcare apply a health investment production function with constant
returns to scale (e.g., WAGSTAFF, 1986; JOYCE, 1987; WAGSTAFF, 1993; ERBSLAND et al.,
2002). However, inspired by the basic theoretical remarks of EHRLICH and CHUMA
(1990), in this analysis health investments are assumed to be subject to decree-
sing returns to scale, i.e. 81(t) > f;(8M(t), 8m(t); E(t)) with a scaling factor
6 > 1. Incorporating decreasing returns to scale leads to increasing marginal
costs of health investments, i.e. the higher the input levels of medical care and
time, the smaller the marginal health gain and the higher the costs of an addi-
tional unit of health investments (BURGGRAF et al., 2014e). Hence, the cost mini-
mizing factor input bundle for producing health investments results in a convex
dual cost function of the general form

Cr = vi(pm(®), w(®),1(t); E(®)) (13)
with  aC;(t) 2%¢,(t)
a1~ Bl

Since the focus of this chapter is not on the optimal demand for household
commodities, the production of household commodities is assumed to be of
constant returns to scale for the sake of simplicity, i.e.
0Z(t) = f,(6Q (1), 0k(t); E(t)) with 8 > 0. Hence, the cost function of pro-
ducing household commodities is given by

€z = vz (po®w(®),2(); EQ®) (14)
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with  9C,(t) 92C,(¢t)

2z~ ez
Integrating the time constraint (11), the cost function of health investments (13),
and the cost function of household commodities (14) into the wealth constraint
(10), the full-wealth constraint (see e.g., BECKER, 1965) of GROSSMAN's problem set-
ting can be written as

At) = r(DAR) + w()h(E) + y(t) — C;(t) — C4(b). (15)

Now, given the cost-minimal factor inputs for time t, the inter-temporal utility
maximization problem can be solved. In this regard, the individual chooses the
trajectories of health investments and household commaodities that maximize
the present value of utility subject to the restrictions imposed by the model. In
this inquiry, the dynamic optimization problem is tackled by the optimal control
theory (see e.g., CHIANG 1992), where the cost-minimal produced amounts of
Z(*) and I(*) qualify as control variables. In every time t, household commodi-
ties and gross health investments are subject to the individual’s discretionary
choice and affect the state variables H () and A(-), which indicate the stocks of
health capital and wealth, respectively. Thus, the task is to choose the optimal
control paths that imply the associated state paths over a given health interval
[Ho, Hpmin]- Because of the terminal state H,,;,, the terminal time T is not fixed
but is defined by the minimum stock of health capital (see EHRLICH and CHUMA,
1990), a problem commonly known as a fixed-endpoint problem. Hence, the
health investment problem further grows to a problem of optimal longevity.®®
Eventually, forall h: [0,T] - R, and Z: [0,T] - R, and all t € [0, T], the utility
maximization problem of GROsSMAN's health investment model can be expressed
as

T
—pt
Tz%gcfo U[Z(t), h(t)]e Pt dt (16)

subject to
() H(&) =1() = S(H(D),
(i) A(t) =rA(t) +y(t) + wh(t) — C;(t) — Cz(2),
iy 1(6) = f;(M(6), m(£); E(t)), 01(t) > fi(6M(t), 6m(t); E(D)),
W) Z(t) = fz(Q(t), k(t); E(L)),

and

% Though a fixed endpoint problem is assumed instead of a fixed terminal time T, the model
is not solved here for optimal longevity. Based on the research question of this thesis, the
focus is set on the model’s flow and stock equilibriums given by equations (25) and (28),
which equal equations (8') and (13) of EHRLICH and CHUMA (1990).
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(v) H(0) = Hy, H(0) > Hpin > 0, H(T) < Hpin, Ht) > Hypin VEt # T,

(vi) A(0) = Ay, A(0) > 0,A(T) = 0,

vipI € [0, oo].
For simplicity within the optimization process, wage rates and interest rates
are assumed to be constant. Hence, the observed personal wage rate and the per-
son's efficiency in health production are unaffected by the human health capi-
tal accumulation (EHRLICH, 2000). Solved by the maximum principle of Pontryagin
(see PONTRYAGIN et al., 1967), the Hamiltonian function denoted by H is defined
forallt € [0,T] as

HHALZ @y, @4t) (17)
= U[Z(t),h(t)]e~ Pt
+ @a(O[rA®) + y(t) + wh(t) — C;(t) — Cz(8)]

+ou(@O[I) — §(OH )]
The Hamiltonian is jointly concave in both the state and control variables due to
the strict concavity of the utility function, production of health, and the genera-
tion of healthy time (EHRLICH and CHUMA, 1990).¢ For the above stated problem,
the optimality conditions of the Hamiltonian system can be derived by

M) _ (18)
T = () = 1(0) - S(OH(®),
= A(t) = TA(E) + wh(t) + y() = C(1) ~ Cz(0), (19
OH® _ AU _pt _ aCz() _ (20)
az(n oz ¢ Pa(t) 3z () 0,
aHE) _ a6 _ (21)
i - Pa @ (t) 310 +oy(t) =0,

Bt B (t
9a(0) = 220 = — T = —g,O)r, 22

6(,0H(t) _OH(®) __pe dU) h(t) on(®) 23)
Pu(t) = oHD ¢ anmoH® 20 6H(t)
()6 (t),
with the transversality condition
HT) = [U(Z(T), h(T))e "] + pa(TA(T) + ¢y (TIH(T) = 0, (24)
with

9H (T)

(pH(T) = @y = O!H(T) < Hmin! aT 0!

% For a detailed presentation of the sufficient condition of the total optimization process, see
Appendix 2.
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©a(T) = @4 2 0,A(T) = 0.

Equations (18), ..., (23) represent the equations of motion, the standard first or-
der conditions (FOC), and the adjoint equations for the inter-temporal optimi-
zation problem (KAMIEN and SCHWARTZ, 1991). It follows from conditions (18) ... (23)
and the terminal condition (24) that the adjoint variables are positive.t” Further-
more, note that the condition H(T) < H,,;, is sufficient to make H(t) >
Hpin V t # T. The adjoint variables ¢y (t) and ¢4(t) are in the nature of La-
grange multipliers of the states H(t) and A(t), respectively. As such, they show
by how much lifetime utility will increase if health capital or full-wealth is increa-
sed by one unit in t. Therefore, these variables measure the shadow prices of the
associated state variables at a particular point in time (CHIANG, 1992).

From equation (21), the flow equilibrium condition of the optimal health in-
vestment (see EHRLICH and CHUMA, 1990) can be derived for all t € [0, T] as®®

ac,(t)
310 =n(t) (25)
with _ou(t)

=0

Condition (25) implies that the optimal investment in health in t is a function of
the shadow price of health capital in t, the shadow price of wealth in t, and the
actual marginal costs of health investments in t. If the term of the shadow price
of health @ (t) relative to the shadow price of wealth ¢, (t) is defined as the
relative shadow price of health capital n(t), then it follows that the individual’s
health investment is optimal if the marginal cost of health investments in t equals
the relative shadow price of health capital in t (EHRLCH and CHUMA, 1990).%° There-
fore the optimal level of health investments can be directly determined as an
interior solution of the presented optimization problem, i.e. health investments
are no longer assumed to be instantaneous as is the case in problems of sin-
gular control considering constant returns to scale. With the dual cost function
of producing I(t) being a monotonic increasing and convex function in I1(t), it

7 The assumptions % > 0 and a > 1 are sufficient to make n(t) > 0 as long as all fac-
tor prices are larger than zero. Furthermore, due to ¢,(t) = —@4(t)r, it follows that
@4(t) > 0forallt € [0, T] under the reasonable assumption that ¢,(0) > 0 with A, > 0.

% The terms stock and flow equilibrium are used in the sense of GROSSMAN (2000), WAGSTAFF
(1986) or EHRLICH and CHUMA (1990). Nevertheless, they differ from the equilibrium condi-
tions with infinite horizon in the sense of a steady state (LAPORTE, 2014).

% Since variables ¢ (t) and ¢,4(t) can be interpreted as the shadow price of health and the
shadow price of wealth, respectively, n(t) is not defined as the shadow price of health as

done by EHRLICH and CHUMA (1990) but rather as the relative shadow price of health.
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follows from equation (25) and C,;(t) = my (t) I(t)* with a > 1 that the optimal
1
n(t) )E

investmentis I(t) = (nH ©a
Furthermore, with all factor prices being positive, « > 1, and n(t) > 0, it follows

that 1(t) > 0. Additionally, by the assumption of a convex cost function of
a2¢(t)
aI(t)?

< 0. Hence, the control path given by equation (25) in-

health investments with > 0, the second-order condition gives

923 (t a%¢y(t
az(tgz) =—0a(t) az(ltgz)
deed maximizes the Hamiltonian at every point in time (BURGGRAF et al., 2014e).
The optimality condition given by equation (25) is illustrated in Figure 12. In this
graphic, the optimal health investment in t is achieved at the point at which the
increasing function of the marginal cost of health investments intersects the
horizontal curve of the relative shadow price of health capital.

Figure 12: Deterministic optimal investment for a flow equilibrium

ac(t)
al(t)

n(t)

It)

Source: Based on EHRLICH and CHUMA (1990).
Note:  For illustration purpose it is assumed that a=1.2.

From equation (22), which is a backward ordinary differential equation solved by
0a(t) = 9,677 with @, (T) = @, it follows by some rearrangements that

0a(t) = 9a(0)e™, (26)
and from n(t) = 21O it follows that
@a(t)

@u(t) = n(O)@a(®) +n(t)Pa(t). 27)

Substituting (22), (26), and (27) in (23), the following equation - usually referred
to as the continuous stock equilibrium condition for health (see EHRLICH and
CHUMA, 1990) - can be derived for all t € [0,T] as
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n(t)[a(t)+r_’7(t)] 1 e 9UQ@) 0R()) ah(t)

— r
10 2@ oo Ve Y
According to equation (28) the stock of health capital is optimal if the marginal
cost of holding an additional unit of health capital equals the instantaneous
marginal benefit from the last unit of health capital acquired.”” On the left-hand
side of equation (28), the marginal cost of holding an additional unit of health
capital in t consists of three parts: the interest earnings forgone by holding an
additional unit of health capital; the health capital depreciation costs from hol-
ding an additional unit of health capital; and the offsetting capital gain from
buying the investment good at time t instead of waiting until time t + dt. On
the right-hand side of equation (28), the marginal efficiency of health capital
consists of two parts: the additional wage income from an infinitesimal increase
of health capital; and the direct marginal utility of health capital, discounted and
normalized with the initial shadow price of wealth.

5.2.3.2 Model specifications

Given the Hamiltonian system with conditions (18) to (24), the structural de-
mand function for medical care can be derived to constitute the model’s theore-
tical predictions. However, since the majority of influencing effects on the de-
mand for medical care remain ambiguous in sign (RIED, 1998), it is preferable to
deal with either the pure investment model or the pure consumption model.
Furthermore, estimating sub-models avoids using non-linear estimation methods
(WAGSTAFF, 1986; GROSSMAN, 1972b). In the pure consumption model the marginal
monetary return on investment is set to zero, whereas in the pure investment
model the marginal utility of healthy days is set to zero. Grossman himself
stresses the pure investment model since the marginal monetary returns of health
are generally assumed to have a higher impact on health behavior than the mar-
ginal utility of health returns (GROSSMAN, 2000). Furthermore, GROSSMAN’s as-
sumption of a zero marginal utility of health return is not as restrictive as it
seems at first glance: the consumer still benefits from additional healthy time

70 If a constant returns to scale technology is assumed, the dual cost function of health invest-
a%cy(t) _

ments will be linear in output I(t), i.e. 0 0. GROSSMAN's familiar rule for the optimal

stock of health capital can now be derived as
_m®] _ 1 r—p)e U 3h(D) on(t) .

y(t) [6(t) +r —nH(t)] = ¢ O FHE) + e Here, the optimal amount

of health investments is selected as a singular control in order to maintain this stock
equilibrium as long as feasible. That is, consumers adjust to their desired stocks of health
capital instantaneously, given the independence of ; (t) and I(t) (GROSSMAN, 1972a). Given
this identity of actual and desired stock of health capital, an increase in the demand for
health directly increases the demand for health investments, and consequently the demand
for medical services (GROSSMAN, 2000).
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via increased market incomes and household commodities, including utility-
generating leisure time activities. The benefits caused by additional market
incomes and household commodities become even higher as the resulting lon-
gevity increases.

Applying the pure investment model with g—z = 0, the equilibrium condition
for health capital (28) can be reduced to the logarithmic form
dh;(t)
aH;(t)

Inn;(t) + In6;(t) — Iny,;(t) = Inw;(t) + In (29)

5(t)

EIOQ
S(t)+r 20

where subscript i denotes reference to the i-th individual. The constructed variab-
le ¥ (t) indicates the share of the depreciation rate in the adjustment factor of
the marginal health capital costs, which consists of depreciation rate, interest
rate, and the rate of change of the relative shadow price of health. To develop a
demand function for medical care, specific assumptions and approximations
need to be created for the functional forms of h(+), §(-), and 1, (*), as well as the
dual cost function C; (). In this regard, except for the cost function of health in-
vestments, the specifications applied by GRossMAN (1972b) and WAGSTAFF (1986)
are adopted here to approximate the functional forms of h(-), §(*), and ¥, ().
GROSSMAN (2000) approximates the production function of healthy time by the
functional form

with ¥, (t) =

hi(t) = 2 — B, Hy(t)F- (30)
with §; > 0 and 8, > 0.
ah;

Therefore, % > 0 and < 0, i.e. the marginal productivity of health capital

aHiz
regarding the production of healthy time is assumed to be positive but decree-
sing. According to WAGSTAFF (1986) the approximated depreciation rate function
takes on the form

Ing;(t) =Indy + Bst; + B4'Xq,(t) (31)

with 3 > 0 indicating an increasing depreciation rate as the individual ages.
Additionally, the components of the parameter vector 4 will be positive if the re-
spective individual characteristics of vector X4 (t) are damaging to health. Against
the common simplifying assumption that In ¥, (t) = 1 (see e.g., GROSSMAN, 1972a,
1972b), WAGSTAFF (1986) approximates the functional form of ¥, (*) as

Inyy;(t) = Bot; (32)
with g > 0.
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Following GROSSMAN (2000), let the short-term commodity cost function
Cz(t) = Q(®)pe () + k(t)w(t) with C;(t) = 0V t = [0, T] be minimized sub-
ject to a  Cobb-Douglas commodity  production  function
Z(t) = E(t)(Q(t))z(k(t))19 with { +9 = 1, i.e. a linearly homogenous pro-
duction function. The constants { and ¥ are the output elasticities of market
inputs and time for commodity production, respectively. Since 6Z(t) =

E(t)(é’()(t)){(ek(t))19 with scaling factor 8 > 0, the assumed commodity pro-
duction function is of constant returns to scale. Then by Lagrange multiplier
method there exists a local extreme with the dual cost function for commodity
production of the form

Cz(t) =mz(DZ(t) (33)
with 1, (£) = [(%)19 + (%)_{] (O w)PE(t) 1.

Furthermore, the health investment function has to be specified. However, in
contrast to GROSSMAN (2000) or WAGSTAFF (1986), in this inquiry a Cobb-Douglas
function with decreasing returns to scale is assumed. Therefore, let the short-
term health investment cost function C;(t) = M(t)py(t) + m(t)w(t) with
C;(t) =0Vt =1[0T] be minimized subject to a Cobb-Douglas health invest-

ment production function 1(t) = E(£)(M(£))"“(m(t))* with x +u < 1 and
a= ﬁ, i.e. the production function is homogenous of degree k + p. The

constants x and y are the output elasticities of market inputs and time for health
investments, respectively. The parameter a stands for the inverse scale elasticity.

Since 0I(t) > E(t) (GM(t))K(Qm(t))” with a scaling factor 8 > 1, the health
investment production function is of decreasing returns to scale, i.e. % <1 and

therefore @ > 1. Then by Lagrange multiplier method of this cost minimization
problem (see e.g., VARIAN, 2011; BURGGRAF et al., 2014e) there exists a local extreme
with the resulting contingent cost-minimizing factor inputs of the following forms

K\Fo R _u a1 1

M(©) = ()" (0T W) B B FE I, 64
. K K 1 1

m(t) = (E) Y pu () w(e) TR E () FHLI(6)FHL 35)

and the dual cost function for health investments of the form
Ci(t) = my(t) I(t)* (36)

where my (£) = [(E)L” + (ﬁ)__”] pag ()54 w(£)ea E(£) ",
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ac;(t) %c (1)
210 > 0and P07

tive and increasing with increasing investment levels. Differentiating equation
(36) with respect to investments gives rise to rewriting equation (25) in loga-
rithmic form as

Inn;(t) = Bor + Bsa lnpy () + (1 — Bsa) Inw;(t) — Bsa E; + Ina (37)
b (@1 Iny()

Since —— > 0, marginal costs of health investments are posi-

e _x
with Byy = In [(g)”” + (ﬁ) ”“] and k = fs. Parameter subscripts with lea-

ding zeros indicate constants.
Finally, knowledge E(t) is measured by an appropriate measurement variable
such as the maximal educational level E with

E(t) = ePsE. (38)

5.2.3.3 Structural demand for medical care

Substituting equations (30), ..., (38) after some rearrangements into the loga-
rithmic health stock equilibrium condition (29) of the pure investment model,
the demand function for health investments is derived in this study as

Inl;(t) = Boz — ﬁs Ty () +— '85 Clnw(0) + = B(, E ©
(/3 /3 ) 1“
+ ( p _ﬁ1)3 ti——— B4 Xu(t) (39)
1+
_ flzln H;(t) +uy;
with uy; = —ﬁln 8o and By, = W

Finally, substituting the demand function for health investments (39) in the loga-
rithmic form of the cost minimizing factor input for medical care (34) yields the
structural demand function for medical care derived in this study as

Bo0) tnpu @

In M;(t) = Bos — (1 +

(1 + [)’5 )ln w; (t) ﬁ (40)
+ By — )t~ —— e
- (1+52) p i 1 InH; () +uy;,

with Bg3 = (1 — Bsa) In <1 ﬁ ) + aBy, and uy; = auy;.
5
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The present study treats u; as an error term with zero mean. According to the
aforementioned parameter settings, comparative statics of equation (40) are
summarized in Table 14. Assuming a decreasing returns to scale technology for
the production of health investments, this inquiry provides a demand function
for medical services with the following implications: the demand for medical care
increases with an increasing wage rate and an increasing educational level, but it
decreases with increasing prices of medical services. These results are in line with
common results of general household production models and demand theory.
Furthermore, based on the assumed functional specifications, the demand for
medical care increases with a worsened health status of the individual (see
BURGGRAF et al.,, 2014e). This is because a worsening health status raises the rela-
tive shadow price of health capital, which has to equal the marginal cost of health
investments under conditions of optimality. Assuming decreasing returns to scale
and hence a convex dual cost function of health investments, higher marginal
costs of health investments are associated with raised investment levels and
hence a higher demand for medical care. Thus, a health investment function with
decreasing returns to scale leads to a demand function for medical care that even-
tually predicts, inter alia, an increasing demand for medical care by those with a
lower health status. This theoretically-predicted relationship is substantially con-
firmed by empirical evidence; it therefore solves the criticized inconsistency
between the theoretical implications of GROSSMAN's health investment model and
existing empirical results by a slight change of the investment function specifica-
tion. Furthermore, the model no longer assumes instantaneous health adjust-
ments of the actual to the desired stock of health. Therefore, as suggested by
KAESTNER (2013), the limitations of GROSSMAN's health investment model are rather
a question of fundamental specifications than incorrect model assumptions.”

I The analysis presented in chapters 5.2.3 and 5.2.5 is based on BURGGRAF et al. (2016). The
author of this thesis would like to thank PROF. DR. TiTus GALAMA for his valuable hints and
suggestions regarding the theoretical model.
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Table 14: Comparative statics deterministic case

Demand for medical care [In M(t)]

Magnitude Sign
Inpu(®O1 —(1+%) <0
Inw(t)} <1 + aﬁs_a1> - N
E(®)1 ! 6_al o .
t1 Go-b) =0 n 2w
wor el
I H(t)} B (1;_;;21)0( -0

Source: Own presentation.

Note: Upward arrows 1 indicate a monotonic increase of the independent variables,
while + and - indicate monotonic increasing and decreasing functions, respectively.
"This holds for each element of X; and the respective elements of 8.

5.2.4 Stochastic optimization problem with decreasing returns to scale
5.2.4.1 Model assumptions

In chapter 5.2.3, the criticized inconsistencies between the theoretical implica-
tions of GROSSMAN's health investment model and the respective empirical results
have been resolved by a slight change of the investment specification. Neverthe-
less, the literature review in chapter 5.2.2 has shown that the theoretical implica-
tions of the model vary considerably as soon as uncertainty is introduced into the
model. Therefore, it is necessary to additionally control if the above implica-
tions of the Grossman model hold in a stochastic model setting. Furthermore, a
stochastic model setting is more realistic since an individual’s health is generally
subject to sudden health shocks, which have an increasing likelihood of occur-
rence with age. This means that health develops with some kind of uncertainty.”
This uncertainty surrounding health capital might affect the demand for medical
care or time invested in health, since with a fluctuation in one's health capital, the
return to health investment is also stochastic. Along these lines, LAPORTE and
FERGUSON (2007) argue that the most obvious feature of health investments is that
they are risky investments.

In order to introduce uncertainty, health capital is modeled here as a linear gene-
ralized Brownian motion with drift (or Ito stochastic differential equation). Hence,

72 In this inquiry, the terminological differences between risk and uncertainty, i.e. risk is charac-
terized by randomness that can be measured precisely while uncertainty relates to ran-
domness that cannot be expressed by specific probability distributions , are not considered
(CHANG, 1996).
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in this model both minor and major illnesses affect health capital in the sense of
extraordinary short-term and long-term depreciation of the health stock, respec-
tively. Now consider the probability space (®,F, P), where 0 is the non-
empty space of health outcomes, F denotes the o-algebra (or o-field) of sub-
sets of ©, and P is the probability measure defined on F, ie. P: F — [0,1],
which fulfills the axioms of KoLmoGorov (1973). Health capital H(t) develops by a
stochastic process that shows a stochastic differential equation in the sense of Ito.
The stochastic noise process W is a Wiener process caused by random shocks to
the health capital. A Wiener process {W(t),t € [0,T]} is a continuous time-
dependent stochastic process on the probability space (®,F, P) with the fol-
lowing properties:

@ W) =0,

G for0<t, <--<t,, theincrements W(t;) — W(t;_;) with
i =1,..,nareindependent random variables,

Gii) for 0 <s < t, theincrement W(t) — W(s) has a normal distribution
N~(0,t —s),

(iv) W is continuous with respect to time t = 0, and

(v) the path W(t) for t = 0 is nowhere differentiable.”®

It follows from (iii) that the variance of W (t) — W (s) increases linearly with
the length of the time interval [s, t]. Furthermore, with the Wiener process
{W(t),t = 0} defined on the probability space (0,F, P), the random varia-
ble {W(s),0 < s <t} produces the o-algebra F,, where F, := a{W(5):0 <
s < t}. F, contains all past realizations of the Wiener process. Hence, it is as-
sumed that the consumer knows all the available past information generated by
the Wiener process. As time goes on, consumer information increases because
the consumer observes additional realizations of the random variable.

In the stochastic case, analogous to the functional form presented, for example,
in the study of LILAs (1998), health capital is assumed to develop as a Brownian
motion with drift given by

dH(t) = [I(t) = s(OH(t)]dt + a(t, H(t), I(t))dW (¢t) (41)
and wealth develops over time according to
dA(t) = [rA() + y(@) + w()h()) — () ()" — mz()Z(B)]d. (42)

These stochastic differential equations are defined by the corresponding integral
equations

3 For more information on these properties, see, for example, MALLIARIS and BROCK (1982).
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t

H(t) = H(0) +J-
0

A(t) = A(0)
+ J [rA(T) + y(r) + w(t)h(7)) — my(z) I(T)* (44)

0
—mz(0)Z(1)]dr

for all t with a probability of one, where the admissible controls are adapted
processes so that the above integrals are defined. Therefore, the behavior of the
continuous time stochastic process H(t) is characterized by the sum of a Lebes-
gue integral and an Ito integral. Under the assumption that health capital deve-
lops in an Ito stochastic process, the expected value and variance of the health
increment consecutive to any decision I(t) are known. The expected value of
H(t) is given by

E[H(6)] = E[H(0)] + E [}[I(z) — 6()H(0)]dr (45)

since E[dW] = 0. The variance of H(t) is given by V[dH] = o2dt (see MALLIARIS
and Brock, 1982). Hence, the probability of health shocks increases with age t.
For this application, E[I(t) — §(t)H(t)] is the expected instantaneous drift rate
of the Ito process, and a(t, H(t), I(t)) is the instantaneous diffusion rate. In this
inquiry, the linear structure of the drift rate is mirrored by a linear diffusion rate
oftheform a(t, H(t),1(t)) = B + oyH + o;1.

[I(z) — §()H(7)]dT + fta(r, H(7),1(x))aw (1), (43)
0

5.2.4.2 Optimization conditions

The stochastic problem setting of the Grossman health investment model can be
written as follows, where the system must continuously compensate for health
shocks. For simplicity, GROSSMAN's general assumption of a fixed terminal time T is
assumed in the stochastic case.”* Following BismuT’s approach (BismuT, 1973),
suppose that I*(t), Z*(t), H(t), and A(t) solve fort € [0, T]

T

nIchlxIEf U[Z(t),h(t)]e Pt dt (46)
, 0

subject to
(i) dH(t) = [I1(t) = SOH®]dt + o(t, H®), I(£))dW (b),
i) dA(t) = [rA) + y () + wh(t) — mp(0) 1) — m(6)Z(B)]dt,

74 This assumption is widely used in the health investment literature; see, for example,
BOLIN et al. (2002a), BoLIN et al. (2002b), EISENRING (1999), and LAPORTE and FERGUSON (2007). In
this inquiry, it is necessary based on technical grounds regarding BismuT’s approach. How-
ever, the assumption of a fix T does not change the results of the model’s flow and stock
equilibriums.
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i) 1(t) = f;(M(®), m(t); E(v)),

iv)  Z(t) = f(Q(t), k(t); E(1)),

and

v)  H(0) =H,,T fix,

wvi)  A(0) > 0,A(T) =0,

i) 1 €[0,co].

Then for the resulting Hamiltonian

H = U[Z(t), h(t)]e Pt (47)
+oa(O[rAE) + y(©) + wh(t)) — my(0) 1) — 1z (D) Z(D)]

+ou (@) = SOH®)] + B(®)a(t, H(t),1(1)),

given gy (t) = aa(’;”((t?, the following relations hold for optimal values of I(t)

and Z(t)

dH(®) = [I(¢) = §(©)H®)]dt + a(t, H(t),I(£))dW (t), (48)

dA(t) = [rA(t) + y () + wh(t) — gy (t) I()* — () Z(t)]dt, (49)

9 _UW® ,—pt _

2 = —pa amyl ()% + @y (t) + Bo; =0, (51)

d,(t) = [—pa(®)r]de, (52)
—pt QU Bh(E) 9h(t)

dou(t) = [~e Pt ZD IS — 0 (OW IS + pu(DS(E) — .

B(t)ay| dt + B(t)dW (¢),

with the transversality conditions

0u(T) = 0,04(T) = 0,2 < 0,

@a(T) = 0.
Again, wage rates and interest rates are assumed to be constant for simplicity.
BismuT's approach is based on Pontryagin’s Maximum Principle (PONTRYAGIN et al.,

1967). BismuT's random variable B(t) corresponds to a:;{”((t;)a(t H(t),1(t))

and provides one’s instantaneous attitude towards risk. This variable is positive if
the individual is risk-seeking and negative if the individual is risk-averse. Further-
more, in the stochastic case the marginal value of health capital at time t is given

by ¢y (t) = 6H(t) {f UlZ(t), h(T)]e~PT dr|7—"t} which is the partial derivative

of the conditional expectation of the utility function from time t to T with respect
to H(t) and with I(t) being the optimal policy. The adjoint equation (53) shows
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that —d ¢y (t) is the sum of the health capital’s contribution to utility, plus health
capital’s contribution to enhancing the expected value of the increment of the
health capital stock, plus health capital’s contribution to enhancing the expected
value of the increment of the wealth stock, plus its contribution to increasing the
conditional standard deviation of the increment of the stock capital valued at
the cost of risk, minus B(t)dW(t). From equation (53) it follows that
B(t)dW (t) = @uu[dH — (I(t) — §(O)H(t))dt]. Therefore, in line with the
general definitions of MALLIARIS and BrRock (1982), B(t)dW (t) is a correction
term in the evolution of the marginal value of health capital, which evaluates
in terms of @pyy(t) the difference between dH and E[dH], where E[dH] =
(@) — 6(®)H(t)]dt.

From the FOC (51) and n(t) = ZHE:;' the flow equilibrium condition for health
A

investments can be derived for all t € [0, T] as

n(t) = anyl (D)% 1 + B(t)ay. (54)

©4(0)
Then, if B < 0, i.e. assuming risk-averse consumers, condition (54) implies that
consumers will invest in their health up to the point where the expected relative
shadow price of health capital equals the marginal investment costs in health,
minus the marginal risk of health investment valued at its costs. Because risk-
averse consumers fear health capital losses, they will tend to invest more in their
health with the same 7 (t) as they would do, if no risk is involved. This result
complies with the results of the static model setting of DARDANONI and WAGSTAFF
(1987) and PIcoNE et al. (1998) for a simplified version of a dynamic Grossman
household production model regarding the individual’s precautionary behavior
over time for the retirement period. These authors state that uncertainty sur-
rounding the ex ante level of health modifies consumers’ behavior in a way that
they exhibit extra precautionary behavior by purchasing extra medical care. In
Figure 13, the optimal investment in health in the stochastic case is achieved at
1(t)™, which is higher than the optimal investment in the deterministic case
1(t)*¢ at the same n(t), i.e. I(t)*™ > I(t)*¢ and thus includes a cushion against
the effects of a health shock.
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Figure 13: Stochastic optimal investment for a flow equilibrium

amyl(t)*!

1
W]E[Ba,]

E[n(®]

0% N 1)

Source: Own presentation based on EHRLICH and CHUMA (1990) for their deterministic case.
Note:  For illustration purposes it is assumed that a=1.2 and B<O0.

Fromn(t) = ‘(’;‘:Eg it follows that
doy(t) = dn(t) ea(t) +n(0) pa(t)dt, (55)
Eldpy(t)] = E[dn(t) @a(t) +n(t) ¢a(t)dt]. (56)

Substituting (52), (54), ..., (56) in (53) and taking the expected value, a continuous
stock equilibrium condition for H(t) can be derived for t € [0, T] as follows

nE[dn(®)]p4(t) + E[n(t)]@,)dt

_ ot [0U® R ] oh(®))| ,
= - E[ah(t) m] t—(pA(t)W]E [W(t)] t (57)
+ E[py, (t)]6(t)dt — E[B(t)oy]dt.
Divide by ¢, (t) and subtract by E[¢@g4(t)]6(t)dt such that
E[dn(®)]
E[n(0)] [5(0 +r-— m
1 TOU(E) 9h(E) oh(t)
=’ ]E[ah(t) anl W E [aH(t) 8
+ e E[B()ay].

©4(0)
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According to equation (58) the stock of health capital is optimal in ¢ if the expec-
ted marginal cost of health capital is equal to the expected marginal efficiency of
health capital, minus the marginal risk of health, which is normalized with the
initial shadow price of wealth.

5.2.4.3 Structural demand for medical care

Given the optimality conditions (54) and (58), the structural demand function for
medical care can be derived to constitute the model’s theoretical predictions.
Again, since the majority of influencing effects on the demand for medical care
remain ambiguous in sign (RIED, 1998), it is preferable to deal with the pure in-

vestment model. Applying the pure investment model, i.e. ‘;—Z = 0, the equilib-
rium condition for health capital (58) can be reduced to

E[dn ()]

E(n(0))dt (59)

oh
‘ H((?) 5 < IO

or in logarithmic form

E[n(®)] [S(t) +r—

InE[n ()] + In§;(t) — InE[h1;(0)] = lnw;(t) + InE <ahi(t)>

0H;(t) (60)
+ InE(, (1))

1

e E[Bay]
—S(ti('(t)) and P, () = 1+ 4% — B LIGT
S +r——1
E(n(t))dt 5H(t)

with ¥, (t) =

Again, subscript i denotes reference to the i-th individual. The constructed variab-
le ¥, (t) indicates the share of the depreciation rate in the adjustment factor of
the marginal health capital costs. The constructed variable 1, (t) is employed as
a health risk indicator. With an infinitesimal increase of health capital, this variable
indicates the share of the expected increase of wage income depressed by the
marginal risk of health with respect to the expected increase of wage income
considering zero risk.

Now, assume the health risk indicator to be of the form

E,(t) = B; B;(t)oy + Bst (61)
with 8, >0, Bz >0, and B;(t) approximating the Bismut variable with
B;(t) < 0 indicating a risk-averse consumer. Given the assumed approximations
(30), ..., (38), (61), and the stock equilibrium condition (58), the structural de-
mand equations of the pure investment model can be derived. Hence, the opti-
mal expected demand for health investments is given by
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In B} (0)] = oz — 2o I () + 22 tnw, () + T
(ﬁC) + Bs — B3) - B4IX1,i(t) (62)

-1 a—
(a+ 32) InE[H;(t)] — B; M E[B;(t)ay] + uy;

InB1B2-Bor—Ina
a-1
Substituting (62) in the cost minimizing factor input for medical services (34)

yields the structural demand function for medical care with

InE[M;"(D)]

with the constant B, = and error term uy; = —ﬁln 8o-

= Poz — + fsa )lan(t)
(1 + bsa )ln Wl(t) +- ﬁ6 F?i(t) (63)
+ (By + Bs — B3) p - 1 Ba'Xq,:(t)

= (14 B2) —— INEIH (O] = B I E[Bi (D] + s,

with the constant Sy, = (1 — fsa) 1n<1ﬁ; ) + afy; and error term u,; =
a Ps

auq;.

According to the aforementioned parameter settings, comparative statics are
presented in Table 15. This inquiry provides a demand function for medical care
in which the expected medical care in t increases with an increasing wage rate
and an increasing educational level, but it decreases with increasing prices of
medical services. These results are in line with common results of general house-
hold production models and demand theory. Furthermore, —(1 + 83,) ﬁ <0

and —fB; < 0 implies that the expected demand for medical care in tincreases
with an expected worsening health status in t and a higher expected health
associated risk for that t, respectively. Thus, a health investment function with
decreasing returns to scale leads to a demand function for medical care that pre-
dicts, inter alia, an expected increasing demand for medical care by those with
a lower expected health status.
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Table 15: Comparative statics stochastic case

Expected demand for medical care [In M(t)]

Magnitude Sign

)<
nw? (1 + %) >0 +
Et aﬁé_a >0 +
t Bo + BB g = {2 0 r 5 o oty

. Bux  (>0iff By <0
X1 _a4—1_'{<0iff/§:>0 +/-
I E[H(D)]t - “a__ﬁzl)"‘ <0
InE[B;(t)oy|1 —B,>0 +

Source: Own presentation.

Note: Upward arrow 1 indicates a monotonic increase of the independent variables,
while + and - indicate monotonic increasing and decreasing functions, respectively.
* This holds for each element of X; and the respective elements of B,.

To conclude, the theoretically-implied negative effect of health on the demand
for medical care also holds in the stochastic model setting, with higher optimal
health investments in the stochastic case in order to provide a cushion against
the effects of health shocks.”

5.2.5 Empirical application of the deterministic health investment model
5.2.5.1 Variable description

In order to test the derived theoretical implications in an empirical model, the
focus is set here on the deterministic model since the relevant effect directions
do not vary between the deterministic and the stochastic model setting. For the
empirical analysis of the demand for medical care, the model's endogenous me-
dical care variable needs to be constructed since the RLMS-HSE data source does
not provide information about medical care consumption in one given data
variable. Therefore, a variety of health care utilization information is used to empi-
rically measure the level of the individuals’ medical care in the form of an a priori
index as a counterpart to the theoretical model’s endogenous variable. Infor-
mation considered when constructing the demand for medical care includes
medical care for disease treatments as well as prevention, since both can be con-
sidered as health investments. The dependent health care variable is constructed
by ranking various dichotomous indicators beginning with a score of zero for no
demand for medical care and ending up with a score of six indicating a hospital
stay and further prescribed medicine. This ranking is shown in Table 16. The

> The analysis of chapter 5.2.4 is based on BURGGRAF et al. (2015d).
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constructed ranked demand for medical care is assumed to indicate the under-
lying continuous and unlimited latent variable of the true demand for medical
care M(t).”® Additionally, in order to control for potential validity problems of
this constructed measure, out-of-pocket expenditures as well as nights spent
in a hospital are also considered to indicate the dependent variable (see e.g.,
GALAMA et al,, 2012). Using out-of-pocket expenditures rather than expenditure
shares in such a demand analysis (see e.g., DEATON and MUELLBAUER, 1989) is often
done due to data restrictions on total household expenditures. Furthermore,
considering the Russian health care system, only out-of-pocket expenditures for
prescribed medicine are applied.””

Table 16: Constructed medical care consumption

Demand for medical services

Zero medical care consumption

Doctor visits

Doctor visits and demand for prescribed medicine
Doctor visits with further procedures

Hospital stay

o AW N =

Hospital stay with further prescribed medicine

Source: Own presentation.

Considering the explanatory variables of the health investment model, the theo-
retical construct knowledge is approximated here by educational achievement.
For the education-level variable, the lowest value of zero indicates the educatio-
nal level of a person without any sort of diploma. A value of one indicates ordi-
nary vocational training without secondary education. A value of two indicates a
high school diploma. A value of three indicates secondary education from ad-
vanced technical, medical, music, pedagogical, or art school or secondary educa-
tion with vocational training in the form of technical or manufacturing trade
schools. A value of four specifies a university degree. The highest possible value
of five indicates a person within or after aspirantura, i.e. a PhD graduate school,
internship, or residency program that leads to becoming a Russian candidate of
science or doctor of science.

76 The RLMS-HSE data set includes only variables exploring the question of whether individu-
als demand several types of medical care but not by how much they demand it. However,
even if this information would be provided, such data fail to capture the intensity of services
by duration of visits or the number of diagnostic tests performed; this is a general problem
of studies on the demand for medical care (WAGSTAFF, 2002).

In Russia, the public provision of health care predominates private financing. In this line,
only 0.5 % of the observed Russians in the RLMS-HSE data set made direct payments for
their hospital stay. Nevertheless, 17.54 % of all RLMS-HSE participants paid for their pre-
scribed medicine (including informal payments).

77
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Regarding the measurement of health capital, the categorical information of the
self-reported health status is preferred over other measures such as a health cap-
ital index, quality-adjusted life years (QALYs), or the rating scale method (see
GERDTHAM et al,, 1999). Information on self-reported health is directly provided
by the RLMS-HSE data set. Additionally, to control for potential endogeneity
problems, the categorical measure of health is replaced with the binary RLMS-
HSE variable on health problems in the previous 30 days.”® This variable indicates
an individual’s health status prior to the demand for medical care because only
respondents with health problems within the last 30 days are asked to indicate
their demand for medical care to solve their health problems (e.g., by visiting a
doctor). Finally, following GALAMA et al., (2012), both health indicators are con-
sidered by taking the first available lag (t — 1) to ensure that health investments
are subsequent to the reported health status.

Household income Y (t) is generally thought to be a good indicator of demand
responses to changes in wages w(t) and non-labor income y(t). The household
income variable used in this analysis reports the real household income genera-
ted by RLMS-HSE, in which both labor and non-labor income are accounted for.”
Price indices for medical services and medicine for the observed time period are
taken from the RUSSIAN FEDERAL STATES STATISTICS SERVICE (2014). Considering these
official price indices, it has to be noted that a potential problem might arise from
unofficial out-of-pocket payments in Russia (see e.g., DENISOVA, 2010). Neverthe-
less, it might be assumed that the amount of unofficial out-of-pocket pay-
ments tends to change according to the overall price developments of medical
care. Although this problem cannot be controlled for in this analysis, exploring
potential price effects of medical care consumption with the given price indices
is still a useful task.® Finally, in her study of Russians’ adult mortality, DENISOVA
(2010) highlights the significant impact of variables such as access to medical
care, family size, individual’s satisfaction with life, social power, and the paid so-
cial respect for this person. Therefore, these variables are considered in the esti-
mation procedure as well. All variables applied in the econometric model are
summarized in Appendix 3 Table A 3.

78 Endogeneity problems arise from the interdependence of health capital and demand for
medical care: demand for medical care depends on the actual health status and actual
health is likely to be partly determined by prior demand for medical care.

7 |t has to be noticed that RLMS-HSE reported wage rate data are less informative due to
wage arrears and delayed wage payment (Desal and IDSON, 2000). Therefore, the RLMS-HSE
constructed real household income variable considers different wage variables and impu-
tes missing values according to regional, gender, and age-specific relations.

8 Due to a mainly publicly financed hospitalization system in Russia, medical prices are not
considered when estimating nights spent in a hospital.
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5.2.5.2 Estimation procedure and empirical results

The employed estimation strategies consider the data structure of the three dif-
ferent dependent variables, which are as follows: constructed demand for medi-
cal care; out-of-pocket expenditures for prescribed medicine; and nights spent
in a hospital. For the constructed ordinal medical care measure, an ordered pro-
bit panel model with the random effects estimator is estimated. In the ordered
probit model, the underlying continuous latent variable defines an ordered re-
sponse for the demand for medical care with the above-mentioned six ordered
categories. In this estimation model, only the random effects estimator is consi-
dered because the ordered probit fixed effects estimates are expected to suffer
from the incidental parameters problem (NEYMAN and SCOTT, 1948), resulting in
substantially biased and inconsistent estimates. Regarding the dependent
variable out-of-pocket expenditures for prescribed medicine, a Heckman-type
two-step estimation model is applied because this empirical specification of the
dependent variable has a high frequency of zero expenditure in its data and a
right-skewed distribution (HECKMAN, 1979). The participation decision in the
Heckman two-step estimation procedure is estimated by a probit random ef-
fects panel estimator, while the log-expenditure model is specified by both ran-
dom and fixed effects linear estimators considering the inverse Mills’ ratio.®' Fi-
nally, regarding the number of nights spent in a hospital as a third dependent
variable, both the random-effects and the conditional fixed-effects Poisson
models are applied.?? Generally, fixed-effects models allow causality to be inferred
because they control for the time-invariant component of the error term while
the random effects model is inconsistent for this form of endogeneity.

Under consideration of the two actual health indicators, the parameter esti-
mates for all estimation models are presented in Table 17. Additionally, the
parameter estimates considering the lagged health indicators are presented in
Appendix 3, Table A 4. The estimated signs of the coefficients are consistent with
the theoretical predictions derived in this inquiry. The Wald test of overall sig-
nificance of the regression output indicates for both estimation models that all
coefficients are joint statistically significant. The goodness of fit values (pseudo R?)

81 Because the expenditure data have many zero observations, the Poisson and Poisson pseu-
do-maximum-likelihood estimators have been additionally employed (see SANTOS SiLvA and
TENREYRO, 2006). The estimated coefficients are comparable to those presented here with
a negative coefficient of health on the out-of-pocket expenditures in logs.

8 The Vuong test between the Poisson and a zero-inflated Poisson model regarding the
amount of hospital nights indicates that the zero-inflated model is not better than an ordi-
nary Poisson regression model. Yet the efficiency of the fixed effects Poisson model is
assumed to be relatively low since this estimation model considers only individuals with
observations in all waves and additionally loses information from observations that have
zero hospital nights in all waves.
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mirror the improvement from the null model to the fitted model and indicate
the total variability explained by the model (LONG, 1997; LONG and FREESE, 2014).
The presented R? and pseudo R? values are in line with those obtained by
WAGSTAFF (1986, 1993), GERDTHAM et al., (1999), and ERBSLAND et al. (1995).

The results in Table 17 imply that, for all three dependent variables, higher in-
comes Y (t) tend to increase the demand for medical care. This is because in-
creasing incomes raise expenditure budgets and increase the value of healthy
lifetime, thus increasing the demand for health investments. In line with the re-
sults of other empirical studies (see e.g., WAGSTAFF, 1986; GALAMA et al., 2012), esti-
mation results also indicate a significant negative effect of health H(t) on the
demand for medical care because a worsening health status raises the relative
shadow price of health. Therefore, it is optimal for the individual to increase the
amount of health investments if the health status is actually decreasing. In most
of the estimated panel models, this result also holds if lagged health indicators
are applied, especially considering the lagged binary health problem variable.®®
In absolute values, the coefficients of health tend to be higher in the model with
actual health than in the model with lagged health; a result that is reasonable
because actual health problems possibly dominate customers’ decisions more
strongly. Moreover, estimation results show that higher educational levels are
significantly associated with an increased demand for health investments. This re-
sult can be explained by the fact that the efficiency of health investments is deter-
mined by the level of knowledge, which is approximated here by an individual's
educational achievement E;(t).2* Finally, according to the law of demand, the
demand for medical care tends to increase with decreasing prices for medical
care, while out-of-pocket expenditures are surely a positive function of prices.

Table 17 also presents the coefficients for several control variables. Depending
on the estimation model, females are often significantly associated with a higher
consumption of medical care than males. For the considered lifestyle factors, it
can be stated that individuals who engage in sports and avoid smoking tend to
have a higher constructed demand for medical care, possibly preventive care.
Such lifestyle variables can be interpreted as proxies for the ability to anticipate
future health outcomes from today’s discretionary choices. Furthermore,
these measures indicate an individual’s subjective discount rate, whereby the

8 By contrast, GALAMA et al. (2012) note that exploiting the panel nature of their data with
fixed effects estimators would result in insignificant coefficients of lagged health. Additio-
nally, their instrumental variable approach also shows insignificant results. Nevertheless,
these authors argue that contemporaneously rather than lagged health variables may be
more appropriate since medical treatment likely responds quickly to changes in health.

84 Furthermore, higher levels of education are often associated with lower subjective discount
rates and hence a higher subjective value of longevity (EHRLICH and CHUMA, 1990).
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more they care about their anticipated future health situation, the more they
engage in sports, avoid smoking, or demand (preventive) medical care. Yet, con-
sidering the amount of nights spent in a hospital, the association with doing
sports becomes significantly negative, probably due to acute health problems.
Regarding the reported individual status-oriented ratings, the respect rank variab-
le implies a significant positive association with the constructed demand for me-
dical care. Along these lines, DENISOVA (2010) finds that a higher self-perceived
respect status significantly improves the probability of increased longevity. Never-
theless, this association becomes negative considering the amount of nights
spent in a hospital. Finally, the results of the regional control variables show that
while urban settlement type is significantly linked with a higher consumption of
medical care, the estimated coefficient regarding the distance to a private doc-
tor is often statistically insignificant. Possibly, the settlement type coefficients, as
well as our regional coefficients, might pick up parts of the distance effects.
Furthermore, ROZENFELD (1996) points out that hospitals and medical doctors ex-
ist in large quantity in Russia, while the quality of health care services remains
quite low.
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5.2.6 Interim conclusions

Considering recent trends in Russians’ health care expenditures, it is important
to understand the causal pathways and mechanisms behind the demand for
medical care. While GRosSMAN's health investment model is a standard economic
theory used to explain the demand for medical care, it has been argued that the
model would fail in practical applications. This is because the model implies
that the demand for medical care increases with a higher health status. Yet this
theoretical implication cannot be confirmed by empirical results. Therefore, the
aim of chapter 5.2 is to demonstrate that the theoretical predictions of GROSSMAN's
model are in line with the empirical results if the health investment production
function is assumed to be of decreasing returns to scale. Based on the standard
theoretical model with the reworked specification of the health investment pro-
duction function, the following can be concluded. First, if a health investment
production function with decreasing returns to scale is applied, the model gene-
rates a demand function for medical care that is in line with empirical evidence.
This means that the analytically derived empirical demand function for medical
care of the reworked model setting finally indicates a negative health coefficient
in the demand function for medical care. Hence, the hitherto criticized incon-
sistency of the health investment model is no longer valid even if GROSSMAN's
standard model setting is applied. Second, the criticized assumption of instanta-
neous health adjustments from the current to the desired health stock is no
longer necessary. Third, introducing uncertainty surrounding the health status
does not change the theoretically implied negative effect of health on the de-
mand for medical care. In fact, the behavioral predictions under uncertainty cor-
roborate the analogous predicted effect directions under the assumption of
certainty. Fourth, the presented empirical results reinforce the derived theoretical
predictions for the demand for medical care. While confirming the implications
of the theoretical model, the empirical analysis is also the first that analyzes Rus-
sians’ demand for medical care and thus provides novel empirical results. It has
been shown that besides income and health status, settlement type and lifestyle
factors are also significantly associated with the demand for medical care. In
conclusion, GRossMAN’s model offers reasonable predictions, provided that the
functional forms are properly specified.

Nevertheless, theoretical and empirical applications of the Grossman health
investment model are limited by the assumption of a fixed input ratio between
healthcare and time investments. Therefore, for future research, the assumed
Cobb-Douglas production function for health investments should be substi-
tuted by a more flexible production function to overcome this rather restrictive
assumption. Additionally, more elaborate data on Russians’ demand for medi-
cal care are necessary. Finally, to increase the relevance of the model to the real
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world, the Grossman health investment model ought to be enhanced by in-
corporating the concept of dietary quality.

5.3 DIETARY HEALTH INVESTMENT MODEL

5.3.1 Theoretical considerations

In chapter 5.2, it has been shown that GRossMAN's model offers reasonable pre-
dictions of health investment behavior. In chapter 5.3, the focus is now set on
the development of a theoretical model that is able to describe the effects of the
manifold diet-quality specific explanatory factors. As mentioned in the chapter
introduction (chapter 5.1), besides food prices, wage rates, and common socio-
demographic or socioeconomic variables (e.g., knowledge, age, or gender), it is
necessary to consider further influencing factors typically involved in dietary choi-
ces. Thereby, taste as well as health issues of vitamin and mineral intakes have
been found to be major determinants of individuals’ dietary quality (EERTMANS,
2001; BRUG, 2008; BLANCK et al., 2009; HONKANEN and FREWER, 2009). In an inter-
temporal context, the adequate intake of vitamins and minerals can be conside-
red as a long-term investment in an individual’s health, in addition to healthy
lifestyles and good healthcare. Furthermore, healthy dietary behavior often
means sacrificing the pleasure of palatable yet risky nutrients in return for an in-
creased probability of future healthiness (BLAYLOCK et al., 1999). Hence, the con-
cept of dietary quality remains considerably complex when considering its
multidimensional character and varying influencing factors across these di-
mensions.

Consequently, in order to appropriately explain dietary behaviors with relevance
for the development of public health prevention programs - but at the same
time keeping it as simple as possible - the concept of dietary quality is modeled
here by focusing on two dimensions of dietary quality: adequacy and modera-
tion.®> As explained in chapter 4.2.3.1, adequacy refers to the sufficient intake of
nutrients beneficial to health, while moderation means avoiding the excessive
intake of nutrients that may be detrimental to health, i.e. nutrients that increase
the risk of chronic diseases if consumed in excess. Both dimensions sufficiently
fulfill the two aforementioned aspects of dietary quality choices: health invest-
ments by vitamins and minerals but also the commonly known health-taste
trade-off of nutrients to be moderated. With an adequate consumption of vita-
mins, minerals, trace elements, and phytochemicals, consumers invest in a better
future health status. For example, the consumption of vitamin C today will sup-
port the immune system to defend itself against infections in the future, which
in turn raises utility directly or indirectly through an extended healthy time that

8 See footnote 21.
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can be spent on either labor or household activities such as leisure time. In the
following, micronutrients of the adequacy dimension of dietary quality are spe-
cified as healthy nutrients.® Thus, an investment in health can be produced,
amongst others, through the adequate consumption of these healthy nutrients.

Nutrients considered to be subject to moderate intakes are mainly fatty acids,
especially saturated fatty acids, saccharose, and sodium chloride (WALERs et al.,
2007). The consumption of (saturated) fatty acids, saccharose, and sodium chlo-
ride creates direct utility by providing their preferred tastes of fattiness, sweet-
ness, and saltiness, respectively. However, besides these direct utility effects in
the period of consumption, an intake of these nutrients beyond their critical
intake value increases the risk of diabetes, obesity, hypertension, and other
chronic diseases in future periods (BINKLEY and GoLup, 2011). In the following, nu-
trients related to the risk of chronic diseases are specified as risky nutrients be-
cause an excessive intake of these risky nutrients with its negative effect on
health is of major concern in most industrialized environments. Accordingly, the
utility-generating consumption of these risky nutrients has a negative effect on
individuals’ future health when consumed in excess (ARNADE and GOPINATH, 2006).
The resulting worsened future health status will inevitably lower utility inflows of
future periods.

Given these two basic diet-health relationships, GROsSSMAN's standard health in-
vestment model has to be enhanced in order to incorporate the role of dietary
quality into the health investment model. However, in contrast to the respective
model formulations of, for example, CHERN (2003), VARIYAM (2003), and ZHAO et al.
(2013), the health investment model should not retain its original structure if the
primary health input is not medical care but dietary quality. This is because die-
tary quality is a theoretical construct comprising both adequate healthy nutrient
consumption and moderate risky nutrient consumption. Furthermore, the con-
struct dietary quality cannot be purchased on the market itself and thus does
not have an observable market price. Even if an implicit price of dietary quality is
considered, for example, by estimating hedonic pricing models, expenses for
dietary quality will not necessarily increase with growing demands for dietary
quality (see e.g., RAYNOR et al., 2002; CARLSON et al., 2014).

Based on the above discussion, the aim of this inquiry is to provide a comprehen-
sive theoretical framework, which considers the above discussed aspects of die-
tary quality. Thereby, this inquiry contributes to the literature by providing a

8 Although even some vitamins and minerals have a negative effect on health when consu-
med in excess, they are generally stated here as healthy nutrients. This is because by adhe-
ring to a diet solely based on foods without any supplements it is very unlikely to achieve
an excessive intake of them.
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rational utility-maximizing model of dietary behavior that is the first to account
for each of the following three aspects at the same time: (i) health is improved by
dynamic health investments; (ii) adequate healthy nutrient intake is an input
factor of health investments; and (iii) the intake of risky nutrients raises today’s
utility but deteriorates future health if consumed in excess.t” This model of dietary
behavior, called the dietary health investment model, is based upon GROSSMAN's
health investment model, which is enhanced by basic aspects of LANCASTER'S
goods characteristics approach (BURGGRAF et al., 2014; BURGGRAF et al., 2014b;
BURGGRAF et al., 2016b).

5.3.2 Model assumptions

The model assumptions of the dietary health investment model are based on
GROSSMAN's health investment model (GROSSMAN, 1972a, 1972b, 2000), but also
consider aspects of dietary quality as discussed in chapter 5.3.1.28 In the dietary
health investment model, utility is created by the available amount of healthy
time and the consumption of risky yet tasty nutrients, implying a movement of
this modified Grossman model towards the goods characteristics approach (see
BURGGRAF, 2014; BURGGRAF et al., 2015b, 2015f).8 Other utility generating elements
remain unconsidered in this model setting, which implies the additive separability
of preferences. Furthermore, for analytical convenience, the individual's lifetime
utility function J is specified as being separable over time. Thus, under conditions
of certainty, the individual’s objective functional can be expressed as

J = J, Ulb(®), h(D)]e~* dt. (64)

8 These specifications are in line with TRAILL's request that demand models for dietary quality
need to recognize effects on utility by taste and future health consequences (see TRAILL,
2012).

8 Modifications to the original Grossman model are the following. First, in the original
Grossman model utility is created by the available amount of healthy time and the con-
sumption of household commodities instead of the consumption of risky nutrients. Second,
in the original model health investments are produced by medical care and time instead of
the newly introduced consumption of healthy nutrients (combination with LANCASTER'S
goods characteristics approach) and time invested in health. Third, since the focus is on the
demand for dietary quality, the consumption of non-food products is considered here by
the exogenously given outside good.

8 According to the goods characteristics approach, it is the characteristics of goods from
which utility is derived. This assumption is tested, inter alia, by LADD and SUVANNUNT (1976)
and MOoRsE and EAsTwooD (1989). Each of these studies supports the goods characteristics
approach as being appropriate for the study of food consumption. There is a broad variety of
empirical studies applying the goods characteristics approach to the demand analysis of
nutrients (for an overview see, e.g., NAYGA, 1994).
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In line with equation (6) of the standard health investment model, the utility
function U(*) is assumed to be increasing, strictly concave, and continuously
differentiable in its arguments. Again, parameter p of equation (64) denotes
the subjective discount rate, which is a measure of the individual’s impatience.
However, adapted to the more detailed nutrient level of dietary quality, equa-
tion (64) now considers the consumption vector of tasty yet risky nutrients b(t)
instead of general household commodities Z(t).** Vector b with b =
(b1, by, ..., by)' represents the average daily consumed amount of each risky
nutrient bf with f =1, ..., n, which are considered relative to their respective
recommended daily upper intake values. Nutrient intakes are measured in rela-
tive rather than absolute terms to make the intakes of different nutrients compa-
rable by accounting for the respective reference intake values.”' Furthermore, it
is assumed that consumers care about the accumulated levels of their risky nu-
trient intakes rather than about their sources. That means individuals value the
intakes of, for example, saturated fatty acids in butter equal to those in meat. This
assumption allows for substitutability among risky nutrients from different foods
(ARNADE and GOPINATH, 2006). Let vector X = (x4, X3, ..., X4 ) represent the con-
sumed amounts of food items k with k = 1, ...,d. Accordingly, considering
constant input-output coefficients, the linear production function of risky nu-
trients is assumed to be

b(t) = Bx(t) (65)

where B = [bs]isa (n x d) matrix (see e.g., LANCASTER, 1966, 1971). This matrix
defines for the f-th risky nutrient the amount of this risky nutrient contained in
one unit of the k-th food product, xy, relative to the daily recommended upper
intake value of this f-th nutrient. The lifetime utility function (64) considering
the consumption of risky nutrients and healthy time is maximized with respect to
the health and wealth paths, as well as the production technology of the invest-
ment in health capital. These restrictions are defined in detail in the following.

As in the standard Grossman model, the amount of utility-yielding healthy time is
a function of the individual's health capital H(t), such that h(t) = ¢(H(t)),
where h(*) is assumed to be increasing, strictly concave and continuously differ-
rentiable (GROssMAN, 2000). The stock of health capital H(t) depreciates on a pro-
gressive depreciation rate but can be revalued upwards by investments in health

% The studies of FORSTER (2001) and KokA et al. (2014) modify GROSSMAN's health investment
model by considering the consumption of utility yielding yet unhealthy goods (e.g., smo-
king) in their lifetime utility function.

91 It has to be noted that reference intake values have changed over time with increasing scien-
tific efforts and may vary across different geographical regions. Hence, for empirical analysis,
researchers need to apply current reference values considering the observed geographical
region.
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capital (CHERN, 2003). Furthermore, the consumption of risky nutrients affects
a consumer’s health status by increasing the risk of chronic diseases if consumed
in excess. This deteriorating effect of the vector of the consumption of the n
risky nutrients on health status is valued in this inquiry by the vector of the pro-
portional health impact rates y with y = (y4,¥2, ..., ¥»)'. As long as the average
daily consumed amount of a risky nutrient is less than its respective daily refe-
rence intake level, i.e. by(t) < 1, then health is positively affected. However, if
the average daily consumed amount of a risky nutrient exceeds its respective
daily reference intake level, i.e. b¢(t) > 1, then health is negatively affected. The
more excessive the relative intake of the risky nutrient is, the stronger this
negative effect will be. Therefore, the equation of motion in health is expressed
here as a modification of equation (7) by

H(®) =1(6) —y'(b(t) — ©) — §(H(D) (66)
with H(0) = Hy, H(0) > Hypp, > 0, H(T) < Hppin, H®) > Hpyin Vt # T,
¥r >0,6(t) >0,6(t) >0 Vete[0,T],

where I(t) is the investment in health capital, y is the vector of the health im-
pact rate, cis a (n X 1) vector with each element set to one, and §(t) is the de-
preciation rate of health capital (BURGGRAF, 2014; BURGGRAF et al., 2016b).?2 The
parameters y; for all f = 1,...,n and & depend on individual-specific health
endowments (e.g., from genetic traits), which cannot be controlled for. The stock
of health capital at t = 0 is indicated by H,,. The end of the lifetime T is assumed
to occur automatically once H (t) drops to its critical minimum level H,,,;,, (EHRLICH
and CHuma, 1990).

Recent studies have started to differentiate between investment and disinvest-
ment effects on health capital considering the consumption of healthy goods
such as medical care and unhealthy goods such as smoking (see, e.g., JONES et al.,
2014; Koka et al., 2014). The innovation of the dietary health investment model
lies in considering nutrients rather than goods within the theoretical framework
of the health investment model to explicitly account for the health effects of die-
tary quality. Therefore, in this modified version of the Grossman model, invest-
ments in health are produced by the adequate consumption of a bundle of

92 Studies, for example, of FORSTER (2001), JONES et al. (2014), and Koka et al. (2014) provide
in their health capital simulation analyses regarding the consumption of healthy goods
(e.g., medical care) and unhealthy goods (e.g., smoking) an equation of motion for health
that is a positive function of the consumption of healthy goods, but a negative function
of the consumption of unhealthy goods and health capital depreciation. Yet this model’s
innovation lies in considering the health investment character of healthy nutrients and
the health deteriorating effect of risky nutrients to explicitly account for health effects of
dietary quality.
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healthy nutrients gj represented by the vector g(t) with g = (91, 92, - 9o)""
which is subject to the individual's nutrition knowledge E (t). Similar to risky
nutrients, vector g represents the average daily consumed amount of each
healthy nutrient g; with = 1, ..., 0, which is measured relative to its respective
daily adequate intake values. Therefore, considering constant input-output coef-
ficients healthy nutrient intakes are given by

g(t) = Gx(t) (67)
with G = [g] being an (0 X d) matrix (see e.g., LANCASTER, 1966, 1971). The
matrix G defines for each j-th healthy nutrient the contained amount of this
healthy nutrient provided by one unit of the k-th food product, x,, relative to
the daily reference intake value of the j-th healthy nutrient. Hence, subject to
nutritional knowledge E (t), the individual produces health investments with
healthy nutrients g(t).>* Furthermore, an individual may choose to invest in
health by time invested in health m(t) such as doing sports.®® By substituting the
medical care with healthy nutrient intakes, the modified health investment pro-
duction function is given by

I®) =1(g(@®m®);E®) (68)
with[ ()= 0Vt € [0,T].

Beginning with the intra-temporal cost minimization problem, the individual
determines those input bundles that minimize short run costs of attaining health
investment I(t) subject to the constraints imposed by the respective produc-
tion function and the given level of nutrition knowledge. Following EHRLICH and
CHUMA (1990), a Cobb-Douglas health investment production function with

decreasing returns to scale is assumed, which yields a cost function of health
investments of the form

G(@t) =@ IO (69)
where 1,(t) = 1, (pg(t) w(t), E(1)), &> 1.

Parameter @ represents the inverse scale elasticity of health investments of a
Cobb-Douglas production function with the two variable factor inputs healthy
nutrients and time. The unit price my (t) of health investment I(t) is a func-

tion of the vector of the implicit prices for healthy nutrients pg(t) with
Pg = (Pg,) Py, -+ Pg,)’s the opportunity costs of time by wage rate w(t), and

9 CHERN (2003) considers overall dietary quality instead of healthy nutrients. JONES et al.
(2014) and Koka et al. (2014) substituted medical care by generally healthy goods.

% Despite the importance of knowledge regarding recreational health investment activi-
ties, the focus is set here on nutrition knowledge.
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the given dietary knowledge E (t). Due to health investments with decreasing
returns to scale, the dual cost function of producing health investment is mo-

gt dz¢(t)
210 > 0 and 20(0)? >0

Therefore, the full-wealth constraint (see, e.g., BECKER, 1965) develops over a
lifetime according to the following modified equation of motion

A() = (DA +w(Oh®) +y(0) =IO — py()'b(t) 70)
—a(6)pq ()
with A(0) = A4y, A(0) > 0, A(T) = 0.

According to the full-wealth equation of motion (70), consumers receive interest
revenues on their financial assets A(t) with interest rate r(t). Available healthy
time h(t) is valued at the wage rate w(t). Non-labor income is represented by
y(t). From these full-wealth inflows in t, the following flows of costs in t are de-
ducted: the costs of health investments with the two factor inputs invested time
(valued at the wage rate w(t)) and healthy nutrient intakes (valued at the implicit
price vector pg(t)); the costs for the utility-yielding consumption of the relative
amounts of risky nutrients b(t) (valued at the implicit price vector py, (t) for risky
nutrients with py, = (pp,, Pp,, -, Pp,)"); and the costs of the exogenously-
given representative non-food market good g (t) valued at its price p, (t).”® Con-
sidering the above full-wealth constraint, an individual’s time per period is con-
strained by

0 =1(t) + m(t) + s(t) (71)
with 2(t) — s(t) = h(¢).

Therefore, total time £2(t) available in t has to be fully divided into labor time
I(t), time invested in gross health investments m(t), and sick time s(t). Sick
time is lost for labor and non-market activities.

notonic increasing and convex in I(t), meaning that

5.3.3 Demand for dietary quality
5.3.3.1 Optimization problem

According to the assumptions of the dietary health investment model, the re-
spective optimal control problem is to maximize the individual’s lifetime utility
function (64) subject to the constraints for health (66), health investments (68),
and wealth (70). Here, the dynamic optimization problem of the dietary health
investment model is tackled by the optimal control theory with the maximum
principle by PONTRYAGIN et al. (1967). In this version of the Grossman model, the
consumed amount of risky nutrients b(+) and the amount of health investments

% The implicit prices of healthy and risky nutrients reflect market equilibrium prices of the
relative nutrient supply and demand.
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I (") qualify as control variables. The consumption of risky nutrients and the
gross investment in health by healthy nutrients are subject to the individual’s
discretionary choice and affect the stocks of health capital H(*) and wealth capi-
tal A(-), which both indicate the state variables of the model. Thus, the task is to
choose the optimal control paths that determine the associated state paths over
a given health interval [Hy, Hy,in], With Hy,;, being the fixed terminal point.
Based on the optimal values of risky and healthy nutrients, individuals specify
their optimal basket of food. In this context, it is assumed that the requested
combination of healthy and risky nutrients is always realizable by an according
basket of infinitely divisible foods.® Hence, the decision for a certain food basket
composition is equal to the decision for a certain dietary quality, taking into ac-
count the adequate intake of healthy nutrients and the moderate intake of risky
nutrients.

Based upon the presented dietary health investment model, the intertemporal
utility maximization problem of the dietary health investment model can be
expressed forall h: [0,T] = R, b(t):[0,T] = R} andall t € [0,T] as

T
max J =J- U[b(t), h(t)]e Pt dt (72)
IbT 0
subject to

M HO=IO-Y®b®O -0 -sOHW,
(i) A(t) = rA(t) + wh(t) +y(t) — (DI — pu(0)'b(E) —
Pq(0)q (1),

i 16) =1(g(®),m); E®v)),
with

(ivy  H(0) = Hy,H(0) > Hypip, > 0, H(T) < Hppin, H(t) > Hpyin Vt # T,

v)  A(0) =A4,,A0)>0,AT)=0,a>1,

wvi) Te[0,0]
Again, wage rate and interest rate are assumed to remain constant over time.
The task is to choose the optimal control paths of risky nutrients b(-) and health
investments I(+) that determine the associated state paths over a given health
interval [Hy, Hppir ], With H,,;,, being the fixed terminal point. Applying the maxi-
mum principle by PONTRYAGIN (see PONTRYAGIN et al., 1967), the aforementioned
control problem can be rewritten as the following Hamiltonian function denoted
by H with A(-) and H(-) being the state variables and I(-) and vector b(-) being
the control variables as

% LANCASTER assumes infinite divisibility, which is appropriate for highly divisible and fre-
quently purchased goods such as foods (see e.g., RATCHFORD, 1975).
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H(t, H,ALb, @4 0p) = Ub(t), h(t)]e Pt (73)
+94(D)[rA@) + wh(t) + y(t) — (DI — py(t)'b(D)
—pa(®q(®)]

+ou(O[I(®) —y'(b(®) — ©) — S(OH(1)].

The Hamiltonian is jointly concave in both the state and control variables due to
the strict concavity of the utility function, production of health, and the genera-
tion of healthy time (EHRLICH and CHUMA, 1990).”” The adjoint variables ¢ (t) and
@4(t) are in the nature of Lagrange multipliers of the states H(t) and A(t), re-
spectively. As such, they show the extent to which lifetime utility will increase if
health capital or full-wealth is increased by one unit in t. Therefore, these variab-
les measure the shadow prices of the associated state variables at a particular
point in time (CHIANG, 1992). For the above-stated problem and with the Hamilto-
nian (73), the optimality conditions of the Hamiltonian system can be derived by

H(t) = I(t) —y'(b(t) — ¢) — §(1)H (1), (74)
A(t) = rA(t) + wh(t) + y(t) — gl (£)% — py()'b(E) — pa()q (D), (75)
BH () = VU (e ™ — o ()py(t)—@u )y =0, (76)
IH® e _
a0 ©a Oy &l (O +ou) =0, (77)
. _ 094 _ 0H _
Pat) = ot 94 -0, (78)
. _ 0oy _ _6_7'[
P o aI-{?U(t) ah(t) ah(t)
_,—pt _ (79)

=" o anm Ym0
H(T) = U[b(T), h(T)]e T + @, (TA(T) + @y (T)H(T) = 0, (80)
with

OH (T

ou(T) = oy =2 0,H(T) < Hmin'% <0,
% Due to a;;zg? > 0and :;fuz <0Vf=1,..,n we have a;i](i;? <0 and Vy(VpH) <0

under the assumption of additive separability of preferences of the assumed additive
utility function. Furthermore, considering ARROW'’s theorem (see, e.g., KAMIEN and SCHWARTZ,
1991), the quadratic form of the involved maximized Hamiltonian, which is evaluated at
the maximized controls, is semi-definite. Therefore, the Hamiltonian is concave for every
t € [0, T]. For comparison see also Appendix 2.
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@a(T) =@, =0,A(T) = 0.

Equations (74), ..., (79) of the Hamiltonian system represent the equations of
motion, the standard first-order conditions (FOC), and the adjoint equations for
the intertemporal optimization problem (KaAMIEN and SCHWARTZ, 1991). Because
the terminal time is not fixed but rather defined by H,,;,,, the problem is not only
solved by the optimal control variables I(t) and b(t), but also by the optimal
lifetime time interval [0, T]. Hence, the necessary optimality conditions given in
equations (74), ...., (79) are complemented by the transversality condition (80).

Solving FOC (77), a flow equilibrium condition of optimal health investment f(t)
can be derived for all t € [0,T] as*®

() &I =n(0) (81)
. _ o)
with T}(t) = m.

Just as in GROSSMAN's standard model setting, this function is equivalent to EHRLICH
and CHUMA's flow equilibrium equation (8') (see EHRLICH and CHUMA, 1990). The
left-hand side of equation (81) represents the marginal cost of health invest-
Qu(t)
@a(t) 5
n(t), a flow equilibrium at optimal investment I(t) exists if the marginal cost
of health investment equals the relative shadow price of health capital n(t)
(EHRLICH and CHUMA, 1990).

ments. By the definition of as the relative shadow price of health capital

Besides health investments by healthy nutrient intakes, the concept of dietary
quality also calls to control for the moderate intake of risky nutrients. From FOC
(76) and by solving (78), the flow equilibrium condition of the optimal demand
for risky nutrients can be derived for all t € [0,T] as

7yU(t)

1 (r-p)t

The economic interpretation of the optimality condition given in equation (82) is
that the intake of a risky nutrient is optimal if the marginal utility of the intake of
this risky nutrient, subjectively discounted and normalized with ¢,4(0), is equal

% Again, the assumption %((f)) > 0 is sufficient to make 7n(t) > 0. Furthermore, due to
@a(t) = —pa(t)r, it follows that @, (t) > 0 for all t € [0,T] under the reasonable as-
sumption that ¢, (0) > 0 with A, > 0. With the dual cost function of producing I(t) being

a monotonic increasing and convex function in I(t), it follows from optimality condition
1

(81) that optimal I(t) = (%)E with I(t) > 0 if all factor prices are positive, & > 1,
H
andn(t) > 0.



140 Russian demand for dietary quality

to the implicit price of the risky nutrient plus the health impact valued with the
relative shadow price of health capital.

Finally, given the adjoint equations (78) and (79), and by considering the defini-
tion of the relative shadow price of health, a continuous stock equilibrium condi-
tion for the optimal stock of health capital H(t) can be derived for all t € [0, T]
as

(83)

n(t) [5(t) +r— ﬁ(t)] L - 0U@0RE)  Oh(D)

n®| " 9. ¢ ar@oH®) " H(E)

Just as in GROSSMAN's standard model setting, this function is equivalent with
EHRLICH and CHUMA's stock equilibrium equation, which equals equation (28) of
this thesis (see EHRLICH and CHUMA, 1990). According to equation (83), the stock of
health capital is optimal as soon as the marginal cost of holding an additional
unit of health capital is equal to the instantaneous marginal benefit from the last
unit of health capital acquired (EHRLICH and CHUMA, 1990). On the left-hand side of
equation (83), the marginal costs of holding an additional unit of health capital
in t consists again of three parts: (i) the interest earnings forgone by holding an
additional unit of health capital; (ii) the health capital depreciation costs from
holding an additional unit of health capital; and (iii) the offsetting capital gain
from buying the investment good at time t instead of waiting until time t + dt.
On the right-hand side of equation (83), the marginal efficiency of health capital
consists of two parts: the additional wage income from an infinitesimal increase
of health capital and the direct marginal utility of health capital, discounted and
normalized with the initial shadow price of wealth.

5.3.3.2 Demand for healthy nutrients

Just as in chapters 5.2.3.2 and 5.2.4.3, the pure investment model with the re-
striction ZZ—((;) = 0 is imposed in order to constitute the model’s theoretical pre-
dictions (see GROSSMAN, 2000). Hence, the empirical specification of the optimal

condition (83) can be rewritten in logarithmic form as
dh;(t)

Inn;(t) + In6;(t) — Iny;(t) = Inw;(t) + In 0, (D)

(84)

. 5 e o L
with Yq;(t) = #(t)mm indicating the relative importance of the depreciation
i(t)+r—
UHO)
rate in the marginal cost of health.® Again, subscript i indicates reference to the

i-th individual.

% For comparison see equation (29).
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To derive more precise model implications for the demand of healthy nutrient
g, analogous to the previous process of deriving the structural demand function
for medical care, it is necessary to make specific assumptions and approximations
regarding the functional forms of h(-), 8(-), C;, @5 (-) and @, (-). Regarding the
functional forms of A(+) and §(+), again GROSSMAN's (2000) and WAGSTAFF's (1986)
specifications (30) and (31), presented in chapter 5.2.3.2, are employed.

According to GROSSMAN (2000), the production function of healthy days is ap-
proximated by

hi(t) = 2 — By Hy()#- (85)
with §; > 0 and 8, > 0.

According to GROSSMAN (2000) and WAGSTAFF (1986) the depreciation rate is ap-
proximated by the functional form

Iné;(t) =Indy + Bat; + B4'Xz; () (86)

with B3 > 0 indicating an increasing depreciation rate as the individual ages.
The vector X, (t) represents socio-economic, socio-demographic, and psycho-
logical characteristics such as subjective beliefs (Lusk et al., 2014), which are as-
sumed to change the evaluation of health states in future periods. Accordingly,
the elements of vector B, will be positive if the respective individual characteris-
tics of X, are damaging to health.

Just as was done in chapter 5.2.3.2 and chapter 5.2.4.3, following EHRLICH and
CHUMA (1990), health investments are assumed to be produced according to a
Cobb-Douglas production function with decreasing returns to scale in order to
provide an internal optimum. Therefore, based on the revised health investment
production function I(t) = E(©)m(t)* 1%, g;(©)%, with ok + i < 1 and the
inverse scale elasticity & = ﬁ the flow equilibrium (81) can be rewritten in

logarithmic form as

Inn; () = for + Psd Inpy + (1 — fsid) Inw;(t) — fet E;(t) + Inct (87)
+(@ -1 Inl (0

with @ > 1, fp; = In ((E)ﬁ +o0 (E)_%>, and ok = fi5.'%

Again, nutritional knowledge E (t) is measured by an approximated measure-
ment variable E;(t). For simplicity, consider the reasonable assumption of one
price index p, for healthy nutrients and one price index p,, for risky nutrients

19 For simplicity it is assumed that £ is valid for each healthy nutrient g; as well as equal
healthy nutrient prices (see also footnote 101).
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rather than one price for each healthy and risky nutrient.””' Furthermore, pa-
rameter subscripts with leading zeros indicate constants. Accordingly, the loga-
rithmic cost-minimal factor input function for healthy nutrients g;(t) where
g;(t) stands generally for every g; with j = 1,2, ..., 0 is

Ing;; (t) = foz — (1 = fsct) Inpy + (1 — fsd@) Inw;(t) — fect E; (L) (88)
+ é ln il(t)

with fos = (1 — fs@) In (%)

Finally, In 1, (+) has to be approximated.’® Following EHRLICH and CHUMA (1990),
@y (t) and n(t) are assumed to be progressively increasing with age since health
is decreasing with age. While this assumption regarding @ (t) has already been
subsumed by InY4;(t) = Bo t; (WAGSTAFF, 1986), @4 (t) does not necessarily fol-
low such a strict time path but rather depends on ¢4(0) with the associated
wealth path. In line with MACURDY (1981), ¢4 (0) is assumed to be a function of the
personal characteristics X, (t), lifetime income represented here by th* Inw;(t),
and initial wealth A(0). Furthermore, in this study it is controlled for income
and prices effects of p;, and p,. Since the task in chapter 5.3 regarding the die-
tary health investment model is different from that in chapter 5.2, 1, (t) is ap-
proximated here by

) T* (89)
1 () = Boti+ ) Buo lnwi(®) + BraAi(0) + g Inw ()

t=t*

— Bi3 Inpg(t) —P1a Inpp(t) + B1s'X2,; (1)

with By, B0, Bi1s -, Biz > 0. Regarding permanent income, age t* indicates
the assumed age at earning first wages and age T indicates the average age at

97 Due to consumers’ weak understanding and memory of implicit nutrient prices, con-
sumers probably relate food prices to implicit prices of such broader nutrient groups ra-
ther than single nutrient prices (MORSE and EASTWOOD, 1989). Yet, the general structure of
the demand functions will not change if the nutrient price vectors are considered.

102 GROSSMAN (2000) assumes r(t) — % = 0 and hence ¥; = 1. WAGSTAFF (1986) assumes
r(t) and % to be constant and therefore 1(t) > 0 with Iny;(t) = By t; because

8(t) > 0. While this assumption has been suitable for the standard Grossman model in
chapter 5.2, it is more appropriate to enhance this assumption for the dietary health in-
vestment model.

103 EHRLICH and CHUMA (1990) argue for a generally declining health-age profile dictated by
the interior solution for longevity and §(t) > 0 requiring negative net investments as
one ages, i.e. py(+) is assumed to be progressively increasing with age. While this as-
sumption can be addressed by In, ;(t) = fq t; (see e.q., WAGSTAFF, 1986), () depends
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retirement. Finally, the sign of 8;, depends on the balance of income and price
effects, considering substitutional or complementary price effects of healthy and
risky nutrients.

Substituting (85), (86), (87), (89) after some rearrangements into (84), solving
it for optimal I;(t), and substituting optimal I;(¢) in the cost-minimal factor
input function equation (88), the resulting demand function for healthy nut-
rients g;,;(t) reads

y Bt + Pzl (90)
I g3 () = fos - (1 ¥ %) 109y () = 21, (0

-
(1 + ﬁa+ﬁlﬂ> Inw;(t) + fiol ; Inw;(t)

[)’11 A (0 [)’ a
n (.3 ﬂs)“t‘ _ (1 + Br)d

a-—1 a—-1

Wlth Bo3 - ﬁoz + a (W) and ﬁll = _% lTL 0'0.

%(315 — Ba)'Xz; ()

In Hl(t) + ﬁli’

Hence, in its reduced functional form, the derived empirical demand function for
healthy nutrients g (¢) with j = 1,2, ..., 0 can be estimated by

I (91)
I 95406 = Bos + Bao nwi(®) + 7 Y Inwi(®) + Brpy(0)
t=t*
+ Brolnpg(t) + B Inpp(t) + B2y N Hi(£) + B2 Ei(E)
+ Basti + B2a X2, () + Uy
The coefficients By, .-, B24 in equation (91) are functions of the beta-parameters
of the derived structural equation (90). According to the aforementioned para-
meter settings, comparative statics of the dietary health investment model imply
the following marginal effects on the demand for healthy nutrients. The demand

for healthy nutrients increases with an increasing wage rate (1 + Bsoj# > 0)

Since increasing wage rates increase the expenditure budgets and the value of
healthy lifetime, they also increase the demand for health investments by healthy
nutrients. Additionally, initial financial assets A(0) as well as lifetime income

also on initial wealth endowments, income, and price changes because they affect life-
time wealth. A higher lifetime wealth level raises optimal longevity and the shadow price of
health. This effect on the shadow price of health is assumed to be the higher as one ages be-
cause the influence of the value of life extension should dominate in the last phase of life
(EHRLICH and CHUMA, 1990).
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represented by Z - Inw(t) increase the demand for healthy nutrients by
higher household budgets and an increased demand for health and longevity
(EHRLICH and CHUMA, 1990). Furthermore, given the assumption of decreasing
returns to scale in health investments, the model implies a rising demand for

healthy nutrients with a worsening health status ( (1+BZ)“ < 0) Considering

the demand for healthy nutrients, a worsening health status raises the relative
shadow price of health capital, which has to equal the marginal costs of health
investments under conditions of optimality. Assuming decreasing returns to
scale and hence a convex dual cost function of health investments, higher mar-
ginal costs of health investments are associated with increased investment levels.
To conclude, a worsening health status results in an increased demand for health
investments and thus an increased demand for healthy nutrients. Moreover,
the efficiency of the health investment production process is determined by the
level of dietary knowledge. Higher nutritional knowledge increases the efficiency
of producing health investments by healthy diets and thus reduces the marginal
costs of health investments. For an optimal level of health investments in t, the
individual has to increase the amount of health investments until the marginal
investment costs again equal the current relative shadow price of health. There-
fore, better nutritional knowledge raises the demand for health investments

and healthy nutrients (B6 > 0)

According to the law of demand, the relative intake of healthy nutrients decree-
ses with increasing implicit prices of healthy nutrients (represented here by index

pg (1)), ceteris paribus. This negative effect is replicated by — (1 + M) <0.

The impact of risky nutrient prices (represented here by index p,, (t)) on healthy
nutrient demand is determined by the interplay of income effects and the re-

spective cross-price effects. If there exists a complementary price effect or if the
a lngz(t)
—= < 0.If

npp(t)
0 Ingi(t)

the substitutional price effect is larger than the income effect, then 3y ()

Furthermore, dietary choices are assumed to be affected by the effects of the
control variables of vector X, (t), which account for consumers’ different preferen-
ces and beliefs. Thereby, most empirical studies control for influencing effects of
gender, race, household size, number of children, and settlement type (see e.g.,
THIELE et al., 2004; BINKLEY and GoLUP, 2011). Regarding the subjective discount rate
it is assumed that the more individuals care about future anticipated health situa-
tions by lower rates of time preference, the more they engage in sports, avoid
smoking, or demand adequate healthy nutrient intakes (see e.g., ROsSIN, 2008;
LAwLEss et al., 2013; CAVALIERE et al., 2014). Hence, this trade-off between current

income effect is larger than the substitutional price effect, then
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and future utility explains why consumers often choose rather unhealthy dietary
patterns despite being sufficiently knowledgeable about healthy eating patterns
(BisoGNiI et al., 2012). The degree of urbanization may indicate the potential for
home food production, food accessibility, and distinctions in the social, cultu-
ral, and economic environment (ADRIAN and DANIEL, 1976). For an overview of the
comparative statics see Table 18.

Table 18: Comparative statics for the demand of healthy nutrients

Explanatory variables Demand for good nutrients In g;,(t)
Magnitude Sign
Inw: () 1 _ Psd + P1od Bsd + P1od
() Pro=14+—=s—7— l+=e—7—>0
-
Z Inw;(t) 7 P17 = &Biol &ﬁiol >0
t=t*
A;(0) 1 18 = éﬁill &ﬁill >0
Inpy ()1 o = — <1 + 13750;4;!1130!) - <1 + 575‘;*;5113“> <0
P4 —Bis _ (<Oiff By >0
Inp,(0) 1 = -t &_1_.{20”%49
1+ B)d 1+ p,)d
InH,() 1 By == 2 _ﬁzl)"‘ ¢ . _321)“ <0
AGK 22 = :6_‘11 ‘56_“1 >0
(Bs = Bs)at
o Po="—g=1 ’
. o
X1 Bos = =57 (Bis —Bu) ?

Note:  Upward arrows 1 indicate a monotonic increase of the independent variables, while +
and - indicate monotonic increasing and decreasing functions, respectively.
* This holds for each element of X, and the respective elements of 15 and B,.

The theoretical implications of equation (91) are in line with similar findings of
empirical studies, which show that dietary quality by healthy nutrient intakes
tend to enhance with increasing wage rates. Several studies estimate positive
income elasticities for their selected healthy nutrients (AGUIAR and HURsT, 2005;
Tian and Yu, 2013). Furthermore, healthy nutrient intake is found to increase with
higher nutritional knowledge (see, e.g., IRALA-ESTEVEZ et al., 2000; CHERN, 2003;
Kim et al.,, 2003b). Considering the marginal effect of nutrient prices, ALLAIS et al.
(2010) show for France that vitamin C intakes decrease with increasing healthy
nutrient prices. For cross-price effects, ABDULAI and AUBERT (2004) show that
healthy nutrient intakes decrease with increasing risky nutrient prices. In addi-
tion, after compensating for the respective income effects, NICHELE (2003) shows
negative cross-price effects between vitamin- and mineral-dense vegetables and
animal fats, a food group high in saturated fats.
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Furthermore, previous empirical studies found a positive association between
age and dietary quality (SCHROETER et al., 2010; BINKLEY and GoLLUP, 2011). This
might be attributable to two factors. First, aging means more time to enhance
nutrition knowledge by new information gathered and more experience. Second,
aging comes along with a generally lowering health status since health stock
depreciates at an increasing rate (EHRLICH and CHUMA, 1990; VARIYAM, 2003). Both
factors increase the demand for healthy nutrients and thus dietary quality. Yet
controlling for nutrition knowledge or other influencing variables (such as the
health stock variable), the effect that aging has on a healthier diet is often not sig-
nificantly positive or even negative. For example, THIELE et al. (2004) do not find a
significant association between age and adequate nutrient intakes for women.
Furthermore, CHERN (2003) does not find a significant marginal effect of age on
the consumption of fresh fruits and vegetables. With the dietary health invest-
ment model, healthy nutrient intakes are now separately explained by nutrition
knowledge, health stock, and aging.'® Thereby, the marginal effect of age on
the demand for healthy nutrients may be positive or negative, depending on the
different effect sizes of age on health stock depreciation and on the relative sha-
dow price of health during aging.

5.3.3.3 Demand for risky nutrients

Besides the demand for healthy nutrients, the concept of dietary quality also
calls for moderating the intake of risky nutrients. For this purpose, the equilibrium
condition (82) for risky nutrient consumption b (t) can be rewritten in logarith-
mic form by

U.

In abf =g, (0) + (r — pt; = Inn; () + Inyy + Inips,(0) (92)
fii

with ¢3,i(t) = m(pCI;Vf L

where 13 points to the market price health cost ratio of risky nutrient b;(t), i.e.
one plus the cost ratio of the implicit market price of risky nutrients relative to
the corresponding health impact valued at the relative shadow price of health
capital. Here, bz generally stands for every risky nutrient by with f = 1,2, ..., n.

The following specifications are needed to derive a demand function for risky
nutrients. Based on WAGSTAFF's (1986) utility function for healthy days, the mar-
ginal utility of risky yet tasty nutrients is approximated here by

194 When estimating the health capital coefficient it is important to take care of possible en-
dogeneity problems in the way that people who eat healthy are supposed to be generally
healthier (see footnote 107).



Russian demand for dietary quality 147

ou; -
Wfi = Pas Bae by (02677, (93)

with f,5 > 0and 0 < S, < 1.

Similar to the parameterization of MACURDY (1981), In ¢4 (0) is approximated as
a linear function of characteristics X, (t), the natural log of wages w; (t), and ini-

9240 - and

tial wealth A;(0). Concavity of preferences implies that 340)

Z(CJ—A((;)) < 0.Therefore, In ¢,4,(0) is assumed to be estimated according to
™

194, (0) = B2y X1 () = ) fog Inwi(t) = BaoAs(0) (94)
t=t*

with B,g > 0, and B, > 0. Again, the age t* is the average age of leaving
school or vocational training, i.e. the age of individuals earning their first wages.
Age T* is the average age at retirement.

The health impact rate only matters in the individual’s decision process if the
individual has complete knowledge about the negative health impact. Hence,
in this empirical model In yf is approximated by

Inys = Bso E; (). (95)
For constant y, the logarithmic market price health cost ratio ¥3,(t) is approxi-
mated by

Inys,;(t) = 332 ln Pu(t) — B3z ti + Baa Xg,i(t) + B35 Inpg(t)

Zﬂ36 Inw,() = Bar I wi(6) — aai (0) o)

with B35, B33, B35, ..., B35 > 0. The parameters of vector B34 are expected to
have the same sign as those of B,. According to equation (96), the vector of the
market price-health cost ratio is approximated as a linear function of initial wealth,
lifetime income, personal characteristics, the implicit market prices of risky nu-
trients but also the implicit market prices of healthy nutrients as well as time and
wage rate effects on the relative shadow price of health. This is because, dictated
by a declining age-health profile (EHRLICH and CHUMA, 1990), the relative shadow
price of health capital tends to increase and the market price-health cost ratio
tends to decrease with aging. Furthermore, higher wage rates raise the mar-
ginal efficiency of health capital. Therefore, for an optimal stock of health capital,
the shadow price of health capital has to increase, thus causing a decreasing
market price-health cost ratio, ceteris paribus. Also, healthy and risky nutrient
prices affect the relative shadow price of health n(t) through ¢, (t) and, hence,
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the market price health cost ratio. Additionally, an increase of the risky nutrient

( )
assumed here that 5, > ;4 because S5, is supposed to be mainly driven by

the direct effect of Inp, on Inis;(t), while B;, mirrors mainly the indirect
effect of In p,, on the relative shadow price of health (see equation (89)), con-
sidering the possible effect sizes of income and substitutional or complemen-
tary price effects.

Substituting condition (87) considering optimal health investments I;(t) as well
as the functional approximations (93), ..., (96) in the optimality condition (92),
the demand function for risky nutrients by ; reads

Inbz;(t) = Bos + 3371__—%226_11n w; (t)
-
,828 + B36 — B1o B9 + B3g — P11
WZ wilt) + =g Ai(0)
_ Bs2 = Pua /314 ,335 ,313
2
+1_ﬁ lH(t) T B
B3 + B33 +7”_ﬁ9— '
1 1—= B '
+ 1-5 (Ba — B1s — B27 — B34) X2, (t) + iy
26
with By, = % and iiy; = Bl:f_ol'

Therefore, framed within the context of the dietary health investment model,
the empirical demand function for risky nutrients b (t) with f = 1,2,...,n can
be estimated by
™
by i(8) = Bos + Bao W) + Bao ) Inwi(t) + By Ar(0)
t=t* . (98)
+ Baz Inpp () + Bas g (t) + Bas I H; (t) + Paski(t)
+ Basti + Baz' X2, (0) + Uy,

As with the demand function for healthy nutrients, the coefficients S, ..., B47 in
equation (98) are functions of the beta-parameters of the derived structural
equation (97). According to the assumed parameter specifications, the higher
the wage rate, the higher the relative shadow price of health, ceteris paribus.
With a higher relative shadow price of health, the marginal effect of a wage rate
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increase on the demand for risky nutrients works through two different channels.
The first one draws on health capital efficiency because risky nutrient intakes
reduce future productivity. Therefore, given the optimality condition (92), the
higher the relative shadow price of health is, the higher the optimal marginal
utility of risky nutrients will be, ceteris paribus. Implying concavity of preferences,
a higher marginal utility of risky nutrients is linked with a lower optimal demand
for risky nutrients. The second effect addresses the market price health cost ratio

with the term (n Z’)’y ) which is reduced by an increased relative shadow price
By

of health. Given optimality, this effect reduces the optimal marginal utility of
risky nutrient consumption, ceteris paribus. Therefore, assuming concavity of
preferences, the demand for risky nutrients will increase. To conclude, if the
income effect on In3;(t) is considerably large with respect to the income

a i ise, i
2029 5 0. Otherwise, it

effect on the marginal relative costs of health, then >
a lnw;(t)

. ., 0lnbgi(t)
tends to be negative with Bimwit)

risky nutrient consumption reduces future productivity. Therefore, the specific
effect of increasing wage rates depends on the relative magnitude of both ef-
fects, an interaction that may explain varying empirical findings regarding in-
come effects on the healthiness of diets (see e.g., THIELE et al., 2004; AGUIAR and
HuRsT, 2005; BEATTY and LAFRANCE, 2005). In addition, if the effects of lifetime in-

come and initial financial assets on the cost ratio ( (p” ) and the shadow price

n()yy
of wealth are stronger than on the shadow price of health (by increasing the
demand for health and longevity), then lifetime income and financial assets will
have a positive effect on the demand for risky nutrients. This phenomenon has
been extensively discussed in the nutrition transition literature on western diets
(e.g., PoPKIN and NG, 2007).

< 0 for a well-informed consumer because

Furthermore, in line with demand theory, increasing implicit risky nutrient prices
negatively influences the demand for risky nutrients. The marginal effect of
implicit healthy nutrient prices on the demand for risky nutrients depends on
the interplay of income effects and the respective complementary or substitu-
tional cross-price effects. Another interesting result is that the higher the stock of

health capital, i.e. the better the health status, the higher the demand for risky
nutrients (1”52 ) Argumentum e contrario, the lower the health status and the
P26

sicker the individual, the more the individual tries to avoid consuming risky
nutrients. Hence, the more valuable health, the greater the individual’'s emphasis
on healthy nutrient consumption and the lower the individual’s risky nutrient

consumption. Furthermore, the demand for risky nutrients decreases with higher

nutrition knowledge (— f%) Again, other important explanatory variables

26
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of dietary choices are captured by vector X, (t). Regarding the subjective dis-
count rate, it is assumed that the higher the individuals’ time preference, i.e. the
more emphasis placed upon immediate gratification, the more unhealthy diets
are consumed, even if nutrition knowledge might be high (see e.g., KomLOs et al.,
2004; LAWLESS et al., 2013; CAVALIERE et al., 2014). For an overview of the discussed
comparative statics see Table 19.

Table19: Comparative statics for the demand of risky nutrients

Explanatory variables Demand for risky nutrients In by ;(t)
Magnitude Sign
_PBar— P21 Bsz =Biz—=1 _(>0iff Bsy—P1>1
ln'wi(t)T 39 1— B 1— By _.{SOiffﬁy_ﬁlel
< ; 01 _ Bag + P36 = Pro B2s + B3s — Pio __{>0iffﬁzs+,335>ﬁm
[:Zt.nWi() w0 1_ﬁ26 1_ﬁ26 o SOiffﬁzs"’Bssgﬁm
A,00) 1 =ﬁ29+ﬁ38_ﬁ11 Bao + Bss — P11 =_{>0iffﬁ29+ﬁ38 > By
' " 1= B 1=Pos  (SOUff oo+ Bre < By
_ _Bss—PBis _Bss = Biz _ (> 0iff Bss < Pi3
O Pe= ", T P N
Inp,(t) 1" pus = £ jz__ﬁf - £ jz__ﬁf <0
_1+B 145,
InH(®) 1 Bus =1 s T >0
B T - _ 30 _ 30 0
E(t) Bas 1 _/;zav 1-B, <
¢ 1 46=33+ﬁ33 +r—PBy —p 2
1- ﬁZG
_ (Bs = Bis — Baz — P3a)
X, () T 47 1- B ?

Note: Upward arrows 1 indicate a monotonic increase of the independent variables,
while + and - indicate monotonic increasing and decreasing functions, respectively.
" This holds for each element of X, and the respective elements of B4, B1s, B27

and B34.

Just as for healthy nutrients, the implications of the structural demand function
for risky nutrients reflect general findings of empirical studies. Regarding the
marginal effects of wage rates, empirical studies indicate different or not signifi-
cant effects of increasing wage rates on the demand for risky nutrients, especial-
ly for fatty acids in a western context (e.g., THIELE et al.,, 2004; AGUIAR and HURST,
2005; BEATTY and LAFRANCE, 2005; TiAN and Yu, 2013). Conflicting effects of increa-
sing wage rates can be explained by the varying importance between indivi-
duals concerning their health capital efficiency and market price to health cost
ratio. Approximating nutrition knowledge by educational achievement, the
studies of VARiYam (2003) and AsDULAI and AUBERT (2004) show that total fat, satu-
rated fat, and cholesterol intake decrease with more years of education.
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Regarding the implied effect of health on the demand for risky nutrients, Kan
and YEN (2003) show that the better the health status of individuals, the more
eggs they consume, considering the health risk information of cholesterol and
controlling for age and education. ZHAO et al. (2013) find for Chinese consumers
that upon being informed of having hypertension, consumers significantly re-
duce their fat intakes. Approximating nutrition knowledge by educational
achievement, VARIYAM (2003) and ABDULAI and AUBERT (2004) show that total fat,
saturated fat, and cholesterol intakes decrease with more years of education.
For own price effects of fats, TiFFiIN and ARNOULT (2010) for the U.K. as well as NICHELE
(2003) for France report negative own-price elasticities for fats and oils. Further-
more, as the above mentioned theoretical derivations show, cross-price effects
depend on the balance of income effects and substitutional or complementary
price effects. Along these lines, NICHELE (2003) shows positive cross price effects
between animal fats and fruits, but negative cross-price effects between animal
fats and vegetables or grain products. TIFFIN and ARNOULT (2010) show all cross-
price effects to be negative, indicating complementary relationships. Further-
more, empirical studies often find a reduced intake of risky nutrients with increa-
sing age (e.g., GERMAN NUTRITION SOCIETY, 2012). This can be explained by higher
nutritional knowledge, less income (pensions), lower health stocks, or generally
less physical activities and hence reduced energy expenditures. With the dietary
health investment model, it can be separately controlled for these effects in
order to show the responsible causal pathways.'%

5.3.4 Graphical description of the dietary health investment model

A geometric description of the model’'s dynamic optimization process is pro-
vided in Figure 14 by a four-quadrant approach. With its focus on dietary quality,
the figure includes central features of the presented dietary health investment
model. Thereby, for graphical clarity, the model assumes here only one healthy
nutrient g(t) and one risky nutrient b(t). Nevertheless, the implications of
Figure 14 do not change in the case of more than one nutrient each.

Starting with the inter-temporal utility maximization problem presented in
quadrant | and I, the individual chooses the system dynamic optimal values of
investment in health I (t) and the consumption of b(t) that maximize the present
value of utility. Optimal investment in health I*(t) is achieved at the point at
which the increasing function of marginal costs of health investments intersects
the horizontal curve of the relative shadow price of health capital in t. This is
shown in quadrant |, together with the optimal health stock H*(t). The optimal
health stock is determined at the point where the horizontal curve of marginal
cost of health capital (MCC) intersects with the curve of the marginal efficiency

195 Parts of chapter 5.3.2 and 5.3.3 are based on BURGGRAF et al. (2016b).
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of health capital (MEC; see EHRLICH and CHUMA, 1990). Having H*(t) and I*(t)
specified, the focus now turns toward quadrant Il, in which the optimal demand
for risky nutrients is determined. For this, the decreasing function of marginal
utility of consumption of b(t), subjectively discounted and normalized with
@4(0), has to intersect the marginal cost function of the consumption of risky
nutrients. These marginal costs of the consumption of risky nutrients comprise
the implicit price of the risky nutrient and the corresponding health deteriora-
tion by y(t) valued at the relative shadow price of health (t).

Figure 14: Four-quadrant framework
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Source: Own presentation.

Note:  The quadrants are numbered counter-clockwise starting from the upper-right quad-
rant. MCC indicates the marginal costs of health capital and MEC indicates the marginal
efficiency of health capital. For illustration purposes, it is assumed that A(t) = 0,
q(t) = 0. Additionally, for simplicity, it is assumed that 1 (t) and MCC would follow a
horizontal line, see, for example, the MCC illustration of EHRLICH and CHUMA (1990).



Russian demand for dietary quality 153

In quadrant lll the intra-temporal cost minimization problem is displayed. Given
the utility maximizing level of health investments I*(t), consumers specify the
optimal input bundle of good nutrients g*(t) and time m*(t) that minimizes
short-run costs, subject to the constraints imposed by the according production
function and resources. In order to keep Figure 14 as simple as possible, it is
assumed that the consumption of non-food products equals zero. Furthermore,
wealth cannot be withdrawn to following periods in this illustration. Hence, the
y-axis of quadrant lll reflects the available amount of healthy time after reducing
sick time from total time per period. Likewise, the x-axis of quadrant Ill reflects the
expenditures for nutrient inputs, either healthy or risky nutrients. In this illustra-
tion, implicit prices of healthy and risky nutrients are normalized to one. Hence,
the displayed quantities directly reflect expenditures. Healthy time available for
health investments or labor work is determined by the concave functional rela-
tionship between health capital and healthy time, which is illustrated in quad-
rant IV. The resulting conceivable allocation of time to wage-earning activities is
illustrated by the income-leisure line of quadrant Ill. Non-wage income from in-
terest and other earnings results in a shift of this income-leisure line at the maxi-
mum level of healthy time. The income-leisure line displays the standard labor-
leisure trade-off (GoODMAN et al., 1999).

In the optimum, the consumer chooses how many hours to work, how much
time to invest in health activities, and how much income to spend either on
healthy or risky nutrients. Therefore, quadrant Ill indicates how the optimal
amounts of health investments I*(t) and risky nutrients b*(t) are produced.
Each efficiently produced combination of I(t) and b(t) corresponds to a single
Edgeworth box; with bad nutrient production in the northeast corner and health
investment production in the southwest corner. The box’s height indicates the
amount of time used for health investment. The box’s width indicates the amount
of income that is allocated between the expenditures for healthy nutrients and
the expenditures for the consumption of bad nutrients. The contract curve of
the Edgeworth box, which shows all pareto optimal combinations of time and
income for the production of I(t) and b(t), lies for this problem on the x-axis
since the production of bad nutrients is 100 % capital intensive. This contract
curve, displayed by the shaded line, entails a point that indicates the optimal
combination of healthy nutrients g*(t) and time m*(t) to produce the optimal
health investment I*(t) (see quadrant I) and the optimal amount of the risky
nutrient b* (t) (see quadrant Il). This optimal combination is displayed at the point
where the production isoquants for I*(t) and b*(t) intersect on the contract
curve.

Because of the motion in an individual’s health and wealth, for example, by in-
come, health depreciation, or the optimal amounts of health investments and
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risky nutrients in t, the shadow prices ¢, and ¢y and therefore n will be reva-
lued in t + dt. Hence, the optimal stock and flow values have to be recalculated
for the time t + dt in order to best proceed to the terminal time T by a systema-
tic interactive procedure.

5.3.5 Empirical application of the dietary health investment model
5.3.5.1 Variable description

To empirically estimate both the demand function for healthy nutrients (91) and
the demand for risky nutrients (98), the variables of the theoretical model have
to be operationalized in order to appropriately employ information presented
in the RLMS-HSE data set. To measure the adequate intake of healthy nutrients,
the assortment of vitamins and minerals is manifold. Again, the selection of ana-
lyzed nutrients in this panel analysis draws upon actual deficiency problems in
Russia: fiber, vitamin A, vitamin B1, vitamin B2, vitamin B12, vitamin C, vitamin E,
as well as calcium. For problems of excessive intakes, the intakes of fatty acids and
saturated fatty acids are analyzed.'® Again, intake recommendations are taken
from official Russian recommendations provided by TUTELIAN et al. (2008).

The income and health variables of the theoretical model are operationalized
according to the discussion presented in chapter 5.2.5.2. This means that the
household income variable used in this analysis is the real household income
generated by RLMS-HSE, which accounts for both labor and non-labor income.
Regarding GROSSMAN’s explanatory health stock variable in the sense of overall
health status, a single reported health problem cannot appropriately measure
the latent variable overall health. Nevertheless, an overall health index could be
constructed based on the occurrence of various health problems. The incidence
of these health problems can be objectively measured (e.g., by the question
"Have you ever been diagnosed with diabetes?"). However, the selection of neces-
sary health problems and the determination of their weights for index construc-
tion are rather subjective (GERDTHAM et al., 1999). Furthermore, a dichotomous
variable such as being diagnosed with diabetes does not provide a rank concer-
ning how strongly health is affected. Alternatively, a self-reported health status
variable provides a categorical measure of overall health and is most often used
in empirical studies (see, e.g., GROSSMAN, 2000). Nonetheless, as with the con-
structed health index, self-reported health is not an objective measure. How-
ever, according to GERDTHAM et al. (1999), an objective measure of overall health
status does not exist. The authors show in their study that self-reported health
should be preferred because it works best in their empirical analysis and is more
practicable. Thereby, information on self-reported health is directly provided

1% See the according discussion in chapter 4.2.3.2 and footnote 28.
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by the RLMS-HSE data set. Furthermore, because the RLMS-HSE data set does
not provide information on nutrition knowledge E (t), this variable is approxi-
mated here by the maximal educational achievement E (t), as is commonly done
in diet quality studies (see, e.g., ADRIAN and DANIEL, 1976; KANT et al., 2000; VARIYAM
2003). Again, the maximal educational achievement variable is categorized in
a way that the lowest value of zero indicates the education of a person without
any diploma from a high school, technical trade school, manufacturing trade
school, or manufacturing department training program. The highest possible
value of five indicates the educational achievement of a person with a diploma
either from a graduate school or residency program.

Although the implicit prices of risky as well as healthy nutrients are not directly
observable, they can be estimated by hedonic price equations. Here, the ap-
proach of Morse and EASTWOOD (1989) is followed by aggregating nutrients to dif-
ferent nutrient groups. The authors’ aggregation procedure reduces correlations
among nutrients when estimating implicit prices. Furthermore, attributed to the
consumers’ weak understanding and memory of implicit nutrient prices, it is
more reasonable to assume that consumers untangle food prices to implicit pri-
ces of broader nutrient groups rather than single nutrient prices. Consequently,
nutrients are aggregated by the following two categories: a healthy nutrient
category comprising vitamins and minerals and a risky nutrient category com-
prising total fatty acids and saturated fatty acids. The estimation procedure of
the yearly Russian implicit price indices p, (t) and p,(t) for these two categories
is based on the food prices of the RLMS-HSE community price data. Such a calcu-
lation of implicit nutrient prices considering information of more than one food
group is appropriate since the selected vitamins, minerals, and fats are general
characteristics of all applied food groups. The results of the hedonic price regres-
sions per survey year are presented in Appendix 3 Table A5, and a full sum-
mary table of variables employed in the empirical model is provided in Appen-
dix 3 Table A 6.

5.3.5.2 Estimation procedure and empirical results

The demand functions for healthy nutrients (91) and risky nutrients(98) are esti-
mated with the maximum likelihood estimator using a mixed effects random
intercept model. The mixed effects random intercept model is a more elabo-
rate version of the basic random effects model because it also allows the inter-
cept to vary across individuals to account for individual effects and to lead to
more efficient estimates (CAMERON and TriveDI, 2010). The fixed effects model
would allow causality to be inferred because it permits the time-variant regres-
sors to be correlated with the time-invariant component of the error term, while
the random effects model is inconsistent in case of this form of endogeneity.
Nevertheless, the use of a random effects model is more appropriate for this
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study due to the following reasons. First, the random effects model allows one
to include model-specific but time-invariant regressors such as education level,
initial wealth, and permanent income into the estimation model. Coefficients
of time-invariant regressors cannot be estimated with the fixed effects model.
Second, the random effects model considers both between-variation (across
individuals) and within-variation (over time for each individual), while the fixed
effects model uses only within-variation. Given low within-variations yet con-
siderably high between-variations of the above described independent variables
within the RLMS-HSE data set, within-estimates of a fixed effects estimator would
entail a great loss of efficiency. Especially the inefficiency regarding slowly-moving
variables such as health leads to highly sample-dependent, unreliable and im-
precise point estimates with little explanatory power since the influence of the
error on the estimated coefficients becomes larger as the inefficiency of the
estimator increases (PLUMPER and TROEGER, 2007; CHRISTEN and GATIGNON, 2009;
BREUSCH et al., 2011; CLARK and LINZER, 2014; BELL and JONES, 2015). Third, endoge-
neity resulting from uncontrolled confounding variables is considered to be re-
duced by implementing a number of additional socioeconomic, socio-demo-
graphic, lifestyle, and regional variables. Furthermore, the estimation of a ran-
dom intercept model is a possible approach to model unobserved heterogeneity
resulting from unconsidered unobservable variables such as attitudes or ability
(CAMERON and TRIVEDI, 2005). This is because the random intercept model assumes
that the regression intercept varies across individuals.'”’

Based on the above discussion of the theoretical dietary health investment model,
it is assumed here that the true estimation model is correctly specified. Normali-
ty of residuals has been checked by a visual inspection of the produced kerned
density plots compared to an overlaid normal density plot. Thereby, it has to
be noted that the estimation procedure is based on a data set with a considerably
large number of observations. Considering the problem of unusual and influen-
cing data, all observations with a studentized residual larger than |3| have been
individually checked and removed as necessary. Furthermore, correlation coeffi-
cients of the explanatory variables as well as the results of the variance inflation
factor (VIF) with a mean VIF equal to 2.29 do not indicate severe problems of

197 Endogeneity problems regarding dietary intakes and overall contemporaneous health
states might arise because nutrient intakes are expected to change subsequent health by
health investments or detrimental health effects. Therefore, a fixed effects model has also
been estimated. The resulting R? of the fixed effects estimates are on average about 0.04
(see also STILLMAN and THOMAS, 2008). Nonetheless, the fixed effects income coefficients show
the same patterns of significance and deviate only slightly from the presented random ef-
fects results. While some of the healthy nutrient price elasticities become insignificant, the
fixed effects (saturated) fat price elasticities tend to be even higher (in absolute terms) than
those of the random effects model.
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multicollinearity, i.e. the variance of the considered coefficients is not severely
inflated by multicollinearity. Additionally, robust standard errors of the random
intercept model are estimated to obtain standard errors that are robust to the
presence of heteroskedasticity and cluster effects. Robust standard errors are
thereby clustered at the individual level. The estimated coefficients of the de-
mand functions for healthy and risky nutrient intakes are presented in Table 20.
These results are presented both separately for each nutrient and as aggregated
measures for healthy and risky nutrients. The aggregated nutrient intakes are
presented as scores that are calculated as equally-weighted means of separate
nutrient intakes.
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160 Russian demand for dietary quality

The results in Table 20 suggest that the adequate consumption of vitamins and
minerals tends to increase with increasing incomes Y (t). The estimated income
elasticity for the demand of healthy nutrients suggests that if income increases
by 1%, the consumption of vitamins and minerals tends to increase by 0.051 %.
According to the Grossman model, increasing incomes raise expenditure bud-
gets and increase the value of a healthy lifetime, thereby increasing the demand
for health investments. Since the healthiness of fruits and vegetables is a general-
ly well-known fact among Russian consumers (HONKANEN and VOLDNESS, 2006),
Russians invest in their health with higher intakes of vitamins and minerals.
However, as indicated by the definition of nutrition transition, results show that
fiber intakes tend to decrease with increasing incomes. Therefore, the impor-
tance of fiber-rich whole grain products as health investments seems to be rather
disregarded in nutritional awareness during nutrition transition. Furthermore,
in line with the results of TIAN and Yu (2013) for Chinese nutrient income elastici-
ties, vitamin E is not significantly affected by income. With respect to initial wealth
A;(0) and cumulated lifetime income Y7_,. In w; (t), the empirical results imply
only a small positive association with healthy nutrient intakes in few cases.

Furthermore, the results imply a negative association between the health status
H(t) and the consumption of healthy nutrients, because a worsening health
status raises the marginal utility of health. Therefore, it is optimal for the indivi-
dual to increase the amount of health investments through healthy nutrients if
health status is decreasing. Moreover, the estimation results imply that higher
educational levels tend to raise the demand for health investments and healthy
nutrients; again except for fiber and vitamin E. This result can be explained by
the fact that the efficiency of health investments is determined by the level of
dietary knowledge, which is proxied here by the maximal educational level E; (t).
Greater nutritional knowledge increases the efficiency of producing health in-
vestments by healthy diets and reduces the marginal cost of health investments.
Finally, according to the law of demand, the consumption of healthy nutrients
tends to increase with decreasing implicit prices for healthy nutrients pg (t), ex-
cept for vitamin E."%®

Several control variables show significant associations with healthy nutrient con-

sumption. For the lifestyle variables, the presented results suggest a significantly
negative association between smoking and healthy nutrient intakes and a

1% Two reasons might possibly explain this finding. First, the content of vitamin E is signifi-
cantly correlated with fat content (correlation coefficient r=0.61) such that the implicit
price of risky nutrients possibly covers the price effect of healthy nutrients. Second, one
anonymous reviewer noted that the own-price elasticity of vitamin E might be biased
due to informal freshwater fishing, especially by poor households; some fish species
contain a considerable amount of vitamin E (LALL and PARAZO, 1995).
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significant positive association between doing sports and the intake of the most
well-known healthy micronutrients, namely vitamin A, vitamin C, and calcium.
Such lifestyle variables can be interpreted as proxies for the ability to anticipate
future health outcomes of today’s discretionary choices and how future bene-
fits are discounted considering an individual’s rate of time preference. The better
individuals are able to anticipate future health outcomes and the more they care
about their anticipated outcomes by lower rates of time preference, the more
they generally engage in sports, avoid smoking, or ensure adequate vitamin and
mineral intake (see, e.g., ROSIN, 2008; LAWLESS et al., 2013; CAVALIERE et al., 2014).

Other socioeconomic variables controlled for include age, gender, household
size, share of children in the household, settlement type, and the use of a garden
to grow fruits and vegetables. Results suggest that the higher the share of
children per household, the lower the consumption of fiber (see also, NORDSTROM
and THUNSTROM, 201 1) and vitamin E, while the consumption of calcium tends to
increase. In line with THIELE et al. (2004), the estimation results of this study also
show that men tend to have higher vitamin and mineral intakes than women.
Furthermore, the intakes of vitamins and minerals are possibly more deficient
with increasing age. Both results can be explained by the fact that women and
older people generally eat less, which has a negative effect on the adequate in-
take of vitamins and minerals (THIELE et al., 2004). Moreover, in contrast to most
other national dietary guidelines, Russian nutrient intake recommendations of
the analyzed vitamins and minerals do not vary across gender and different age
groups. Therefore, the relative vitamin and mineral intakes of women and older
people with respect to the Russian recommended intake values tend to be lower
than those of young men, who usually have higher overall intakes. However,
with a higher daily food intake, not only does the intake of vitamins and nut-
rients tend to increase, but so does the intake of risky nutrients, which needs to
be moderated considering the risk of chronic diseases.

Regarding risky nutrient intakes, Russians’ tend to increase their consumption
with increasing household incomes, initial wealth and lifetime wage. The income
elasticity results imply that if income increases by 1%, the consumption of un-
healthy nutrients increases by 0.073 %, with a particularly higher income elasticity
for saturated fat of 0.127. Compared to the lower income elasticity of healthy
nutrients, this higher income elasticity of risky nutrients may be explained by the
common health-taste trade-off. Russians value today’s direct utility of tasty yet
risky nutrient consumption more highly than the according indirect positive
effect that healthy nutrients have on long-term utility via an increased future
healthy time. Moreover, with an increasing implicit price index of risky nutrients
pp (t) the consumption of risky nutrients tends to decrease. Thereby, the risky
nutrient own-price elasticity above one (in absolute values) indicates that risky
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nutrient intakes (especially for saturated fat) are relatively price elastic. By contrast,
price elasticity results of healthy nutrients imply that the aggregated healthy
nutrient intake is relatively price inelastic. Considering cross-price elasticities, in-
creasing risky nutrient prices tend to increase aggregated healthy nutrient con-
sumption, thus indicating a substitutional association between risky and healthy
nutrients. Hence, increasing risky nutrient prices are linked to two positive effects
on Russian’s dietary quality: reduced risky nutrient intakes and increased intakes
of many healthy nutrients.

Furthermore, the empirical results imply that the higher the educational level,
the higher the consumption of risky nutrients. This result does not fit the gene-
rally positive relationship found in western countries between the level of edu-
cation and healthier behaviors such as avoiding smoking, drinking or unhealthy
diets (CUTLER and LLERAS-MUNEY, 2010). However, such an unexpected positive as-
sociation between the level of education and the consumption of risky nutrients
can be explained by the low nutritional knowledge in Russia (MAzzoccH et al.,
2014). Although the healthiness of fruits and vegetables is generally well-known
by Russians, empirical studies show they have a dramatically low level of dietary
knowledge regarding the negative effects of excessive intakes of fatty foods
(HONKANEN and VOLDNESS, 2006; DELLAVA et al., 2010).'° For Russia, as well as other
countries of the former Soviet Union, a lack of governmental efforts to provide
recent nutritional knowledge on the causes of nutrition-related chronic diseases
is observed. Hence, many health professionals in the former Soviet Union coun-
tries still seem to recommend diets high in calories and animal protein without
providing sufficient counter-education about the negative health effects of satu-
rated fats (BILOUKHA and UTERMOHLEN, 2001; DELLAVA et al.,, 2010). Therefore, the
maximal educational level might not serve as a good indicator of proper nutri-
tional knowledge regarding fat intakes. Combined with the fact that Russians
have a traditional preference for meat and dairy items, which are generally high
in (saturated) fat contents, this inappropriate nutritional knowledge possibly ex-
plains the observed growth of obesity and nutrition-related chronic diseases.
The aforementioned low level of nutritional knowledge is further mirrored in the
effects of those lifestyle variables that can be interpreted as proxies for the ability
to anticipate the future health outcomes of today’s discretionary choices. A
greater ability to anticipate negative future health outcomes does not work in
a society where the risks of (saturated) fat intakes are fairly unnoticed. While the

199 HONKANEN and VOLDNES (2006) show that between 70-80 % of their interviewed Russian
women link a healthy diet with the adequate intake of fish, fruits, and vegetables, but they
generally lack sophisticated knowledge about risky nutrients. Only 20 % of them link un-
healthy diets with the consumption of fatty foods and fast food, and even less than 20 %
of them with a moderate intake of meat products, sweets, and soda.
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presented results regarding the consumption of healthy nutrients suggest that
Russians actively invest in their health by the well-known association between
healthy nutrients and positive health outcomes, Russians possibly disregard the
deteriorating health effects of risky nutrients, even if their health is already at a
lower level. More importantly, people who experience a worsening in their
health status probably eat more dairy and meat products, which are considered
important to stay healthy in the Russian climate, and thus tend to have an in-
creasing intake of risky nutrients (BILOUKHA and UTERMOHLEN, 2001). In this context,
higher risky nutrient intakes are positively associated with engaging in sport
activities and negatively associated with being a smoker. If both measures are
considered as time preference proxies, then these results are not in line with the
general findings regarding health behavior and obesity in western societies (see
e.g., KoMLOs et al., 2004; LAWLESS et al., 2013; CAVALIERE et al., 2014). Furthermore,
the estimated associations may be influenced by other unobservable effects.
For example, smoking is hypothesized to lower an individual’s body weight basis
point, which tends to result in lower calorie intake (e.g., KimokoTi et al., 2010).

Nonetheless, the estimation results of Table 20 provide only a partial view of the
important relationships regarding dietary choices. Since it is beneficial to also
describe the diet-health relationship at crucial points in the conditional distribu-
tions of the healthy and risky nutrient intakes, estimation results of the quantile
regressions at the 25th, 50th, and 75th percentiles are provided in Table 21,
Table 22, and Table 23, respectively. These quantile regression models express
the quantiles of the conditional nutrient distributions as linear functions of the
independent variables. Some of the estimated coefficients differ considerably.
Therefore, by employing a simultaneous-quantile regression with the bootstrap-
ping method, the full covariance matrix of coefficients is used to also perform a
Wald test on the hypothesis that the coefficients are the same for the estimated
quantiles.
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As can be seen, the income elasticity of the relative intake of common vitamins
and minerals such as calcium and vitamin A, B1, B12, and C tends to be higher at
the more problematic 25th percentile of the relative nutrient intake than at the
75th percentile. These results suggest that Russians with unfavorably low intakes
of these healthy nutrients would react to increasing incomes with potentially
stronger intake growth than Russians who have already more adequate intakes
of these healthy nutrients. On the contrary, the negative effect of an income in-
crease on fiber and vitamin E intakes is stronger at the 75th percentile than at the
25th percentile. Furthermore, at the lower quartiles of relative nutrient intakes,
the effect of a worsening health status possibly increases the intake of healthy
nutrients such as calcium, vitamin A, and vitamin C stronger than at the upper
quartile. The same is true for the effect of the educational knowledge on the rela-
tive intakes of calcium and vitamins A, B1, B2, B12, and C. Also, the results imply
that vitamin intakes at the 25th percentile are more positively correlated with
household farming. For calcium, the empirical results do not imply such an asso-
ciation, which is possibly explained by the fact that milk is not produced at a typi-
cal Russian datcha. Price elasticities of calcium and most vitamins are lower (in
absolute values) at the 25th percentile of relatively healthy nutrient intakes, i.e.
decreasing healthy nutrient prices would possibly lead to less effective intake
increases of vitamins and minerals at the first consumption quartile rather than
at the third consumption quartile. Considering the consumption of risky nutrients,
the estimated income elasticities of fat and saturated fat are higher at the 25th
percentile than at the 75th percentile, which implies that an increase of income
would possibly result in greater increases of the (saturated) fat intakes at the first
quartile than at the third quartile. Also, in absolute values the price elasticity of
saturated fatty acids is lower at the 75th percentile than at the 25th percentile of
the fat intake distributions. This result implies that increasing risky nutrient prices
tend to reduce the consumption of saturated fat less effectively at the unhealthier
upper intake quartile.

5.3.6 Policy implications

The empirical results of chapter 5.3.5.2 are vital for national intervention programs
designed to slow down the pandemic of obesity and nutrition-related chronic
diseases (POPKIN, 2007). Generally, there are three possible types of official inter-
vention strategies that aim to improve private food consumption behavior:
product-based, market-based, and consumer-based (FRAzZAO und ALLSHOUSE, 2003;
ROOSEN et al. 2009). Within the product-based strategies, measures such as the
state subsidized bio-fortification of staple foods may be an obvious option. This
could be supplemented with banning certain products or legally-regulated
product standards. Market-based strategies rely on changes in food prices by
either implementing higher taxes on food products with a higher density of
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calorie-intensive risky nutrients (e.g., fat taxes) or subsidizing foods with a higher
density of healthy nutrients (e.g., thin subsidies) to discourage the consumption
of risky nutrients and promote alternative healthier diets, respectively (e.g.,
DrewNowskl and DARMON, 2005; BROWNELL and FRIEDEN, 2009; POPKIN, 2011). Further-
more, governments could provide incentives for the production of predominantly
healthy foods such as fruits and vegetables while removing existing subsidies
for the production of predominantly unhealthy foods such as sugar-sweetened
beverages (DReEwNOwWskI and DARMON, 2005). Consumer-based strategies are based
on information campaigns such as the implementation of labeling policies, which
aim to raise consumers’ awareness of the nutritional value of foods consumed, or
public nutritional education programs, which target either the whole population
or different population strata such as children at school or people suffering from
chronic diseases (ROOSEN et al., 2009).

The success or failure of these intervention strategies has been assessed in various
publications (e.g., Kim et al., 2003b; FRAZAO and ALLSHOUSE, 2003; VARIYAM, 2003;
SMED et al., 2007). For example, it can be shown that labeling approaches have a
significantly positive effect on consumer’s dietary quality (Kim et al., 2003b). How-
ever, a remarkable heterogeneity of the effectiveness of food labeling on con-
sumption behavior is observed. Consumers with a higher educational level often
benefit from nutrition education and labeling approaches more strongly than
less-educated individuals (VARIYAM, 2003). Regarding the implementation of
higher taxes or subsidies on certain foods, ANDREYEVA et al. (2010) and PoweLL and
CHALOUPKA (2009) provide evidence suggesting that non-trivial pricing interven-
tions have the potential to improve dietary quality and lower obesity rates. Never-
theless, it is important to note that taxation of certain foods can have unwanted
effects on the consumption of other food products by substitution and com-
plementary associations (FRAZAO und ALLSHOUSE, 2003; SMED et al., 2007). Additio-
nally, the implementation of fat taxes alone is often considered as relatively inef-
fective because wealthier consumers are not very responsive to food prices. More-
over, fat taxes are thought to be regressive because poorer consumers generally
spend the largest share of their incomes on food. Therefore, instruments such as
fat taxes should be ideally complemented with a thin subsidy in order to encou-
rage fruit and vegetable consumption (TIFFIN and SALOIS, 2014).

Based upon the presented empirical results of the Russian demand for healthy
and risky nutrients, Russian policy makers may slow down the accelerating preva-
lence of nutrition-related chronic diseases by the discussed elements of price
regulations. That means Russian policy makers might levy higher taxes on foods
with a relatively high density of risky nutrients ("fat tax"), such as fatty meats and
snack products, and subsidize foods with a relatively high density of healthy
nutrients such as fruits and vegetables. Nevertheless, according to the quantile
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regression results, adequacy improvements by thin subsidies are probably less
effective at the unhealthier lower-healthy-nutrient-intake quartile, while modera-
tion improvements by fat taxes are probably less effective at the unhealthier up-
per-risky-nutrient-intake quartile. Furthermore, the estimated cross price elastici-
ties of the empirical analysis show that a higher taxation of fatty products would
not only improve dietary quality by the reduced consumption of energy-rich fatty
foods but also by the increased consumption of foods rich in healthy nutrients,
except for calcium and vitamin E. Yet calcium is responsible for countering the
development of osteoporosis. Hence, a reduction of the already highly deficient
Russians’ calcium intakes, mainly due to low cheese intakes, is not desirable.
Therefore, if fat taxes are introduced, the complementary association between fat
and calcium intakes accentuates the need for subsidies of low-fat but calcium-
rich food products, such as low-fat cheese.

Furthermore, households may receive some financial aid in order to increase the
consumption of healthier foods and fight micronutrient deficiencies in poorer
households. This is because relatively costly vitamin- and mineral-dense foods
such as fresh fruits and vegetables are less affordable if household budgets are
limited. Moreover, as the empirical results of the Russian demand for healthy
and risky nutrients suggest, providing financial aid and hence increasing house-
hold budgets is not only linked with an increased intake of most vitamins and
minerals, but also with an increased fat intake. Additionally, the estimated in-
come elasticities imply that fiber intakes would further decline with increasing
household budgets, as long as no counter education is provided.

Finally, a consumer-based intervention strategy aiming to improve the Russian
population’s dietary knowledge should utilize officially-promoted intake recom-
mendations, labeling approaches, and/or nutritional education programs. In
particular, information regarding health risks of excessive (saturated) fat intakes
and the importance of fiber intakes for the human body seems to be essential in
order to pave the way for Russians to adopt a behavioral change pattern with
lower fat yet higher fiber intakes, as has already been observed in many western
countries (POPKIN and Du, 2003). This is fully in line with the recommendations
of MAzzoccHI et al. (2014), who state that the level of nutrition education is poor
in Russia, and thus consumer policies targeting increasing nutritional knowledge
and awareness are highly relevant in Russia. Since it has been shown that indi-
viduals are more strongly influenced by information about risk compared to
information about benefits (KAHNEMAN and TVERSKY, 1979; TVERSKY and KAHNEMAN,
2008), health information campaigns should more strongly focus on information
about the risks of unhealthy diets rather than their benefits. Furthermore, it has
to be considered that the effectiveness of taxes, incentives, and government in-
formation policies within the Russian environment depends, inter alia, on the
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country’s macroeconomic and political stability as well as its quality of gover-
nance considering political accountability and trust in governmental institutions
(ZAGHA and NANKANI, 2005).'°

5.4 CHAPTER CONCLUSIONS

Chapter 5 provides a theoretical framework for modeling the demand for dietary
quality and applies this framework to the empirical analysis of Russian dietary
quality. This chapter starts with the introduction of GROSSMAN's health investment
model and a slight modification of the specification of the health investment pro-
duction function. Afterwards, the specifications of the demand choices for die-
tary quality are incorporated into the health investment model in order to derive
the dietary health investment model.

Thus, this chapter addresses research question 3.1 of whether GROSSMAN's health
investment model is of practical relevance for health economists. In this regard,
previous studies have criticized an existing inconsistency between the model’s
theoretical implications and respective empirical results considering the effect
of health on the demand for medical care. To analyze this research question,
GROSSMAN's standard model assumptions remain unchanged in this inquiry but
the functional specification of the model’s inherent health investment produc-
tion function has been slightly modified by employing a health investment pro-
duction function with decreasing returns to scale rather than constant returns to
scale. To the best of the author’s knowledge, this is the first study following this
approach. It has been shown that if a health investment production function with
decreasing returns to scale is applied, i.e. a more realistic assumption of increa-
sing marginal cost of health investments, the model generates a demand func-
tion for medical care that is in line with empirical findings. The analytically de-
rived structural demand function for medical care implies that the demand for
medical care increases if the individual’s stock of health capital decreases. This
implication, amongst others, has been approved by the empirical analysis of the
Russian demand for medical care. Hence, GROSSMAN’s health investment model is
of practical relevance for health economists, provided that the health investment
function is properly specified.

Furthermore, in order to apply GROSSMAN's model to the analysis of dietary quali-
ty, this chapter addresses research question 3.2, i.e. whether the health invest-
ment model is able to guide the selection and effects of the influencing factors
of dietary quality. In this regard, the modified health investment model has been
enhanced by aspects of the goods characteristics approach in order to integrate
two dimensions of dietary quality: the adequate intake of healthy nutrients as well

110 Parts of chapter 5.3 are based on BURGGRAF et al. (2015b) and BURGGRAF et al. (2016b).
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as the moderate intake of risky nutrients. The respective newly developed dietary
health investment model meets the dynamic character of health investments.
Utility-generating health states are produced by adequate intake levels of healthy
nutrients as well as by time invested in health. Furthermore, the model explains
the problematic health-taste trade-off by considering the intake of risky nutrients,
which increase utility by preferred tastes today but increase the risk of chronic
diseases in the future if consumed in excess. Based upon this dietary health in-
vestment model and considering additional assumptions and approximations,
demand functions for healthy and risky nutrients are derived whose theoretical
implications are in line with the general findings of other empirical studies. There-
fore, the dietary health investment model contributes to the literature by constitu-
ting a comprehensive theoretical framework describing the effects of diet-specific
explanatory factors.

Finally, this chapter answers research question 3.3, i.e. how Russian dietary qua-
lity is influenced by socio-economic, socio-demographic, and lifestyle factors.
Amongst others, the empirical results of the Russian demand for dietary quality
imply, on the one hand, that with higher household incomes the intakes of
healthy nutrients tend to increase, except for fiber. This development would re-
duce many micronutrient deficiencies in Russia. On the other hand, higher house-
hold incomes tend to lead to an increasing consumption of fats, which generally
causes a growing prevalence of nutrition-related chronic diseases. These effects
of increasing incomes on vitamin, mineral, fiber, and fat intakes are in line with
an ongoing nutrition transition in Russia. The estimated price elasticities under-
line the fact that lower implicit prices of vitamins and minerals would increase
their consumption, especially of vitamin C. Furthermore, the estimated price elas-
ticities of fats indicate that increased prices of fats would possibly reduce their ex-
cessive intakes. Yet, unlike what is usually found for diet quality choices in western
economies, the presented estimates for the Russian demand for risky nutrients
do not show a positive relationship between the level of education as an indicator
of dietary knowledge and the avoidance of excessive fat intakes. This result can
be explained by the fact that higher education levels in Russia do not necessarily
accompany higher nutritional knowledge, especially concerning the importance
of a moderate fat intake (DELLAVA et al., 2010).

In summary, this chapter provides new theoretical and empirical aspects on the
demand for dietary quality in Russia, which can aid nutrition policy more effec-
tively and efficiently. Nevertheless, the inquiry has some limitations. Besides the
fact that the RLMS-HSE data set is a remarkable source of information, unequa-
led by any other dataset for the Russian Federation in terms of its breadth and
depth, the RLMS-HSE provides only limited information on individual nutrient in-
takes. Furthermore, the use of educational levels as proxies for the respective
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levels of nutrition knowledge seems to be inappropriate when analyzing the Rus-
sian demand for dietary quality. Therefore, future research needs to more deeply
account for the effects of nutrition knowledge on the demand for dietary quality
in Russia, especially considering Russians’ nutrition knowledge regarding fatty
acids. Therefore, it is necessary to not only collect more elaborated food intake
data but also data on nutritional knowledge in Russia. Moreover, due to the ran-
dom effects estimation procedure, estimation results and policy recommenda-
tions need to be interpreted with care due to potential endogeneity problems.
Further research attempting to control for the potential bias of time-invariant
fixed effects is clearly required. Furthermore, the assumed specifications of the
health investment production function and the functional form of the health
impacts of risky nutrients could be improved by even more elaborate and
flexible functional forms. Finally, for future research it might be beneficial to
enhance the dietary health investment model by the variety and balance dimen-
sions of dietary quality.



6 SUMMARY AND CONCLUSIONS

6.1 SUMMARY

The increasing prevalence of diet-related chronic diseases in Russia accentuates
the need for an analysis of the Russian demand for dietary quality. Furthermore, as
Russia has been subject to severe political, social, and economic changes during
the last two decades, it is interesting to analyze to what extent such changes
have modified Russians’ demand for dietary quality. More knowledge about the
influencing factors of dietary quality, with their respective effect directions and
effect sizes, should aid nutrition policy by compiling more effective and more effi-
cient intervention strategies. Therefore, this thesis aims to provide more infor-
mation on Russians’ diet quality patterns during nutrition transition and the ef-
fects that socio-economic, socio-demographic, and lifestyle factors have on Rus-
sian demand for dietary quality. Furthermore, this thesis aims to contribute to
the methodological tools of operationalizing the latent construct dietary quality
and to the theoretical framework of analyzing the demand for dietary quality.

To meet these research objectives, the following tasks have been performed
within this thesis. Based upon household micro data for the time period 1996-
2008 of Phase Il of the RLMS-HSE data set, this thesis starts by elaborating whether
there have been major changes in Russians’ nutrition patterns during economic
transition in the sense of a nutrition transition. The term nutrition transition de-
scribes the commonly-observed pattern that improvements in per-capita in-
comes are generally linked with increased and more varied consumption of fruits
and vegetables, as well as animal products, fats, and sugar, while at the same
time fiber intakes decrease (PoPKIN and Du, 2003). Considering this definition of a
nutrition transition, it has been investigated for the Russian case whether increa-
sing household incomes are accompanied by a nutrition transition and whether
declining household incomes, during periods of economic crisis, lead to a rever-
sed profile of a nutrition transition (see chapter 3).

Furthermore, in order to analyze overall Russian dietary quality, basic theoretical
issues of the construction of dietary quality indices are compiled. Afterwards,
existing a priori dietary indices are reviewed and discussed in relation to the ap-
propriateness of their construction criteria considering theoretical considerations
or recent knowledge about diet-health relationships. According to this discus-
sion, preferable features of dietary indices are elaborated. After the selection of
the DQI-I-2003 as the most suitable index construction for transition countries,
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the DQI-I-2003 has been modified to meet the specifications of Russian nutrition
patterns, as well as the restrictions of the RLMS-HSE data set. With this modified
DQI-I-2003, overall Russian dietary quality has been analyzed (see chapter 4).

Given the operationalization of the diet quality construct, a comprehensive theo-
retical model explaining the demand for dietary quality has been developed.
Therefore, the analysis starts with the standard Grossman health investment
model. The basic assumptions of GROSSMAN's health investment model as well as
the model’s limitations are outlined. Then, a systematic English-language litera-
ture review of theoretical studies on GRosSMAN’s health investment model, which
discusses these limitations, is provided. To solve the often criticized inconsistency
between the model’s theoretical implications and empirical results, the specifica-
tion of the health investment production function was modified while the stan-
dard model assumptions remained unchanged. Considering a Cobb-Douglas pro-
duction function with decreasing returns to scale rather than constant returns to
scale, a structural demand function for medical care has been derived in the de-
terministic and stochastic model setting. Afterwards, the newly derived model
implications were tested for the Russian demand for medical care. Then the fo-
cus of this thesis is set on health investments by healthy dietary patterns. To ac-
complish this, the concept of dietary quality is discussed with respect to rational
utility-maximizing theoretical models. Based upon this discussion the dynamic
dietary health investment model was developed and solved by the maximum
principle of optimal control. Given the derived optimality conditions, the struc-
tural demand functions for two different aspects of dietary quality have been
derived. As the main task of this thesis, the dietary health investment model was
empirically employed to analyze Russian dietary quality. Finally, policy implica-
tions were drawn in order to provide more effective and efficient intervention
strategies (see chapter 5).

Performing these tasks in order to answer the theoretical and empirical research
questions of this thesis, the presented results are manifold. Descriptive results
regarding Russian food and nutrient consumption during 1996-2008 time period
confirm the assumption that Russians’ dietary patterns follow the experienced
rules of an ongoing nutrition transition in periods of economic growth. This
means that with economic growth and higher household incomes, Russians’ con-
sumption of fruits and vegetables, as well as meat products and fats have increa-
sed. Furthermore, as expected by the definition of nutrition transition, the intake
of dietary fiber has decreased with increasing household incomes. These chan-
ging dietary patterns lowered several evidenced vitamin and mineral deficiencies
but also increased energy intakes per day, raising the incidence of overweight and
obesity as well as the risk of nutrition-related chronic diseases (see research
question 1.1).
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Additionally, the descriptive analysis of Russian nutrition patterns answers the re-
search question of whether declining household incomes during periods of eco-
nomic crisis lead to a reversed profile of a nutrition transition in Russia. Conside-
ring the definition of a nutrition transition, a reversed profile of a nutrition transi-
tion can be shown during periods of economic crises such as in the year of the
Russian financial crisis in 1998. From 1996 to 1998 the consumption of fruits and
vegetables, as well as meat products, fats, and oils, decreased. By contrast, fiber
intakes are at their highest levels in 1998. This reversed profile of a nutrition tran-
sition is mirrored in the decreasing rates of overweight and obesity prevalence
from 1996 to 2000 (see research question 1.2).

For a more detailed analysis of Russian dietary quality, it is important to know how
the dietary quality of the Russian population can be most appropriately mea-
sured. Therefore, existing a priori dietary indices have been discussed in relation
to their construction criteria, i.e. theoretical framework, indicator selection, nor-
malization and valuation methods, as well as aggregation techniques. It has
been shown that the observance of the adequacy, moderation, and balance di-
mensions of dietary quality is valued as being necessary to provide an overall pic-
ture of a population’s dietary quality. The observance of the variety dimension of
dietary quality depends on the considered number of relevant adequacy indica-
tors in the index construction as well as inter-correlation problems of the variety
sub-index with other index components. Furthermore, a nested index structure is
favored, with indicators based upon nutrients or a combination of nutrients and
food groups. In order to increase discriminatory power, metric or a combination
of metric and ordinal indicator scales are considered as being beneficial, with their
feasibility depending on the nutrition intake data type at hand. Finally, a weigh-
ting system has to take into account variations in nutrient intake levels with re-
spect to variations in health outcomes as well as correlations between index
components. Based upon these objective criteria, the DQI-I-2003 was selected
for the analysis of Russian dietary quality. The DQI-I-2003 comprises a range of
most favorable construction criteria. For example, the theoretical framework of
the DQI-I-2003 coincides particularly well with an analysis of transition countries
such as Russia. Furthermore, the relatively high degree of elaborateness and its
nested structure contribute significantly to the informative value of diet quality
analysis (see research question 2.1).

After a modification of the DQI-I-2003, taking into account improvements in
methodology as well as regional specifics of the Russian diet and restrictions
based upon the RLMS-HSE data set, the Russian DQI-Imos Was empirically asses-
sed. The calculated scores of the DQI-Imoq as well as its sub-scores underline the
basic results regarding an ongoing nutrition transition in Russia. Again, it can be
shown that with economic growth and with higher household incomes, food
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variety and the adequate intakes of vitamins and minerals improve while the
moderate intakes of (saturated) fats, empty-calorie products, and total energy
worsen. Furthermore, as noted by the definition of a nutrition transition, the in-
takes of dietary fiber decrease with increasing household incomes. Finally, the
nested structure of the DQI-Imoq highlights in an excellent manner that Russians’
of different income groups as well as different economic regions have their dis-
tinct problematic areas of dietary quality (see research question 2.2).

After the operationalization of the diet quality construct, this thesis provides new
theoretical and empirical aspects on the demand for dietary quality in Russia,
which aid nutrition policy more effectively and efficiently. To properly consi-
der the aspect of dynamic health investments, it has been analyzed whether
GROSSMAN's health investment model is of practical relevance for health econo-
mists by providing a structural demand function for health investments that is in
line with empirical findings. It has been shown that if a health investment pro-
duction function with decreasing returns to scale is applied, the model generates
a demand function for health investments by medical care that is in line with
empirical findings. The analytically derived empirical demand function for medi-
cal care implies that the demand for medical care increases if the individual's
stock of health capital decreases. This implication, amongst others, has been ap-
proved by the empirical analysis of the Russian demand for medical care. Hence,
GROSSMAN's health investment model is of practical relevance for health econo-
mists, provided that the health investment function is properly specified (see re-
search question 3.1).

Furthermore, to adjust the relevance of the Grossman model to the demand for
dietary quality, the health investment model was enhanced to integrate aspects
of the adequate intake of healthy nutrients as well as the moderate intake of risky
nutrients. The resulting dietary health investment model meets the dynamic
character of health investments. Utility-generating health states are produced by
adequate intake levels of healthy nutrients, as well as by time invested in health.
Furthermore, the model explains the problematic health-taste trade-off by con-
sidering the intake of nutrients that are tasty and hence utility-generating, but
increase the risk of chronic diseases in future periods if consumed in excess. The
theoretical implications of the derived demand functions for healthy and risky
nutrients are in line with the general findings of existing empirical studies. There-
fore, the dietary health investment model constitutes a comprehensive theoreti-
cal framework describing the effects of diet-specific explanatory factors (see re-
search question 3.2).

Finally, the empirical analysis of the Russian demand for dietary quality provides
insights into the influencing effects of various socio-economic, socio-demo-
graphic, and lifestyle factors. For example, the estimated income elasticities imply,
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on the one hand, that with higher household incomes healthy nutrient intakes
tend to increase, except for fiber. But on the other hand, the estimated income
elasticities imply that higher household incomes tend to increase the consump-
tion of fats, which is associated with a growing prevalence of nutrition-related
chronic diseases in Russia. Again, these associations between income increases
and the consumption of vitamins, minerals, fiber, and fat are in line with an on-
going nutrition transition in Russia. The estimated price elasticities highlight the
fact that lower implicit prices of vitamins and minerals would possibly increase
most of their respective intakes, especially of vitamin C. Furthermore, the esti-
mated price elasticities of fats indicate that increased prices of fats would possibly
reduce their excessive intakes. Yet, unlike what is usually found for diet quality
choices in western economies, the presented estimates for the Russian risky
nutrient consumption do not show a positive relationship between the level of
education as an indicator of dietary knowledge and the avoidance of risky
behaviors such as excessive fat intakes. This result can be explained by the fact
that higher education levels in Russia do not necessarily correspond with higher
nutritional knowledge (see research question 3.3).

6.2 RESEARCH CONTRIBUTIONS

By answering the research questions of this thesis, the theoretical and empirical
contributions to the existing literature are manifold. Beginning with the theo-
retical contributions, this study first offers a discussion of preferable features of
dietary indices and provides an elaborated summarizing toolbox for nutritionists,
which helps them to identify those indices whose construction is most approp-
riate, considering their respective study aim as well as restrictions given by the
study target-region and available dietary intake data. Second, the thesis offers a
methodological contribution by aligning the DQI-I-2003 to the country-specific
needs of Russia and to technical requirements of a statistically sound composite
index. Third, this inquiry solves the often criticized inconsistency between the
Grossman model’s theoretical implications and empirical results, emphasizing its
practical relevance. Specifying the model’s inherent health investment produc-
tion function to be of decreasing rather than constant returns to scale, it has been
shown that the standard Grossman model generates a reasonable demand func-
tion for medical care, which now implies that sick people use more medical care.
Fourth, the health investment model has been enhanced to the newly deve-
loped dietary health investment model, which (i) incorporates basic aspects of
LANCASTER's goods characteristics approach, (ii) explains the intertemporal
health investment character of vitamin and mineral intakes, (iii) considers the
health-taste trade-offs of palatable yet risky nutrients, and (iv) generates a struc-
tural demand function for health investments by healthy nutrients that implies
sick people demand more health investments. The dietary health investment
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model constitutes a comprehensive theoretical framework guiding the selection
of diet-specific explanatory factors and describing their effects. Hence, with this
inquiry, a reasonable theoretical basis for future empirical work on dietary be-
havior is provided, which aids nutrition policy.

Based upon the aforementioned methodological tools, the following empirical
findings have been provided by this thesis. First, given the tremendous changes
in economic, political, and social conditions during the last two decades in Rus-
sia, as well as the fact that diet-related diseases are of major concern to Russian
authorities, a analysis of the Russian nutrition transition is provided. Thereby, this
study presents a hitherto missing analysis of the Russian nutrition transition
and its reversed patterns, considering the manifold aspects of the term nutri-
tion transition. The provided empirical results on Russian food and nutrient con-
sumption during the 1996-2008 time period confirm the assumption that Rus-
sians’ dietary patterns follow the experienced rules of an ongoing nutrition
transition during periods of economic growth. Thereby, it has to be noted that
the observed 1998-2008 time period covers a considerably long period of an
ongoing economic and nutritional transition, interrupted by the economic crisis
in 1998. Second, based upon the empirical application of the modified DQI-I-2003
to the Russian nutrition transition, a more thorough picture of Russian’s overall
diet quality is provided by identifying those aspects of dietary quality that are in
need of improvements. Third, based upon the empirical application of the modi-
fied DQI-I1-2003, this thesis contributes to the very limited literature on longitudi-
nal studies regarding diet quality index constructions. Fourth, the theoretically
derived implications of the dietary health investment model have been affirmed
in an empirical analysis on Russians’ demand for dietary quality. Thereby, the em-
pirical analysis provides important insights into the influencing factors of the
Russian demand for dietary quality. Finally, based upon the empirical results of
the dietary health investment model, implications of more effective and more
efficient intervention strategies for healthier diets in Russia are provided.

6.3 LIMITATIONS

This thesis presents new theoretical and empirical aspects of the demand for die-
tary quality in Russia, which can aid nutrition policies. Nevertheless, the theoreti-
cal and empirical analyses are subject to several limitations.

Besides the fact that the RLMS-HSE data set is a remarkable source of information,
unequaled by any other dataset for the Russian Federation in terms of its breadth
and depth, the RLMS-HSE provides only limited information about individual
nutrient intakes. A major limitation of the RLMS-HSE data is the changing struc-
ture of the panel data, which limits the descriptive analysis of Russian household
food and nutrient consumption to the time period 1996-2008 and the panel
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regression of the individual nutrient intakes to the time period 1996-2005.
Furthermore, the provided 24-hour recall data is restricted by the RLMS-HSE
officials to the information on total kcal per day as well as fat and protein intakes
in energy percentage for only one day per survey wave. However, single 24-hour
recalls do not appropriately measure habitual intakes and they suffer from ran-
dom measurement errors and day-to-day intake variations. Finally, it has been
shown that the 24-hour recalls pose the problem of systematic underreporting
of energy intakes, which makes it necessary to additionally employ household
food consumption data.

Considering the commonly performed approximation of nutritional knowledge
by educational achievement, this approximation procedure seems to be inap-
propriate for the analysis of the Russian demand for dietary quality. Therefore,
future research needs to more deeply take into account the effects of dietary
knowledge on the demand for dietary quality in Russia. Thereby, it is necessary
to not only collect more elaborated food intake data but also data on nutritional
knowledge in Russia. Moreover, due to the random effects estimation, the presen-
ted estimation results and derived policy recommendations need to be interpret-
ted with care due to potential endogeneity problems. Further research attempt-
ting to control for the potential bias of time-invariant fixed effects is clearly re-
quired.

In terms of theoretical considerations, the derivation of intersubjective, compre-
hensible and verifiable valuation functions as well as a weighting system for diet
quality index constructions remains unsolved. Furthermore, besides the measu-
rement problem of sugar intakes, future research needs to address, which kind
of sugar (free sugar, added sugar, for example, in beverages, disaccharide, or fruc-
tose) is most associated with the incidence of chronic diseases, and what the ap-
propriate upper intake levels for sugar intakes might be. Considering the theore-
tical model, it might be beneficial for future research to enhance the dietary
health investment model to further include the variety and balance dimension.
Last but not least, nutritionists have to pay more attention to the assumed speci-
fication of the health investment production function and other functional speci-
fications assumed in this inquiry, which could be improved by even more elabo-
rated and flexible functional forms. In future research, the production function
for health investments as well as the other employed functional approximations
might require more flexible and more elaborated specifications to account, for
example, for the potential complex interactions between nutrients. This is espe-
cially true if the assumption of an infinite divisibility of foods is relaxed and if
interactions between nutrient supplies are considered.
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In conclusion, the analyzed Russian nutrition transition with its associated gro-
wing prevalence of nutrition-related chronic diseases should be of major interest
for health economists, nutritionists, and Russian policy-makers.



APPENDIX 1: DEVELOPMENT OF PER CAPITA FOOD CONSUMPTION

Table A1: Development of average annual per capita food aggregate

consumption

1996 1998 2000 2001 2002 2003 2004 2005 2006 2007 2008
Households with incomes above or equal to yearly median income
Carbohydrates 24030 23061 226.16 231.92 218.12 204.25 200.91 191.87 187.87 179.61 172.50
Milkand dairy  89.69 97.87 90.51 9358 97.57 9699 91.09 9154 9157 8940 90.28
Meat 69.87 5490 5334 57.11 6251 6340 6335 6323 67.77 7079 68.20
Other proteins  28.44 23.76 2460 26.11 2498 2494 2538 2531 2641 2636 2695
Fruits 49.25 2956 5138 4930 5025 5667 5576 5026 5257 53,50 52.80
Vegetables 7755 6542 6746 6863 6284 60.74 5845 5827 59.00 5272 5330
Fats and oils 16.05 1348 1427 1477 1455 13.08 1245 1259 1179 1212 1151
Other foods 1445 1393 1754 2275 23.06 2521 2439 2343 27.70 2454 2370
Households with incomes below yearly median income
Carbohydrates 24344 22512 248.53 259.23 242.85 234.61 249.96 23147 223.66 216.68 210.98
Milkand dairy  76.24 7049 8179 8560 86.87 89.16 89.72 9044 9353 87.71 92.29
Meat 50.29 3934 40.02 4490 5392 5593 5727 5768 61.13 6576 68.26
Other proteins  21.57 1846 2282 2436 25.08 2650 2577 27.88 27.09 2842 30.02
Fruits 30.19 1499 3423 3467 3767 4141 40.52 4040 4099 4374 4373
Vegetables 64.03 4797 6327 6798 6123 6353 6823 6620 6342 5838 6259
Fats and oils 17.25 1479 19.00 1967 1861 1798 1821 18.06 1672 1778 16.52
Other foods 990 9.64 1698 1870 1812 1948 1893 19.65 1956 19.15 18.65

Source: Own calculations, RLMS-HSE 1996-2008.

Note:  Average per capita consumption is presented in kg/year.

Table A2: Development of average annual per capita meat aggregate

consumption
Year 1996 1998 2000 2001 2002 2003 2004 2005 2006 2007 2008
Households with incomes above or equal to median incomes
Beef 20.23 16.76 11.11 1087 1157 1274 11.20 11.06 10.99 13.38 13.22
Pork 26.26 20.65 19.63 19.77 2491 24.68 23.69 23.63 2582 2840 25.12
Poultry 1421 733 978 1335 14.17 1347 1588 1461 1829 1836 18.59
Other meat 469 459 355 433 429 484 405 396 446 357 634
Processed meat 588 405 486 617 564 654 744 758 796 774 723
Households with incomes below median
Beef 1192 1506 693 760 9.77 1033 948 929 840 10.63 9.67
Pork 1712 1634 16.09 1556 21.60 24.11 1842 2097 2021 23.24 24.12
Poultry 1213 658 820 1221 1357 1271 1652 1680 20.25 20.37 23.38
Other meat 467 412 389 484 503 564 489 410 406 456 527
Processed meat 416 296 355 423 578 643 770 741 823 827 9.28

Source: Own calculations, RLMS-HSE 1996-2008.
Note:  Average per capita consumption is presented in kg/year.
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APPENDIX 2: SUFFICIENT CONDITION FOR THE MAXIMUM PRINCIPLE

L 02 (t 023 (t
With a(za;))z <0, aa(t)())z
tions of the maximum principle are also sufficient for a global maximum. To
check the Arrow sufficiency condition, some definitions are needed. Let the maxi-
mized Hamiltonian function be the value of the Hamiltonian when evaluated at
the maximizing controls

j{o(t:H!A' (pA' (pH)
=F(t,H AT, Z*)+ @afa(t, H AT, Z*) + oufu(t,H, A T*, Z).

If 7O(t,H, A, @4, y) is a concave function of H and A4, then I*, Z*, H*, and

. - . N o e 96T () a%c (o) . )
A* will maximize (16) subject to (i) - (vii).""" If 1) >0and 2007 > 0, it fol
lows that the dual cost function of health investments C;*(t) = myI* with

a > 1 is a monotonic increasing function of health investments. Therefore, with

< 0 and using ARROW's theorem, the necessary condi-

1
() _ on , s _[ 1 on®]a
the general function ) g, O€ obtains I(t)" = [a ves) HIR Thus,

since marginal utilities @y (t) = 0, @,(t) = 0, the production parameter ¢ > 0,

and the cost parameter ry; = 0, it follows that I(t)* = 0.

* 2, %

11262 ® - g gng 2O _ 0, it follows that the cost function of commaodities
9Z(t) a(z(t))?

C;"(I) =m;Z is also a monotonic increasing function of commodities Z.

From g—ge"’f — <pAddC;—(§)t) = 0 and the assumptions that U; > 0 and U;; < 0,
an inverse function of U, (t) exists of the form

Z(t) = Uz (t)' 7 (eP", @a(t), mz (D).
Hence, the maximized Hamiltonian according to Arrow’s Theorem can be writ-
ten as

}[0 = U[UZ(t)’_l(ept’ (PA(t): ﬂz(t)), h(t)]e_pt

1
1 ey®]e1
+oa AW +(0) +wh(D) — my [—MHZAES 1

— Tz UZ(t)’_l(ept! Py (t), T[Z(t))

+ou [[#“"”—“) - 6(t>H(t)],

amy at)

" Arrow's theorem has been proven on the assumption of a fixed time problem, but is
also valid for fixed terminal state problems (CHIANG, 1992).
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ID;| =0, |D,| =0, |D%]| < 0,|D%]| =0.1f |D;| and |D°;] are referred to |D,|
and |D,| and |D°,| are referred to |52| then the test for semi-definiteness is as
follows: |D,| < 0 and |D,| = 0. In conclusion, the quadratic form is negative
semi-definite, meaning that the maximized Hamiltonian H is concave for
every t. For T it is known that £ (T) = [U(Z(T), h(T))e™PT| + @4 (T) A(T) +
@u(T) H(T) = 0. Hence, I*, Z*, H*, and A* maximize problem (16) subject to
(i)-(vii).

Considering the stochastic model setting, the Hamiltonian (47) is maximized with
respect to the admissible controls for any t from [0, T] and regarding any trajec-
tory of the introduced stochastic process, i.e. for every t the given trajectories
evolve into a deterministic optimization problem with probability 1. Using
ARROW's theorem the necessary conditions (48), ...., (53) are also sufficient for a
global maximum, i.e. the maximized Hamiltonian # is concave for every t and
with probability 1 also within the stochastic model setting. Therefore, I*(t),
Z*(t), H*(t), and A*(t) maximize problem (47) subject to (i) - (vii).

with |D| = ] and |D°| = ] whose principal minors are
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APPENDIX 3: DEMAND ANALYSIS

Table A 3: Data description for the analysis of the demand for medical

care
Variable Observa-  Mean Standard Mini- Maxi-
tions Deviation mum mum

Endogenous variable [M]

Demand for medical care 106,456 1.65 1.24 1 6

Out-of-pocket expenditure 80,191 71.37 356.03 0 22,421.53

Nights in hospital 106,418 0.26 2.80 0 90
Explanatory variables:

Log price index for medical care [pwm] 106,520 0.06 0.11 -0.01 0.42

Log of real household income, per capita [w] 100,531 7.74 0.89 0.07 13.64

Age in years (218) [t] 106,459 45.35 17.75 18.00 102.61

Self-reported health (1 very bad, 5 very good) [H] 106,107 3.11 0.75 1 5

Health problems in last 30 d (0 yes, 1 no) [H] 106,274 0.59 0.49 0 1

Maximal education level (0 lowest, 5 highest) [E] 100,536 247 1.24 0 5
Other demographic control variables:

Gender (1 female, 0 male) 106,342 0.58 0.49 0 1

Household size 106,520 3.31 1.60 0 13
Lifestyle control variables:

Sport activities (1 yes, 0 no) 106,520 0.10 0.29 0 1

Smoker (1 yes, 0 no) 106,520 0.35 0.48 0 1

Satisfaction with life at present (1 not, 5 fully) 105,852 2.72 1.15 1 5

Power rank (1 not respected, 9 very respected) 103,296 3.38 1.68 1 9

ggjvp;;t rank (1 without rights, 9 with great 101,514 5.96 172 1 9
Regional control variables

Settlement type (1 urban, O rural) 106,520 0.74 044 0 1

Distance to private doctor (in km) 106,207 29434  155.56 0 400.00

North and Northwest 106,520 0.06 0.24 0 1

Central Black and Central Black Earth 106,520 0.18 0.38 0 1

Volga-Vaitsky and Volga Basin 106,520 0.18 0.38 0 1

North Caucasian 106,520 0.14 0.34 0 1

Ural 106,520 0.14 0.35 0 1

West Siberian 106,520 0.09 0.29 0 1

East Siberian 106,520 0.09 0.29 0 1

Source: Own calculations, RLMS-HSE 1996-2008.

Note:  For practical reasons it is assumed that all ordinal data behave more like interval-level
measures.
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Table A5: Results of the hedonic price function
Log of food prices 1996 1998 2000 2001 2002 2003 2004 2005
Healthy nutrients 0.847™ 1.033™ 1.026™ 0.998™ 0.986™ 0.939™ 0.964™ 0.972™
(0.078) (0.080) (0.082) (0.083) (0.081) (0.080) (0.083) (0.081)
Risky nutrients 0.293™ 0.322™ 03117 0.320™ 0.312™ 0.299™ 0.293™ 0.292™
(0.005) (0.005) (0.005) (0.005) (0.006) (0.006) (0.006) (0.006)
Sweets® 0.842™"  0.923™ 0.920™ 0.925™ 0.913™ 0.938™ 0.922™ 0.910™
(0.020) (0.019) (0.020) (0.021) (0.021) (0.020) (0.021)  (0.022)
Meat products® 0.819™ 0.903™ 0.955™ 0.984™ 0.973™ 0.998™ 0.990™ 1.014™
(0.014) (0.015) (0.015) (0.016) (0.016) (0.015) (0.016) (0.016)
Dairy products® -0.021 -0.077" -0.024 0.014 0.011 0.046 0.045 0.071™
(0.022) (0.023) (0.024) (0.024) (0.024) (0.024) (0.026) (0.025)
Premium products® 0771 0.746™ 0791 0.788™ 0.815™ 0.872"" 0.819™ 0.864™
(0.015)  (0.021) (0.017) (0.017) (0.019) (0.021) (0.018) (0.021)
Northern and Northwest ~ -0.062  -0.045  -0.055 -0.085" -0.121" -0.068 -0.114" -0.215™
(0.037) (0.040) (0.041) (0.041) (0.038) (0.039) (0.041) (0.041)
Central and -0.131™ -0.099” -0.100" -0.134™ -0.174™ -0.166™ -0.192™ -0.295™
Central Black-Earth
(0.032) (0.034) (0.035) (0.035 (0.032) (0.032) (0.035) (0.035)
Volga-Vaytski and -0.210™ -0.179™ -0.179"™ -0.209™ -0.269™ -0.230™" -0.276™ -0.374™
Volga Basin
(0.034) (0.036) (0.037) (0.037) (0.034) (0.034) (0.036) (0.037)
North Caucasus -0.232"™ -0.205™ -0.160"" -0.230"" -0.276™ -0.223"" -0.301™ -0.399™
(0.036) (0.038) (0.038) (0.038) (0.038) (0.035) (0.038) (0.039)
Ural -0.162"" -0.163™ -0.160"" -0.200™" -0.239™ -0.238™ -0.275" -0.377"
(0.037) (0.040) (0.040) (0.040) (0.038) (0.038) (0.040) (0.041)
West Siberia -0.137 -0.117" -0.119" -0.183™ -0.218™ -0.251™ -0.289™ -0.365™
(0.038) (0.041) (0.041) (0.044) (0.039) (0.040) (0.041) (0.041)
East Siberia -0.082" -0.070 -0.071 -0.147™ -0201"" -0.160"" -0.186™ -0.269""
(0.037) (0.040) (0.040) (0.041) (0.039) (0.038) (0.040) (0.041)
Constant 1299 1.148™ 11357 1.140™ 1.166™ 11407 11767 1.256™
(0.031) (0.033) (0.034) (0.033) (0.030) (0.030) (0.033) (0.033)
Observations 8,476 8,320 8,216 8,112 7,800 8,164 8,164 8,216
Adjusted R 0430 0419 0422 0431 0422 0425 0424 0426

Source: Own estimations, RLMS-HSE 1996-2008.

Note: 2 These variables are binary variables taking the value 1 if the product belongs to the
product category and O otherwise. Standard errors are presented in parentheses. It
has been tested against a significance level of 5 %. Nevertheless, for comparison rea-
sons, * p < 0.05, ** p < 0.01, and *** p < 0.001 are provided.
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Table A6: Data description for the analysis of the demand for dietary

quality
Variable Obser- Mean Standard Mini- Maxi-
vations Deviation mum mum

Socioeconomic and health variables

Log of real income 68,013.00 7.54 0.90 0.07 13.64

Log of cum. income 71,436.00 13.15 7.10 -16.54 18.89

Log of initial wealth 71,233.00 12.47 0.63 8.64 13.52

Health status (normalized on scale 0,...,1)  71,908.00 0.74 0.14 0.10 1.00
Individual characteristics

Age 72,114.00 45.42 17.71 18.00 102,61

Maximal education level

(0 lowest, 5 highest) 71,999.00 2.31 1.32 0.00 5.00

Gender (1 female, 0 male) 72,141.00 0.58 0.49 0.00 1.00

Sports (1 yes, 0 no) 72,191.00 0.12 0.32 0.00 1.00

Smokes (1 yes, 0 no) 72,191.00 0.34 0.47 0.00 1.00
Household characteristics

Log of household size 72,191.00 331 1.59 0.00 13.00

Share of children in household 72,182.00 0.13 0.17 0.00 0.75

Settlement type (1 urban, O rural) 72,186.00 0.74 0.44 0.00 1.00

Farming (1 yes, 0 no) 72,115.00 0.63 0.48 0.00 1.00
Implicit prices

Log price healthy nutrients 72,191.00 0.97 0.05 0.85 1.03

Log price risky nutrients 72,191.00 0.31 0.01 0.29 0.32
Regional dummies

Metropolitan areas: Moscow and #

St. Petersburg 71,878.00 0.12 0.32 0.00 1.00

Northern and North Western area 71,878.00 0.06 0.24 0.00 1.00

Central and Central Black-Earth 71,878.00 0.18 0.38 0.00 1.00

Volga-Vaytski and Volga Basin 71,878.00 0.18 0.38 0.00 1.00

North Caucasus 71,878.00 0.13 0.34 0.00 1.00

Ural 71,878.00 0.14 0.35 0.00 1.00

West Siberia 71,878.00 0.09 0.29 0.00 1.00

East Siberia and Far East 71,878.00 0.10 0.29 0.00 1.00

Source: Own calculations, RLMS-HSE 1996-2005.

Note:  For practical reasons it is assumed that all ordinal data behave more like interval-level
measures.



LITERATURE

ABDULAI, A., AUBERT, D. (2004): A cross-section analysis of household demand for food and
nutrients in Tanzania, Agricultural Economics, No. 1 (31), pp. 67-79.

ADEYI, O., SMITH, O., ROBLES, S. (2007): Public Policy and the Challenge of Chronic Noncommu-
nicable Diseases, The International Bank for Reconstruction and Development and The
World Bank Publishing, Washington.

ADRIAN, J., DANIEL, R. (1976): Impact of Socioeconomic Factors on Consumption of Selected
Food Nutrients in the United States, American Journal of Agricultural Economics, No. 1 (58),
pp.31-38.

AGNoLl, C,, GRIONI, S., SIERI, S., PALLI, D., MASALA, G., SACERDOTE, C., VINEIS, P., TUMINO, R, GIURDANELLA, M. C.,
PALA, V., BERRINO, F., MATTIELLO, A., PANICO, S., KROGH, V. (2013): Italian Mediterranean Index and
risk of colorectal cancer in the Italian section of the EPIC cohort, International Journal of
Cancer, No. 6 (132), pp. 1404-1411.

AGNoLI, C., KROGH, V., GRIONI, S., SIERI, S., PALLI, D., MASALA, G., SACERDOTE, C., VINEIS, P., TUMINO, R.,
FRASCA, G., PALA, V., BERRINO, F., CHIODINI, P., MATTIELLO, A., PANICO, S. (2011): A priori-defined
dietary patterns are associated with reduced risk of stroke in a large Italian cohort, The
Journal of Nutrition, No. 8 (141), pp. 1552-1558.

AGUIAR, M., HURsT, E. (2005): Consumption versus Expenditure, Journal of Political Economy,
No. 5(113), pp. 919-948.

ALBERTI-FIDANZA, A., FIDANZA, F., CHIUCHIU, M., VERDUCCI, G., FRUTTINI, D. (1999): Dietary studies
on two rural Italian population groups of the seven Countries Study. 3. Trends of food
and nutrient intake from 1960 to 1991, European Journal of Clinical Nutrition, No. 11 (53),
pp. 54-860.

ALLAIS, O., BERTAIL, P., NICHELE, V. (2010): The effects of a fat tax on French households’ purchases:
A nutritional approach, American Journal of Agricultural Economics, No. 1 (92): pp. 228-245.

ANAND, S., SEN, A. (2000): The Income Component of the Human Development Index, Journal of
Human Development, No. 1 (1), pp. 83-106.

ANDERSON, J. A. (1994): Point biserial correlation, in: BECKETTI, S. (ed.): Stata Technical Bulletin,
No. STB-17, pp. 12-13.

ANDREYEVA, T., LONG, M. W., BROWNELL, K. D. (2010): The impact of food prices on consumption:
A systematic review of research on the price elasticity of demand for food, American Journal
of Public Health, No. 2 (100), pp. 216-222.

ARABSHAHI, S., LAHMANN, P. H., WiLLIAMS, G. M., MARKS, G. C., VAN DER PoLs, J. C. (2011): Longitudinal
Change in Diet Quality in Australian Adults Varies by Demographic, Socio-Economic, and
Lifestyle Characteristics, Journal of Nutrition, No. 10 (141), pp. 1871-1879.

ARNADE, C., GOPINATH, M. (2006): The dynamics of individual's fat consumption, American Journal
of Agricultural Economics, No. 4 (88), 2006, pp. 836-850.



190 Literature

ASANO, T., SHIBATA, A. (2011): Risk and uncertainty in health investment, The European Journal of
Health Economics, No. 1 (12), pp. 79-85.

ATKINS, J. L., WHINCUP, P.H., MoRRIS, R.W., LENNON, L.T., PAPACOSTA, O., WANNAMETHEE, S. G.
(2014): High diet quality is associated with a lower risk of cardiovascular disease and all-
cause mortality in older men, The Journal of Nutrition, No. 5 (144), pp. 673-680.

BasioTis, P. P., GUTHRIE, J., BOWMAN, S., WELSH, S. (1995): Construction and evaluation of a diet
status index, Family Economics and Nutrition Review, No. 2 (8), pp. 2-13.

BASIRI, A., SHAKHSSALIM, N., KHOSHDEL, A.R., RADFAR, M. H., PAKMANESH, H. (2009): Influential
nutrient in urolithiasis incidence: Protein or meat?, Journal of Renal Nutrition, No. 5 (19),
pp. 396-400.

BAZELMANS, C., HENAUW, S. DE, MATTHYS, C., DRAMAIX, M., KORNITZER, M., BACKER, G. DE, LEVEQUE, A.
(2006): Healthy Food and Nutrient Index and all cause mortality, European Journal of
Epidemiology, No. 2 (21), pp. 145-152.

BEATTY, T. K. M., LAFRANCE, J. (2005): United States Demand for Food and Nutrition in the
Twentieth Century, American Journal of Agricultural Economics, No. 5 (87), pp. 1159-1166.

BECKER, G. S. (1965): A theory of the allocation of time, The Economic Journal, No. 299 (75),
pp. 493-517.

BELL, A., JONES, K. (2015): Explaining fixed effects: Random effects modeling of time-series cross-
sectional and panel data, Political Science Research and Methods, No. 1 (3), pp. 133-153.

BERENTZEN, N. E., BEULENS, J. W., HOEVENAAR-BLOM, M. P., KAMPMAN, E., BUENO-DE-MESQUITA, H. B.,
ROMAGUERA-BOSCH, D., PEETERS, P. H. M., MAY, A. M., GORLOVA, O. Y. (2013): Adherence to the
WHO's Healthy Diet Indicator and Overall Cancer Risk in the EPIC-NL Cohort, PLoS ONE,
No. 8 (8), pp. €70535: 1-7.

BERNSTEIN, M. A, TUCKER, K. L., RYAN, N. D., O'NEILL, E. F., CLEMENTS, K. M., NELSON, M. E., EVANS, W. J.,
FIATARONE SINGH, MARIA A. (2002): Higher dietary variety is associated with better nutritional
status in frail elderly people, Journal of the American Dietetic Association, No. 8 (102),
pp. 1096-1104.

BERRY, C. H. (1975): Corporate growth and diversification, Princeton University Press, Prin-
ceton, NJ.

BILOUKHA, O., UTERMOHLEN, V. (2001): Healthy eating in Ukraine: Attitudes, barriers and infor-
mation sources, Public Health Nutrition, No. 2 (4), pp. 207-215.

BINKLEY, J. K., GoLuB, A. (2011): Consumer demand for nutrition versus taste in four major food
categories, Agricultural Economics, No. 1 (42), pp. 65-74.

Bismur, J.-M. (1973): Conjugate convex functions in optimal stochastic control, Journal of
Mathematical Analysis and Applications, Vol. 44, No. 2, pp. 384-404.

BisoGNI, C. A., JASTRAN, M., SELIGSON, M., THOMPSON, A. (2012): How people interpret healthy eating:
Contributions of qualitative research, Journal of Nutrition Education and Behavior, No. 4 (44),
pp. 282-301.

BLANCK, H. M., YAROCH, A. L., ATIENZA, A. A, Y1, S. L., ZHANG, J., MASSE, L. C. (2009): Factors influencing
lunchtime food choices among working Americans, Education & Behavior, No. 2 (36),
pp. 289-301.



Literature 191

BLAYLOCK, J., SMALLWOOD, D., KASSEL, K., VARIYAM, J. N., ALDRICH, L. (1999): Economics, food choices,
and nutrition, Food Policy, No. 2-3 (24), pp. 269-286.

BODNAR, L. M., SIEGA-RiZ, A. M. (2002): A Diet Quality Index for Pregnancy detects variation in diet
and differences by sociodemographic factors, Public Health Nutrition, No. 6 (5), pp. 801-809.

BOEING, H., BECHTHOLD, A., BUB, A., ELLINGER, S., HALLER, D., KROKE, A., LESCHIK-BONNET, E., MULLER, M. J.,
OBERRITTER, H., SCHULZE, M., STEHLE, P., WATZL, B. (2007): Obst und Gem{ise in der Pravention
chronischer Krankheiten, Stellungnahme der Deutschen Gesellschaft fir Erndhrung e. V.,
available at: http://www.dge.de/pdf/ws/Stellungnahme-OuG-Praevention-chronischer-
Krankheiten-2007-09-29.pdf.

BOHNSACK, R., NENTWIG-GESEMANN, ., NOHL, A. M. (2007): Die dokumentarische Methode und ihre
Forschungspraxis: Grundlagen qualitativer Sozialforschung, VS Verlag fir Sozialwissen-
schaften, Wiesbaden.

BOLIN, K., JACOBSON, L., LINDGREN, B. (2002a): Employer investments in employee health: Impli-
cations for the family as health producer, Journal of Health Economics, No. 4 (21), pp. 563-
583.

BoLIN, K., JACOBSON, L., LINDGREN, B. (2002b): The family as the health producer — When spouses
act strategically, Journal of Health Economics, No. 3 (21), pp. 475-495.

BOLIN, K., JACOBSON, L., LINDGREN, B. (2001): The family as the health producer - When spouses are
Nash-bargainers, Journal of Health Economics, No. 3 (20), pp. 349-362.

BRAINERD, E., CUTLER, D. (2005): Autopsy on an empire: Understanding mortality in Russia and
the former Sowjet Union, The Journal of Economic Perspectives, No. 1 (19), pp. 107-130.

BrAY, G. A, FLATT, J.-P., VOLAUFOVA, J., DELANY, J. P., CHAMPAGNE, C. M. (2008): Corrective responses
in human food intake identified from an analysis of 7-d food-intake records, The American
Journal of Clinical Nutrition, No. 6 (88), pp. 1504-1510.

BREUSCH, T., WARD, M. B., NGUYEN, H. T. M., KOMPAS, T. (2011): On the fixed-effects vector decom-
position, Political Analysis, Vol. 19, No. 2, pp. 123-134.

BROWNELL, K., FRIEDEN, T. (2009): Ounces of prevention: The public policy case for taxes on sugared
beverages, New England Journal of Medicine, No. 18 (360), pp. 1805-1808.

BRUG, J. (2008): Determinants of healthy eating: Motivation, abilities and environmental oppor-
tunities, Family Practice, Supplement 1 (25), pp. i50-i55.

BUCKLAND, G., GONzZALEZ, C. A,, AGUDO, A., VILARDELL, M., BERENGUER, A., AMIANO, P., ARDANAZ, E.,
ARRIOLA, L., BARRICARTE, A., BASTERRETXEA, M., CHIRLAQUE, M.D., CIRERA, L., DORRONSORO, M., EGUES, N.,
HUERTA, J. M., LARRANAGA, N., MARIN, P., MARTINEZ, C., MOLINA, E., NAVARRO, C., QUIROS, J.R,,
RODRIGUEZ, L., SANCHEZ, M.-J., TORMO, M.-J., MORENO-IRIBAS, C. (2009): Adherence to the Mediter-
ranean diet and risk of coronary heart disease in the Spanish EPIC Cohort Study, American
Journal of Epidemiology, No. 12 (170), pp. 1518-1529.

BURGGRAF, C. (2011): Erndhrung in Russland: Konsumwahl und Bestimmungsgriinde, IAMO
Jahreszahl, (13), pp. 55-62.

BURGGRAF, C. (2014): Food choices and health: Determinants of Russians’ dietary quality, pre-
sented at: Joint PhD seminar of IAMO and Institute of Agricultural and Food Science —
Agricultural Economics’ Chairs (23.06.2014), Halle (Saale), Germany.



192 Literature

BURGGRAF, C., BROSIG, S., GLAUBEN, T., HERZFELD, T. (2010): Determinants of a healthy diet in Russia:
A structural equation approach (Poster presentation), presented at: 1% Joint EAAE/AAEA Semi-
nar: The Economics of Food, Food Choice and Health (15.09.-17.09.2010), Mlinchen, Germany.

BURGGRAF, C., BROSIG, S., GLAUBEN, T., TEUBER, R. (2012): Russian diet and health choices: An em-
pirical study applying Grossman'’s health investment model (Poster), presented at: Food
Environment: The Effects of Context on Food Choice (30.-31.05.2012), Boston/USA.

BURGGRAF, C., BROSIG, S., GLAUBEN, T., TEUBER, R. (2014a): Bestimmung der Erndhrungsqualitat in
Transformationslandern, presented at: 51. Wissenschaftlicher Kongress der Deutschen
Gesellschaft fur Erndhrung e.V. (12.-14.03.2014), Paderborn, Germany.

BURGGRAF, C., BROSIG, S., GLAUBEN, T., TEUBER, R. (2014b): Dietary Health Investment Modell: Eine
theoretische Modifikation Grossmans Health Investment Modells unter Beriicksichtigung
von Erndhrungsqualitét, presented at: 54. Jahrestagung der Gesellschaft fiir Wirtschafts-
und Sozialwissenschaften des Landbaus: Neuere Theorien und Methoden in den Wirtschafts-
und Sozialwissenschaften des Landbaus (17.-19.09.2014), Géttingen, Germany.

BURGGRAF, C., BROSIG, S., GLAUBEN, T., TEUBER, R. (2014c): Lebensmittelvielfalt in russischen
Haushalten, presented at: 51. Wissenschaftlicher Kongress der Deutschen Gesellschaft fiir
Erndhrung e.V. (12.-14.03.2014), Paderborn, Germany.

BURGGRAF, C., GLAUBEN, T., TEUBER, R. (2014d): Russian food consumption patterns during economic
transition and its effects on the prevalence of chronic diseases, presented at: IAMO Forum
2014: The Rise of the "Emerging Economies": Towards Functioning Agricultural Markets and
Trade Relations? (25.-27.06.2014), Halle (Saale), Germany.

BURGGRAF, C., GLAUBEN, T., GRECKSCH, W. (2016): New impacts of Grossman's health investment
model and the Russian demand for medical care, Journal of Public Health, No. 1 (24), pp. 41-56.

BURGGRAF, C., GRECKSCH, W., GLAUBEN, T. (2014e): Optimal control of individual's health invest-
ments, presented at: The 10" AIMS Conference on Dynamical Systems, Differential Equations
and Applications (07.-11.07.2014), Madrid/Spain.

BURGGRAF, C., GRECKSCH, W., GLAUBEN, T. (2015d): Optimal control of individual's health invest-
ments: [The 10" AIMS Conference on Dynamical Systems, Differential Equations and Appli-
cations; Madrid 07.-11.07.2014], AIMS Proceedings, pp. 159-168.

BURGGRAF, C., KUHN, L., ZHAO, Q., GLAUBEN, T., TEUBER, R. (2014f): Economic growth and nutrition
transition: An empirical analysis comparing demand elasticities for foods in China and Russia,
presented at: 14" Congress of European Association of Agricultural Economists "Agri-Food
and Rural Innovations for Healthier Societies" (26.-29.08.2014), Ljubljana/Slovenia.

BURGGRAF, C,, KUHN, L., ZHAO, Q., GLAUBEN, T., TEUBER, R. (20149): Nutrition Transition in Emerging
Economies. Estimating food demand elasticities in China and Russia, presented at: 2014
Workshop on the "Economic Transformation of Asian Agriculture and Its Impact on Global
Economy" (23.08.2014), Beijing/China.

BURGGRAF, C., KUHN, L., ZHAO, Q., GLAUBEN, T., TEUBER, R. (2015a): Economic growth and nutrition
transition: An empirical analysis comparing demand elasticities for foods in China and Russia,
Journal of Integrative Agriculture, No. 6 (14), pp. 1008-1022.

BURGGRAF, C., TEUBER, R., BROSIG, S., GLAUBEN, T. (2015b): Economic growth and the demand for
dietary quality: Evidence from Russia during transition, Economics and Human Biology, No. 19,
December 2015, pp. 184-203.



Literature 193

BURGGRAF, C., TEUBER, R., GLAUBEN, T. (2015f): Nutrition related chronic diseases and the optimal
demand for dietary quality, presented at: International Conference on Operations Research
2015 (OR2015) (02.-04.09.2015), Wien/Austria.

BURGGRAF, C., TEUBER, R., GLAUBEN, T. (2016b): Dietary quality as a non-medical health input: A
theoretical approach to analyze the demand for dietary quality, European Review of Agri-
cultural Economics, No. 5 (43), 805-840.

CADE, J. E.,, TAYLOR, E. F., BURLEY, V. J., GREENWOOD, D. C. (2011): Does the Mediterranean dietary
pattern or the Healthy Diet Index influence the risk of breast cancer in a large British cohort
of women?, European Journal of Clinical Nutrition, No. 8 (65), pp. 920-928.

CAMERON, A. C,, TRIVEDI, P. K. (2010): Microeconometrics using Stata, Rev. ed. 2010, Stata Press,
College Station, Tex.

CAMERON, A. C,, TRIVEDI, P. (2005): Microeconomics: Methods and applications, Cambridge Univ.
Pr., Cambridge.

CARLSON, A., DONG, D., LINO, M. (2014): Association between total diet cost and diet quality is
limited, Journal of Agricultural and Resource Economics, No. 1 (39), pp. 47-68.

CAVALIERE, A., MARCHI, E. DE, BANTERLE, A. (2014): Healthy-unhealthy weight and time preference. Is
there an association? An analysis through a consumer survey, Appetite, No. 1 (83), pp. 135-143.

CHANG, F.-R. (1996): Uncertainty and investment in health, Journal of Health Economics, No. 3 (15),
pp. 369-376.

CHERN, W. (2003): Health, nutrition and demand for food: an American perspective, in: CHERN, W.,
RICKERTSEN, K. (eds.): Health, Nutrition and Food Demand, CABI Publishing, Wallingford,
pp. 11-32.

CHIANG, A. C. (1992): Elements of dynamic optimization, McGraw-Hill, New York.

CHIUVE, S.E., FUNG, T.T,, Rimm, E.B., Hu, F.B., MCCULLOUGH, M. L., WANG, M., STAMPFER, M. J.,
WILLETT, W. C. (2012): Alternative Dietary Indices Both Strongly Predict Risk of Chronic
Disease, Journal of Nutrition, No. 6 (142), pp. 1009-1018.

CHol, W. J,, Kim, J. (2014): Dietary factors and the risk of thyroid cancer: A review, Clinical Nutrition
Research, No. 2 (3), pp. 75-88.

CHRISTEN, M., GATIGNON, H. (2009): Estimating the Effect of Strategic Variables With Limited
Within-Cross-Section Variance, INSEAD Working Papers, available at:
http://faculty.insead.edu/hubert-gatignon/publications/working-papers.

CHUANG, S.-C., STOLZENBERG-SOLOMON, R., UELAND, P. M., VOLLSET, S. E., MIDTTUN, O., OLSEN, A.,
TJONNELAND, A., OVERVAD, K., BOUTRON-RUAULT, M.-C., MORQIS, S., CLAVEL-CHAPELON, F., TEUCHER, B.,
KAAKS, R., WEIKERT, C., BOEING, H., TRICHOPOULOU, A., BENETOU, V., NASKA, A., JENAB, M., SLIMANI, N.,
RoMiIey, I., MicHAUD, D. S., PALLI, D., SIER, S., PANICO, S., SACERDOTE, C., TUMINO, R., SKEIE, G., DUELL, E. J.,
RODRIGUEZ, L., MOLINA-MONTES, E., HUERTA, JOSE MARI A., LARRANAGA, N., GURREA, A. B., JOHANSEN, D.,
MANJER, J., YE, W., SUND, M., PEETERS, PETRA H. M., JEURNINK, S., WAREHAM, N., KHAW, K.-T., CROWE, F.,
RiBoLl, E., BUENO-DE-MESQUITA, B., VINEIS, P. (2011): A U-shaped relationship between plasma
folate and pancreatic cancer risk in the European Prospective Investigation into Cancer and
Nutrition, European Journal of Cancer, No. 12 (47), pp. 1808-1816.

CLARK, T. S., LINZER, D. A. (2014): Should | use fixed or random effects?, Political Science Research
and Methods, No. 2 (3), pp. 1-10.



194 Literature

COHEN, S., JANICKI-DEVERTS, D., CHEN, E., MATTHEWS, K. A. (2010): Childhood socioeconomic status
and adult health, Annals of the New York Academy of Sciences, No. 1186, pp. 37-55.

CROPPER, M. L. (1977): Health, Investment in Health, and Occupational Choice, Journal of Political
Economy, No. 6 (85), pp. 1273-1294.

CROPPER, M. L. (1981): Measuring the Benefits from Reduced Morbidity, The American Economic
Review, No. 2 (71), pp. 235-240.

CURRIE, J., GOODMAN, J. (2010): Parental socioeconomic status, child health, and human capital, in:
BREWER, D. J., MCEWAN, P. J. (eds.): Economics of education, Elsevier Science, Burlington,
pp. 156-162.

CUTLER, D. M., LLERAS-MUNEY, A. (2010): Understanding differences in health behaviors by edu-
cation, Journal of Health Economics, No. 1 (29), pp. 1-28.

DARDANONI, V., WAGSTAFF, A. (1987): Uncertainty, inequalities in health and the demand for health,
Journal of Health Economics, No. 4 (6), pp. 283-290.

DARDANONI, V., WAGSTAFF, A. (1990): Uncertainty and the demand for medical care, Journal of
Health Economics, No. 1 (9), pp. 23-38.

DEATON, A., MUELLBAUER, J. (1989) Economics and consumer behavior. Reprint, Cambridge Uni-
versity Press, Cambridge [etc.]

DE OLIVEIRA, E. P., MCLELLAN, K. C.- P., VAZ DE ARRUDA SILVEIRA, L., BURINI, R. C. (2012): Dietary factors
associated with metabolic syndrome in Brazilian adults, Nutrition Journal, No. 13 (11), pp. 1-7.

DEATON, A., ZAID, S. (2002): Guidelines for Constructing Consumption Aggregates for Welfare
Analysis, Living standards measurement study (LSMS) working paper. available at:
http://documents.worldbank.org/curated/en/2002/05/1944189/guidelines-constructing-
consumption-aggregates-welfare-analysis.

DELLAVA, J. E., BuLik, C. M., POPKIN, B. M. (2010): Price Changes Alone Are Not Adequate to
Produce Long-Term Dietary Change, Journal of Nutrition, No. 10 (140), pp. 1887-1891.

DENISOVA, I. (2010): Adult mortality in Russia, Economics of Transition, No. 2 (18), pp. 333-363.
Desal, P., IDsoN, T. (2000): Work without wages: Russia’s nonpayment crisis, MIT Press, London.

Dias, P.R. (2010): Modelling opportunity in health under partial observability of circumstances,
Health Economics, No. 3 (19), pp. 252-264.

DOMINGUEZ, L.J., BES-RASTROLLO, M., DE LA FUENTE-ARRILLAGA, C., TOLEDO, E. BEUNZzA, J.J.,
BARBAGALLO, M., MARTINEZ-GONZALEZ, M. A. (2013): Similar prediction of total mortality, diabetes
incidence and cardiovascular events using relative- and absolute-component Mediterranean
diet score: The SUN cohort, Nutrition, Metabolism and Cardiovascular Diseases, No. 5 (23),
pp. 451-458.

DRAKE, |., GULLBERG, B., ERICSON, U., SONESTEDT, E., NILSSON, J., WALLSTROM, P., HEDBLAD, B., WIRFALT, E.
(2011): Development of a diet quality index assessing adherence to the Swedish nutrition
recommendations and dietary guidelines in the Malmo Diet and Cancer cohort, Public
Health Nutrition, No. 5 (14), pp. 835-845.

DRESCHER, L. S. (2007): Healthy food diversity as a concept of dietary quality: Measurement, deter-
minants of consumer demand, and willingness to pay, Cuvillier, Géttingen.



Literature 195

DRESCHER, L. S., THIELE, S., ROOSEN, J., MENSINK, G. B. M. (2009): Consumer demand for healthy
eating considering diversity — An economic approach for German individuals, International
Journal of Consumer Studies, No. 6 (33), pp. 684-696.

DREwNOWSKI, A., DARMON, N. (2005): The economics of obesity: Dietary energy density and
energy cost., The American Journal of Clinical Nutrition, Supplement 1 (82), pp. 2655-273S.

DREWNOWSKI, A., FIDDLER, E. C., DAUCHET, L., GALAN, P., HERCBERG, S. (2009): Diet Quality Measures
and Cardiovascular Risk Factors in France: Applying the Healthy Eating Index to the
SU.VLLMAX Study, Journal of the American College of Nutrition, No. 1 (28), pp. 22-29.

Dusois, L.G.M.A.B.N. (2000): The choice of a diet quality indicator to evaluate the nutritional health
of populations., Public Health Nutrition, No. 3 (3), pp. 357-365.

DusTMANN, C., WINDMELER, F. (2000): Wages and the demand for health: A life cycle analysis, IFS
Working Paper Series, No. W99/20, available at: http://www.ifs.org.uk/wps/wp9920.pdf.

DYNESEN, A. W., HARALDSDOTTRR, J., HOLM, L., ASTRUP, A. (2003): Sociodemographic differences in
dietary habits described by food frequency questions-results from Denmark, European
Journal of Clinical Nutrition, No. 12 (57), pp. 1586-1597.

EAastwooD, D.B., BROOKER, J.R., TERRY, D.E. (1986): Household nutrient demand: Use of cha-
racteristics theory and a common attribute model, Southern Journal of Agricultural Econo-
mics. Vol. 18 No. 2, pp. 235-246.

EERTMANS, A. (2001): Food likes and their relative importance in human eating behavior: Review
and preliminary suggestions for health promotion, Health Education Research, No. 4 (16),
pp. 443-456.

EHRLICH, I. (2000): Uncertain lifetime, life protection, and the value of life saving, Journal of Health
Economics, No. 3 (19), pp. 341-367.

EHRLICH, |, CHUMA, H. (1990): A Model of the Demand for Longevity and the Value of Life Exten-
sion, The Journal of Political Economy, No. 4 (98), pp. 761-782.

EISENRING, C. (1999): Comparative dynamics in a health investment model, Journal of Health Eco-
nomics, No. 5 (18), pp. 655-660.

ENSOR, T. (2004): Informal payments for health care in transition economies, Social Science &
Medicine, No. 2 (58), pp. 237-246.

ERBSLAND, M., RIED, W., ULRICH, V. (1995): Health, health care, and the environment. Econometric
evidence from German micro data, Health Economics, No. 3 (4), pp. 169-182.

ERBSLAND, M., RIED, W., ULRICH, V. (2002): Health, health care, and the environment: Econometric
evidence from German micro data, in: JONES, A.,, O'DONNELL, O. (eds.): Econometric analysis of
health data, John Wiley and Sons, Chichester, pp. 25-36.

ERHARDT, J. (2010): NutriSurvey2007: Nutrition Surveys and Calculations, available at:
http://www.nutrisurvey.de/.

ESFAHANI, A, WONG, J. M. W., MIRRAHIMI, A., SRICHAIKUL, K., JENKINS, D. J. A., KENDALL, C. W. C. (2009):
The glycemic index: Physiological significance, Journal of the American College of Nutrition,
Supplement 4 (28), pp. 4395-445S.



196 Literature

FEART, C., LORRAIN, S., GINDER COUPEZ, V., SAMIER, C., LETENNEUR, L., PAINEAU, D., BARBERGER-GATEAU, P.
(2013): Adherence to a Mediterranean diet and risk of fractures in French older persons,
Osteoporos International, No. 12 (24), pp. 3031-3041.

FEDERAL STATE STATISTICS SERVICE RUSSIA (GKS) (2014): Russia in figures, available at:
http://www.gks.ru/wps/wcm/connect/rosstat_main/rosstat/ru/.

FIELD, A. E., COAKLEY, E. H., MusT, A., SPADANO, J. L., LAIRD, N., DIETZ, W. H., RimMm, E., CoLDITzZ, G. A.
(2001): Impact of overweight on the risk of developing common chronic diseases during
a 10-year period, Archives of Internal Medicine, No. 13 (161), pp. 1581-1586.

FITZGERALD, A., DEWAR, R., VEUGELERS, P. (2002): Diet quality and cancer incidence in Nova Scotia,
Canada, Nutrition and Cancer, No. 2 (43), pp. 127-132.

FOGLI-CAWLEY, J. J.,, DWYER, J. T,, SALTZMAN, E., MCCULLOUGH, M. L., TRoY, L. M., JACQUES, P. F. (2006):
The 2005 Dietary Guidelines for Americans Adherence Index: development and application,
The Journal of Nutrition, No. 11 (136), pp. 2908-2915.

FONSECA, R., MICHAUD, P.-C., GALAMA, T. J., KAPTEYN, A. (2008): Retirement and the demand for
health, RAND Working Paper, available at: http://webcache.googleusercontent.com/search?
g=cache;jCliPNG9dBMJ:https://psidonline.isr.umich.edu/publications/Workshops/2008/LC/
fonseca_psid.pdf+&cd=1&hl=de&ct=cInk&gl=de.

FONSECA, R., MICHAUD, P.-C., GALAMA, T. J., KAPTEYN, A. (2009): On The Rise of Health Spending
and Longevity, RAND Working Paper Series. No. WR-722, availbale at:
http://www.rand.org/pubs/working_papers/WR722.html.

FooD AND NUTRITION INFORMATION CENTER (2010, last modified Nov-13-2014): Dietary Reference
Intake Tables, available at: http://fnic.nal.usda.gov/dietary-guidance/dietary-reference-
intakes/dri-tables.

FOOTE, J. A, MURPHY, S. P., WILKENS, L. R., BASIOTIS, P. P., CARLSON, A. (2004): Dietary Variety Increases
the Probability of Nutrient Adequacy among Adults, The Journal of Nutrition, No. 7 (134),
pp. 1779-1785.

FORSTER, M. (2001): The meaning of death: Some simulations of a model of healthy and un-
healthy consumption, Journal of Health Economics, No. 4 (20), pp. 613-638.

FRAZAO, E., ALLSHOUSE, J. (2003): Strategies for Intervention: Commentary and Debate, The Jour-
nal of Nutrition, No. 3 (133), pp. 8445-847S.

FUNG, T.T., CHIUVE, S. E., McCULLOUGH, M. L., REXRODE, K. M., LOGROSCINO, G., Hu, F.B. (2008):
Adherence to a DASH-style diet and risk of coronary heart disease and stroke in women,
Archives of Internal Medicine, No. 7 (168), pp. 713-720.

FUNG, T. T., MCCULLOUGH, M., vAN DAMm, R. M., Hu, F. B. (2007): A Prospective Study of Overall Diet
Quality and Risk of Type 2 Diabetes in Women, Diabetes Care, No. 7 (30), pp. 1753-1757.

FUNG, T. T., McCuLLOUGH, M. L., NEway, P. K,, MANSON, J. E., MEIGS, J. B., RIFAI, N., WiLLETT, W. C,, Hu, F. B.
(2005): Diet-quality scores and plasma concentrations of markers of inflammation and
endothelial dysfunction, The American Journal of Clinical Nutrition, No. 1 (82), pp. 163-173.

GALAMA, T.J. (2011): A Contribution to Health Capital Theory, RAND Working Paper Series,
No. WR-831, available at: http://www.rand.org/pubs/working_papers/WR831.html.

GALAMA, T. J., HULLEGIE, P., MELER, E., OUTCAULT, S. (2012): Is there empirical evidence for decrea-
sing returns to scale in a health capital model?, Health Economics, No. 9 (21), pp. 1080-1100.



Literature 197

GALAMA, T. J., KAPTEYN, A. (2009): Grossman's missing health threshold, RAND Working Paper Series,
No. WR-684, available at: http://www.rand.org/pubs/working_papers/WR684.html.

GALAMA, T. J,, KAPTEYN, A. (2011): Grossman’s missing health threshold, Journal of Health Econo-
mics, No. 5 (30), pp. 1044-1056.

GALAMA, T. J., KAPTEYN, A., FONSECA, R., MICHAUD, P.-C. (2008): Grossman's Health Threshold and
Retirement, RAND Working Paper Series, No. WR-658, available at:
http://ssrn.com/abstract=1333413 or http://dx.doi.org/10.2139/ssrn.1333413.

GALAMA, T. J., KAPTEYN, A., FONSECA, R., MICHAUD, P.-C. (2013): A health production model with
endogenous retirement, Health Economics, No. 8 (22), pp. 883-902.

GALAMA, T.J., VAN KIPPERSLUIS, H. (2010): A theory of socioeconoic disparities in health over the
life cycle, RAND Working Paper Series, No. WR-773, available at:
http://www.rand.org/pubs/working_papers/WR773.html.

GALAMA, T. J., VAN KIPPERSLUIS, H. (2013): Health Inequalities through the Lens of Health Capital
Theory: Issues, Solutions, and Future Directions, Research on Economic Inequality, (21),
pp. 263-284.

GERBER, M. (2006): Qualitative methods to evaluate Mediterranean diet in adults, Public Health
Nutrition, No. 1A (9), pp. 147-151.

GERBER, M., SCALI, J., MICHAUD, A., DURAND, M., ASTRE, C., DALLONGEVILLE, J., ROMON, M. (2000): Profiles
of a healthful diet and its relationship to biomarkers in a population sample from Mediterra-
nean southern France, Journal of the American Dietetic Association, No. 10 (100), pp. 1164-1171.

GERDTHAM, U.-G., JOHANNESSON, M., LUNDBERG, L., ISACSON, D. (1999): The demand for health: Results
from new measures of health capital, European Journal of Political Economy, No. 3 (15),
pp-501-521.

GERMAN NUTRITION SOCIETY (DEUTSCHE GESELLSCHAFT FUR ERNAHRUNG, DGE) (2012): 12. Erndhrungs-
bericht 2012 [12t Nutrition Report 2012], DGE, Bonn.

GERMAN NUTRITION SOCIETY (DEUTSCHE GESELLSCHAFT FUR ERNAHRUNG, DGE) (2013): Vollwertig essen
und trinken nach den 10 Regeln der DGE, available at:
http://www.dge.de/modules.php?name=Content&pa=showpage&pid=15.

GIBSON, R. (2005): Principles of nutritional assessment, 2" ed., Oxford University Press, New York.

GILMAN, S. E. (2002): Commentary: Childhood socioeconomic status, life course pathways and
adult mental health, International Journal of Epidemiology, No. 2 (31), pp. 403-404.

GoLLOP, F., MONAHAN J. L. (1991): A generalized index of diversification: Trends in U.S manufactu-
ring, Review of Economics and Statistics, No. 2 (73), pp. 318-330.

GOODMAN, A. C., STANO, M., TILFORD, J. M. (1999): Household Production of Health Investment:
Analysis and Applications, Southern Economic Journal, Vol. 65, No. 4, pp. 791-806.

GOULET, J., LAMARCHE, B., NADEAU, G., LEMIEUX, S. (2003): Effect of a nutritional intervention pro-
moting the Mediterranean food pattern on plasma lipids, lipoproteins and body weight in
healthy French-Canadian women, Atherosclerosis, No. 1 (170), pp. 115-124.



198 Literature

GOVERNMENT OF THE RUSSIAN FEDERATION (2013): O6 yTBEpMXAEHUN METOLNUYECKNX PEKOMEHALINIA
10 OrnpefeneHmno NOTPeOUTENbCKON KOP3UHBI A OCHOBHDBIX COLMANbHO-AEMOrPadrUecKnx
rpynn HaceneHus B cyb6bekTax Poccuiickon ®epepauum [translated: "Statement of metho-
dical recommendations for determining the consumer basket of main socio-demographic
population strata in subjects of the Russian Federation], Government Regulation of the
Russian Federation, dated February 28, 2013 No. 54, available at:
http://www.rg.ru/2013/02/01/korzina-dok.html.

GRAUDAL, N. (2014): The Data Show a U-Shaped Association of Sodium Intake With Cardiovas-
cular Disease and Mortality, American Journal of Hypertension, No. 3 (28), pp. 424-425.

GROSSMAN, M. (1972a): On the Concept of Health Capital and the Demand for Health, The Journal
of Political Economy, No. 2 (80), pp. 223-255.

GROSSMAN, M. (1972b): The demand for health: A theoretical and empirical investigation, Colum-
bia University Press for the National Bureau of Economic Research, New York.

GROSSMAN, M. (2000): The human capital model, in: CULYER, A. J., NEWHOUSE, J. P. (eds.): Handbook
of Health Economics, Elsevier Science, Amsterdam, pp. 347-408.

GUENTHER, P. M., CASAVALE, K. O., REeDY, J., KIRKPATRICK, S.I., HizA, HAZEL A. B, Kuczynski, K. J.,
KAHLE, L. L., KREBS-SMITH, S. M. (2013): Update of the Healthy Eating Index: HEI-2010, Journal of
the Academy of Nutrition and Dietetics, No. 4 (113), pp. 569-580.

GUENTHER, P. M., REEDY, J., KREBS-SMITH, S. M. (2008): Development of the Healthy Eating Index-
2005, Journal of the American Dietetic Association, No. 11 (108), pp. 1896-1901.

Guo, J., L, W, WANG, Y., CHEN, T., TEO, K,, LIU, L.-S., YUSUF, S. (2013): Influence of dietary patterns
on the risk of acute myocardial infarction in China population: The INTERHEART China study,
Chinese Medical Journal, No. 3 (126), pp. 464-470.

HAINES, P. S., SIEGA-Riz, A. M., POPKIN, B. M. (1999): The Diet Quality Index revised: A measurement
instrument for populations, Journal of the American Dietetic Association, No. 6 (99), pp. 697-
704.

HALL, R. E., JONES, C. . (2007): The Value of Life and the Rise in Health Spending, The Quarterly
Journal of Economics, No. 1 (122), pp. 39-72.

HANSEN, R. G. (1973): An Index of Food Quality, Nutrition Reviews, No. 1 (31), pp. 1-7.

HARNACK, L., NicoDEmUS, K., JACOBS, D., FOLSOM, A. (2002): An evaluation of the Dietary Guidelines
for Americans in relation to cancer occurence, American Journal of Clinical Nutrition, No. 4 (76),
pp. 889-896.

HARRIS, J. A., BENEDICT, F. G. (1919): A Biometric Study of Basal Metabolism in Man, Carnegie Insti-
tution of Washington, Washington.

HAVEMAN-NIES, A., GROOT, L. DE, BUREMA, J., CRUZ, J., OSLER, M., VAN STAVEREN, W. A. (2002): Dietary
quality and lifestyle factors in relation to 10-year mortality in older Europeans: the SENECA
study, American Journal of Epidemiology, No. 10 (156), pp. 962-968.

HeDLEY, A. A., OGDEN, C.L., JOHNSON, C.L., CARROLL, M. D., CURTIN, L.R., FLEGAL, K. M. (2004):
Prevalence of overweight and obesity among US children, adolescents, and adults, 1999-
2002, JAMA, No. 23 (291), pp. 2847-2850.



Literature 199

HERZFELD, T., HUFFMAN, S., Rizov, M. (2014): The dynamics of food, alcohol and cigarette con-
sumption in Russia during transition, Economics and Human Biology, March 2014 (13),
pp. 128-143.

HINOTE, B. P., CocKerHAM, W. C., ABBOTT, P. (2009): Psychological distress and dietary patterns
in eight post-Soviet republics, Appetite, No. 1 (53), pp. 24-33.

Hiscock, R., BAULD, L., AMOS, A., FIDLER, J. A, MUNAFO, M. (2012): Socioeconomic status and smo-
king: A review, Annals of the New York Academy of Sciences, February 2012 (1248), pp. 07-123.

HONKANEN, P., FREWER, L. (2009): Russian consumers’ motives for food choice, Appetite, No. 2 (52),
pp. 363-371.

HONKANEN, P., VOLDNES, G. (2006): Russian consumers' food habits: Results from a qualitative
study in Moscow, Fisheriforskning Report, No. 24/2006, available at:
http://www.nofima.no/publikasjon/30E275080AE38600C1257233003B7CC9.

Hu, F. B. (2002): Dietary pattern analysis: A new direction in nutritional epidemiology, Current
Opinion in Lipidology, No. 1 (13), pp. 3-9.

Hu, F. B., STAMPFER, M. J., MANSON, J. E., GRODSTEIN, F., CoLDITZ, G. A., SPEIZER, F. E., WiLLETT, W. C.
(2000): Trends in the incidence of coronary heart disease and changes in diet and lifestyle in
women, The New England Journal of Medicine, No. 8 (343), pp. 530-537.

Hu, F. B., STAMPFER, M. J., RimMm, E. B., MANSON, J. E., ASCHERIO, A., COLDITZ, G. A., ROSNER, B. A.,
SPIEGELMAN, D., SPEIZER, F. E., SACKS, F. M., HENNEKENS, C. H., WILLETT, W. C. (1999): A prospective
study of egg consumption and risk of cardiovascular disease in men and women, The Journal
ofthe American Medical Association, No. 15 (281), pp. 1387-1394.

Hu, F. B., STAMPFER, M. J., MANSON, J. E., RiMMm, E., CoLDITZ, G. A., ROSNER, B. A., HENNEKENS, C. H.,
WILLETT, W. C. (1997): Dietary Fat Intake and the Risk of Coronary Heart Disease in Women:
New England Journal of Medicine, No. 21 (337), pp. 1491-1499.

HurrmAN, F. K., Rizov, M. (2007): Determinants of obesity in transition economies: The case
of Russia, Economics and Human Biology, No. 3 (5), pp. 379-391.

HUIBREGTS, P., FESKENS E., RASANEN L., FIDANZA, F., NISSINEN, A., MENOTTI, A., KROMHOUT, D. (1997):
Dietary pattern and 20 year mortality in elderly men in Finland, Italy, and the Netherlands:
longitudinal cohort study, British Medical Journal, No. 7099 (Jul. 5, 1997) (315), pp. 13-17.

HusToN, S. J., FINKE, M. S. (2003): Diet choice and the role of time preference, Journal of Consumer
Affairs, No. 1 (37), pp. 143-160.

INTERACT CONSORTIUM (2014): Adherence to predefined dietary patterns and incident type 2 dia-
betes in European populations: EPIC-InterAct Study, Diabetologia, No. 2 (57), pp. 321-333.

I@BAL, R., ANAND, S., OUNPUU, S., ISLAM, S., ZHANG, X., RANGARAJAN, S., CHIFAMBA, J., AL-HINAI, A.,
KEeLTAI, M., YUSUF, S. (2008): Dietary patterns and the risk of acute myocardial infarction in
52 countries: Results of the INTERHEART study, Circulation, No. 19 (118), pp. 1929-1937.

IRALA-ESTEVEZ, J. D., GROTH, M., JOHANSSON, L., OLTERSDORF, U., PRATTALA, R., MARTINEZ-GONZALEZ, M. A.
(2000): A systematic review of socio-economic differences in food habits in Europe: Con-
sumption of fruit and vegetables, European Journal of Clinical Nutrition, No. 9 (54), pp. 706-
714,



200 Literature

IsA, F., Xig, L-P., HU, Z., ZHONG, Z., HEMELT, M., REULEN, R. C,, WONG, Y. C,, TAM, P.-C,, YANG, K,, CHA, C,,
ZENG, X., DENG, Y., ZHONG, W.-D., ZEEGERS, M. P. (2013): Dietary consumption and diet diversity
and risk of developing bladder cancer: Results from the South and East China case-control
study, Cancer Causes & Control, No. 5 (24), pp. 885-895.

JACOBSON, L. (2000): The family as producer of health: An extended grossman model, Journal of
Health Economics, No. 5 (19), pp. 611-637.

JAHNS, L., ADAR, L., MROZ, T., POPKIN, B. M. (2012): The declining prevalence of overweight among
Russian children: Income, diet, and physical activity behavior changes, Economics and Human
Biology, No. 2 (10), pp. 139-146.

JAHNS, L., BATURIN, A., POPKIN, B. M. (2003): Obesity, diet, and poverty: Trends in the Russian tran-
sition to market economy, European Journal of Clinical Nutrition, No. 10 (57), pp. 1295-1302.

JAYAWARDENA, R., BYRNE, N. M., SOARES, M. J., KATULANDA, P., YADAV, B., HiLLS, A. P. (2013): High
dietary diversity is associated with obesity in Sri Lankan adults: an evaluation of three dietary
scores, BMC Public Health, No. 314 (13), pp. 1-8.

JEURNINK, S. M., BUCHNER, F. L., BUENO-DE-MESQUITA, H. B., SIERSEMA, P. D., BOsHUIZEN, H. C., NUMANS, M. E.,
DAHMm, C. C,, OVERVAD, K., TJBNNELAND, A., ROSWALL, N., CLAVEL-CHAPELON, F., BOUTRON-RUAULT, M. C,,
Moroails, S., KAAKS, R., TEUCHER, B., BOEING, H., BUIISSE, B., TRICHOPOULOU, A., BENETOU, V., ZvLIS, D.,
PaLLI, D., SIERI, S., VINEIS, P., TUMINO, R., PANICO, S., OCKE, M. C., PEETERS, P. H. M., SKEIE, G., BRUSTAD, M.,
LUND, E., SANCHEZ-CANTALEJO, E., NAVARRO, C.,, AMIANO, P., ARDANAZ, E., RAMON QUIR0S, J., HALLMANS, G.,
JOHANSSON, |, LINDKVIST, B., REGNER, S., KHAW, K. T., WAREHAM, N., KeY, T.J., SLMANI, N., NORAT, T.,
VERGNAUD, A. C., ROMAGUERA, D., GONZALEZ, C. A. (2012): Variety in vegetable and fruit con-
sumption and the risk of gastric and esophageal cancer in the European Prospective Investi-
gation into Cancer and Nutrition, International Journal of Cancer, No. 6 (131), pp. E963-E973.

JOHNSON, D. R., CReecH, J. C. (1983): Ordinal measures in multiple indicator models: A. simulation
study of categorization error, American Sociological Review, No. 3 (48), pp. 398-407.

JONES, A. M., LAPORTE, A., RICE, N., ZuccHELLI, E. (2014): A synthesis of the Grossman and Becker-
Murphy models of health and addiction: Theoretical and empirical implications, Health,
Econometrics and Data Group (HEDG) Working Papers, No. 14/07, available at:
https://ideas.repec.org/p/yor/hectdg/14-07.html.

Jovce, T. (1987): The demand for health inputs and their impact on the black neonatal mortality
rate in the U.S, Social Science & Medicine, No. 11 (24), pp. 911-918.

KAESTNER, R. (2013): The Grossman model after 40 years: A reply to Peter Zweifel, The European
Journal of Health Economics, No. 2 (14), pp. 357-360.

KAHNEMAN, D., TVERSKY, A. (1979): Prospect theory: An analysis of decision under risk, Econometrica,
No. 2 (47), pp. 263-291.

KAMIEN, M. ., SCHWARTZ, N. (1991): Dynamic optimization: The Calculus of Variations and Optimal
Control in Economics and Management, Vol. 31, 2. ed., North-Holland, Amsterdam.

Kan, K., YEN, S. T. (2003): A sample selection model with endogeneous health knowledge: Egg
consumption in the USA, in: CHERN, W., RICKERTSEN, K. (eds.): Health, Nutrition and Food
Demand, CABI Publishing, Wallingford, pp. 91-104.

KaNT, A. K. (1996): Indexes of overall diet quality: A review, Journal of American Dietetic Associa-
tion, No. 8 (96), pp. 785-791.



Literature 201

KANT, A. K. (2004): Dietary patterns and health outcomes, Journal of the American Dietetic Asso-
ciation, No. 4 (104), pp. 615-635.

KaNT, A. K., LEITZZMANN, M. F., PARK, Y., HOLLENBECK, A., SCHATZKIN, A. (2009): Patterns of Recom-
mended Dietary Behaviors Predict Subsequent Risk of Mortality in a Large Cohort of Men
and Women in the United States, Journal of Nutrition, No. 7 (139), pp. 1374-1380.

KANT, A. K., SCHATZKIN, A., GRAUBARD, B. ., SCHAIRER, C. (2000): A prospective study of diet quality
and mortality in women, The Journal of the American Medical Association, No. 16 (283),
pp.2109-2115.

KaTtz, D. L., NJIKE, V. Y., FARIDI, Z., RHEE, L. Q., REEVES, R. S., JENKINS, D. J. A., Ao0B, K. T. (2009): The
Stratification of Foods on the Basis of Overall Nutritional Quality: The Overall Nutritional
Quality Index, American Journal of Health Promotion, No. 2 (24), pp. 133-143.

KELLER, A., HEITMANN, B. L., OLSEN, N. (2014): Sugar-sweetened beverages, vascular risk factors
and events: A systematic literature review, Public Health Nutrition, No. 7 (18), pp. 1145-1154.

KENNEDY, E. T., OHLS, J., CARLSON, S., FLEMING, K. (1995): The Healthy Eating Index. Design and
applications, Journal of American Dietetic Association, No. 10 (95), pp. 1103-1108.

KIEFTE-DE JONG, J. C,, MATHERS, J. C., FRANCO, O. H. (2014): Nutrition and healthy ageing: The key
ingredients, The Proceedings of the Nutrition Society, No. 2 (73), pp. 249-259.

Kim, S., HAINES, P., SEIGA-Riz, A., POPKIN, B. M. (2003a): The Diet Quality Index-International (DQI-I)
provides an effective tool for cross-national comparison of diet quality as illustrated by China
and the United States, Journal of Nutrition, No. 11 (133), pp. 3476-3484.

Kim, S.-U., NAYGA, R. M., JR., CAPPs, O. (2003b): Assessing the importance of health information in
relation to dietary intakes in the USA, in: CHERN, W., RICKERTSEN, K. (eds.): Health, Nutrition and
Food Demand, CABI Publishing, Wallingford, pp. 73-90.

KimokoTl, R. W., NEwBY, P. K., GONA, P., ZHu, L., JASUJA, G. K., PENCINA, M. J., MCKEON-O'MALLEY, C.,
Fox, C.S., D'AGOSTINO, R. B., MILLEN, B. E. (2010): Diet quality, physical activity, smoking status,
and weight fluctuation are associated with weight change in women and men, The Journal
of Nutrition, No. 7 (140), pp. 1287-1293.

KNIGHT, F. H. (1921): Risk, Uncertainty, and Profit, Hart, Schaffner & Marx at Houghton Mifflin
Company, Boston.

Knoors, K. T. B., DE GROOT, LISETTE C. P. G. M., KROMHOUT, D., PERRIN, A.-E., MOREIRAS-VARELA, O.,
MENOTTI, A., VAN STAVEREN, W. A. (2004): Mediterranean diet, lifestyle factors, and 10-year
mortality in elderly European men and women: The HALE project, The Journal of the Ameri-
can Medical Association, No. 12 (292), pp. 1433-1439.

Knoops, K. T. B., GROOT, D. L., FIDANZA, F., ALBERTI-FIDANZA, A., KROMHOUT, D., VAN STAVEREN, W. A. (2006):
Comparison of three different dietary scores in relation to 10-year mortality in erderly Euro-
pean subjects: The HALE project, European Journal of Clinical Nutrition, No. 6 (60), pp. 746-755.

KNUDSEN, O., SCANDIZZO, P. L. (1982): The demand for calories in developing countries, American
Agricultural Economics Association, No. 1 (64), pp. 80-86.

KOKA, K., LAPORTE, A., FERGUSON, B. S. (2014): Theoretical simulation in health economics: An
application to Grossman's model of investment in health capital, Working Papers Series, No.
2014/11, available at: http://www.canadiancentreforhealtheconomics.ca/papers/theoretical-
simulation-health-economics-application-grossmans-model-investment-health-capital/.



202 Literature

KoLmoGorov, A. N. (1973): Grundbegriffe der Wahrscheinlichkeitsrechnung, Ergebnisse der
Mathematik und ihrer Grenzgebiete, No. 2, 3, Springer, Berlin, Heidelberg, New York.

KomLos, J., SMITH, P. K., BOGIN, B. (2004): Obesity and the rate of time preference: Is there a
connection?, Journal of Biosocial Science, No. 2 (36), pp. 209-219.

KRANZ, S., HARTMAN, T, SIEGA-RIZ, A. M., HERRING, A. H. (2006): A diet quality index for American
preschoolers based on current dietary intake recommendations and an indicator of energy
balance, Journal of the American Dietetic Association, No. 10 (106), pp. 1594-1604.

KRrATZ, M. (2005): Dietary cholesterol, atherosclerosis and coronary heart disease, in: ROSENTHAL, W.
(ed.): Handbook of Experimental Pharmacology, No. 170, pp. 195-213.

KUHN, R., STILLMAN, S. (2004): Understanding Interhousehold Transfers in a Transition Economy:
Evidence from Russia, Economic Development and Cultural Change, No. 1 (53), pp. 131-156.

LADD, G. W., SUVANNUNT, V. (1976): A Model of Consumer Goods Characteristics, American Journal
of Agricultural Economics, No. 3 (58), pp. 504-510.

LALL, S.P., PARAZO, M. P. (1995): Vitamins in fish and shellfish, in RUITER, A. (ed.): Fish and fishery
products, CAB International, New York, pp. 157-186.

LANCASTER, K. J. (1966): A new approach to consumer theory, Journal of Political Economy, No. 2
(74), pp. 132-157.

LANCASTER, K. J. (1971): Consumer Demand: A New Approach, Columbia University Press, New
York [etc.].

LAPORTE, A. (2014): Should the Grossman model retain its Iconic status in health economics?,
CCHE/CCES Working Paper, No. 2014/04, available at:
http://www.canadiancentreforhealtheconomics.ca/wp-content/uploads/2015/01/Laporte-
R.pdf.

LAPORTE, A., FERGUSON, B. S. (2007): Investment in health when health is stochastic, Journal of
Population Economics, No. 2 (20), pp. 423-444.

LAWLESS, L., DricHOUTIS, A. C., NAYGA, R. M., JR. (2013): Time preferences and health behaviour:
A review, Agricultural and Food Economics, No. 1 (1), pp. 1-17.

LEE, S., HARNACK, L., JACOBS JR,, S. L., LUEPKER, R., ARNETT, D. (2007): Trends in diet quality for coronary
heart disease prevention between 1980-1982 and 2000-2002: The Minnesota Heart Survey,
Journal of American Dietetic Association, Vol. 2 (107), pp. 213-222.

LeisowiTz, A. A. (2004): The demand for health and health concerns after 30 years, Journal of
Health Economics, No. 4 (23), pp. 663-671.

Leu, R.E., GERFIN, M. (1992): "Die Nachfrage nach Gesundheit — Ein empirischer Test des
Grossmann-Modells. [Demand for health — An empirical test of the Grossman model", in:
OBERENDER, P. (ed.): Steuerungsprobleme im Gesundheitswesen, Nomos, Baden-Baden,
pp. 61-79.

LIEFErRT, W. (2004): Food Security in Russia: Economic Growth and Rising Incomes are Reducing
Insecurity, Food Security Assessment, Special Article GFA-15, pp. 35-43, available at:
www.ers.usda.gov/media/880591/gfa15i_002.pdf.

Liuas, B. (1998): The demand for health with uncertainty and insurance, Journal of Health Eco-
nomics, No. 2 (17), pp. 153-170.



Literature 203

LiLAs, B. (2000): Insurance and imperfect financial markets in Grossman's demand for health
model - A reply to Tabata and Ohkusa, Journal of Health Economics, No. 5 (19), pp. 821-827.

LIVINGSTONE, M. B. E., BLACK, A. E. (2003): Markers of the validity of reported energy intake, The
Journal of Nutrition, No. 3 (133), pp. 8955-920S.

Loewik, M. R., HULSHOF, K. F., BRUSSAARD, J. H. (1999): Food-based dietary guidelines: Some assump-
tions tested for The Netherlands, The British Journal of Nutrition, Supplement, 2 (81), pp. S143-9.

LONG, J. S. (1997): Regression models for categorical and limited dependent variables: Advanced
quantitative techniques in the social sciences, Vol. 7, SAGE Publications, Thousand Oaks.

LONG, J. S., FREESE, J. (2014): Regression models for categorical dependent variables using Stata,
3dedition, Stata Press Publication, College Station, Texas.

Lusk, J. L., SCHROEDER, T. C.,, TONSOR, G. T. (2014): Distinguishing beliefs from preferences in food
choice, European Review of Agricultural Economics, No. 4 (41), pp. 627-655.

LyLES, THOMAS E. 3RD, DESMOND, R., FAULK, L. E., HENSON, S., HUBBERT, K., HEIMBURGER, D. C., ARD, J. D.
(2006): Diet variety based on macronutrient intake and its relationship with body mass index,
Medscape General Medicine, No. 3 (8), p. 39.

MACCALLUM, R.C., ZHANG, S., PREACHER, K. J., RUCKER, D.D. (2002): On the practice of dichoto-
mization of quantitative variables, Psychological Methods, No. 1 (7), pp. 19-40.

MACuRDY, T. E. (1981): An empirical model of labor supply in a life-cycle setting, Journal of Politi-
cal Economy, No. 6 (89), pp. 1059-1085.

MALLIARIS, A. G., BRock, W. (1982): Stochastic methods in economics and finance, 17" ed., North-
Holland Pub. Co and Elsevier, New York, ect.

MANN, J. (2012): Sugars: A uniquely obesogenic nutrient?, Nutrition Seminar, WHO Geneva,
Switzerland, available at: http://www.who.int/nutrition/topics/seminar_sugars_6Jul12/en/.

MARCKMANN, P., OSTHER, P., PEDERSEN, A. N., JESPERSEN, B. (2014): High-Protein Diets and Renal
Health, Journal of Renal Nutrition, No. 1 (25), pp. 1-5.

MARMOT, M., ATINMO, T., BYERS, T., CHEN, J., HIROHATA, T., JACKSON, A., JAMES, W., KOLONEL, L.,
KUMANYIKA, S., LEITZMANN, C., MANN, J., POWERS, H., REDDY, K., RiBOLI, E., RIVERA, J. A., SCHATZKIN, A.,
SEIDELL, J., SHUKER, D., UAuY, R, WILLETT, W. C,, ZEISEL, S. (2007): Food, nutrition, physical activity,
and the prevention of cancer: A global perspective, WCRF/AICR, Washington, DC.

MARTINCHIK, A. N., BATURIN, A. K., MARTINCHIK, E. A., PESKOVA, E. V., STAROVOITOV, M. L. (2005): Dak-
TYeckoe noTpebneHvie HaceneHnem Poccin BUTaMMHOB-aHTMOKCMAAHTOB: [translated:
Dietary intake of antioxidant vitamins in the Russian population], Voprosy Pitaniia, No. 4 (74),
pp. 9-13.

MARTINSSON, A., ANDERSSON, C., ANDELL, P., KouL, S., ENGSTROM, G., SMITH, J. G. (2014): Anemia in the
general population: Prevalence, clinical correlates and prognostic impact, European Journal
of Epidemiology, No. 7 (29), pp. 489-498.

MAYNARD, M., NESS, A. R., ABRAHAM, L., BLANE, D., BATES, C., GUNNELL, D. J. (2005): Selecting a healthy
diet score: Lessons from a study of diet and health in early old age (the Boyd Orr cohort),
Public Health Nutrition, No. 3 (8), pp. 321-326.



204 Literature

MazzoccHi, M., CAPACCI, S., SHANKAR, B., TRAILL, B. (2014): Agri-food systems for better nutrition
in Europe and Central Asia, Policy Studies on Rural Transition, No 2014/01, available at:
http://www.fao.org/europe/resources/policy-studies-on-rural-transition/en/.

MazzoccHI, M., BRasILI, C., SANDR, E. (2008): Trends in dietary patterns and compliance with World
Health Organization recommendations: A cross-country analysis, Public Health Nutrition,
No.5(11), pp. 535-540.

McCRoRY, M. A, Fuss, P.J., MCCALLUM, J. E., YAO, M., VINKEN, A. G., HAYS, N. P., ROBERTS, S. B. (1999):
Dietary variety within food groups: Association with energy intake and body fatness in men
and women, The American Journal of Clinical Nutrition, No. 3 (69), pp. 440-447.

MCcCULLOUGH, M., FESKANISH, D., RIMM, E., GIOVANNUCCI, E., ASCHERIO, A., VARIYAN, J., SPIEGELMAN, D.,
STAMPFER, M., WILLETT, W. C. (2000a): Adherence to the Dietary Guidelines for Americans
and risk of major chronic disease in men, The American Journal of Clinical Nutrition, No. 5 (72),
pp- 1223-1231.

McCULLOUGH, M., FESKANISH, D., STAMPFER, M., ROSNER, B., HU, F. B., HUNTER, D., VARIYAN, J., CoLDITZ, G.,
WILLETT, W. C. (2000b): Adherence to the Dietary Guidelines for Americans and risk of major
chronic disease in women, The American Journal of Clinical Nutrition, No. 5 (72), pp. 1214-
1222.

McCULLOUGH, M. L., FESKANICH, D., STAMPFER, M.J., GIovANNuccl, E. L., Rimm, E. B., HU, F. B, SPIEGELMAN, D.,
HUNTER, D. J., CoLDITz, G. A, WILLETT, W. C. (2002): Diet quality and major chronic disease risk in
men and women: Moving toward improved dietary guidance, The American Journal of Clini-
cal Nutrition, No. 6 (76), pp. 1261-1271.

MerTZ, W., Tsul, J. C., JuDpD, J. T., REISER, S., HALLFRISCH, J., MORRIS, E. R., STEELE, P. D., LASHLEY, E.
(1991): What are people really eating? The relation between energy intake derived from
estimated diet records and intake determined to maintain body weight, The American
Journal of Clinical Nutrition, No. 2 (54), pp. 291-295.

MicHELS, K. B.,, WoLK, A. (2002): A prospective study of variety of healthy foods and mortality in
women, International Journal of Epidemiology, No. 4 (31), pp. 847-854.

MILA-VILLARROEL, R., BACH-FAIG, A., PUIG, J., PUCHAL, A., FARRAN, A., SERRA-MAJEM, L., CARRASCO, J. L.
(2011): Comparison and evaluation of the reliability of indexes of adherence to the Mediter-
ranean diet, Public Health Nutrition, No. 12A (14), pp. 2338-2345.

MINISTRY OF HEALTH AND SOCIAL DEVELOPMENT OF THE RUSSIAN FEDERATION (2010): O6 yTBepxaeHun
peKkoMeHAaLMIN MO paLMOHanbHbIM HOpMaM MOTPe6NeHNA NMULLEBbIX NPOAYKTOB, OTBEYalo-
MM COBPEMEHHbBIM TpeboBaHUAM 300pOBOro nNuTaHusa [translated: On approval of recom-
mendations of regional norms of food consumption, meeting the modern requirements of
healthy nutrition], Decree dated August 2, 2010, No. 593n, available at:
http://www.rg.ru/2010/10/15/pitanie-dok.html.

MokDAD, A. H., FORD, E. S., BOWMAN, B. A., DIETZ, W. H., VINICOR, F., BALES, V.S., MARKS, J. S. (2003):
Prevalence of obesity, diabetes, and obesity-related health risk factors, 2001, JAMA, No. 1 (289),
pp. 76-79.

MONTONEN, J., JARVINEN, R., HELIOVAARA, M., REUNANEN, A., AROMAA, A., KNEKT, P. (2005): Food con-
sumption and the incidence of type Il diabetes mellitus, European Journal of Clinical Nutrition,
No. 3 (59), pp. 441-448.



Literature 205

MORSE, S., EAsTwoOD, D. (1989): A Theoretical and Empirical Investigation of the Hedonic
Price Equation for Foods, University of Tennessee Agricultural Experiment Station Bulletin,
No. 666 (02-1989), available at: http://trace.tennessee.edu/utk_agbulletin/447.

Mu, R. (2006): Income Shocks, Consumption, Wealth, and Human Capital: Evidence from Russia,
Economic Development and Cultural Change, No. 4 (54), pp. 857-892.

MUNDA, G. (2005a): Measuring Sustainability: A Multi-Criterion Framework, Environment, Deve-
lopment and Sustainability, No. 1 (7), pp. 117-134.

MUNDA, G. (2005b): Multi-Criteria Decision Analysis and Sustainable Development, in: FIGUEIRA, J.,
GRECO, S., EHRGOTT, M. (eds.): Multiple-criteria decision analysis: State of the art surveys,
Springer International Series in Operations Research and Management Science, New York,
pp. 953-986.

MuRPHY, S. P., DAVIS, M. A., NEUHAUS, J. M., LEIN, D. (1996): Dietary quality and survival among
middle-aged and older adults in the NHANES | epidemiologic follow-up study, Nutrition
Research, No. 10 (16), pp. 1641-1650.

MUURINEN, J.-M. (1982): Demand for health: A generelized Grossman Model, Journal of Health
Economics, No. 1 (1), pp. 5-28.

NARDO, M., SAISANA, M., SALTELLI, A., TARANTOLA, S., HOFFMANN, A., GIOVANNINI, E. (2008): Handbook
on Constructing Composite Indicators: Methodology and User Guide, OECD Publishing, Paris.

NATIONAL RESEARCH UNIVERSITY HIGHER SCHOOL OF ECONOMICS, ZAQO "DEMOSCOPE", CAROLINA POPULATION
CENTER, UNIVERSITY OF NORTH CAROLINA AT CHAPEL HILL AND INSTITUTE OF SOCIOLOGY RAS (2015):
Russia Longitudinal Monitoring Survey (RLMS-HSE), available at:
http://www.cpc.unc.edu/projects/rims-hse.

NAYGA, R. M., Jr. (1994): Effects of socioeconomic and demographic factors on consumption of
selected food nutrients, Agricultural and Resource Economics Review, Vol. 23 No. 2, pp. 171-182.

NEwsy, P. K., Hu, F. B., RimMm, E. B., SMITH-WARNER, S. A., FESKANICH, D., SAMPSON, L., WILLETT, W. C.
(2003): Reproducibility and validity of the Diet Quality Index Revised as assessed by use
of a food-frequency questionnaire, The American Journal of Clinical Nutrition, No. 5 (78),
pp. 941-949.

NEWBY, P. K., TUCKER, K. L. (2004): Empirically Derived Eating Patterns Using Factor or Cluster
Analysis: A Review, Nutrition Reviews, No. 5 (62), pp. 177-203.

NICHELE, V. (2003): Health information and food demand in France, in: CHERN, W., RICKERTSEN, K.
(eds.): Health, Nutrition and Food Demand, CABI Publishing, Wallingford, pp. 131-151.

NisHIDA, C., UAUY, R., KUMANYIKA, S., SHETTY, P. (2004): The Joint WHO/FAO Expert Consultation on
diet, nutrition and the prevention of chronic diseases: process, product and policy implica-
tions, Public Health Nutrition, No. 1A (7), pp. 245-250.

NORDSTROM, J., THUNSTROM, L. (2011): Economic policies for healthier food intake: The impact on
different household categories, The European Journal of Health Economics, No. 2 (12), pp. 127-
140.

OGLOBLIN, N. A, SPRICHEV, V. B., BATURIN, A. K. (2005): O noTpebneHun HaceneHem Poccun Kasnb-
umA ¢ nuwen: [translated: The study on consumption of calcium with food by the population
of the Russian Federation], Voprosy Pitaniia, Vol. 74, No. 5, pp. 7-14.



206 Literature

ORGANIZATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT (OECD) (1998): Review of agricultural
policies: Russian Federation, OECD Publishing, Paris.

ORGANIZATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT (OECD) (2009): Agricultural policies in
emerging economies 2009: Monitoring and evaluation, OECD Publishing, Paris.

ORGANIZATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT (OECD) (2014): OECD.Stat Web Brow-
ser, available at: http://stats.oecd.org/index.aspx?querytype=view&queryname=221.

OSLER, M., HEITMANN, B. L., GERDES, L. U., JORGENSEN, L. M., SCHROLL, M. (2001): Dietary patterns and
mortality in Danish men and women: A prospective observational study, British Journal of
Nutrition, No. 2 (85), pp. 219-225.

OSLER, M., HELMS ANDREASEN, A., HEITMANN, B., HOIDRUP, S., GERDES, U., MORCH JORGENSEN, L., SCHROLL, M.
(2002): Food intake patterns and risk of coronary heart disease: A prospective cohort study
examining the use of traditional scoring techniques, European Journal of Clinical Nutrition,
No. 7 (56), pp. 568-574.

PAALANEN, L., PRATTALA, R., PALOSUO, H., LAATIKAINEN, T. (2011): Socio-economic differences in the
consumption of vegetables, fruit and berries in Russian and Finnish Karelia: 1992-2007,
The European Journal of Public Health, No. 1 (21), pp. 35-42.

PANAGIOTAKOS, D., PITsavos, C., STEFANADIS, C. (2006): Dietary patterns: A Mediterranean diet score
and its relation to clinical and biological markers of cardiovascular disease risk, Nutrition,
Metabolism and Cardiovascular Diseases, No. 9 (16), pp. 559-568.

PARK, J., DAviS, G. C. (2001): The Theory and Econometrics of Health Information in Cross-Sectio-
nal Nutrient Demand Analysis, American Journal of Agricultural Economics, No. 4 (83), pp. 840-
851.

PATTERSON, R., HAINES P. S., POPKIN, B. M. (1994): Diet quality index: Capturing a multidimensional
behavior, Journal of the American Dietetic Association, Vol. 94, No. 1, pp. 57-64.

PICONE, G., URIBE, M., MARK WILSON, R. (1998): The effect of uncertainty on the demand for medical
care, health capital and wealth, Journal of Health Economics, No. 2 (17), pp. 171-185.

PLUMPER, T., TROEGER, V. E. (2007): Efficient estimation of time-invariant and rarely changing
variables in finite sample panel analyses with unit fixed effects, Political Analysis, No. 2 (15),
pp. 124-139.

PONTRYAGIN, L. S., BOLTJANSKI, W., GAMKRELIDZE, R. V., MISHCHENKO, E. F. (1967): Mathematische Theo-
rie optimaler Prozesse [translated by W. Hahn u. R. Herschel], 2" ed., Oldenbourg, Miinchen.

PoPKIN, B. M. (2001): The Nutrition Transition and Obesity in the Developing World, The Journal
of Nutrition, No. 3 (131), pp. 871S.

PopPkIN, B. M. (2002): An overview on the nutrition transition and its health implications: The
Bellagio meeting, Public Health Nutrition, No. 1A (5), pp. 93-103.

POPKIN, B. M. (2006): Global nutrition dynamics: The world is shifting rapidly toward a diet linked
with noncommunicable diseases, The American Journal of Clinical Nutrition, No. 2 (84),
pp. 289-298.

PoPKIN, B. M. (2007): Understanding global nutrition dynamics as a step towards controlling
cancer incidence, Nature Reviews Cancer, No. 1 (7), pp. 61-67.



Literature 207

PopkiN, B. M. (2011): Agricultural policies, food and public health: Science & Society series on
food and science, EMBO Reports Science & Society, No. 1 (12), pp. 11-18.

PoPKIN, B. M. (2014): Nutrition, Agriculture and the Global Food System in Low and Middle
Income Countries, Food Policy, August 2014 (47), pp. 91-96.

PoPkIN, B. M., Dy, S. (2003): Dynamics of the nutrition transition toward the animal foods sector
in China and its implications: A worried perspective, Journal of Nutrition, No. 11, Supple-
ment, 2 (133), pp. 38985-3906S.

PoPKIN, B. M., HORTON S., SoowonN, K. (2001): The nutrition transition and prevention of diet-rela-
ted chronic diseases in Asia and the Pacific., Food and Nutrition Bulletin, No. 4 (22), pp. 1-58.

POPKIN, B. M., NG, S. W. (2007): The nutrition transition in high- and low-income countries: What
are the policy lessons?, Agricultural Economics, Supplement S1 (37), pp. 199-211.

POWELL, L. M., CHALOUPKA, F. J. (2009): Food prices and obesity: Evidence and policy implications
for taxes and subsidies, Milbank Quarterly, No. 1 (87), pp. 229-257.

PRA, D., BOrRTOLUZZI, A., MULLER, L. L., HERMES, L., HORTA, J. A., MALUF, S. W., HENRIQUES, J. A.P.,
FENECH, M., RECH FRANKE, S. I. (2011): Iron intake, red cell indicators of iron status, and DNA
damage in young subjects, Nutrition, No. 3 (27), pp. 293-297.

RATCHFORD, B. T. (1975): The New Economic Theory of Consumer Behavior: An Interpretive Essay,
Journal of Consumer Research, No. 2 (2), pp. 65-75.

RAYNOR, H. A., KiLanowski, C. K., ESTERLIS, |., EPSTEIN, L. H. (2002): A cost-analysis of adopting a
healthful diet in a family-based obesity treatment program, Journal of the American Dietetic
Association, No. 5 (102), pp. 645-656.

REeDY, J., KREBS-SMITH, S. M., MILLER, P. E., LIESE, A. D., KAHLE, L. L., PARK, Y., SUBAR, A.F. (2014):
Higher diet quality is associated with decreased risk of all-cause, cardiovascular disease, and
cancer mortality among older adults, The Journal of Nutrition, No. 6 (144), pp. 881-889.

RIED, W. (1998): Comparative dynamic analysis of the full Grossman model, Journal of Health
Economics, No. 4 (17), pp. 383-425.

RLMS-HSE (1996-2008): Russia longitudinal monitoring survey, conducted by Higher School
of Economics and ZAO "Demoscope" together with Carolina Population Center, Uni-
versity of North Carolina at Chapel Hill and the Institute of Sociology RAS. [2013-06-04].
http://www.cpc.unc.edu/projects/rlms-hse, http://www.hse.ru/org/hse/rlms.

RODER, C. (1998): Determinanten der Nachfrage nach Nahrungsmitteln und Erndhrungsqualitat
in Deutschland: Eine 6konomische Analyse auf der Grundlage der Nationalen Verzehrsstudie,
Agrimedia, Frankfurt.

ROE, T. L., SMITH, R., SARACOGLUY, D. (2010): Multisector Growth Models: Theory and Application,
Springer, New York.

ROOSEN, J., BLANCHEMANCHE, S., MARETTE, S. (2009): Verbraucher und die Vermarktung gesundheits-
férdernder Lebensmittel: Von individuellen Nutzen und Risiken zu Regulierung, in: BErg, E.,
HARTMANN, M., HECKELEI, T., HOLM-MULLER, K., SCHIEFER, G. (eds): Schriften der Gesellschaft fiir
Wirtschafts- und Sozialwissenschaften des Landbaus e.V., No. 44, pp. 11-18.

RosIN, O. (2008): The economic causes of obesity: A survey, Journal of Economic Surveys, No. 4 (22),
pp.617-647.



208 Literature

RoYO-BORDONADA, M. A., GORGOJO, L., ORTEGA, H., MARTIN-MORENO, J. M., LASUNCION, M. A., GARCES, C.,
GIL, A., RODRIGUEZ-ARTALEJO, F., OYA, M. DE (2003): Greater dietary variety is associated with
better biochemical nutritional status in Spanish children: The Four Provinces Study, Nutrition,
Metabolism and Cardiovascular Diseases, No. 6 (13), pp. 357-364.

ROZENFELD, B. A. (1996): The crisis of Russian health care and attempts at reform, in: DAVANZO, J.
(with the assistance of FARNSWORTH, G. (ed.): RAND conference proceedings: Russia's demo-
graphic "crisis", RAND, Santa Monica, pp. 163-174.

RuMAWAS, M. E., DWYER, J. T., McKEOWN, N. M., MEIGS, J. B., ROGERS, G., JACQUES, P. F. (2009): The
development of the Mediterranean-style dietary pattern score and its application to the
American diet in the Framingham Offspring Cohort, The Journal of Nutrition, No. 6 (139),
pp. 1150-1156.

SANCHEZ-TAINTA, A., ESTRUCH, R., BULLO, M., CORELLA, D., GOMEZ-GRACIA, E., FIOL, M., ALGORTA, J.,
CovAs, M.-l., LAPETRA, J., ZAZPE, |., RUiZ-GUTIERREZ, V., ROS, E., MARTINEZ-GONZALEZ, M. A. (2008):
Adherence to a Mediterranean-type diet and reduced prevalence of clustered cardiovascular
risk factors in a cohort of 3, 204 high-risk patients, European Journal of Cardiovascular Preven-
tion and Rehabilitation, No. 5 (15), pp. 589-593.

SANCHEZ-VILLEGAS, A., MARTINEZ, J. A., IRALA, J. DE, MARTINEZ-GONZALEZ, M. A. (2002): Determinants of
the adherence to an "a priori" defined Mediterranean dietary pattern, European Journal of
Nutrition, No. 6 (41), pp. 249-257.

SAWA, S. C., KAFATOS, A. (2014): Is red meat required for the prevention of iron deficiency among
children and adolescents?, Current Pediatric Reviews, No. 3 (10), pp. 177-183.

SAVY, M., MARTIN-PREVEL, Y., TRAISSAC, P., DELPEUCH, F. (2007): Measuring dietary diversity in rural Bur-
kina Faso: comparison of a 1-day and a 3-day dietary recall, Public Health Nutrition, No. 1(10),
pp.71-78.

SCHROETER, C., ANDERS, S., CARLSON, A., RICKARD, B. (2010): The Economics of health Behavior and
Vitamin Consumption, presented at: The Economics of Food, Food Choice and Health
(15-17 September 2010), Munich, Germany.

SCHWAB, U., LAURITZEN, L., THOLSTRUP, T., HALDORSSONI, T., RISERUS, U., UUSITUPA, M., BECKER, W. (2014):
Effect of the amount and type of dietary fat on cardiometabolic risk factors and risk of
developing type 2 diabetes, cardiovascular diseases, and cancer: A systematic review, Food
& Nutrition Research, (58), pp. 25-45: 1-25.

SEA, M. M.-M., Woo0, J,, TONG, P.C.-Y., CHow, C.-C., CHAN, J. C.-N. (2004): Associations between
Food Variety and Body Fatness in Hong Kong Chinese Adults, Journal of the American Col-
lege of Nutrition, No. 5 (23), pp. 404-413.

SEDIK, D. J., SOTNIKOV, S., WIESMANN, D. (2003): Food security in the Russian Federation, Food and
Agriculture Organization of the United Nations (FAO) Publishing, Rome.

SELDEN, T. M. (1993): Uncertainty and health care spending by the poor: The health capital model
revisited, Journal of Health Economics, No. 1 (12), pp. 109-115.

SEYMOUR, J. D., CALLE, E. E., FLAGG, E. W., COATES, R. J., FORD, E. S., THUN, M. J. (2003): Diet Quality
Index as a Predictor of Short-term Mortality in the American Cancer Society Cancer Preven-
tion Study Il Nutrition Cohort, American Journal of Epidemiology, No. 11 (157), pp. 980-988.



Literature 209

SHATENSTEIN, B., NADON, S., GODIN, C., FERLAND, G. (2005): Diet quality of Montreal-area adults needs
improvement: Estimates from a self-administered food frequency questionnaire furnishing
a dietary indicator score, Journal of the American Dietetic Association, No. 8 (105), pp. 1251-
1260.

SHEPARD, T. Y., WEIL, K. M., SHARP, T. A., GRUNWALD, G. K., BELL, M. L., HILL, J. O., ECKEL, R. H. (2001):
Occasional physical inactivity combined with a high-fat diet may be important in the deve-
lopment and maintenance of obesity in human subjects, The American Journal of Clinical
Nutrition, No. 4 (73), pp. 703-708.

SMED, S., JENSEN, J. D., DENVER, S. (2007): Socio-economic characteristics and the effect of taxation
as a health policy instrument, Food Policy, No. 5-6 (32), pp. 624-639.

SMITH, J. P., SHEN, Y., STRAUSS, J., YANG, Z., ZHAO, Y. (2010): The Effects of Childhood Health on Adult
Health and SES in China, RAND Working Paper Series, No. WR-809, available at:
http://www.rand.org/pubs/working_papers/WR809.html.

SOWERS, J. R. (2003): Obesity as a cardiovascular risk factor, The American Journal of medicine,
Supplement 8A (115), pp. 375-41S.

SPEARMAN, C. (1904): The Proof and Measurement of Association between Two Things, The Ame-
rican Journal of Psychology, No. 1 (15), p. 72-101.

STATACORP (2015). Stata Statistical Software: Release 14. College Station, TX: StataCorp LP.

STAUDIGEL, M. (2011): How (much) do food prices contribute to obesity in Russia?, Economics and
Human Biology, No. 2 (9), pp. 133-147.

STAUDIGEL, M. (2012): How do obese people afford to be obese? Consumption strategies of Rus-
sian households, Agricultural Economics, No. 6 (43), pp.701-714.

STAUDIGEL, M., SCHROECK, R. (2014): Food Demand in Russia: Heterogeneous Consumer Segments
over Time, Journal of Agricultural Economics, No. 3 (66), pp. 615-639

STEWART, H., HARRIS, J. (2005): Obstacles to overcome in promoting dietry variety: The case of
vegetables, Review of Agricultural Economics, No. 1 (32), pp. 21-36.

STILLMAN, S. (2001): The response of consumption in Russian households to economic shocks, Dis-
cussion Papers, No. 411, available at: http://deepblue.lib.umich.edu/handle/2027.42/39796.

STILLMAN, S., THOMAS, D. (2008): Nutritional Status during an Economic Crisis: Evidence from Rus-
sia, The Economic Journal, No. 531 (118), pp. 1385-1417.

Stoopy, E. E., SPAHN, J. M., MCGRANE, M. M., MACNEIL, P. C., FUNGWE, T. V., ALTMAN, J. M., LYON, J.,
0BBAGY, J. E,, WONG, Y. P. (2014): A series of systematic reviews on the relationship between
dietary patterns and health outcomes, U.S. Department of Agriculture Publishung, Alexand-
ria (Virginia).

STOOKEY, J. D., WANG, Y., GE, K, LIN, H., POPKIN, B. M. (2000): Measuring diet quality in china: The
INFH-UNC-CH diet quality index, European Journal of Clinical Nutrition, No. 11 (54), pp. 811-821.

SUBRAMANIAN, S., DEATON, A. (1996): The Demand for Food and Calories, Journal of Political Econo-
my, No. 1(104), pp. 133-162.

SUHRCKE, M., Rocco, L., McKEg, M. (2007): Health: A vital investment for economic development
in Eastern Europe and Central Asia: European observatory on health systems and policies,
World Health Organization, Cromwell Press, Great Britain.



210 Literature

TABATA, K. (2010): Health and eocnomic growth: The extended Grossman model as a dynamic
general equilibrium model, Economic Review, (45), pp. 1-20.

TABATA, K., OHKUSA, Y. (2000): Correction note on "The demand for health with uncertainty and
insurance", Journal of Health Economics, No. 5 (19), pp. 811-820.

TARRAGA LOPEZ, P. J., ALBERO, J.S., RODRIGUEZ-MONTES, J. A. (2014): Primary and secondary preven-
tion of colorectal cancer, Clinical Medicine Insights. Gastroenterology, (7), pp. 33-46.

TEKIN, E. (2004): Employment, wages, and alcohol consumption in Russia, Southern Economic
Journal, No. 2 (71), pp. 397-417.

THIELE, S., MENSINK, G. B. M., BEITZ, R. (2004): Determinants of diet quality, Public Health Nutrition,
No. 1(7), pp. 29-37.

TIAN, X, YU, X. (2013): The Demand for Nutrients in China, Frontiers of Economics in China, No. 2 (8),
pp. 186-206.

TIFFIN, R, ARNOULT, M. (2010): The demand for a healthy diet: Estimating the almost ideal demand
system with infrequency of purchase, European Review of Agricultural Economics, No. 4 (37),
pp. 501-521.

TIFFIN, R., SALOIS, M. (2014): The distributional consequences of a fiscal food policy: Evidence from
the UK, European Review of Agricultural Economics, No. 3 (42), pp. 397-417.

TorT, U., KRISTOFFERSEN, L., LAU, C., BORSH-JOHNSEN, K., JORGENSEN, T. (2007): The Dietary Quality Score:
Validation and association with cardiovascular risk factors: The Inter99 study, European Jour-
nal of Clinical Nutrition, No. 2 (61), pp. 270-278.

TRAGAKES, E., LESSOF, S. (2003): Health care systems in transition: Russian Federation, in:
TRAGAKES, E. (ed.): Health care systems in transition, European Observatory on Health Systems,
Copenhagen.

TRAILL, W. B. (2012): Economic Perspectives on Nutrition Policy Evaluation, Journal of Agricultural
Economics, No. 3 (63), pp. 505-527.

TRICHOPOULOU, A., CosTACOU, T., BAMIA, C., TRICHOPOULOS, D. (2003): Adherence to a Mediterranean
diet and survival in a Greek population, New England Journal of Medicine, No. 26 (348),
pp. 2599-2608.

TRICHOPOULOU, A., KOURIS-BLAZOS, A., WAHLQVIST, M., GNARDELLIS, C., LAGIOU, P., POLYCHRONOPOULOS, E.,
VAassILAKOU, T., LIPWORTH, L., TRICHOPOULOS, D. (1995): Diet and survival in elderly people, British
Medical Journal, December 1995 (311), pp. 1457-1460.

TRICHOPOULOU, A., ORFANOS, P., NORAT, T., BUENO-DE-MESQUITA, B., Ockg, M. C., PEETERS, P. H. M.,
VAN DER SCHOUW, Y. T., BOEING, H., HOFFMANN, K., BOFFETTA, P., NAGEL, G., MASALA, G., KROGH, V.,
PANICO, S., TUMINO, R., VINEIS, P., BAMIA, C., NASKA, A., BENETOU, V., FERRARI, P., SLIMANI, N., PERA, G.,
MARTINEZ-GARCIA, C., NAVARRO, C., RODRIGUEZ-BARRANCO, M., DORRONSORO, M., SPENCER, E. A.,
Key, T. J., BINGHAM, S., KHAW, K.-T., KesSE, E., CLAVEL-CHAPELON, F., BOUTRON-RUAULT, M.-C,,
BERGLUND, G., WIRFALT, E., HALLMANS, G., JOHANSSON, I., TJONNELAND, A., OLSEN, A., OVERVAD, K.,
HUNDBORG, H. H., RiBOL, E., TRICHOPOULOS, D. (2005): Modified Mediterranean diet and survival:
EPIC-elderly prospective cohort study, British Medical Journal, No. 7498 (330), pp. 991-999.

TUTELJAN, V., BATURIN, A., GAPPAROV, M., KAGANOV, B., KON, |., MAsO, B. (2008): PauunoHanbHoe
nnTaHue: HOprI (I)VI3VIOJ'IOFI/NeCKVIX I'IOTpeGHOCTeI7I B 3HEpPrnn n nnuieBbixX BellecTeax anA
pasnuuHbIX Fpynn HaceneHus Poccuiickort ®epepauum [translated: Rational Nutrition: Refe-



Literature 211

rence values for energy and nutrient intakes in order to meet physiological needs of sepa-
rate population stratal, Methodical Recommendations, No. MP 2.3.1.2432 -08, avilable at:
http://webcache.googleusercontent.com/search?q=cache:zVmN7EGEY]YJ:67.rospotrebnadz

or.ru/upload/iblock/de3/de38ac96040991464ee145b76937ee0b.doc+&cd=1&hl=de&ct=cIn

k&gl=de.

TVERSKY, A., KAHNEMAN, D. (2008): Rational Choice and the Framing of decision, in: KAHNEMAN, D.,
TVERSKY, A. (eds.): Choices, Values and frames. 2" ed., New York: Cambridge University Press,
pp. 209-223.

U.S. DEPARTMENT OF AGRICULTURE (USDA) (2015): Empty calories: What are empty calories?, avai-
lable at: http://www.choosemyplate.gov/weight-management-calories/calories/empty-
calories.html.

U.S. DEPARTMENT OF AGRICULTURE (USDA)/U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES (2010):
Dietary Guidelines for Americans 2010, 7" ed., U.S. Government Printing Office, Washington,
DC.

ULIIASZEK, S. J. (2007): Frameworks of population obesity and the use of cultural consensus mo-
deling in the study of environments contributing to obesity, Economics and Human Biology,
No. 3 (5), pp. 443-457.

ULUASZEK, S. J., KOZIEL, S. (2007): Nutrition transition and dietary energy availability in Eastern
Europe after the collapse of communism, Economics and Human Biology, No. 3 (5), pp. 359-
369.

VAN DEN BERG, G. J., LINDEBOOM, M., PORTRAIT, F. (2006): Economic Conditions Early in Life and
Individual Mortality, American Economic Review, No. 1 (96), pp. 290-302.

VAN DEN BERG, GERARD J., DEEG, D.J. H., LINDEBOOM, M., PORTRAIT, F. (2010): The Role of Early-Life
Conditions in the Cognitive Decline due to Adverse Events Later in Life, The Economic Jour-
nal, No. 548 (120), pp. F411-F428.

VAN LEE, L., FESKENS, E. J. M., HOOFT VAN HUYSDUYNEN, E. J. C., DE VRIES, J. H. M., VAN 'T VEER, P., GEELEN, A.
(2013): The Dutch Healthy Diet index as assessed by 24 h recalls and FFQ: associations with
biomarkers from a cross-sectional study, Journal of Nutritional Science, No. e40 (2), pp. 1-8.

VARIAN, H. R. (2011): Grundziige der Mikrokonomik, Internationale Standardlehrbiicher der
Wirtschafts- und Sozialwissenschaften, 8" ed., Oldenbourg, R, Miinchen.

VARIYAM, J. N. (2003): Double impact: Educational attainment and the macronutrient intake
of US adults, in: CHERN, W., RICKERTSEN, K. (eds.): Health, Nutrition and Food Demand, CABI
Publishing, Wallingford, pp. 53-72.

VARIYAM, J. N., BLAYLOCK, J., LIN, B.-H., RALSTON, K., SMALLWOOD, D. (1999): Mother's Nutrition Know-
ledge and Children's Dietary Intakes, American Journal of Agricultural Economics, No. 2 (81),
pp. 373-384.

VARIYAM, J. N., BLAYLOCK, J., SMALLWOOD, D. (1995): Modeling Nutrient Intake: The Role of Dietary
Information. An Economic Research Service Report, Uniled States Department of Agriculture
Technical Bulletin, No. 1842 (05-1995), available at:
http://naldc.nal.usda.gov/naldc/download.xhtml?id=CAT10848577&content=PDF

VARIYAM, J. N., BLAYLOCK, J., SMALLWOOD, D., BAsioTis, P. P. (1998): USDA's Healthy Eating Index
and Nutrition Information, Uniled States Department of Agriculture Technical Bulletin,
No. 1866 (04-1998), available at: http://www.ers.usda.gov/publications/TB1866/TB1866.PDF.



212 Literature

VON RUESTEN, A, ILLNER, A.-K., BUISSE, B, HEIDEMANN, C., BOEING, H. (2010): Adherence to recommen-
dations of the German food pyramid and risk of chronic diseases: Results from the EPIC-
Potsdam study, European Journal of Clinical Nutrition, No. 11 (64), pp. 1251-1259.

WAGSTAFF, A. (1986): The demand for health: Some new empirical evidence, Journal of Health
Economics, No. 3 (5), pp. 195-233.

WAGSTAFF, A. (1993): The demand for health: An empirical reformulation of the Grossman model,
Health Economics, No. 2 (2), pp. 189-198.

WAGSTAFF, A. (2002): The demand for health: An empirical reformulation of the Grossman model,
in JONES, A., O'DONNELL, O. (eds.): Econometric analysis of health data, John Wiley and Sons,
Chichester, pp. 15-23.

WAULERS, P. M., FESKENS, E. J., OCKE, M. C. (2007): A critical review of predefined diet quality scores,
British Journal of Nutrition, No. 2 (97), pp. 219-231.

WANG, Y., MONTEIRO, C., POPKIN, B.M. (2002): Trends of obesity and underweight in older children
and adolescents in the United States, Brazil, China, and Russia, The American Journal of Clini-
cal Nutrition, No. 6 (75), pp. 971-977.

WETTSTEIN, N., HANF, J. H., BURGGRAF, C. (2011): Unshakable loyalty in the food sector: Sustainable
customer retention. Empirical study of organic food consumers in Germany, Journal fiir Ver-
braucherschutz und Lebensmittelsicherheit, No. 3 (6), pp. 359-365.

WIRT, A., CoLLINS, C. E. (2009): Diet quality — What is it and does it matter?, Public Health Nutrition,
No. 12 (12), pp. 2473-2492.

WORLD BANK (2014): World DataBank, available at: http://databank.worldbank.org/data/
home.aspx.

WORLD HEALTH ORGANIZATION (WHO) (2014): Draft Guideline: Sugars intake for adults and children.
WHO opens public consultation on draft sugars guideline, Note for media, available at:
http://www.who.int/mediacentre/news/notes/2014/consultation-sugar-guideline/en/.

WORLD HEALTH ORGANIZATION (WHO) (2015a): Obesity and overweight, Fact sheet, No. 311, avai-
lable at: http://www.who.int/mediacentre/factsheets/fs311/en/.

WORLD HEALTH ORGANIZATION (WHO) (2015b): WHO/Europe obesity data: Clarification, Presen-
tation at: The 22" European Congress on Obesity (ECO2015), Prague, Czech Republic,
available at: http://www.euro.who.int/en/media-centre/sections/press-releases/2015/
whoeurope-obesity-data-clarification.

WORLD HEALTH ORGANIZATION (WHO) (2015¢): Global Database on Body Mass Index: BMI classi-
fication, available at: http://apps.who.int/bmi/index.jsp?introPage=intro_3.html.

WORLD HEALTH ORGANIZATION (WHO) (2003): Diet, nutrition and the prevention of chronic diseases:
Report of the joint WHO/FAO expert consultation, WHO Technical Report Series, No. TRS-916,
available at: http://www.who.int/dietphysicalactivity/publications/trs916/en/.

Wu, A-M., Huang, C.-Q., LIN, Z-K,, TIAN, N.-F., NI, W.-F., WANG, X.-Y., Xu, H.-Z., CHi, Y.-L. (2014):
The relationship between vitamin a and risk of fracture: Meta-analysis of prospective studies,
Journal of Bone and Mineral Research, No. 9 (29), pp. 2032-2039.

YANG, J., FARIOLI, A., KORRE, M., KALES, S. N. (2014): Modified mediterranean diet score and cardio-
vascular risk in a North American working population, PLoS ONE, No. 2 (9), pp. €87539: 1-9.



Literature 213

ZAGHA, R., NANKANI, G. T. (2005): Economic Growth in the 1990s: Learning from a Decade of
Reform, The World Bank Publishing, Washington, D.C.

ZHAO, M., KONISHI, Y., GLEWWE, P. (2013): Does information on health status lead to a healthier
lifestyle? Evidence from China on the effect of hypertension diagnosis on food consumption,
Journal of Health Economics, No. 2 (32), pp. 367-385.

ZOHOORI, N., GLEITER K., POPKIN, B. M. (2001): Monitoring Health Conditions in the Russian Fede-
ration: The Russia Longitudinal Monitoring Survey 1992-2000, U.S. Agency for International
Development. Carolina Population Center, University of North Carolina at Chapel Hill, North
Carolina.

ZUMBO, B. D., ZIMMERMAN D. W. (1993): Is the selection of statistical methods governed by level of
measurement?, Canadian Psychology, No. 4 (34), pp. 390-400.

ZWEIFEL, P. (2012): The Grossman model after 40 years, The European Journal of Health Econo-
mics, No. 6 (13), pp. 677-682.






Studies on the Agricultural and Food Sector in Transition Economies
edited by Leibniz Institute of Agricultural Development in Transition Economies

(IAMO)

ISSN 1436-221X

Vol. 1

Vol. 2

Vol. 3

Vol. 4

Vol. 5

Vol. 6

Vol.7

The importance of institutions for the transition in Central and
Eastern Europe with emphasis on agricultural and food industry
ed. by Klaus Frohberg and Witold-Roger Poganietz

1998, 137 pages, ISBN 3-8175-0258-3

The significance of politics and institutions for the design and
formation of agricultural Policies

ed. by Klaus Frohberg and Peter Weingarten

1999, 254 pages, ISBN 3-8175-0289-3

Food processing and distribution in transition countries.
Problems and perspectives

ed. by Monika Hartmann and Jirgen Wandel

1999, 349 pages, ISBN 3-8175-0293-1

Die private Nachfrage nach Nahrungsmitteln im Transformations-
prozeB Tschechiens und Polens

Stephan Brosig (PhD)

2000, 171 Seiten, ISBN 3-8175-0319-9

Integrating Estonia into the EU: Quantitative analysis of the
agricultural and food sector

Achim Fock (PhD)

2000, 286 pages, ISBN 3-8175-0320-2

Competitiveness of agricultural enterprises and farm activities in
transition countries

ed. by Peter Tillack and Frauke Pirscher

2000, 216 pages, ISBN 3-8175-0322-9

KOHKYpeHTOCnoco6HOCTb CeNibCKOXO3ANCTBEHHbIX NPpeaAnpuAaTAn 1
depmepckoin feATENbHOCTM B CTPaHax NepexoaHOro nepuopa

nog penakuuven Netepa Tunnaka n Opayke MupLuep

2000, 253 ctpaHunubl, ISBN 3-8175-0324-5



Vol.

Vol.

Vol.

Vol.

Vol.

Vol.

Vol.

Vol.

Vol.

10

11

12

13

14

15

16

Perspectives on agriculture in transition: Analytical issues,
modelling approaches, and case study results

ed. by Witold-Roger Poganietz, Alberto Zezza, Klaus Frohberg and
Kostas G. Stamoulis

2000, 433 pages, ISBN 3-8175-0323-7

Land ownership, land markets and their influence on the efficiency
of agricultural production in Central and Eastern Europe

ed. by Peter Tillack and Eberhard Schulze

2000, 485 pages, ISBN 3-8175-0325-3

Landwirtschaft und Industrie in Russland - Der Transformations-
prozeB in der Erndhrungsindustrie

Jurgen Wandel (PhD)

2000, 361 Seiten, ISBN 3-8175-0334-2

Food consumption in Russia. An econometric analysis based on
household data

Karin Elsner (PhD)

2001, 256 pages, ISBN 3-8175-0335-0

Alexander Wasiljewitsch Tschajanow - Die Tragddie eines grof3en
Agrarokonomen

hrsg. u. tibers. von Eberhard Schulze

2001, 192 Seiten, ISBN 3-8175-0342-3

Analysis of food consumption in Central and Eastern Europe:
Relevance and empirical methods

ed. by Stephan Brosig and Monika Hartmann

2001, 253 pages, ISBN 3-8175-0349-0

Wettbewerbsprozesse und Firmenwachstum in der Transformation
am Beispiel der polnischen Fleischindustrie

Agata Pieniadz (PhD)

2002, 291 Seiten, ISBN 3-8175-0360-1

Agricultural enterprises in transition: Parallels and divergences in
Eastern Germany, Poland and Hungary

ed. by Ludger Hinners-Tobragel and Jurgen Heinrich

2002, 455 pages, ISBN 3-8175-0366-0

Agricultural technology and economic development of Central and
Eastern Europe. Results of the workshop in Halle, 2"¢-3™ July 2001
ed. by Peter Tillack and Ulrich Fiege

2002, 160 pages, ISBN 3-86037-199-1



Vol. 17

Vol. 18

Vol. 19

Vol. 20

Vol. 21

Vol. 22

Vol. 23

Vol. 24

Vol. 25

PernoHanbHble acneKTbl arpapHbIX Npeo6pa3oBaHuii:
MonuTtukKa, pecTpyKTypusayus, pbiIHOUHasA agantayus
non pepakumen Metepa Tunnaka n Butanua 3nHoBuyKa
2003, 236 cTpaHuubl, ISBN 3-928466-55-0

Alexander Vasilievich Chayanov - The tragedy of an outstanding
agricultural economist

ed. by Eberhard Schulze

2003, 188 pages, ISBN 3-86037-201-7

Development of agricultural market and trade policies in
the CEE Candidate Countries

by the Network of Independent Agricultural Experts in the CEE
Candidate Countries

2003, 72 pages, ISBN 3-86037-212-2

Large farm management
ed. by Alfons Balmann and Alexej Lissitsa
2003, 396 pages, ISBN 3-86037-213-0

Success and failures of transition - The Russian agriculture
between fall and resurrection

ed. by Eberhard Schulze, Elke Knappe, Eugenia Serova, Peter Wehrheim
2003, 521 pages, ISBN 3-9809270-1-6

Subsistence agriculture in Central and Eastern Europe:
How to break the vicious circle?

ed. by Steffen Abele and Klaus Frohberg

2003, 233 pages, ISBN 3-9809270-2-4

Pfadabhéangigkeiten und Effizienz der Betriebsstrukturen in der
ukrainischen Landwirtschaft — Eine theoretische und empirische
Analyse

Andriy Nedoborovskyy (PhD)

2004, 197 Seiten, ISBN 3-86037-216-5

Nichtmonetare Transaktionen in der ukrainischen Landwirtschaft:
Determinanten, Spezifika und Folgen

Olena Dolud (PhD)

2004, 190 Seiten, ISBN 3-9809270-3-2

The role of agriculture in Central and Eastern European rural
development: Engine of change or social buffer?

ed. by Martin Petrick and Peter Weingarten

2004, 426 pages, ISBN 3-9809270-4-0



Vol. 26

Vol. 27

Vol. 28

Vol. 29

Vol. 30

Vol. 31

Vol. 32

Vol. 33

Credit rationing of Polish farm households - A theoretical and
empirical analysis

Martin Petrick (PhD)

2004, 254 pages, ISBN 3-9809270-6-7

Drei Jahrhunderte Agrarwissenschaft in Russland:

Von 1700 bis zur Gegenwart

Alexander Alexandrowitsch Nikonow und Eberhard Schulze
2004, 232 Seiten, ISBN 3-9809270-8-3

Russlands Weg vom Plan zum Markt: Sektorale Trends und
regionale Spezifika

Peter Voigt (PhD)

2004, 270 Seiten, ISBN 3-9809270-9-1

Auswirkungen des Transformationsprozesses auf die sozio-
o6konomischen Funktionen ukrainischer Landwirtschafts-
unternehmen

Helga Biesold (PhD)

2004 182 Seiten, ISBN 3-938584-00-9

Agricultural policies and farm structures - Agent-based
modelling and application to EU-policy reform

Kathrin Happe (PhD)

2004, 291 pages, ISBN 3-938584-01-7

How effective is the invisible hand? Agricultural and
food markets in Central and Eastern Europe

ed. by Stephan Brosig and Heinrich Hockmann

2005, 361 pages, ISBN 3-938584-03-3

Erfolgsfaktoren von landwirtschaftlichen Unternehmen mit
Marktfruchtanbau in Sachsen-Anhalt

Kirsti Dautzenberg (PhD)

2005, 161 Seiten, ISBN 3-938584-06-8

Agriculture in the face of changing markets, institutions and
policies: Challenges and strategies

ed. by Jarmila Curtiss, Alfons Balmann, Kirsti Dautzenberg,
Kathrin Happe

2006, 544 pages, ISBN 3-938584-10-6



Vol. 34

Vol. 35

Vol. 36

Vol. 37

Vol. 38

Vol. 39

Vol. 40

Vol. 41

Vol. 42

Making rural households’ livelihoods more resilient - The impor-
tance of social capital and the underlying social networks

ed. by Gertrud Buchenrieder and Thomas Dufhues

2006, 106 pages, ISBN 3-938584-13-0

AuBerlandwirtschaftliche Diversifikation im Transformations-
prozess. Diversifikationsentscheidungen und -strategien landlicher
Haushalte in Slowenien und Mazedonien

Judith Méllers (PhD)

2006, 323 Seiten, ISBN 3-938584-14-9

Accessing rural finance - The rural financial market in Northern
Vietnam

Thomas Dufhues (PhD)

2007, 166 Seiten, ISBN 3-938584-16-5

CrpaxoBaHue noceBoB B KasaxcTtaHe: AHanns BO3MOXKHOCTelN
3¢ PekTMBHOro ynpaBneHus puckamm

PaywaH bokywieBa, Onad Xangenvbax, Tanrat KycainbliHOB

2007, 82 Seiten, ISBN 3-938584-17-3

Rethinking agricultural reform in Ukraine
Zvi Lerman, David Sedik, Nikolai Pugachov, Aleksandr Goncharuk
2007, 167 Seiten, ISBN 3-938584-18-1

Sustainable rural development: What is the role of the agri-food
sector?

ed. by Martin Petrick, Gertrud Buchenrieder

2007, 293 pages, ISBN 3-938584-22-X

Efficiency of selected risk management instruments — An empirical
analysis of risk reduction in Kazakhstani crop production

Olaf Heidelbach (PhD)

2007, 223 Seiten, ISBN 3-938584-19-X

Marktstruktur und Preisbildung auf dem ukrainischen Markt fiir
Rohmilch

Oleksandr Perekhozhuk (PhD)

2007, 274 Seiten, ISBN 978-3-938584-24-8

Labor market behavior of Chinese rural households during transition
Xiaobing Wang (PhD)
2007, 140 Seiten, ISBN 978-3-938584-25-5



Vol. 43

Vol. 44

Vol. 45

Vol. 46

Vol. 47

Vol. 48

Vol. 49

Vol. 50

Continuity and change: Land and water use reforms in rural
Uzbekistan. Socio-economic and legal analyses for the region
Khorezm

ed. by Peter Wehrheim, Anja Schoeller-Schletter, Christopher Martius
2008, 211 Seiten, ISBN 978-3-938584-27-9

Agricultural economics and transition: What was expected,
what we observed, the lessons learned (Vol | and 1I)

ed. by Csaba Csaki, Csaba Forgacs

2008, 634 Seiten, ISBN 978-3-938584-31-6

Theoretical and methodological topics in the institutional
economics of European agriculture. With applications to farm
organisation and rural credit arrangement

Martin Petrick

2008, 223 Seiten, ISBN 978-3-938584-31-6

Agri-food business: Global challenges - Innovative solutions

ed. by Thomas Glauben, Jon H. Hanf, Michael Kopsidis, Agata Pieniadz,
Klaus Reinsberg

2008, 152 pages, ISBN 978-3-938584-33-0

Eine Analyse der Transformationsberatung fiir die "kollektive
Landwirtschaft" wahrend der ersten Transformationsphase (1989-
1991) am Beispiel Ostdeutschlands: Lehren fiir Korea

Jeong Nam Choi (PhD)

20009, 225 Seiten, ISBN 978-3-938584-36-1

Croatia’s EU accession. Socio-economic assessment of farm households
and policy recommendations

Judith Méllers, Patrick Zier, Klaus Frohberg, Gertrud Buchenrieder and
Stefan Bojnec

2009, 196 Seiten, ISBN 978-3-938584-35-4

Structural change in Europe’s rural regions. Farm livelihoods between
subsistence orientation, modernisation and non-farm diversification
ed. by Gertrud Buchenrieder Judith Mollers

2009, 166 Seiten, ISBN 978-3-938584-39-2

Motive beim Weinkonsum - Unterschiede zwischen deutschen
und ukrainischen Konsumenten

Astrid Lucie Rewerts (PhD)

2009, 267 Seiten, ISBN 978-3-938584-40-8



Vol. 51

Vol. 52

Vol.53

Vol. 54

Vol. 55

Vol. 56

Vol. 57

Vol. 58

Rural development as provision of local public goods:
Theory and evidence from Poland

Andreas Gramzow (PhD)

2009, 203 Seiten, ISBN 978-3-938584-41-5

Multi-level Processes of Integration and Disintegration.
Proceedings of the Third Green Week Scientific Conference
ed. by Franziska Schaft, Alfons Balmann

2009, 216 Seiten, ISBN 978-3-938584-42-2

Zur Bestimmung der Wettbewerbsfahigkeit des weiBBrussischen
Milchsektors: Aussagefahigkeit von Wettbewerbsindikatoren und
Entwicklung eines kohdrenten Messungskonzepts

Mikhail Ramanovich (PhD)

2010, 202 Seiten, ISBN 978-3-938584-44-6

Die Internationalisierung landwirtschaftlicher Unternehmen.
Das Beispiel deutscher, danischer und niederldandischer Direkt-
investitionen in den ukrainischen Agrarsektor

Henriette Stange (PhD)

2010, 296 Seiten, ISBN 978-3-938584-45-3

Verhandlungsverhalten und Anspruchsanpassung im inter-
nationalen Verhandlungsprozess: Die WTO-Agrarverhandlungen
zum Abbau exportwettbewerbsfordernder MaBnahmen

lldiko Lajtos (PhD)

2010, 195 Seiten, ISBN 978-3-938584-48-4

Challenges of education and innovation. Proceedings of
the Fourth Green Week Scientific Conference

ed. by Kelly Labar, Martin Petrick, Gertrud Buchenrieder
2010, 155 Seiten, ISBN 978-3-938584-49-1

Agriculture in the Western Balkan Countries
ed. by Tina Volk
2010, 249 Seiten, ISBN 978-3-938584-51-4

Perspectives on Institutional Change - Water Management
in Europe

ed. by Insa Theesfeld, Frauke Pirscher

2011, 127 Seiten, ISBN 978-3-938584-52-1



Vol. 59

Vol. 60

Vol. 61

Vol. 62

Vol. 63

Vol. 64

Vol. 65

Vol. 66

Vol. 67

Der ukrainische AuBBenhandel mit Produkten der Agrar- und
Erndhrungswirtschaft: Eine quantitative Analyse aus Sicht
traditioneller und neuer AuBBenhandelstheorien

Inna Levkovych (PhD)

2011, 232 Seiten, ISBN 978-3-938584-53-8

Regional structural change in European agriculture: Effects of
decoupling and EU accession

Christoph Sahrbacher (PhD)

2011, 244 Seiten, ISBN 978-3-938584-58-3

Structural Change in Agriculture and Rural Livelihoods: Policy
Implications for the New Member States of the European Union
ed. by Judith Mdllers, Gertrud Buchenrieder, Csaba Cséki

2011, 247 Seiten, ISBN 978-3-938584-59-0

Improving the functioning of the rural financial markets of
Armenia

Milada Kasarjyan (PhD)

2011, 121 Seiten, ISBN 978-3-938584-60-6

Integrierte Strukturen im Agrar- und Erndhrungssektor Russlands:
Entstehungsgriinde, Funktionsweise, Entwicklungsperspektiven
und volkswirtschaftliche Auswirkungen

Jurgen Wandel

2011, 758 Seiten, ISBN 978-3-938584-61-3

Goal Achievement in Supply Chain Networks - A Study of the
Ukrainian Agri-Food Business

Taras Gagalyuk (PhD)

2012, 204 Seiten, ISBN 978-3-938584-63-7

Impacts of CAP reforms on farm structures and performance
disparities - An agent-based approach

Amanda Sahrbacher (PhD)

2012, 284 Seiten, ISBN 978-3-938584-64-4

Land fragmentation and off-farm labor supply in China
Lili Jia (PhD)
2012, 143 Seiten, ISBN 978-3-938584-65-1

Auspragung interregionaler Disparitaten und Ansétze zur
Entwicklung landlicher Raume in Mittel- und Osteuropa
Sabine Baum (PhD)

2012, 214 Seiten, ISBN 978-3-938584-68-2



Vol.

Vol.

Vol.

Vol.

Vol.

Vol.

Vol.

Vol.

Vol.

68

69

70

71

72

73

74

75

76

Patterns Behind Rural Success Stories in the European Union:
Major Lessons of Former Enlargements

ed. by Axel Wolz, Carmen Hubbard, Judith Méllers, Matthew Gorton,
Gertrud Buchenrieder

2012, 190 Seiten, ISBN 978-3-938584-69-9

Motives for remitting from Germany to Kosovo
Wiebke Meyer (PhD)
2012, 142 Seiten, ISBN 978-3-938584-70-5

Effizienz russischer Gefliigelfleischproduzenten: Entwicklung und
Determinanten

Elena Epelstejn (PhD)

2013, 272 Seiten, ISBN 978-3-938584-72-9

Econometric impact assessment of the Common Agricultural Policy
in East German agriculture

Patrick Zier (PhD)

2013, 172 Seiten, ISBN 978-3-938584-73-6

Determinants of non-farm entrepreneurial intentions in a
transitional context: Evidence from rural Bulgaria

Diana Traikova (PhD)

2013, 136 Seiten, ISBN 978-3-938584-75-0

Human capital differences or labor market discrimination?

The occupational outcomes of ethnic minorities in rural Guizhou
(China)

Bente Castro Campos (PhD)

2013, 266 Seiten, ISBN 978-3-938584-76-7

Identifying and understanding the patterns and processes of forest
cover change in Albania and Kosovo

Kuenda Laze (PhD)

2014, 152 Seiten, ISBN 978-3-938584-78-1

Flexibilitdt von Unternehmen. Eine theoretische und empirische
Analyse

Swetlana Renner (PhD)

2014, 194 Seiten, ISBN 978-3-938584-79-8

Impact of policy measures on wheat-to-bread supply chain during the
global commodity price peaks: The case of Serbia

Ivan Djuric (PhD)

2014, 160 Seiten, ISBN 978-3-938584-80-4



Vol. 77

Vol. 78

Vol. 79

Vol. 80

Vol. 81

Vol. 82

Vol. 83

Vol. 84

Vol. 85

Marktwirtschaftliche Koordination:

Méoglichkeiten und Grenzen. Symposium anlasslich des

75. Geburtstages von Prof. Dr. Dr. h.c. mult. Ulrich Koester
ed. by Jens-Peter Loy

2014, 94 Seiten, ISBN 978-3-938584-82-8

Participatory governance in rural development: Evidence from
Ukraine

Vasyl Kvartiuk (PhD)

2015, 200 Seiten, ISBN 978-3-938584-84-2

Agricultural transition in Post-Soviet Europe and Central Asia after
25 years. International workshop in honor of Professor Zvi Lerman
ed. by Ayal Kimhi, Zvi Lerman

2015, 314 Seiten, ISBN 978-3-938584-95-8

Three essays on the Russian wheat export
Zsombor Pall (PhD)
2015, 150 Seiten, ISBN 978-3-938584-86-6

Milchproduktion zwischen Pfadabhangigkeit und Pfadbrechung:
Partizipative Analysen mit Hilfe des agentenbasierten Modells
AgriPoliS

Arlette Ostermeyer (PhD)

2015, 335 Seiten, ISBN 978-3-938584-88-0

Competitiveness and performance of EU agri-food chains
ed. by Heinz Hockmann, Inna Levkovych, Aaron Grau
2016, ISBN 978-3-95992-006-3

Market uncertainty, project specificity and policy effects on
bioenergy investments. A real options approach

Lioudmila Chatalova (PhD)

2016, 202 Seiten, ISBN 978-3-95992-017-9

Too much but not enough: Issues of water management in Albania
in light of climate change

Klodjan Rama (PhD)

2016, 222 Seiten, ISBN 978-3-95992-034-6

Business groups in agriculture. Impact of ownership structures on
performance: The case of Russia’s agroholdings

Andriy Matyukha (PhD)

2017, 128 Seiten, ISBN 978-3-95992-039-1



Vol. 86 Russian demand for dietary quality: Nutrition transition, diet
quality measurement, and health investment theory
Christine Burggraf (PhD)

2017, 227 Seiten, ISBN 978-3-95992-040-7






In der Schriftenreihe Studies on the Agricultural and Food Sector in
Transition Economies werden durch das IAMO Monographien und
Tagungsberichte herausgegeben, die sich mit agrardkonomischen
Fragestellungen zu Mittel- und Osteuropa beschaftigen. Wissen-
schaftlern, die in diesem Bereich forschen, steht die Schriftenreihe als
Diskussionsforum offen.

In its series Studies on the Agricultural and Food Sector in Transition
Economies IAMO publishes monographs and proceedings focusing on
agricultural economic issues specific to Central and Eastern Europe.
This series offers a forum to researchers studying this area.

ISSN 1436-221X
ISBN 978-3-95992-040-7





