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Abstract

Previous studies in Nigeria examined food and nutrition security mainly using
anthropometric indicators, total calorie intake, or the household dietary diversity
score (HDDS). However, recent evidence on nutrient and dietary gaps, especially
from nationally representative surveys, is weak. This study contributes by examining
factors influencing household mean nutrient adequacy and HDDS with focus on
components of food systems in Nigeria. Based on the 2015/16 Nigeria General
Household Survey, we found that fruits and animal source foods were the least
consumed food groups. Yet, these food groups seem to be the main sources of
difference in HDDS and were strongly associated with the mean probability of
nutrient adequacy, given covariates. Among 11 nutrients under study, large shortfalls
were observed in consumption of iron, vitamin B12, and riboflavin with probability of
adequacy being 0.2 or below, followed by niacin, vitamin C, and zinc with
corresponding probability of adequacy ranged between 0.48 and 0.58. Further,
results suggested that mobile phone ownership by the household head, household’s
access to electricity, improved sources of water for household consumption, and
percent of the community with improved sanitation were strongly associated with
HDDS. Heterogeneities in food groups and nutrient consumption and food system
drivers are discussed.

Keywords: Nutrient adequacy, Household dietary diversity, Food systems, Nigeria

Introduction
Improved nutrition is thought to have a multiplier effect across the Sustainable

Development Goals (SDGs) (Development Initiatives 2017). Yet, much like other

low- and middle-income countries, achieving the SDGs in Nigeria is challenged by

co-existence of undernutrition, micronutrient deficiencies, and growing rates of

overweight and obesity in the population. Based on the 2008 Nigerian

Demographic and Health Survey (NDHS), Kandala and Emina (2016) reported that

the prevalence of undernutrition (underweight) and overnutrition (overweight) in

women of reproductive age was 12% and 20.9%, respectively. Based on the same

data, Kandala and Stranges (2014) observed that the prevalence of overweight and

obesity varies across ethnic groups and the state of residence in Nigeria. In
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Nigeria, high body mass index (BMI)-related deaths have increased by 29% among

females and by 79% among males between 1990 and 2015 (GBD 2015 Obesity

Collaborators, 2017). These signal a “nutrition transition”—the shift in dietary con-

sumption towards increased intake of foods high in fats, sugar, and salts (HFSS),

and decreased caloric expenditure that coincides with economic, demographic, and

epidemiological changes (Popkin 1993, 2015). In fact, Adegboye et al. (2016) sum-

marized evidence of the dietary changes from “traditional” to more processed foods

which has been observed in recent years in Nigeria. In general, the difference in

the nutrition transition across federal states may be linked to differences in prevail-

ing food systems, including production, processing, distribution, trade, food envi-

ronments,1 and consumer behavior (HLPE 2017). This is because the food systems

determine availability, affordability, convenience, and desirability of various foods.

The food environment in markets, for example, constrains and signals consumers

what to purchase and modifies their dietary consumption (Herforth and Ahmed

2015). This implies there is potential to nudge consumer behavior towards health-

ier and sustainable diets and address nutritional challenges through changes in the

food systems. Identifying entry points for interventions requires understanding of

the link between dietary consumption and the components of the existing food

systems.

Nigeria is undergoing rapid urbanization with a rapidly growing population. It follows

that the food systems in urban and rural areas may grow more distinct and so do the

nutritional problems and the interventions needed to solving them. For example, urban

poor are more dependent on food purchases, and the diets of urban poor are likely to

be more diverse than that of the rural poor. While this may entail better access to qual-

ity food and nutrients, given purchasing power, their dependence on markets for food

makes urban poor more vulnerable to prices and other market shocks (Mohiddin et al.

2012) and hence to undernutrition. In contrast, urban households tend to consume

food away from home and more processed foods than rural households (de Brauw and

Herskowitz 2018) and hence are more vulnerable to health risks related to consump-

tion of foods HFSS (Kengne et al. 2017). This is because consumption of processed

foods HFSS, coupled with inadequate physical activity, is found to be linked to the

surge in overweight and obesity rates (FAO et al. 2017). Even though urbanization is

generally seen as the engine of growth and development, it may also lead to urban

health crises when not managed carefully. Evidence shows that urbanization in Nigeria

has created urban health crises of “inadequate safe water supply, squalor and shanty

settlements, sanitation, solid waste management, double burden of diseases and ineffi-

cient, congested, and risky transport system” (Aliyu and Amadu 2017, p.149). Hence,

food safety is compromised in such circumstances. The complexity in food systems, for

example due to urbanization, implies that any attempt at improving the multiple bur-

den of malnutrition would require a systemic approach to identifying risk factors and

designing evidence-informed policies and interventions that account for spatial and

socio-cultural issues.

1The food environment is defined as the physical, economic, political, and sociocultural context in which
consumers engage with the food system to make their decisions about acquiring, preparing, and consuming
food (HLPE 2017, p.28).
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Previous studies in Nigeria attempted to establish a statistical association between food and

nutrition security (mainly using anthropometric indicators, total calorie intake, or household

dietary diversity) and potential determinants (e.g., Kandala and Stranges 2014; Babatunde and

Qaim 2010; and Ecker et al. 2018). Yet, these studies did so without examining the magnitude

of nutrient and dietary gaps and not necessarily using the food system perspective (for ex-

ample, these studies did not link nutrient and dietary gaps and components of food systems

such as access to/use of irrigation, mobile phone, electricity, water, health care, and markets).

Further, these studies were drawn from samples which were not nationally representative. On

the other hand, based on the rural subset of the 2010–2011 Nigeria General Living Standards

Measurement Surveys (LSMS-ISA), dietary profiles and statistical association between house-

hold dietary diversity and the likelihood of adequate consumption of nutrients were estab-

lished (Akerele et al. 2017). Relatedly, based on a country-wide sample survey from 2003/

2004, evidence suggests that greater burden of nutritional deficiencies was borne by low-

income household cohorts, and deficiency of micronutrients was diffused across urban-rural

divides with deficiency of calcium, vitamin A, and vitamin C appearing to be more pro-

nounced in rural areas while phosphorous, vitamin B1, vitamin B2, and vitamin B3 deficiencies

seem to be higher in urban settings (Akerele 2015).

While existing studies and especially Akerele (2015) offer important insight to under-

standing nutrient and dietary gaps in Nigeria, the food systems and consumption pat-

terns may have changed since 2003/2004 when the data used by Akerele (2015) was

collected. In addition, the study estimated nutrient contents from food consumption

expenditure data, not directly reflecting food consumption. Also, price data for 38 out

of 133 food commodities were extrapolated from “close substitutes.” This may further

introduce measurement error even though Akerele (2015) noted that these commod-

ities were “not dominant sources of nutrients” and only “account for 7% of total house-

hold food budget.”

Previous studies suggested that nutrition-sensitive, food-based approaches towards

multiple forms of malnutrition are effective, sustainable, and long-term solutions

(Thompson and Amoroso 2014). Strategies may involve improving the quality and

diversity of the diet through increasing availability and access to the foods necessary for

a healthy diet, and increasing the actual consumption of those foods. Hence, the main

objective of this study was to identify entry points for interventions in the existing food

systems in Nigeria. This was done in three steps. First, patterns of food group con-

sumption and household nutrient adequacy by rural and urban divides were explored.

Second, the link between the average nutrient adequacy and food group consumption

was examined. Finally, factors influencing household dietary diversity with focus on

some components of food systems in Nigeria were examined. The remainder of this

study is structured as follows: the next section presents the conceptual framework that

guides the study. Method of analysis and data is described in the “Methods” section.

The “Results” section presents econometric results and discussions, and the “Conclu-

sions” section concludes.

Conceptual framework
The change in the food systems is likely to create new nutritional challenges while

opening opportunities. To unravel this complexity and identify entry points for inter-

ventions, this study adapts the conceptual framework of food systems for diets and
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nutrition by the High Level Panel of Experts for Food Security and Nutrition (HLPE

2017). The key interactions that determine diets are summarized in Fig. 1. According

to this framework, diets are shaped by the interactions of food supply chains, food envi-

ronments, and consumer behavior. Production, storage, distribution, processing and

packaging, retail, and markets are activities that comprise the food supply chain. Many

actors are involved along the supply chains, and their involvement may improve nutri-

tional value of food (e.g., fortification) and in some cases reduce nutritional value of

food due to losses or contamination (HLPE 2017). The actions of these actors may also

affect the food environment—which comprises of food availability and physical and

economic access to food, promotion, advertising and information, and food quality and

safety (HLPE 2017). As noted before, the food environment in turn affects consumer

choices and decisions including what food to acquire, store, prepare, cook, and eat.

This is because, beside personal preferences, food prices, income, knowledge and skills,

time and equipment, and social and cultural norms are some of the determinants of

food choices (HLPE 2017) with implications on nutrient acquisition. In this regard,

Adegboye et al. (2016) discussed differences in nutrient acquisition corresponding to

three cultural food customs from southwest, eastern, and northern Nigeria.

Interactions between components of the food systems determine diets—quantity,

quality, diversity, and safety. Nonetheless, dietary patterns may also act as drivers of

change for future food systems (HLPE 2017). This is because diets affect nutrition and

health outcomes and have social, economic, and environmental impacts. This and

growing demand for food would necessitate sustainability in production, consumption,

and enabling conditions such as future regarding behavior by the food systems actors.

These interlinkages may affect the food systems directly through political or

Fig. 1 Conceptual framework of food systems for diets and nutrition. Adapted from HLPE (2017)

Mekonnen et al. Agricultural and Food Economics            (2021) 9:16 Page 4 of 21



institutional actions or indirectly by influencing the drivers of the food systems includ-

ing biophysical and environmental, innovation, technology and infrastructure, political

and economic, socio-cultural, and demographic drivers (HLPE 2017). Our interest in

this study is to examine the influence of food system components on nutrient and diet-

ary gaps, depicted by solid arrows of Fig. 1.

Methods
Data

A lack of food consumption surveys specifically designed for food and nutrition research

from representative samples remain a major constraint to studying nutrient and dietary

gaps in Nigeria. However, the General Living Standards Measurement Surveys (LSMS-

ISA) offer a useful alternative. It provides information on quantity of food items con-

sumed in the household over 7 days, by food source including own production, purchases,

and other sources. The LSMS-ISA Nigeria is panel data collected by the National Bureau

of Statistics of Nigeria in conjunction with its partners (NBS et al. 2016). To date, three

waves of data, collected in 2010–2011, 2012–2013, and 2015–2016, for both pre-harvest

and post-harvest seasons, are available. One of the main advantages is that the LSMS-ISA

sample is large in size with about 5000 households at baseline and is representative of all

36 states in Nigeria, and it is a rich source of information from the food system perspec-

tive as food consumption data can be linked to different aspects of the food systems. For

example, data on certain driving forces of consumption such as proximity of food markets

may allow to gain more insight into the linkages in the food system dynamics. Our inter-

est was to examine the state of nutrient and diet gaps, based on recent data. Hence, this

study used the 2015–2016 post-harvest wave which has information on food consumption

of 4570 households. Data were prepared according to the following steps: (1) local units

were converted into grams, kilograms, or liters of the food item consumed; (2) using the

price, cost, and unit data per food item, data were checked for extreme values of food item

consumption. Data were checked on whether the quantity of total consumption for each

food item was equal to the sum of quantities consumed from own stock, from purchases,

and gifts, and whether the reported consumption expenditure was consistent with prices

per unit of the food item; (3) observations outside the plausible consumption range of

500–5000 kcal consumption per person per day (Voortman et al. 2017) were excluded

resulting in 528 exclusions. After these data checks, the sample size used in this study

came to 4042 households.

Nutrient consumption was calculated in terms of adult female equivalent (AFE). The

AFE allows for a division of the household food and nutrient consumption to an indi-

vidual household members’ consumption as a proportion of energy requirements of an

adult women (20–30 year). All other age and gender groups received an AFE value by

dividing their energy requirement by the energy requirement of 1 AFE. For each house-

hold, the household AFE was calculated by summing up the AFEs of individual house-

hold members. The LSMS-ISA survey questionnaire does not define edible portions of

food items. We assumed that respondents report consumption of the non-treated, non-

prepared product. Waste factors (refuse factors) (US Department of Agriculture, Agri-

cultural Research Service (USDA) 2016) were thus applied to the food items before fur-

ther analysis. For some foods, no waste factors were available so imputations were
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made using similar foods. The energy and nutrient intake of the household were calcu-

lated using the FCT data from Langenhoven et al. (1991), West et al. (1989), and US

Department of Agriculture, Agricultural Research Service (USDA) (2016). To account

for changes in energy and nutrient content due to processing and cooking of food

items, retention factors were applied (US Department of Agriculture, Agricultural Re-

search Service (USDA) Nutrient Data Lab 2017).

Data analysis

The prevalence of nutrient adequacy was calculated using the probability approach2.

The probability approach makes use of the estimated average requirements (EARs),

which is the daily nutrient intake value estimated to meet the requirements of half of

the healthy individuals in a given population (Institute of Medicine (IOM) 2006). As-

suming normal distribution3 and nutrient requirement of adult women, the standard-

ized score (z-score) of adequacy for nutrient j was calculated as:

z j ¼ usual intake j−EAR j

SD j
;

SD j ¼ CV j � EAR j

ð1Þ

where SDj and CVj respectively represent the standard deviation and coefficient of vari-

ation for nutrient j. The usual intake was replaced by estimated daily nutrient consump-

tion per AFE as described earlier. The EARj and SDj values corresponding to the

European Food Safety Authority (EFSA, 2017) intake recommendations for non-pregnant

and non-lactating adult women were obtained from EFSA (2017) and World Health

Organization and Food and Agriculture Organization of the United Nations (WHO/FAO)

(2004), respectively. Using standardized z-scores and the property of standard normal dis-

tribution, the probability of adequacy for each nutrient was computed. Finally, the mean

probability of adequacy (MPA) was calculated by averaging the probability of adequacy of

11 nutrients including iron, calcium, zinc, thiamin, riboflavin, niacin, vitamin B6, folate,

vitamin B12, vitamin C, and vitamin A. The MPA is a summary measure of adequacy of

nutrient consumption (formula for construction of MPA is in the Appendix).

The household dietary diversity was assessed using the household dietary diversity

score (HDDS), a composite measure and proxy for household’s average food access

(Swindale and Bilinsky 2006). The HDDS was calculated based on whether anyone in

the household consumed any food from the 12 food groups during the recall period (7

days in this analysis). The food groups (FG) include the following: cereals; white roots

and tubers; vegetables; fruits; meat and poultry; eggs; fish and other sea food; pulses,

nuts, and seeds; milk and milk products; oils and fats; sweets; spices, condiments, and

beverages.

To examine the link between consumption of the food groups (FG) and the mean

probability of adequacy (MPA), the following empirical model was estimated:

2The probability of adequacy (PA) method is generally applied to quantitative 24-h recall data on dietary in-
take of one individual and needs to be repeated on at least a sub sample of subjects in order to estimate inter-
and intraindividual variation in nutrient intake. Hence, due to substantial deviation from the recommended
methodology, the PA values calculated using LSMS data could be treated as at best “estimates of PA.”
3The requirements for iron are known to be skewed for non-pregnant and non-lactating women (see IOM,
2006 pp.43-44). Hence, we calculate the prevalence of (in)adequacy for iron per adult women using the prob-
ability of adequacy table (see Wiesmann et al. 2009, p.206, adapted from IOM, 2006). We refer to the prob-
ability of adequacy which adjusts for a bioavailability of 5%.
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ð2Þ

where xi denotes a vector of household i’s observable characteristics including

age, gender, and education attainment of the household head, the household size

(in AFE), dependency ratio, income quintile indicator, and ratio of expenditure on

meal away from home (MAH) to expenditure on food at home. FSi denotes a vec-

tor of some indicators of food systems (including access to mobile phone, electri-

city, improved source of water for household consumption, improved sanitation (at

level of community), irrigation, distance to market, distance to nearest town with

20,000+ people, dummy for availability of health center/hospital in the community,

the percent of agriculture within approximately 1 km, and dummies for agro-

ecological zones). μi is a dummy whether place of household is rural or urban and

Si denotes a set of state-fixed effects. These geographic fixed effects control for un-

observable characteristics including food prices and institutional and cultural fac-

tors that do not vary within states but may influence food and nutrient

consumption; Ti denotes month of interview fixed effects (such as difference in

food prices over time), and ei is an error term. α, β, π, δ, μ, and are coeffi-

cients to be estimated. Our interest was the estimates of α. The food systems in

rural areas might be different from those of urban, with implications on food con-

sumption and the average nutrient adequacy. Hence, variants of Eq. 2 were esti-

mated, separately for rural and urban households after excluding μi.

Similarly, correlates of household dietary diversity score (HDDS) were examined with

focus on some components of the food systems by estimating the following model:

ð3Þ

where xi, FSi, Si, μi, and Ti are as defined before, and σi represents the error term.

Our interest was the estimates of π. As before, variants of Eq. 3 were estimated, separ-

ately for rural and urban households after excluding μi.

Descriptive statistics

Table 1 presents the general overview of sample households on their socio-economic and

demographic characteristics. About 67% of households were from rural areas. Among rural

households, about 83% of them were male headed while the corresponding figure for urban

counterparts was 77%. The average age of the household head was about 52 years in both

rural and urban areas. The share of household heads with post-primary level of education in

urban areas was about 56%. This is nearly twice that of corresponding share in rural areas.

The average household size in female adult equivalent was about 6 in rural areas, which is

higher by 1 AFE than that of urban counterparts. In terms of access to utilities and services in-

cluding mobile phone, electricity, improved water source and sanitation, and health services,

the shares of households with access were higher in urban areas than that of corresponding

shares of rural counterparts. The ratio of expenditure on meal away from home (MAH) to ex-

penditure on food at home was 0.35 and 0.6 in rural and urban households, respectively. The

data also suggests households in urban areas were in closer proximity to large weekly markets

and larger population centers than households in rural areas. The percent of land under agri-

culture within approximately 1 km buffer of household’s location was on average 33% and

15% in rural and urban areas, respectively.
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Household Dietary Diversity Score (HDDS) and consumption patterns

The mean HDDS of households was 8.7 (s.d. 1.9), with corresponding values for rural

and urban households being 8.4 (1.9) and 9.4 (1.8), respectively.4 The HDDS however

does not reveal household heterogeneities regarding type of food groups consumed and

the share of households consuming. According to Fig. 2, fruits and nutrient-dense ani-

mal source foods (ASF) were consumed the least. For example, eggs and milk and milk

products were consumed by less than 40% of households while fruits and meat were

Table 1 Descriptive statistics of key variables used in the regressions (N=4042)
Country
(n=4042)

Rural
(n=2721)

Urban
(n=1321)

Diff.=urban
−rural (t-test)

Mean S.D. Mean S.D. Mean S.D. Diff. t-stat.

Household head is male (1/0)a 0.81 0.39 0.83 0.37 0.77 0.42 −0.06 −4.47**

Age of household head in years 52.4 14.2 52.4 14.3 52.4 14.1 −0.06 −0.13

Household head attained post-primary
education (1/0)

0.38 0.48 0.29 0.45 0.56 0.50 0.27 16.9**

Household size in adult female equivalent 5.53 3.03 5.82 3.08 4.91 2.82 −0.91 −9.07**

Dependency ratio (share of children <14 and adults>64) 0.42 0.25 0.44 0.24 0.39 0.26 −0.04 −5.21**

Household expenditure quintile

_1 (bottom 20%) (1/0) 0.21 0.41 0.29 0.46 0.04 0.19 −0.25 −19.49**

_2 (1/0) 0.21 0.41 0.25 0.43 0.14 0.34 −0.11 −7.98**

_3 (1/0) 0.20 0.40 0.20 0.40 0.22 0.41 0.02 1.47

_4 (1/0) 0.20 0.40 0.16 0.37 0.28 0.45 0.12 9.12**

_5 (top 20%) (1/0) 0.18 0.38 0.10 0.31 0.33 0.47 0.22 18.06**

Expenditure on MAH over food at home 0.43 1.61 0.35 1.00 0.60 2.41 0.25 4.73**

Head own mobile phone (1/0) 0.73 0.44 0.65 0.48 0.90 0.30 0.24 17.22**

HH is connected to public electricity system
(1/0)

0.54 0.50 0.40 0.49 0.84 0.37 0.44 28.98**

HH has improved water source (1/0) 0.52 0.50 0.46 0.50 0.66 0.48 0.19 12.12**

Improved sanitation (toilet facility), community (%) 0.59 0.35 0.49 0.34 0.81 0.27 0.32 0.30**

Health center/hospital in the community (1/0) 0.73 0.44 0.69 0.46 0.81 0.39 0.12 8.15**

HH has irrigated plot (1/0) 0.01 0.12 0.02 0.13 0.01 0.09 −0.01 −2.17**

HH distance to nearest large weekly market (km) 67.76 43.92 71.30 39.50 60.45 51.12 −10.85 −7.41**

HH distance in (km) to nearest population center with +20,
000 (km)

23.65 20.07 29.08 20.26 12.47 14.19 −16.60 −26.76**

Fraction of land under agriculture within 1km buffer 27.78 27.00 33.66 27.37 15.68 21.69 −17.98 −20.90**

Agroecological zones

Tropic-warm/semiarid (1/0) 0.30 0.46 0.37 0.48 0.16 0.37 −0.20 −13.79**

Tropic-warm/subhumid (1/0) 0.57 0.49 0.51 0.50 0.71 0.45 0.20 12.38**

Tropic-warm/humid (1/0) 0.12 0.32 0.12 0.32 0.12 0.33 0.01 0.70

Tropic-cool/sub-humid (1/0) 0.01 0.10 0.01 0.10 0.01 0.09 −0.00 −0.74

Month of interview

February (1/0) 0.28 0.45 0.25 0.43 0.34 0.47 0.08 5.74**

March (1/0) 0.71 0.45 0.74 0.44 0.64 0.48 −0.09 −6.41**

April (1/0) 0.01 0.12 0.01 0.10 0.02 0.15 0.01 2.84*

a(1/0) denotes dummy variable and s.d. denotes standard deviation
**p<0.01, *p<0.05

4Note that the higher value of HDDS observed in this study was due to the use of 7-day recall as opposed to
the conventional 24-h recall used to calculate dietary diversity; a longer data recording leads to higher HDDS
scores
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consumed by less than 60% of households, on average. However, the share of house-

holds consuming each of these food groups was greater in urban areas than that of

rural areas. Cereals, spices and condiments, vegetables, and oils and fats were con-

sumed by nearly all households. In general, the main differences in household dietary

diversity seem to be driven by consumption of fruits and ASF (Fig. 2).

Household nutrient consumption and gap

Figure 3 summarizes the probability of adequacy of nutrient consumption and correspond-

ing gap for 11 nutrients and the mean probability of nutrient adequacy (MPA). According to

Fig. 3, there were large shortfalls in consumption especially of three nutrients including iron,

vitamin B12, and riboflavin. The probability of nutrient adequacy (PA) for each of these three

nutrients was 0.2 or below, regardless of location of residence. In contrast, nutrients with

higher probability of adequacy (i.e., PA between 0.8 and 0.95) include thiamine, vitamin A,

vitamin B6, and folate, in both rural and urban areas. Other nutrients including zinc, vitamin

C, and niacin had a probability of adequacy between 0.43 and 0.79. The MPA for urban and

rural households was 0.54 (s.d. 0.22) and 0.58 (s.d. 0.22), respectively.

Results
The link between average nutrient adequacy and food group consumption

Descriptive statistics in Fig. 2 showed that cereals, spices and condiments, vegetables,

and oils and fats were consumed by nearly all households, regardless of the household’s

location being a rural or urban area. In contrast, consumption patterns of fruits and

animal source foods were slightly higher in urban areas. These consumption patterns

are based on whether or not a food group is consumed, however, may not give

Fig. 2 Share of households consuming food group (%)
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sufficient information about the link between food group consumption and the average

nutrient adequacy. This is because nutrient content of each of these food groups and of

foods within each food group is different, and portion size or amount consumed and

other factors also play a role in determining household’s mean probability of nutrient

adequacy (MPA). Accordingly, after controlling for cultural, economic, and food envir-

onment factors5, results on country level suggest that each of the food groups with the

exception of cereals, eggs, and spices and condiments was significantly associated with

household MPA (Fig. 4). Consumption of legumes, oils and fats, and vegetables was associated

with 20%, 15%, and 13% increase in household MPA, respectively. Corresponding change in MPA

associated with consumption of white roots and tubers, meat, fruits, fish and other sea food, milk

and milk products, and sweets was between 3% and 10%. Some of these results are in line with

De Moura et al. (2016) who found a strong link between adequacy in micronutrients and con-

sumption of red palm oil and dark green leafy vegetables in Akwa Ibom, Nigeria. For example, De

Moura et al. (2016) reported that these two food groups were the main sources of vitamin A in

the diet, with red palm oil and green leafy vegetables respectively contributing 50–60% and 20–

30% of vitamin A intake. Further, the aforementioned study also found that less than 10% of

vitamin A intake originated from dairy products, legumes, and meat. Yet, it is to be noted that the

relationship between MPA and food groups is through individual nutrients that make up the

MPA.

Some of the associations between household MPA and food group consumption of the coun-

try level sample did not hold when data were disaggregated by urban and rural. For example,

results showed that cereals were in fact strongly associated with household MPA for rural

households. On the other hand, oils and fats, white roots and tubers, and milk and milk prod-

ucts were not significantly related to household MPA for urban households. Despite being con-

sumed by a relatively smaller share of households, fruits and animal source foods (ASF) such as

Fig. 3 Household (per AFE) nutrient consumption and gap

5Note: see Annex Table 3 for full results. Controls include state and month of interview fixed effects;
dummies for agroecological zones; share of agriculture in 1 km of residence; distance to nearest population
center; age, sex, and education of the household head (post-primary dummy); household size; dependency
ratio; ratio of expenditure on meals away from home to expenditure on food at home; dummy for HH
income quintile; household access to services and utilities including mobile phone, electricity, improved
water and sanitation, health services, and distance to market; and dummy for rural/urban for country
specification.
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meat and fish and other sea food were strongly associated with household MPA for both rural

and urban households. This reflects the relative importance of nutrient-rich foods including

fruits and ASF for the MPA, with strong implications for nutrition outcomes. This is because a

previous study found strong associations between ASF consumption and a predicted decline

in child stunting, based on data from 49 countries (Heady et al. 2018). Relatedly, based on

global data, a research found a positive association between the relative caloric prices of

ASF and stunting in early childhood (Heady and Alderman 2019). Among food groups, the

relative increase in household MPA associated with consumption of legumes and nuts, and

seeds seem to be higher, regardless of location of residence. Sweets, eggs, spices, condi-

ments, and beverages did not seem to be strongly associated with household MPA for either

rural or urban households, potentially signaling a lack of diversity within each food group.

Among covariates, household size was negatively associated with household MPA whereas house-

hold income profile, age of household head, dependency ratio of household, household’s location be-

ing rural, and percent of agriculture within 1 km were positively associated with household MPA.

Further disaggregation of the data reveals that the ratio of household expenditure onmeal away from

home over food at home, distance to market, and access to public source of electricity was negatively

associated with household MPA for the rural sample (see Appendix, Table 3).

Associations between household dietary diversity and some components of food

systems

Earlier studies documented positive associations between dietary diversity and nutrient ad-

equacy and nutrition outcomes (for reviews see Ruel 2003, and Ruel et al. 2018). Some of the

avenues to improving dietary diversity may include improving access to market and roads

while also providing nutrition knowledge (Stifel and Minten 2017; Hirvonen et al. 2017; Hir-

vonen 2016), improving incomes and production diversity (Ecker et al, 2018), and/or more

generally through nutrition-sensitive agriculture programs which incorporate nutrition-related

behavioral change communication (for a review, see Ruel et al. 2018, Ruel 2019). The

Fig. 4 Percent change in MPA associated with consumption of food group, given other covariates
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effectiveness of any of these strategies however may vary across different contexts. For

example, based on a meta-analysis of existing studies, Sibhatu and Qaim (2018) indicated that

increasing production diversity was not a universally applicable tool to improve diets and nu-

trition, as some of the evidence showed production diversity was much more important in

areas where access to markets was limited. These suggest that improving diets in the popula-

tion may rely on several components of the food systems and require context-specific strat-

egies. This section examines correlates of household dietary diversity with focus on some

components of the food systems. It is to be noted that these results, based on analysis of

cross-sectional data, are only suggestive and contributes to hypothesis generation for further

research.

According to Table 2, mobile phone ownership by household head was associated with

a 2.3–2.6%6 increase in HDDS by contrast to those who did not own one, given other fac-

tors. This is because having mobile phone possibly enhances access to nutrition and other

information which may help shape consumer behavior (Barnett et al. 2016). However,

having access to mobile phone did not seem to be important for urban households. This

is possibly because, as shown in Table 1, urban households were relatively in closer prox-

imity to large weekly markets and larger population centers. This may increase means of

receiving information and influence consumption behavior as households would have

more interactions with more actors in the food value chains. Hence, the relative import-

ance of mobile phones as means of obtaining information may be lower in such context.

Electricity has multiple uses in homes. In the context of food, it avails energy for

cooking and refrigeration facilities that may help increase food shelf life, including

cooked and non-cooked perishable products. This in turn may help increase food avail-

ability at home and hence household dietary diversity. Results suggest that having ac-

cess to (public source of) electricity was associated with about 2% increase in HDDS,

especially by urban households. Similarly, having access to improved sources of water

and improved sanitation may lead to a better food environment, both at home and out-

side of home. For example, water can be used for cleaning and keeping food safety and

for food preparation, among others. This is likely to improve consumption behavior

(e.g., cleanliness of home food environment may incentivize to keeping food stocks and

food preparation at home) which in turn may improve household dietary diversity. Hence, ac-

cording to Table 2, having access to improved sources of water was associated with between

1.4 and 2.6% increase in household dietary diversity. In this study, improved sanitation was de-

fined as the share of households with improved toilet facilities in the community, following

Spears (2013). Sanitation improves the community and home food environment, and Spears

(2013) found strong associations between differences in average child height and community

level sanitation in the developing world. Our results suggest that a unit increase in the share

of improved sanitation in the community was associated with a 2.6 to 4% increase in house-

hold dietary diversity, with associations being particularly stronger in rural areas.

Irrigation minimizes downside risk in food production and contributes to production

diversity through reduced seasonality. This may improve availability of nutritious foods

6The mean HDDS for rural, urban, and country was 8.4, 9.4, and 8.7, respectively (Table 1) whereas the
mean values for correlates of HDDS can be found in Table 2, for mobile phone ownership they are 0.19,
0.24, and 0.2 for rural, urban, and country, respectively. Hence, the percent increase in HDDS associated
with mobile phone ownership was (0.19/8.4)×100=2.3 for rural, (0.24/9.4)×100=2.6 for urban, and (0.2/
8.7)×100=2.3 for country.
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in the household, e.g., through homestead gardening (Hirvonen and Heady 2018) or in-

creased purchasing power resulting from marketing of own produce such as cash crops

(Kuma et al. 2019). A recent study found that use of irrigation was associated with im-

proved dietary diversity in Ethiopia and Tanzania (Passarelli et al. 2018). Along this

line, results of this study indicate that having an irrigated plot was associated with a

4.3% increase in household dietary diversity in rural areas, despite the fact that about

only 2% of households had irrigated plots. Further, after controlling for agroecological

zones and other covariates, results suggest that the fraction of agriculture within 1 km of residence

was positively associated with household dietary diversity. Among indicators of food systems that

proxy for food supply chains, we found no statistically strong relationship between household dietary

diversity and distance to nearest large weekly market and distance to nearest large population center.

Clearly, results of this study indicated existing heterogeneities among rural and urban

households and corresponding food systems. After controlling for state and month of

interview fixed effects, results suggest that having access to mobile phone and irrigated

plot, share of improved sanitation in the community, and share of land under agriculture

within 1 km buffer were more important to rural than to urban counterparts. In contrast,

having access to electricity and improved source of water for household consumption

were more important to urban than rural counterparts. As noted before, while results of

this study indicate the relative importance of some components of food systems to HDDS,

they may not clearly show the channels through which each of these components affect

HDDS. This requires additional study, which is beyond the scope of this paper.

Table 2 Correlates of household dietary diversity
Country Rural Urban

Mobile phone (0/1) 0.20*** 0.19*** 0.24

(0.06) (0.06) (0.15)

Electricity (0/1) 0.13** 0.12 0.20*

(0.06) (0.07) (0.12)

Improved sources of water (1/0) 0.12* 0.06 0.24**

(0.06) (0.07) (0.10)

Irrigation (0/1) 0.17 0.36* −0.31

(0.20) (0.20) (0.28)

Improved sanitation, community (%) 0.23** 0.33*** 0.02

(0.10) (0.11) (0.16)

Health center/hospital in community (0/1) −0.11** −0.08 −0.15**

(0.05) (0.07) (0.07)

Distance to nearest market (KMs) 0.00 0.00 0.00

(0.00) (0.00) (0.00)

Fraction of agriculture within 1 km buffera 0.23* 0.30* 0.15

(0.13) (0.17) (0.28)

Constant 6.91*** 6.77*** 7.21***

(0.31) (0.32) (0.62)

Observations 4040 2721 1319

r2 0.50 0.52 0.38

Controls include state and month of interview fixed effects; dummies for agro-ecological zones; distance to nearest
population center; age, sex, and education of the household head (post-primary dummy); household size; dependency
ratio; ratio of expenditure on MAH to expenditure on food at home; dummy for HH income quintile; and dummy for
rural/urban for country specification. Note: standard errors clustered at enumeration area-level and presented in brackets
aThe variable was rescaled by dividing by 100 for readability
***p<0.01, **p<0.05, *p<0.1
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Despite differences in magnitude of estimated coefficients for rural and urban house-

holds, income status (being in higher expenditure quintile by comparison to those in

the bottom quintile), household size, and having post-primary education by the house-

hold head were positively associated with household dietary diversity. Household

dependency ratio was statistically significant on country level and only for the rural

sample. After controlling for covariates, gender and age of the household head did not

seem to be important correlates of HDDS (see Appendix, Table 4).

Conclusions
Existing evidence shows Nigeria is one of the countries with high levels of food and nutri-

tion insecurity. An expanding literature emphasizes the importance of identifying entry

points for interventions in the food systems as the food systems determine diet quantity,

quality, diversity, and safety, which in turn determines the nutrition and health status of

the population. This study attempted to contribute evidence on food group consumption

patterns, HDDS, and average nutrient adequacy and their linkages with components of

the food systems. Results suggest that consumption of nutrient-rich foods was low. For

example, eggs and dairy products were consumed by less than 40% of households while

fruits and meat were consumed by less than 60% of households, on average. In general,

urban households had higher dietary diversity (mean 9.4, s.d. 1.8) than rural households

(mean 8.4, s.d 1.9), and the differences are more pronounced in consumption of fruits and

animal source foods. Nonetheless, rural households had higher MPA than urban house-

holds since adequacy in nutrient consumption is dependent upon not only dietary diver-

sity but also actual quantities consumed. It should be noted here that the expenditure

share of the out-of-home consumption was higher in urban households, and that the re-

sults described here are solely based on the reported in-home consumption.

Among 12 food groups, consumption of legumes, oils and fats, and vegetables was as-

sociated with 20%, 15%, and 13% increase in household MPA, respectively. Correspond-

ing change in MPA associated with consumption of white roots and tubers, meat,

fruits, fish and other sea food, milk and milk products, and sweets was between 3% and

10%. Differences in food system components may explain differences in household diet-

ary diversity. Accordingly, results suggest that mobile phone ownership by household

head, household’s access to electricity, improved sources of drinking water, and percent

of the community with improved sanitation were strongly associated with household

dietary diversity. Disaggregation of the data by urban and rural households revealed

existing heterogeneities in nutrient and dietary consumption and their associations with

corresponding food systems.

Due to lack of food consumption and nutrient surveys in Nigeria, the methods

used in this study substantially deviate from the recommended methodology for

the estimation of nutrient and dietary gaps, and hence, results need to be treated

with caution. First, in observational studies, the preferred method of data collection

on food consumption is based on individual repeated 24-h recalls (Institute of

Medicine (IOM) 2006). Consumption data from the LSMS-ISA is available at

household level and does not reflect the intra-household distribution. Hence, indi-

vidual level dietary gap analysis using these data requires assumptions regarding

intrahousehold distribution of food; in this research, it was based on energy

requirements of an adult non-pregnant non-lactating woman, 20–30 years, referred
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to as the AFE. However, prior research comparing the use of household consump-

tion expenditure surveys in Bangladesh, where the division of household nutrient

intake was based on the adult male equivalent, found that nutrient intakes were

comparable to data obtained from combined individual 24-h recalls and food-

weighing methods (Sununtnasuk and Fiedler, 2017). The aforementioned study,

however, found inconsistencies in intake and adequacy status between the two

methods mainly for children aged 3 years and younger. Coates et al. (2017) also

found similar results based on data from Bangladesh and Ethiopia. Second, the re-

call period in the LSMS-ISA is 7 days, and hence, the data may suffer from recall

bias, as remembering the food consumption of 1 day prior to the interview is

already challenging, consumed foods could be forgotten and amounts consumed

could be blurred. Also, for the HDDS results, which are normally based on 1 single

recall day, this 7-day recall period will have resulted in a higher overall score, thus

giving an overestimation of the HDDS. Furthermore, the amounts of food con-

sumed by the entire household during the 1-week recall period are estimated by

the respondent. This may introduce bias and could result in either under- or over-

estimation of the consumption. Lastly, a fixed list of foods was recalled, and the

information on out-of-home consumption was limited or lacking. For households

with a large portion of out-of-home consumption, the HDDS and nutrient ad-

equacy most likely gave an underestimation of what was actually consumed. This

was possibly reflected by the negative relationship between the expenditure on

MAH over food at home ratio and the HDDS and MPA. However, it should be

noted that the LSMS-ISA survey has a large sample size and covers all regions of

Nigeria, and provides a rich source of information from the food system perspec-

tive as dietary consumption can be linked to different aspects of the food system.

Also, given the long time since the last national food consumption and nutrition

survey in Nigeria (2001), LSMS-ISA data could serve as a useful body of informa-

tion. The results represent broadly consumption patterns of households in Nigeria

and provide indicative picture of household food group and nutrient intakes, stan-

dardized to AFE. A more detailed understanding of dietary consumption patterns

and their causal factors would require food consumption surveys, cutting across

time and households with detailed information on food consumption by individual

household members.

Given these limitations, results of this research imply that efforts aiming at

improving the average nutrient adequacy in Nigeria may benefit from interven-

tions that would improve consumption of legumes, fruits, meat, and fish regard-

less of whether the setting is rural or urban, and correspondingly, vegetables in

urban and dairy products in rural areas. Since more diversified diets are in gen-

eral beneficial to improving the average nutrient adequacy, results of this study

also indicate that interventions in the food systems to improve household diet-

ary diversity for rural and urban households may take different approaches. For

rural households, stimulating agriculture through availing more agricultural land

and irrigation, improving access to mobile phone, and improved sanitation seem

to be promising. Whereas improving access to electricity, health services, and

improved water sources seem to be more relevant to improve the diet quality of

urban households.
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Appendix
Construction of MPA

Usual intake of nutrients j per AFE of household i

UIij ¼
PK

k θjkFIik
AFEi

ð4Þ

where θjk is the conversion factor of nutrient j per unit of food item k consumed.

Z−score Zij
� � ¼ UIij−EAR j

SD j
ð5Þ

Probability of nutrient j adequacy per nutrient of household i (PAij)

PAij ¼ f Zij
� � ð6Þ

with f(.) being the density function of the standard normal distribution. The mean

probability of nutrient adequacy (MPA) then is

MPAi ¼
Pn

j¼1MPAij

n
ð7Þ

where n is the number of nutrients consumed.
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Table 3 The link between consumption of food group and household MPA

Country Rural Urban

Cereals 0.060 0.082** −0.035

(0.036) (0.033) (0.125)

White roots and tubers 0.057*** 0.062*** 0.039

(0.010) (0.011) (0.025)

Vegetables 0.076*** 0.054 0.128***

(0.025) (0.030) (0.045)

Fruits 0.044*** 0.036*** 0.060***

(0.007) (0.009) (0.010)

Meat 0.045*** 0.044*** 0.040***

(0.008) (0.009) (0.014)

Eggs 0.010 0.020 0.004

(0.009) (0.011) (0.012)

Fish and other seafood 0.032*** 0.028** 0.049***

(0.009) (0.011) (0.015)

Legumes, nuts, seeds 0.110*** 0.101*** 0.145***

(0.013) (0.014) (0.029)

Milk and milk products 0.027*** 0.026** 0.024

(0.008) (0.011) (0.014)

Oils and fats 0.083*** 0.076*** 0.089

(0.021) (0.024) (0.053)

Sweets 0.017** 0.017 0.020

(0.008) (0.011) (0.014)

Spices, condiments, and beverages 0.005 0.018 −0.052

(0.029) (0.032) (0.046)

Mobile phone (1/0) −0.009 −0.014 −0.011

(0.009) (0.009) (0.017)

Electricity (1/0) −0.030*** −0.026** −0.029

(0.009) (0.011) (0.017)

Improved sources of water (1/0) 0.007 0.000 0.009

(0.008) (0.009) (0.014)

Improved sanitation, community (%) −0.034 −0.022 0.022

(0.018) (0.017) (0.033)

Health center/hospital in community (1/0) 0.012 0.016 0.012

(0.008) (0.011) (0.010)

Irrigation (1/0) 0.014 −0.014 0.099

(0.028) (0.026) (0.063)

Distance to nearest market (KMs) −0.000 −0.000** 0.000

(0.000) (0.000) (0.000)

Distance in to Nearest Population Center with +20,000 (KMs) 0.000 0.000 0.000

(0.000) (0.000) (0.000)

Fraction of agriculture in 1km buffer 0.000** 0.001** 0.000

(0.000) (0.000) (0.000)

Household expenditure quintile

_2 (1/0) 0.028** 0.031*** 0.027
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Table 3 The link between consumption of food group and household MPA (Continued)
Country Rural Urban

(0.011) (0.012) (0.028)

_3 (1/0) 0.071*** 0.073*** 0.085***

(0.012) (0.014) (0.030)

_4 (1/0) 0.122*** 0.127*** 0.135***

(0.014) (0.017) (0.030)

Household expenditure quintile_5 (1/0) 0.215*** 0.210*** 0.242***

(0.016) (0.022) (0.031)

Expenditure on MAH over food at home −0.005 −0.010** −0.002

(0.005) (0.004) (0.005)

Household size in adult female equivalent −0.024*** −0.023*** −0.026***

(0.002) (0.002) (0.004)

Dependency ratio 0.036*** 0.030 0.046**

(0.012) (0.018) (0.022)

Male household head (1/0) −0.015 −0.009 −0.023

(0.008) (0.011) (0.013)

Age of household head in years 0.001*** 0.001*** 0.002***

(0.000) (0.000) (0.000)

Post-primary education of household head (1/0) −0.010 −0.007 −0.003

(0.007) (0.009) (0.013)

Rural 0.066***

(0.010)

Constant −0.157** −0.069 −0.282

(0.078) (0.085) (0.173)

Observations 4023 2706 1317

r2 0.392 0.407 0.427

Note: additional controls include dummies for month of interview, agroecological zone, and state of residence. Standard
errors (in parentheses) clustered at level of enumeration area
*p<0.10, **p<0.05, ***p<0.01
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Table 4 Correlates of household dietary diversity

Country Rural Urban

Mobile phone (1/0) 0.20*** 0.19*** 0.24

(0.06) (0.06) (0.15)

Electricity (1/0) 0.13** 0.12 0.20*

(0.06) (0.07) (0.12)

Improved sources of water (1/0) 0.12* 0.06 0.24**

(0.06) (0.07) (0.10)

Improved sanitation, community (%) 0.23** 0.33*** 0.02

(0.10) (0.11) (0.16)

Health center/hospital in community (1/0) −0.11** −0.08 −0.15**

(0.05) (0.07) (0.07)

Irrigation (1/0) 0.17 0.36* −0.31

(0.20) (0.20) (0.28)

Distance to nearest market (KMs) 0.00 0.00 0.00

(0.00) (0.00) (0.00)

Distance in to Nearest Population Center with +20,000 (KMs) 0.00 −0.00 0.00

(0.00) (0.00) (0.00)

Fraction of agriculture in 1km buffer 0.00* 0.00* 0.00

(0.00) (0.00) (0.00)

Household expenditure quintile

_2 (1/0) 0.88*** 0.90*** 0.87***

(0.07) (0.07) (0.19)

_3 (1/0) 1.38*** 1.41*** 1.31***

(0.08) (0.09) (0.20)

_4 (1/0) 1.84*** 1.86*** 1.80***

(0.11) (0.10) (0.24)

Household expenditure quintile_5 (1/0) 2.25*** 2.18*** 2.27***

(0.12) (0.13) (0.25)

Household size in adult female equivalent 0.15*** 0.14*** 0.16***

(0.01) (0.01) (0.02)

Dependency ratio 0.23** 0.31** 0.15

(0.11) (0.13) (0.17)

Male household head (1/0) 0.00 0.01 −0.02

(0.06) (0.08) (0.11)

Age of household head in years −0.00 −0.00 −0.00

(0.00) (0.00) (0.00)

Post-primary education of household head (1/0) 0.22*** 0.21*** 0.22**

(0.06) (0.08) (0.09)

Rural −0.08

(0.07)

Cons 6.91*** 6.77*** 7.21***

(0.31) (0.32) (0.62)

N 4040 2721 1319

r2 0.50 0.52 0.38

Note: additional controls include dummies for month of interview, agroecological zone, and state of residence.
Standard errors (in parentheses) clustered at level of enumeration area
*p<0.10, **p<0.05, ***p<0.01
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