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ORIGINAL ARTICLE Open Access

Does a ban on trans fats improve public
health: synthetic control evidence from
Denmark
Rok Spruk* and Mitja Kovac

Abstract

We examine the impact of the trans fat ban on a variety of public health outcomes. To this end, we consider a de
facto trans fat ban that was introduced by Denmark in 2001. Using the synthetic control method, parallel trends
between Denmark and countries in a control group in the years prior to the ban are used to construct a “synthetic
Denmark” without any such trans fat ban. Our synthetic control estimates suggest the ban led to substantial
improvements in public health. Following the ban, cardiovascular mortality dropped considerably, while the
trends of adolescent and child obesity came to a halt and decreased significantly compared to the synthetic
control group. Our findings provide new insights into the benefits for public health arising from the banning
of trans fats.

1 Introduction
The consumption of trans-saturated fats is long recog-
nized as a great public health concern. In particular, car-
diovascular disease is a major cause of death in most
OECD countries. The consumption of trans fat acids
(TFAs), chiefly present in partially hydrogenated oils, is
clearly associated with elevated LDL (“bad”) cholesterol
levels and a drop in HDL (“good”) cholesterol levels,
which negatively impacts the heart and metabolism in
general and is also associated with rising obesity rates.
Many studies over the years point to the adverse impact
of trans fats (Baer et al. 2004, Mozaffarian et al. 2006,
Teegala et al. 2009, Brouwer et al. 2013). Yet, the ques-
tion remains: to what extent can a policy intervention
aimed at limiting/removing trans fats from the food sup-
ply improve public health outcomes?
Ever since Proctor and Gamble introduced Crisco in

1911, TFAs have seen widespread use due to their com-
mercially favorable properties like long shelf life and sta-
bility while deep frying. TFAs were incorporated into
various processed foods such as snacks, biscuits, deep-
fried foods, prepackaged foods, margarines, and crackers.
Created by adding hydrogens to vegetable oils, partially

hydrogenated oils serve as a primary dietary source of
TFAs. In the early 1990s, epidemiological studies
(Koletzko 1992, Ascherio et al. 1994) found that higher
plasma concentration of LDL cholesterol and low con-
centration of HDL cholesterol are reliable markers of
cardiovascular risk. The general thrust of these studies is
that even small rises in TFA consumption can increase
LDL cholesterol substantially by about +0.04 mmol/L.
Beyond doubt, trans fats increase the risk of cardiovas-
cular disease mainly by disturbing the balance between
high-density (HDL) and low-density (LDL) cholesterol.
Hence, trans fat consumption poses a key public health
risk by way of obesity rates and cardiovascular diseases
(Stender et al. 2006, Oh et al. 2005, Uauy et al. 2009,
Missmer et al. 2010).
The economic benefits of lowering the prevalence of

TFAs are substantial. Allen et al. (2015) estimate that a
1% reduction in TFA energy intake in England and
Wales would generate some 3900 fewer deaths, 10,000
fewer hospital admissions, and see 37,000 life years being
gained by 2030 while substantially shrinking health in-
equalities between the most affluent and most deprived
income quantiles, whereas no such effects were found
for policies relying on industry to voluntarily reformulate
its products. The economic effects of growing obesity
rates and prevalence of overweight in response to trans

© The Author(s). 2020 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made.

* Correspondence: rok.spruk@ef.uni-lj.si
School of Economics and Business, University of Ljubljana, Kardeljeva ploscad
17, 1000 Ljubljana, Slovenia

Swiss Journal of 
Economics and Statistics

Spruk and Kovac Swiss Journal of Economics and Statistics           (2020) 156:4 
https://doi.org/10.1186/s41937-019-0048-0

http://crossmark.crossref.org/dialog/?doi=10.1186/s41937-019-0048-0&domain=pdf
http://orcid.org/0000-0002-7269-2339
http://creativecommons.org/licenses/by/4.0/
mailto:rok.spruk@ef.uni-lj.si


fats consumption are both persistent and significant
(Astrup et al. 2008). Cawley (2004) suggests that a 2-
standard deviation increase in body weight is associated
with a 9% drop in wages, namely, the equivalent of 1.5
years’ lost education and 3 years’ foregone work experi-
ence. Using restricted data from the Medical Expend-
iture Panel Survey in the USA and considering genetic
weight variation, Cawley and Meyerhoefer (2012) esti-
mate that obesity raises annual medical inflation-
adjusted costs by US$2471 and brings several negative
externalities (Kortt et al. 1998, Finkelstein et al. 2009,
Trasande et al. 2009, Thorpe et al. 2004).
The widespread use of trans fats particularly harms

the physical health of children and adolescents. Several
channels that explain the adverse effects of TFAs on
children and adolescent health have been identified.
First, food prices exhibit a clear downward between
1990 and 2017, which is associated with greater demand
for food and higher intake of high-calorie food. For in-
stance, the price of a bottle of Coca-Cola in the said
period dropped 35%, and the price of a McDonalds’
“quarter-pounder” dropped by 5.5%. The evidence sug-
gests that food-price reductions account for 41 to 43%
of the increase in young adults’ body mass index (BMI)
between 1981 and 1984, where children from low-
income families appear to be the most affected (Cawley
2010). On the other hand, vegetable prices rose by 17%
in the 1997–2003 period, further explaining the increas-
ing trend of obesity rates and prevalence of overweight
(Powell 2009, Powell and Chaloupka 2009, Sturm and
Datar 2005, Gelbach et al. 2007, Zheng and Zhen 2008,
Auld and Powell 2009). Second, rising incomes are gen-
erally recognized as a factor in the growing obesity rates.
The impact of income on obesity rates can operate in
two directions. Higher income can induce a substitution
effect and encourage consumers to substitute healthier
but costlier options with cheaper energy-dense foods,
mainly by growing demand for good health and an at-
tractive appearance (Philipson 2001). Yet, rising income
can encourage people to consume more calories and
indulge in a sedentary lifestyle. The direction of the in-
come effect is not empirically clear and varies substan-
tially with age, year, sex, and race (Sobal and Stunkard
1989, Schmeiser 2009, Cawley et al. 2010).1

Several studies establish a link between maternal em-
ployment and childhood obesity (Anderson et al. 2003,
Von Hinke Kessler Scholder 2008, Fertig et al. 2009).
These studies suggest an increase in the mother’s weekly
work hours explains 11 to 34% of the rise in childhood
obesity in families with a high socioeconomic status

between 1975 and 1994. The positive impact of the
mother’s weekly work hours on childhood obesity is not
uniform, and holds for children whose mothers work full
time and when the child is at least 7 years of age, but
not when the child is either preschool age or aged 11,
and not when mothers work part-time regardless of the
child’s age. The mechanism underlying maternal em-
ployment and childhood obesity appears to be straight-
forward. Full-time maternal employment is associated
with less time spent cooking and more time spent
watching TV and playing video games. This increases
the probability the family will consume prepared foods,
which are calorie-dense and contain high levels of TFAs
(Cawley and Fiu 2012). Another potential mechanism
explaining maternal employment’s effect on childhood
obesity is the choice of childcare arrangements since
children in center-based care are more likely to be obese
than children cared for by non-paternal relatives or even
a nanny (Herbst and Tekin 2011). In addition, Philipson
and Posner (2008) claim that technological advances in
the mass preparation of food explain the rising obesity
rates, while Cutler et al. (2003), Komlos et al. (2004),
and Komlos and Baur (2004) highlight the importance of
patience given that people seem willing to exchange
their future health for the immediate gratification of
their instant needs.
Obesity imposes considerable economic costs that

tend to persist. Trasande et al. (2009) and Trasander and
Chatterjee (2009) estimate the direct cost of childhood
obesity in the USA at US$14.1 billion. The effects of
childhood obesity persist into adulthood. One third of
preschool obese children and one-half of school-aged
children become obese adults (Serdula et al. 1993). Fin-
kelstein et al. (2009) believe the annual cost of treating
obese adults in the USA is about US$147 billion,
whereas Thorpe et al. (2004) show that in the period
1987–2001 the rise in obesity accounts for 27% of the
rise in healthcare spending. The indirect economic costs
of obesity are high. Apart from the employer-related
cost, Cawley and Spiess (2008) show that childhood
obesity in the age range 2 to 3 years results in delayed
skill acquisition, holding important implications for hu-
man capital formation. Controlling for cognitive skills
and education, childhood obesity predicts significantly
lower wages in adulthood (Cawley 2004). Moreover,
adult obesity in the USA leads to job market absentee-
ism, annually adding US$14.3 billion to employer costs
(Cawley et al. 2007).
This paper complements our earlier work (Kovac and

Spruk 2019) on the impact of trans fat bans on public
health in three noteworthy respects. First, we construct a
counterfactual scenario by exploiting the parallel public
health trends between affected and unaffected countries
and build a trajectory of obesity rates and cardiovascular

1Wang and Zhang (2002) examine the relationship between income
and childhood obesity by race and show that the negative correlation
between income and obesity holds for white girls only.
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disease-related death rates in the hypothetical absence of
the ban. Second, we add an extensive battery of covari-
ates related to food demand structure, public health ex-
penditure, consumer prices, physical geography, and
intellectual aptitude to undertake a synthetic matching
between Denmark and the rest of the world in the
period before the implementation of the ban. By con-
structing a counterfactual scenario, we allow for the pos-
sibility of pre-ban trends in public health outcomes to
the shape the trajectory of the public health outcomes
over time had the ban never came into force which pro-
vides for an improved understanding of the effect size
and significance associated with the ban. And third, this
paper evaluates the impact of the ban on cardiovascular
mortality and obesity rates and does not discuss the im-
pact of non-ban trans fat policies compared to our earl-
ier paper.
Several other papers are related to ours. First, Restrepo

and Rieger (2016a) use annual mortality rates in a sam-
ple of OECD countries for the period 1990–2012 to esti-
mate the effect of Denmark’s trans fat ban on the
cardiovascular (CVD) mortality rate. More specifically,
they simulate the CVD mortality trajectory Denmark
would have taken in the absence of passing a trans fat
ban. Their results show that, 3 years after introducing
the ban, the annual CVD-related mortality rate had
fallen by 14.2 deaths per 100,000 people relative to the
synthetic control group. Second, Restrepo and Rieger
(2016b) examine the impact of the trans fats ban on
CVD by considering the 2005 policy change made by the
state of New York that prohibited artificial trans fats in-
gredients in food-service establishments. Their findings
suggest the policy led to a 4.5% drop in CVD-related
mortality, or roughly 13 fewer deaths per 100,000 inhab-
itants per year, which can be economically valued at
some US$3.9 million per 100,000 inhabitants annually.
Using a panel containing more countries with a substan-
tially larger set of covariates, we reevaluate the effects of
Denmark’s trans fat ban on the CVD mortality rate and
estimate its impact on obesity rates and body weight.
Our results confirm Restrepo and Rieger’s (2016a) find-
ings and suggest the trans fat ban is associated with a
considerable slowdown in obesity trends, particularly for
children and adolescents. By examining similar policy
changes in countries other than Denmark, we do not
find similar effects of such a ban on CVD-related mor-
tality and obesity.
Our results imply that the ban on trans fats is associ-

ated with a reduced cardiovascular mortality rate of
about 53 age-standardized deaths from 2001 to 2015
compared to the countries without such legislation in
place. The reduction in the mortality rate is not immedi-
ate but tends to amplify in the long run. The effects of
the ban on obesity rates are somewhat mixed. In

particular, we find a relatively large reduction in adoles-
cent obesity whereas the effects on child obesity rates
are somewhat weaker. On the other hand, the effect on
adult obesity rate cannot be plausibly distinguished from
zero. The effect of the trans fats on cardiovascular mor-
tality and obesity appears to be specific to Denmark
since we do not find similar effects in other countries
that subsequently passed a trans fat ban. A battery of
placebo checks confirms our baseline results.
The rest of the paper is organized as follows. Section 2

describes the policy context of Denmark’s trans fat ban
in a comparative perspective. Section 3 discusses the
identification strategy, while section 4 presents the data.
Section 5 presents the results and robustness checks and
section 6 concludes.

2 Trans fats and public health: the policy context
2.1 Overview of trans fat policies
The adverse effects of consuming trans fats raise several
rationales for government intervention. The most obvi-
ous rationale for a policy response to tackle the impacts
of trans fat consumption is to internalize the external
costs stemming from trans fat consumption that are
borne by third parties. Nevertheless, a ban is not the sole
policy tool available to address the negative implications
of trans fat consumption. Another popular policy meas-
ure to counter trans fat consumption is an obesity tax,
which may be characterized as a form of Pigouvian tax-
ation to discourage unhealthy diets and partially offset
the economic costs of obesity2 or to subsidize healthy
activities. An alternative approach for discouraging trans
fat consumption is to rely on voluntary agreements and
information-disclosure requirements such as calorie la-
beling (Restrepo 2017). The idea behind this idea is that
providing more information to consumers may affect
their choices in socially desirable ways. Elbel et al. (2009)
examine the effects of calorie labeling on food choices in
fast-food restaurants following a policy change in food
labeling legislation introduced on June 8, 2008. Their re-
sults show the introduction of mandatory labeling was
not associated with any change in terms of the number
of calories purchased (Vadiveloo et al. 2011, Elbel et al.
2011, Cantor et al. 2015). On the other hand, Variyam
and Cawley (2006) estimate the impact of labeling on

2In 2008, Japan passed the act known as the “metabo” law (Onishi
2008). The law included the measurement of waist sizes in an attempt
to overcome increasing obesity rates. Waist-size measurement included
individuals aged between 40 and 75 and was administered by em-
ployers and local government which had to ensure there was a mini-
mum of 65 percent participation. The law aimed to decrease Japan’s
obesity rates by 25 percent. Other countries passing laws taxing un-
healthy food include Denmark, which implemented a “fat tax” in 2011
and repealed it the subsequent year, and India, where the state of Ker-
ala introduced 14.5 percent “fat tax” on burgers, pizzas, doughnuts,
tacos, and other junk food served in branded restaurants.

Spruk and Kovac Swiss Journal of Economics and Statistics           (2020) 156:4 Page 3 of 32



body weight by considering the Nutrition Labeling and
Education Act (NLEA) and applying difference-in-
difference methods. They find that implementation of
the new label was associated with decreased body weight
and prevalence of obesity, but only among non-Hispanic
white women.
The general thrust of trans fat policies is to protect

consumers who are acting irrationally as their food
choices may lead to problems associated with time in-
consistency and addiction. Children and adolescents are
particularly vulnerable to becoming addicted to food rich
in trans fats. An alternative approach to tackle the bad
effects of trans fats on public health might be to ban
food companies from advertising fast food and sugary
drinks to children and adolescents (Dhar and Baylis
2011). Chou et al. (2008) estimate the impact of a ban
on fast-food TV advertisements of fast-food restaurants
on child obesity rates. Their results suggest a ban on
television fast-food advertising would reduce the share
of overweight children and adolescents substantially
(Livingstone 2006, Gostin 2007, Hawkes 2007, Harris
et al. 2009).

2.2 Trans fats ban: the case of Denmark
In 2003, Denmark became the first country to introduce
legislation banning artificial trans fats (Bech-Larsen and
Aschemann-Wenzel 2012). The law3 mandates 2 g of
TFAs per 100 g as the maximum content of artificial
trans fats in oil and fats.4 The idea of banning trans fats
in Denmark originates in a 1993 Lancet article discuss-
ing the harmful effect of TFAs on coronary heart disease
(Willett et al. 1993) which received widespread media at-
tention. In response to the article, the Danish Nutrition
Council (DNC) called for a meeting to discuss the new
evidence. In 1994, the DNC and the Association of Da-
nish Margarine Producers (MIFU) signed a voluntary
agreement to reduce and partially eliminate TFAs from
butter and margarine products. Subsequently, major Da-
nish retailers followed the agreement and changed their
practice. Yet the initiative did not hinge on the Danish
Dairy Board because a sizeable proportion of TFAs had
been prevalent in dairy products. Following the agree-
ment, the MIFU moved to invest in technologies able to
eliminate or significantly reduce TFAs in their products
since the existing TFA technology was expensive and
created problems such as “mouth feel” and melting point
for certain industrial consumers like bakeries.

A turning point in the Danish government’s policy
stance on TFAs came with publication of the EU White
Paper on food safety in 2000. Before 2001, no action had
been taken to tackle TFAs in the food supply. In 2001, a
large majority of food producers in Denmark was com-
plying with the 2% TFA limit, implying that 2001 may
be regarded as the de facto year of the TFA policy
change. In 2001, Minister for Food Ritt Bjeregaard re-
quested the DNC provide a review of health risks associ-
ated with TFA consumption. Even though TFA in most
margarines had already been reduced to < 1%, TFAs
were in widespread use and found in processed foods
like cakes, biscuits, crisps, and fast food. Most of these
foods were imported and entailed their own marketing
systems. After reviewing the evidence, the DNC called
for mandatory TFA standards to apply to the entire food
supply while also advocating the prohibition of TFAs,
making it clear the ban would soon come into effect.
After a change in the government administration in
2002, incoming Minister for Food, Mariann Fischer Boel
stressed the need to regulate TFAs in the light of related
significant health risks. The new government then ex-
tended the voluntary agreement from 2001, covering oil
and fat produced by Danish companies, to all food pro-
duced and marketed in Denmark. On January 1, 2004,
the ban came into force.
In 2004, the EU Commission claimed the TFA ban

meant Denmark was in breach of Articles 28 and 30 of
the EC Treaty on the free movement of goods and
sought to prosecute the case before the European Court
of Justice. In 2006, the EU suggested a 10% TFA limit
whereas the European Consumer Organisation sup-
ported the Danish policy and urged the EU Commission
to not interfere with the Danish regulation but to move
towards introducing a similar regulation across the EU.
In 2007, the EU Commission accepted the Danish stan-
dards and dropped the case at the ECJ, yet without advo-
cating any EU-wide regulation of TFAs. Similar bans
had in the meantime been passed by several other coun-
tries, still with notable differences from the Danish TFA
legislation. In 2008, Switzerland introduced a 2% TFA
limit that applied solely to vegetable oils.5 In 2009,
Austria imposed a similar 2% TFA limit, which only ap-
plied if the fat content represented 20% of the total
weight of a food product.6 In 2011, Iceland introduced

3Danish Veterinary and Food Administration, Ministry of Environment
and Food https://www.foedevarestyrelsen.dk/english/Food/Trans%2
0fatty%20acids/Pages/default.aspx
4Studies suggest that, before 2001, it was possible to consume 30 g of
artificial trans fat by eating two to three popular food products (i.e.,
biscuits, popcorn, chicken nuggets, French fries). In 2005, the
proportion of trans fats fell to 1 g, respectively (Stender et al. 2006).

5Verordnung des EDI über Speiseöl, Speisefett und daraus hergestellte
Erzeugnisse. Die Bundesbehörden der schweizerischen
Eidgenossenschaft. Available at https://www.admin.ch/opc/de/
classified-compilation/20050165/index.html#fn6
6Verordnung des Bundesministers für Gesundheit über den Gehalt an
trans-Fettsäuren in Lebensmitteln. Bundesgesetzblatt für die Republik
Österreich. Available at https://www.ris.bka.gv.at/GeltendeFassung.
wxe?Abfrage=Bundesnormen&Gesetzesnummer=20006420&Show-
PrintPreview=True
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the same 2% TFA limit7 as Denmark. In 2014, Norway
introduced a 2% TFA limit, but, unlike the Danish legis-
lation, several products specifically regulated by other le-
gislation were exempted from the ban.8 In the same
year, Hungary enacted a 2% TFA limit almost identical
to the Austrian version of the ban from 2009.9 In the
USA, several states and cities, including New York City
in 200510 and the state of California in 2008,11 intro-
duced partial TFA bans but only in food-service estab-
lishments. Most other industrialized countries such as
Germany12, France13, and the UK14 tend to favor the use
of voluntary agreements regarding the presence of TFAs
in the food supply.

3 Identification strategy
Introduction of the ban may be viewed as a policy inter-
vention occurring at the aggregate level. Comparative
case studies are required to understand such a setup
entailing the introduction of the TFA ban that poten-
tially impacts public health outcomes. Outcomes in the
countries under examination can be compared with
control-sample countries in which there is no similar

policy intervention. Following Abadie and Gardeazabal
(2003), Abadie et al. (2010, 2015), Klößner et al. (2018),
Cavallo et al. (2013), Kleven et al. (2013), Billmeier and
Nannicini (2013), Neumark et al. (2014), Acemoglu et al.
(2016), and Gobillon and Magnac (2016), we construct a
counterfactual scenario from a synthetic control group.
Our goal is to ascertain the public health outcomes in

the affected countries had the TFA ban not taken place
on a designated date. The key identifying assumption
made is that the control countries’ trends in health out-
comes capture parallel trends in the affected countries
prior to imposition of the ban, and provide a credible
counterfactual for what the trends would otherwise have
been in the quasi-treated countries absent any TFA ban.
While a standard difference-in-difference analysis might
unveil the effect of the TFA ban on average, we are in-
terested in how the counterfactual scenario evolves in
each year after the policy intervention which is why, in
our view, the synthetic control method is a better choice
for this purpose.
Let us observe J + 1 countries over t = 1, ...T periods,

with one country (i.e., Denmark) being treated and other
countries {2, ..., J + 1} being unaffected by the ban. The
ban occurs at time T0 and is in effect for the full post-
treatment period starting with T0 + 1 where 1 < T0 + 1 <
T. At the designated time of the intervention, the ban af-
fects only one country and leaves the other J states un-
affected. Our aim is to measure the ban’s impact on the
public health outcomes of Denmark as the treated coun-
try. Let the outcome for country i at time t in the ab-
sence of the ban be yNi;t , and let yIi;t represent the
outcome if the i-th country were exposed to the ban so
that Denmark is represented as i = 1. We assume the
intervention has no impact on the outcome prior to the
ban such that yIi;t ¼ yNi;t for t < T0 + 1. For the interven-
tion that takes place at time T0, the ban’s full effect is
described as λi ¼ fλi;1; λi;T 0 ; λi;T0þ1; :::; λi;Tg which esti-
mates the ban’s effect over time, and captures the differ-
ence between the observed and counterfactual
outcomes, which implies that λi ¼ yIi;t−y

N
1;t ¼ yObserved

1;t −

yCounterfactual1;t .
Given the policy context of the Danish ban described

in section 2, we consider the ban’s de facto introduction
in 2001 rather than the time of introducing de jure legis-
lation in 2003 by way of as a policy change because the
ban had already been anticipated following the review of
health risks commissioned from the DNC. Suppose that
the outcomes follow a latent factor model:

yNj;t ¼ δt þ θt � Z j þ γt � μ j þ uj;t ð1Þ

where δ is the unobserved factor common to all coun-
tries, Zj ∈ℝ

r is the vector of observed covariates

6Verordnung des Bundesministers für Gesundheit über den Gehalt an
trans-Fettsäuren in Lebensmitteln. Bundesgesetzblatt für die Republik
Österreich. Available at https://www.ris.bka.gv.at/GeltendeFassung.
wxe?Abfrage=Bundesnormen&Gesetzesnummer=20006420&Show-
PrintPreview=True
7Regulation no. 79/2010 establishing maximum levels of trans fatty
acids in foods. Ministry of Industries and Innovation. Available at
https://www.stjornarradid.is/raduneyti/atvinnuvega-og-
nyskopunarraduneytid/
8Forskrift om transfettsyrer i næringsmilder. Helse- og
omsorgsdeparementet. Available at https://lovdata.no/dokument/SF/
forskrift/2014-01-16-34
9Országos Élelmezés- és Táplálkozástudományi Intézet. az
élelmiszerekben lévo transz-zsírsavakmegengedheto legnagyobb men-
nyiségérol, a transz-zsírsav tartalmú élelmiszerek forgalmazásának fel-
tételeirol és hatósági ellenorzésérol, valamint a lakosság transz-zsírsav
bevitelének nyomon követésére vonatkozó szabályokról. Available at
http://portal.nebih.gov.hu/-/tajekoztato-a-transz-zsirsavakrol
10Department of Health and Mental Hygiene, Board of Health, Notice
of Adoption of an Amendment (§81.01) to Article 81 of the New York
City Health Code 1. Available at http://rules.cityofnewyork.us/content/
article-81-food-preparation-and-food-service-establishments
11California Health and Safety Code (§ 114335). Available at https://
codes.findlaw.com/ca/health-and-safety-code/hsc-sect-114335.html
12Leitlinien zur Minimierung von Trans-Fettsäuren in Lebensmitteln.
Gemeinsame Initiative der deutschenLebensmittelwirtschaft und des
Bundesministeriums für Ernährung, Landwirtschaft undVerbrau-
cherschutz. Available at https://www.bll.de/de/lebensmittel/ernaeh-
rung/fett/tfa-trans-fettsaeuren
13Les chartes d’engagements volontaires de progrès nutritionnel.
Ministère des Affaires sociales, de laSanté et des Droits des femmes.
Available at http://solidarites-sante.gouv.fr/prevention-en-sante/
preserver-sa-sante/le-programme-nationalnutrition-sante/article/les-
chartes-d-engagements-volontaires-de-progres-nutritionnel
14Public Health Responsibility Deal to voluntarily remove artificial
trans fats from all foods. Available at https://webarchive.
nationalarchives.gov.uk/20111114230956/http://responsibilitydeal.dh.
gov.uk/files/2011/09/PHRD_pledges_120911.pdf
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unaffected by the ban, and θ is a vector of unobserved
parameters, γt ∈ℝ

F is a vector of common unobserved
factors, and μj ∈ℝ

F is a vector of unobserved factor load-
ings. Transitory shocks uj, t capture innovations’ impacts
on outcomes and we assume they have a zero mean.
The latent factor model allows for heterogeneous re-
sponses to multiple unobserved factors (γt ⋅ μj) and em-
beds time trends into the model. Using the latent factor
model, our goal is to reweigh the control group so that
the synthetic country matches Zj and some pre-ban yj, t
of Denmark as the affected country. This implies that μj
are matched between the treatment and control samples
prior to the de facto policy intervention in 2001. Let
W = (w2, ..., wJ + 1) be a vector of weights with wj ≥ 0 ∀ j,
and let each value of W represent a potential synthetic
control unit. For a given W, the outcome for a synthetic
control unit at time t is:

yW ;t ¼
XJþ1

j¼2

wj � y j;t ¼ δt þ θt
XJþ1

j¼2

wj � Z j

 !
þ

γt
XJþ1

j¼2

wj � μ j

 !
þ

XJþ1

j¼2

wj � uj;t

 ! ð2Þ

Since ∃W∗ is such that the synthetic control unit
matches the treated country in the entire pre-ban period,
the synthetic control associated with W∗ replicates the
missing counterfactual scenario and yields an approxi-
mately unbiased estimator of λ1, t given by

λ̂1;t ¼ y1;t−
XJþ1

j¼2

w�
j � y j;t ¼ y1;t−yW �;t ð3Þ

which corresponds to the difference between the ob-
served outcome and the outcome of the synthetic con-
trol unit.

4 Data
4.1 Outcomes
We use public health data from Health at a Glance 2017
published by the OECD.15 We consider six validated,
high-quality indicators: (1) cardiovascular disease (CVD)
death rate, (2) childhood obesity rate, (3) adolescent
obesity rate, (4) adult obesity rate, (5) fraction of over-
weight population, and (6) body mass index. Our sample
comprises 38 OECD and non-OECD countries16 in a

strongly balanced panel for the period 1990–2016. The
key outcome of interest is the CVD death rate. We com-
pute the age-standardized number of deaths per 100,000
inhabitants from cardiovascular disease to make it com-
parable both across and within countries and eschew the
biases inherent in using crude death rates which may be
characterized by a skewed distribution of deaths. The
data on obesity rates, fraction of overweight, and body
mass index (BMI) come from the World Health Organi-
zation’s Global Health Observatory. These indicators
have been validated by numerous experts in the field.17

4.2 Covariates
4.2.1 Past outcomes
For each outcome, we use its past levels up until the de
facto policy intervention in 2001 to predict the current
outcome level. Specifically, we use the past outcome for
the years 1990, 1995, and 2000. This allows us to capture
the effects of the initial conditions, the pre-ban public
health outcomes, as well as the level in-between.

4.2.2 Food demand structure
We use a large set of covariates related to the structure of
food demand from the Economic Research Service of the
U.S. Department of Agriculture (Seale et al. 2003). The co-
variates include price and income elasticities of demand
for the following food categories: beverages and tobacco,
bread and cereals, meat, fish, dairy products, oil and fat,
fruits and vegetables, and other categories, which totals 16
covariates capturing the price and income elasticity of de-
mand at the country level. Since including all indicators in
the set of covariates separately may induce collinearity
bias, we extract the most powerful latent components of
food demand from the elasticity data using principal com-
ponent analysis. Factor rotation yields two components
with eigenvalues greater than 1, which we retain. Specific-
ally, the first component accounts for 88% of the common
variance in the elasticity indicators while the second com-
ponent accounts for 11% of total variance. The con-
structed principal components have a relatively high level
of internal consistency as Cronbach (1952) alpha coeffi-
cient is 0.9 for the first component and 0.8 for the second
components, respectively.

4.2.3 Other covariates
In addition, we consider several covariates associated
with public health levels that are not directly influenced
by the TFA ban as such. More specifically, such covari-
ates include health expenditure as a log share of GDP
(from World Development Indicators), blood pressure
level (from the 2018 Global Burden of Disease dataset).

15Detailed information about the cross-country health indicators and
the associated methodology can be found at http://www.oecd.org/
health/health-systems/health-at-a-glance-19991312.htm
16Australia, Austria, Belgium, Brazil, Canada, Chile, Colombia, Costa
Rica, Czech Republic, Denmark, Estonia, Finland, France, Germany,
Greece, Hungary, Iceland, Ireland, Israel, Italy, Japan, Latvia, Lithuania,
Mexico, Netherlands, New Zealand, Norway, Poland, Portugal, Russia,
Slovakia, Slovenia, South Korea, Spain, Sweden, Switzerland, the UK,
and the USA

17Further information on the methodology behind this particular set of
indicators can be found at http://www.who.int/gho/en/
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The macroeconomic covariates comprise the consumer
price index and changes in that index and come from
U.S. Department of Agriculture’s Economic Research
Service, and GDP per capita at constant prices adjusted
for purchasing power parity (Feenstra et al. 2015). The
geography covariates include latitude and longitude
(from the CIA World Factbook), while demographic co-
variates comprise the share of age-dependent population,
birth rate, and population growth rate (from World De-
velopment Indicators). To capture the confounding ef-
fects of human capital on public health, we use the level
of IQ as measured by Lynn and Vanhanen (2006). Fi-
nally, food consumption covariates comprise the intake
of fruit and vegetables, sugar, protein, fat, and calories.
The consumption variables are expressed in kg per in-
habitant while the caloric intake variable is denoted in
kcal per inhabitant. Table 1 reports the key descriptive
statistics for the covariates used in our synthetic control
analysis.

5 Results
5.1 Baseline effects of the ban
Figure 1 presents the TFA ban’s baseline effects on the
CVD-related death rate, and obesity rates for various age
cohorts. All dependent variables, except BMI, are de-
noted in the natural log. The synthetic control estimates
are based on 31 covariates used to predict CVD death
rates and other outcomes. Our results suggest the CVD
death rate dropped substantially in response to the de
facto TFA ban in 2001. In addition, the rising obesity
rates came to a halt in response to the ban compared
with those in the synthetic control group. In quantitative
terms, the ban’s impacts seem to materialize over the
long run while the short-run effect is less certain. Prior
to the ban, the CVD death rate of Denmark and its syn-
thetic counterpart tended to move in tandem, while a
clear structural break is indicated by the de facto ban in
2001. After 2001, Denmark’s CVD death rate begins to
drop slowly but persistently. By 2015, the observed CVD
death rate in Denmark was 53 age-standardized deaths
per 100,000 inhabitants. In contrast, the CVD death rate
of the synthetic control group in 2015 stands at 83.09
age-standardized deaths per 100,000 inhabitants. This
implies the de facto TFA ban in 2001 is associated with
30 fewer deaths per 100,000 inhabitants relative to the
counterfactual scenario of no ban. Our estimate is con-
siderably larger than the estimate of Restrepo and Rieger
(2016a), which suggests that after 3 years of policy im-
plementation the CVD-attributable mortality rate
dropped by 14.2 deaths per 100,000 inhabitants. After 3
years of the de facto TFA policy intervention, our esti-
mates indicate that CVD mortality rate decreased by 19
deaths per 100,000 inhabitants. Given that our sample is
spatially and temporally larger, and that we employ a

larger set of covariates than Restrepo and Rieger
(2016a), the difference in the death rates in Denmark
and its synthetic control group could be attributed to a
different set of covariates while other empirical factors
include a different follow-up period, different set of
countries and a different policy date. In 2012, namely,
the last year of the Restrepo and Rieger (2016a) estima-
tion sample, our estimate shows a drop in the CVD
death rate by 26 deaths per 100,000 inhabitants com-
pared to 22 deaths per 100,000 found by Restrepo and
Rieger (2016a). The difference in the estimates could be
also attributed to the fact we use a larger set of covari-
ates. Moreover, our pre-2001 prediction error is 0.074,
which implies the discrepancy between the actual
Denmark and the synthetic Denmark is within a limit of
10%, and is unlikely to draw a counterfactual scenario
that would be a statistical artifact capturing trends dis-
tinct from the de facto TFA ban in 2001. Table 2 reports
the covariate-specific means for Denmark and its syn-
thetic control group before the policy intervention in
2001. The mean comparisons indicate a very close
covariate-level match between Denmark and its syn-
thetic counterpart but do not contain any notion of stat-
istical significance.
The synthetic control group’s composition is crucial

for explaining the differences in the CVD death rate be-
tween the actual Denmark and its artificial counterpart.
Prior to the estimation, from the donor pool we ex-
cluded five countries that had passed similar laws after
2001; namely, Switzerland, Austria, Iceland, and Norway.
This left 32 candidate countries in the donor pool. The
synthetic Denmark that best captures the CVD death
rate trend before 2001 consists of Australia (88.8%) and
Finland (11.2%). This implies that Australia and Finland
tend to best reproduce the trajectory of Denmark’s
CVD-related death rate prior to the de facto policy inter-
vention in 2001. Table 3 reports the Danish synthetic
control group’s composition for the full set of outcomes.
Our results do not imply that absence of the ban would
lead to a rising CVD-attributed death rate. On the con-
trary, a decreasing trend in death rates is seen in both
Denmark and the synthetic control group before the de
facto ban in 2001. The synthetic control estimates from
Fig. 1 clearly imply that, without the ban, the CVD death
rate would decrease much slower than the rapid de-
crease seen after the de facto policy intervention in
2001. In addition, the gap in the observed CVD death
rate and the death rate of Denmark’s synthetic control
group appears to be increasing over time, suggesting the
policy intervention’s impact is not only large in magni-
tude but also far-reaching. Since the countries that
passed similar legislation later are excluded from the
donor pool, it is unlikely that spatial spillovers and the
endogeneity concerns would jeopardize our estimate.
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The effects of the de facto TFA policy intervention on
the obesity rate suggest the ban is associated with a de-
crease in obesity rates among children and adolescents
although, while the effect on adult obesity rates is posi-
tive, it is particularly weak. In Fig. 1, panel (b) presents
the impacts of the TFA policy intervention on the adult
obesity rate. Prior to 2001, there is almost no discrep-
ancy at all in the adult obesity rate between Denmark
and its synthetic counterpart with pre-2001 RMSE at
0.1%. After 2001, Denmark’s adult obesity rate closely

resembles the adult obesity trend of the synthetic con-
trol group, albeit it appears slightly higher than the con-
trol group level by 2015. In 2015, the difference in the
adult obesity rate between Denmark and its synthetic
control group is 0.4 of a percentage point, suggesting
that the TFA policy intervention is not associated with a
drop in the adult obesity rate compared to the highly fa-
vorable impact of the policy intervention on the CVD
death rate. The adult obesity rate in Denmark before the
TFA policy intervention in 2001 is best reproduced by a

Table 1 Descriptive statistics

# Obs Mean StD Min Max

Panel A: outcomes

CVD death rate 988 192.01 132.04 25.6 (South Korea) 651.1 (Estonia)

Adult obesity rate 988 17.69 5.43 1.5 (Japan) 35.6 (USA)

Adolescent obesity rate 988 6.89 3.28 1.4 (Slovakia) 21.2 (USA)

Child obesity rate 988 9.05 3.72 2.1 (Slovakia) 22.5 (USA)

Fraction overweight 988 51.82 8.25 18.4 (Japan) 67.4 (USA)

Body mass index 988 25.71 1.05 22.3 (Japan) 28.8 (USA)

Panel B: covariates

Food demand structure (first principal component) 988 0.000 3.80 − 6.09 (Latvia) 7.06 (USA)

Food demand structure (second principal component) 988 − 0.000 1.18 − 6.88 (USA) 0.74 (Switzerland)

Log health expenditure in 2000 38 7.17 1.71 3.99 (South Korea) 12.50 (USA)

Consumer price index in 1990 38 43.29 28.41 0.0008 (Brazil) 100 (Germany)

Consumer price index in 1995 38 59.69 20.90 6.33 (Russia) 101.07 (Japan)

Consumer price index in 2000 38 73.44 14.09 30.76 (Russia) 102.65 (Japan)

Consumer price index growth in 1990 38 107.21 484.48 − 3.11 (Sweden) 2960 (Brazil)

Consumer price index growth in 1995 38 16.09 33.34 − 0.12 (Japan) 197.47 (Russia)

Consumer price index growth in 2000 38 4.55 4.22 − 0.65 (Switzerland) 20.77 (Russia)

Latitude 988 38.45 26.69 − 40.90 (New Zealand) 64.96 (Iceland)

Longitude 988 10.54 62.61 − 103.34 (Canada) 174.88 (New Zealand)

Share of age-dependent population 988 50.16 5.71 36.32 (South Korea) 76.42 (Mexico)

Birth rate 988 12.76 3.92 7.60 (Latvia) 28.54 (Mexico)

IQ 988 96.94 4.72 84 (Colombia) 106 (South Korea)

Population growth 988 0.55 0.80 − 2.57 (Estonia) 6.01 (Israel)

Systolic blood pressure 988 26.15 5.94 11 (South Korea) 40.75 (Lithuania)

Life expectancy 988 76.88 3.94 64.46 (Russia) 83.84 (Japan)

Log GDP per capita 988 9.58 0.49 8.40 (Russia) 10.40 (USA)

Log GDP per capita in 1990 38 9.36 0.46 8.46 (Costa Rica) 10.05 (USA)

Log GDP per capita in 1995 38 9.38 0.51 8.47 (Russia) 10.11 (USA)

Log GDP per capita in 2000 38 9.54 0.51 8.56 (Russia) 10.26 (USA)

Fruit intake 988 94.43 33.88 18 (Lithuania) 188 (Israel)

Vegetables intake 988 104.75 48.57 23 (Colombia) 302 (Greece)

Sugar intake 988 43.17 10.70 16 (Slovenia) 71 (USA)

Protein intake 988 99.13 14.41 56 (Colombia) 140 (Iceland)

Fat intake 988 123.64 28.04 58 (South Korea) 176 (Austria)

Calories intake 988 3272.52 289.43 2538 (Estonia) 3858\ (Austria)
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combination of Belgium (48%), Germany (22%), the USA
(10%), South Korea (6%), Japan (5%), Estonia (4%), and
Canada (2%).
On the contrary, the TFA policy intervention in 2001 is as-

sociated with a substantial slowdown in adolescent obesity
rate and with a very modest drop in child obesity rate. The
TFA ban’s effects on the adolescent obesity rate are particu-
larly strong. Our estimates indicate a clear divergence of the

adolescent obesity rate between the actual Denmark and the
synthetic Denmark after the 2001 policy intervention. By
2015, our synthetic control estimates indicate an adolescent
obesity rate in synthetic Denmark of 8% while the observed
adolescent obesity rate in the actual Denmark is 7.1%, which
suggests the de facto TFA ban in 2001 is associated with
about a 1-percentage point drop in the obesity rate of the
adolescent age group relative to pre-2001 synthetic Denmark.

Fig. 1 Effects of Denmark’s trans fat ban on the CVD death rate and obesity. a CVD death rate. b Adult obesity rate. c Adolescent obesity rate. d
Child obesity rate. e Fraction of overweight. f Body mass index
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Table 2 Covariate means in synthetic Denmark

Log cardiovascular
disease death rate

Log adult obesity
rate

Log adolescent
obesity rate

Log child
obesity rate

Log fraction
of overweight

Body mass index

Denmark Synthetic
Denmark

Denmark Synthetic
Denmark

Denmark Synthetic
Denmark

Denmark Synthetic
Denmark

Denmark Synthetic
Denmark

Denmark Synthetic
Denmark

Outcome variable
in 1990

5.74 5.63 2.40 2.40 1.67 1.67 1.96 1.96 3.80 3.80 24.40 24.35

Outcome variable
in 1995

5.49 5.45 2.53 2.53 1.81 1.81 2.08 2.07 3.85 3.85 24.60 24.61

Outcome variable
in 2000

5.12 5.20 2.64 2.64 1.90 1.91 2.14 2.14 3.90 3.90 24.90 24.90

Food demand
structure (first p.c.)

5.50 3.78 5.50 3.36 5.50 4.45 5.50 4.15 5.50 3.01 5.50 3.25

Food demand
structure (second
p.c.)

0.71 0.58 0.71 − 0.27 0.71 − 1.32 0.71 − 0.84 0.71 0.50 0.71 0.52

Log health
expenditure in
2000

2.09 2.02 2.09 2.09 2.09 2.20 2.09 2.14 2.09 2.08 2.09 2.06

Consumer price
index in 1990

66.11 61.01 66.11 70.87 66.11 74.88 66.11 70.17 66.11 79.88 66.11 77.83

Consumer price
index in 1995

72.86 68.92 72.86 74.72 72.86 80.55 72.86 78.63 72.86 79.45 72.86 80.32

Consumer price
index in 2000

81.68 75.65 81.68 82.10 81.68 86.34 81.68 84.71 81.68 84.97 81.68 86.02

Consumer price
index growth

2.18 2.63 2.18 2.74 2.18 2.07 2.18 2.14 2.18 1.28 2.18 1.47

Consumer price
index growth in
1990

2.65 6.99 2.65 3.92 2.65 3.97 2.65 3.75 2.65 3.47 2.65 2.71

Consumer price
index growth in
1995

2.10 4.10 2.10 2.95 2.10 1.69 2.10 1.44 2.10 1.58 2.10 1.42

Consumer price
index growth in
2000

2.92 4.27 2.92 2.27 2.92 1.87 2.92 2.14 2.92 2.13 2.92 1.65

Latitude 56.29 − 15.50 56.29 47.98 56.29 43.66 56.29 45.52 56.29 48.89 56.29 49.06

Longitude 9.50 121.67 9.50 8.83 9.50 10.20 9.50 8.84 9.50 26.66 9.50 28.17

Share of age-
dependent
population

48.82 49.91 48.82 48.99 48.82 49.59 48.82 50.12 48.82 48.87 48.82 47.66

Birth rate 12.80 13.93 12.80 11.73 12.80 12.02 12.80 11.98 12.80 11.26 12.80 11.26

IQ 98.00 98.11 98.00 99.69 98.00 100.05 98.00 99.87 98.00 99.35 98.00 100.15

Population
growth

0.36 1.09 0.36 0.41 0.36 0.54 0.36 0.46 0.36 0.41 0.36 0.41

Systolic blood
pressure

30.33 25.79 30.33 26.32 30.33 24.56 30.33 23.98 30.33 29.34 30.33 27.93

Life expectancy 75.59 77.86 75.59 76.34 75.59 77.43 75.59 77.24 75.59 77.02 75.59 77.43

Log GDP per
capita

9.92 9.83 9.92 9.79 9.92 9.92 9.92 9.90 9.92 9.79 9.92 9.82

Log GDP per
capita in 1990

9.82 9.75 9.82 9.71 9.82 9.85 9.82 9.82 9.82 9.73 9.82 9.74

Log GDP per
capita in 1995

9.92 9.82 9.92 9.78 9.92 9.91 9.92 9.89 9.92 9.77 9.92 9.81

Log GDP per
capita in 2000

10.05 9.97 10.05 9.92 10.05 10.03 10.05 10.01 10.05 9.91 10.05 9.93
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As with the CVD death rate, the countries introducing simi-
lar TFA policies later are excluded from the donor pool.
More specifically, the synthetic Denmark capturing the pre-
2001 adolescent obesity trends consists of Belgium (48%),
Germany (22%), the USA (10%), South Korea (6%), Japan
(5%), Estonia (4%), and Canada (2%). Given the small size of
the pre-2001 prediction error (= 0.003), the effect is unlikely
to be determined by non-TFA policy factors.
One caveat should be kept in mind. Our estimates indicate

a relatively minor slowdown of child obesity rate in the post-
intervention period. Pointwise, the child obesity rate of syn-
thetic Denmark in 2015 is 9.3% and is only 0.1 percentage
points higher than the rate in the actual Denmark. Notice
that by 2015, the obesity gap between Denmark and its syn-
thetic control group almost disappears. In our view, the dis-
crepancy in the child obesity rate between real Denmark and
its synthetic counterpart highlights a small short-run or tem-
porary effect whereas there is clearly insufficient evidence for
lasting long-run child obesity effect of the TFA intervention.
Similar to the adolescent obesity rate, the synthetic Denmark
consist of the similar countries’ weight average of public
health outcomes and covariates, albeit in different propor-
tions, namely Belgium (63%), the USA (18%), Japan (17%),
and Canada (< 1%).
Whereas our findings show no discernible effects of

the TFA ban on the fraction of overweight, the synthetic
control estimates suggest the impact on average body
mass index (BMI) appear to be relatively weak. Before
2001, the discrepancy between actual Denmark’s BMI
and its synthetic counterpart appears very small (=
0.023) and within the 10% bound. The set of countries
from the control sample that best captures the BMI
trend of actual Denmark consists of Belgium (31%), the
Netherlands (27%), Germany (22%), Japan (16%), and
Sweden (3%), which appears to be in line with the syn-
thetic control group’s composition for other outcomes.
Our evidence suggests an unclear and imperceptible
structural break around the time of the TFA policy
intervention. By 2015, the difference in BMI between
Denmark and its synthetic control group amounts to

0.11 of a basis point, indicating the effect of the TFA
policy intervention is quantitatively small.
In Fig. 2, we compare the trends in CVD death rate of

Denmark and its synthetic control group before and after
2001 to assess whether the TFA policy is associated with the
differential post-intervention trends. The figure plots the lin-
ear trends in the CVD death rate before and after the inter-
vention for both Denmark and its synthetic control group.
The graphical evidence clearly suggests a marked similarity
of trends in pre-2001 period as well as a noticeable diver-
gence of trends in the post-2001 period, where the drop in
CVD death rate in Denmark appears to be considerably
greater compared to the synthetic control group. In Table 4,
we present trend slope coefficients and the associated 95%
confidence bounds for the mortality level before and after
the intervention. In the next step, we compare the change in
the slope of actual Denmark in pre- vs. post-reform period
with the corresponding change in the slope of synthetic
Denmark in the pre- vs. post-reform period using triple dif-
ference setup. This allows us to determine whether the TFA
policy intervention induced the structural break in the mor-
tality rate. Using a simple Chow test, we fail to reject the null
hypothesis on the differential trend (p value = 0.048) at con-
ventional 5% level, which allows us to conclude that TFA
policy intervention most likely induced a structural break in
the mortality rate.

5.2 Robustness checks
5.2.1 “In-Space” placebo checks
To assess whether the effects of the de facto TFA
ban are specific to the CVD death rate and obesity
rates, we conduct several placebo tests. The first pla-
cebo test is to re-assign the de facto 2001 policy
intervention to every country in our sample, except
those that introduced similar TFA policy interventions
in subsequent years.18 By reassigning the de facto

Table 2 Covariate means in synthetic Denmark (Continued)

Log cardiovascular
disease death rate

Log adult obesity
rate

Log adolescent
obesity rate

Log child
obesity rate

Log fraction
of overweight

Body mass index

Denmark Synthetic
Denmark

Denmark Synthetic
Denmark

Denmark Synthetic
Denmark

Denmark Synthetic
Denmark

Denmark Synthetic
Denmark

Denmark Synthetic
Denmark

Log fruit intake 4.35 4.46 4.35 4.36 4.35 4.37 4.35 4.31 4.35 4.40 4.35 4.45

Log vegetables
intake

4.37 4.43 4.37 4.70 4.37 4.73 4.37 4.78 4.37 4.46 4.37 4.55

Log sugar intake 3.91 3.83 3.91 3.90 3.91 3.90 3.91 3.99 3.91 3.81 3.91 3.84

Log protein intake 4.65 4.63 4.65 4.58 4.65 4.63 4.65 4.61 4.65 4.58 4.65 4.58

Log fat intake 4.90 4.85 4.90 4.92 4.90 4.91 4.90 4.95 4.90 4.92 4.90 4.91

Log calories intake 8.11 8.03 8.11 8.15 8.11 8.15 8.11 8.18 8.11 8.10 8.11 8.11

18This implies that Switzerland, Austria, Hungary, Iceland, and
Norway are excluded from the TFA policy reassignment as they
introduced similar versions of the TFA policy at later dates.
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TFA policy intervention in 2001 to all unaffected
countries, we are able to perform a key internal valid-
ity check on whether the counterfactual outcomes are
plausible. In particular, for each outcome, we con-
struct the set of 32 (= #countries in the sample
minus one treated country) placebo reassignments.

One caveat concerning the unrestricted placebo check
is that pre-2001 fit may be poor for some countries
in the donor pool, which may affect the statistical in-
ference. We follow Abadie et al. (2010) and leave out
countries for which the pre-2001 root mean square
prediction error (RMSE) is at most twice the size of

Table 3 Composition of synthetic control groups and weights in synthetic Denmark

Cardiovascular disease death
rate

Adult obesity
rate

Adolescent obesity
rate

Child obesity
rate

Fraction
overweight

Body mass
index

RMSE 0.074 0.001 0.003 0.003 0.0004 0.023

Australia 0.888 0 0 0 0.053 0

Austria - - - - - -

Belgium 0 0.482 0.33 0.633 0.25 0.307

Brazil 0 0 0 0 0 0

Canada 0 0.026 0 0.005 0 0

Chile 0 0 0 0 0 0

Colombia 0 0 0 0 0 0

Costa Rica 0 0 0 0 0 0

Czechia 0 0 0 0 0 0

Estonia 0 0.042 0 0 0 0

Finland 0.112 0 0 0 0.208 0

France 0 0 0.085 0 0 0

Germany 0 0.224 0.099 0 0.328 0.220

Greece 0 0 0 0 0 0

Hungary - - - - - -

Iceland - - - - - -

Ireland 0 0 0 0 0 0

Israel 0 0 0 0 0 0

Italy 0 0 0 0 0 0

Japan 0 0.054 0.227 0.176 0.06 0.162

Latvia 0 0 0 0 0 0

Lithuania 0 0 0 0 0 0

Mexico 0 0 0 0 0 0

Netherlands 0 0 0.008 0 0.038 0.275

New
Zealand

0 0 0 0 0 0

Norway - - - - - -

Poland 0 0 0 0 0 0

Portugal 0 0 0 0 0 0

Russia 0 0 0.001 0 0 0

Slovakia 0 0 0 0 0 0

Slovenia 0 0 0 0 0 0

South Korea 0 0.067 0 0 0 0

Sweden 0 0 0 0 0.063 0.035

Switzerland - - - - - -

UK 0 0 0 0 0 0

USA 0 0.105 0.251 0.186 0 0
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Denmark’s RMSE. We further tackle the internal val-
idity of our estimates and compute the probabilities
that the TFA policy intervention’s impact is observed
by chance (Galiani and Quistorff 2017). The under-
lying notion is that if the decline in the CVD death
and obesity rates is attributable to the 2001 policy
intervention, the probability the effects are observed
by chance should be very low. By contrast, if factors
other than the TFA ban are attributable to the post-
2001 change in public health outcomes, internal pla-
cebo distributions should show the post-2001 effects
of the ban are as large as the main effects. In that
case, the probability the effects are randomly driven
should be non-trivial.
Our randomization inference is non-parametric, which

implies we do not impose any distribution. More specif-

ically, suppose that ~λ
Placebo
1t ¼ fλ̂jt : j≠1g denotes the in-

ternal distribution of placebos for the estimated effect of

the ban described by λ̂jt . We compute the two-sided p
value for each of the 32 possible placebos for every out-
come as follows:

p value ¼ Pr j~λPlacebo1t j≥ λ̂1t
� �

¼

X
j≠1

j~λjtj≥~λ1t
� �

J
ð5Þ

where J denotes the number of possible placebos given
the number of countries in the donor pool. Hence, the
underlying p value indicates the proportion of countries
in the control group whose estimated impact of the TFA
policy intervention is at least as large as that of Denmark
(the treated country). We further avoid large placebos by
using an exact covariate-specific balance between
Denmark and the donor pool using the nested
optimization route that allows us to partially control for
spatially correlated stochastic disturbances and a poten-
tially heteroskedastic distribution of the random error
term. We also divide the full set of placebo effects by the
pre-2001 match quality parameter captured by the
RMSE, and generate the pseudo t test statistics.
How often would we obtain the estimated impact of

the de facto TFA ban in 2001 that is at least as large as
in Denmark if we were to randomly select other

Fig. 2 Cardiovascular mortality trend comparison

Table 4 Comparison of trends in cardiovascular mortality before and after the trans fat ban

Pre-reform slope Post-reform slope 95% confidence bounds Chow test

(p value)
Pre-reform Post-reform

Real Denmark − 0.062 − 0.078 {− 0.067, − 0.057} {− 0.081, − 0.075} 0.048

Synthetic control group − 0.041 − 0.051 {− 0.047, − 0.036} {− 0.053, − 0.049}
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countries as a treatment unit instead of Denmark? Our
approach follows the prior literature (Abadie and Gar-
deazabal 2003, Bertrand et al. 2004). Specifically, we re-
assign the 2001 TFA policy intervention to those coun-
tries that did not implement a similar policy in the same
time span as our study (Abadie et al. 2010). Figure 3 pre-
sents the results of an “in-space” placebo test. The gray
line displays the gap in the CVD death rate for each of
33 placebo runs. It represents the difference in the CVD
death rate between each country in the donor pool and
its synthetic control group. The solid black line repre-
sents the CVD death rate gap difference between
Denmark and its synthetic control group. The evidence
suggests the gap between Denmark and its synthetic ver-
sion is becoming larger over time compared to the gaps
observed for the countries in the donor pool. For the

sake of comparison, panel (a) captures all 33 countries
in the placebo run.
In panel (b), we present our baseline in-space pla-

cebo distribution where countries with pre-2001
RMSE twice as large as that of Denmark are dropped
from the placebo run. The placebo test clearly
suggests the same direction of the counterfactual sce-
nario as that obtained for Denmark cannot be plaus-
ibly reproduced for other countries in the control
sample. This suggests the TFA policy intervention’s
effects are very likely to be specific to Denmark, and
that the same magnitude and direction of the effect is
not obtained for other countries that did not pass
similar legislation afterwards when the 2001 policy
intervention is assigned to them to build a coherent
placebo distribution. In panels (c) and (d), we adopt a

Fig. 3 Cardiovascular disease death rate and placebo distribution in control countries. a All countries. b Without countries with pre-2001 RMSE
two times higher than Denmark’s. c Without countries with pre-2001 RMSE four times higher than Denmark’s. d Without countries with pre-2001
RMSE five times higher than Denmark’s
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more lenient cutoff and reassess the placebo
distributions by excluding countries with a pre-2001
RMSE four and five times as large as Denmark from
the donor pool and show the placebo distribution re-
mains intact. Finally, we evaluate Denmark’s gap rela-
tive to the gaps of countries from the donor pool by
looking at the distribution of the ratios of post/pre-
2001 RMSE. One advantage of comparing ratios is
that it is not necessary to choose the cutoff for ex-
cluding countries with a poorly fitting pre-policy run.
Figure 4 plots the ratio of post/pre-TFA policy inter-
vention for Denmark and all control countries where
countries with a pre-2001 RMSE at least four times
as large as Denmark’s are excluded from the donor
pool. On closer inspection, the ratio for Denmark is
the highest in the figure. The post-2001 RMSE is
about 3.5-times the RMSE of the pre-2001 period. It
is quite easy to see that no other country in our sam-
ple achieves such a large ratio.
Figure 5 presents the probabilities the obtained

TFA policy intervention’s effects would happen by
chance from the permutation test described by Eq.
(5). The graphs display the probability of obtaining
the results by chance for every year after the TFA
policy intervention in 2001. We extend this kind of
randomization inference from the CVD death rate to
the remaining outcomes. The evidence suggests the
TFA ban is associated with a marked drop in the
CVD death rate in the post-ban years as well as with
a notable slowdown in the trend of rising obesity. In
particular, the probability the effects were obtained at
random tends to decrease considerably or remain very
low. For example, in panel (a), the results of the

permutation test suggest the probability the counter-
factual level of the CVD death rate without a ban is
obtained at random is less than 10% in the last year
of our estimation period (i.e., 2015), which we regard
as evidence that the TFA policy intervention helped
reduce CVD-related mortality substantially. Permuta-
tion tests for obesity-related outcomes suggest the
TFA policy intervention strongly affected adolescent
and child obesity rates but had an arguably weaker
impact on the adult obesity rate. For instance, the p
values in panel (c) clearly show the probability of the
adolescent obesity rate slowdown being due to chance
is very close to zero throughout the entire post-
intervention period. The strength of the TFA ban’s ef-
fect on the child obesity rate appears very high in the
initial post-treatment period while the probability of a
chance-driven counterfactual child obesity rate jumps
to around 20% by the end of the estimation period.
This allows us to conclude the TFA intervention had
a strong effect on the adolescent obesity rate, a
slightly weaker effect on the child obesity rate, and a
weak effect on the adult obesity rate. By contrast, in
panel (e), the TFA ban’s effects on the fraction of
overweight as strong as in the case of adolescent
obesity rates while the ban’s effects on BMI appear to
be weak and statistically nonsignificant.
In Fig. 6, we present the results of an “in-space”

placebo test for the adolescent obesity rate. Panel (b),
depicts our baseline in-space placebo distribution
where countries with pre-2001 RMSE twice as large
as that of Denmark are excluded from the placebo
run. The placebo test clearly suggests that the same
direction of the counterfactual scenario for adolescent

Fig. 4 Ratio of the post-ban RMSE and pre-ban RMSE: Denmark and group countries without a pre-ban RMSE two times higher than Denmark’s
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obesity rate as that obtained for Denmark cannot be
reasonably reproduced for other countries in the con-
trol sample. The evidence thus clearly suggest that
the fraction of countries with a similar post-
intervention adolescent obesity trend is very close to
zero for the entire post-intervention period which im-
plies that the obesity effect of the TFA ban is quite
likely to be specific to Denmark, and does not seem

to be confounded by factors other than the TFA pol-
icy intervention. In panels (c) and (d), we adopt more
lenient prediction error cutoffs and the results seem
to confirm zero pre-intervention gap and a relatively
strong non-zero gap in the post-intervention period.
Figure 7 plots the ratio of post/pre-TFA policy

intervention RMSE ratio for Denmark and all control
countries for adolescent obesity rate where countries

Fig. 5 Randomization inference on effects of the trans fat ban. a CVD death rate. b Adult obesity rate. c Adolescent obesity rate. d Child obesity
rate. e Fraction overweight. f Body mass index
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with a pre-2001 RMSE at least four times as large as
Denmark’s are excluded from the donor pool. The ra-
tio for Denmark is the highest in the figure as not a
single country is able to approach such high post/pre-
2001 RMSE ratio, which confirms the notion that the
effect is specific to Denmark and does not seem to be
confounded by non-TFA changes in the same year as
the policy intervention.

5.2.2 Effects on unrelated health outcomes
Our second placebo check is to assess the 2001 policy
intervention’s impact on public health outcomes the-
oretically unrelated to the TFA ban. The underlying
notion is that if the effects of the TFA ban are spe-
cific to CVD mortality and obesity rates, one should
not observe the same pattern for public health out-
comes unaffected by the TFA ban. We use two

Fig. 6 Adolescent obesity rate and placebo distribution in control countries. a All countries. b Without countries with pre-2001 RMSE two times
higher than Denmark’s. c Without countries with pre-2001 RMSE four times higher than Denmark’s. d Without countries with pre-2001 RMSE five
times higher than Denmark’s

Fig. 7 Ratio of the post-ban RMSE and pre-ban RMSE: Denmark and
group countries without a pre-ban RMSE two times higher than Denmark’s
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specific public health outcomes to unravel whether
the effects of the TFA policy intervention are com-
parable across non-CVD and non-obesity public
health outcomes, namely: (1) smoking cessation rates
(Ng et al. 2014) and (2) cancer death rates (Nahgavi
et al. 2017). The TFA ban’s impact is assessed in the
same time span as obesity rates and CVD-related
mortality.
Figure 8 presents the effects of the TFA policy

intervention in 2001 on both public health outcomes.
Panel (a) shows the TFA policy’s effects on the preva-
lence of smoking. Although smoking prevalence ex-
hibits a clear downward trend, the synthetic control
estimate does not suggest the TFA ban is associated
with a structural break in the prevalence of smoking.
If anything, the counterfactual prevalence of smoking
in the absence of the ban is clearly driven by the pre-
2001 trends, with the most likely break occurring in
1998. The synthetic control group for the prevalence
of smoking before 2001 does not seem to capture ac-
tual Denmark’s smoking trend reasonably well as the
pre-2001 root mean square error is large compared to
the error sizes seen in Fig. 1. Panel (b) exhibits the
TFA ban’s impact on the cancer death rate. The evi-
dence shows the TFA ban does not seem to be asso-
ciated with any discernible effect on the cancer death
rate. In particular, by re-running the synthetic control
algorithm, we find the synthetic control group for
pre-2001 Denmark fails to adequately capture the ob-
served cancer death rate, revealing no evidence of the
impact of the policy change. We consider this as evi-
dence the TFA policy intervention’s impact is specific
to CVD death rates and obesity rates but did not
seem to affect either smoking cessation or cancer
death. The evidence clearly indicates the ability of the
TFA ban to affect CVD death rate and obesity levels

while having almost no effect on unrelated public
health outcomes that could invoke possible confound-
ing issues.

5.2.3 In-time placebo check
Our third placebo check is to assign two false years
of the TFA policy intervention that might produce
different pre-ban and post-ban trends in CVD-related
mortality and could affect the counterfactual scenario.
We choose two specific dates to perform policy re-
assignment. First, in 1997, the Danish Nutrition
Council released its first official report on the adverse
health effects of TFAs in the food supply. This sug-
gests health-minded consumers may have reacted to
the report’s findings by voluntarily reducing their
consumption of TFAs on the grounds of rational
choice and without any direct policy intervention. In
this instance, the counterfactual scenario would be
driven by the break in the CVD death rate between
Denmark and its synthetic peer in 1997. Second, in
2007, the Danish government introduced new com-
prehensive anti-smoking legislation to create smoke-
free environments, which could have systematically af-
fected the CVD death rate.
In Fig. 9, we present the placebo run for both

falsely assigned policy years. In panel (a), the syn-
thetic control estimates do not suggest that the CVD
death rate of Denmark and its synthetic control group
diverge in the year 1997, which indicates that the
CVD mortality drop might not be attributed to the
Danish Nutrition Council TFA report. The results do
not show any evidence of the break between the CVD
death rate of Denmark and its synthetic peer in either
1997 or even the adjacent years. We also confirm that
the introduction of anti-smoking legislation in 2007
does not seem to push the counterfactual CVD death

Fig. 8 Effects of the trans fat ban on unrelated public health outcomes. a Effect of ban on smoking cessation (RMSE = 0.07). b Effect of ban on
cancer death rate (RMSE = 0.100)
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rate above the observed rate in the post-2007 period.
Note that the synthetic Denmark before 2007 fails to
adequately capture the CVD death rate of the actual
Denmark for the entire pre-2007 period. Hence, the
relatively weak balance between the CVD death rate
covariates suggests that synthetic Denmark fails to
provide a reasonable approximation to the CVD-
related mortality rate in the absence of the 2007 anti-
smoking legislation. We interpret these results as fur-
ther evidence that the counterfactual outcome is
driven by the de facto TFA policy intervention in
2001 rather than by any voluntary TFA consumption
drop in response to the report or by the anti-smoking
legislation. Furthermore, in panel (b), we compute the
pseudo p values to determine whether the estimated
post-treatment effects for both placebo years are
driven by chance. Notice that pre-intervention RMSE
is very similar to the baseline result on CVD mortal-
ity in Fig. 1. We find that the p values on whether
the effects are obtained at random are in the range

between 9 and 15% in the full post-intervention
period, respectively. In the last year of the interven-
tion period, the p value of 1997 placebo year is 50%
(= 0.093/0.062) higher than the p value of the true
policy treatment year, which shows that the mortality
effect of the placebo years is much weaker than the
effect of the intervention in the true year. Given that
the covariates and past levels of mortality seem to ad-
equately capture pre-TFA parallel trends with little
discrepancy in pre-intervention RMSE, we interpret
this as the evidence of the relatively weak effect of
the placebo year. Figure 10 depicts the intertemporal
p values on the 1997 and 2007 placebo years along
with the baseline p values for the mortality effect of
the true policy year. The evidence readily suggests
that the true year of TFA policy yields the lowest
simulation-based pseudo p values on whether the ef-
fects are obtained at random. In the fifteenth year
after intervention, the p value for the 1997 placebo
year is twice (= 0.125/0.062) the size of the p value of

Fig. 9 Assignment of false trans fat policy year. A Synthetic control estimates. (a) 1997 as placebo intervention year (RMSE = 0.06). (b) 2007
placebo intervention year (RMSE = 0.27). B Randomization inference. (a) Placebo intervention year = 1997. (b) Placebo intervention year = 2007
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the true year, which further confirms a reasonably
weak effect of the placebo years.
We extend the randomization inference with the

1997 placebo year to all other public health outcomes
affected by the ban. Figure 11 presents the intertem-
poral distribution of p values for the full set of obes-
ity rates as well as fraction of overweight and BMI
variables. The evidence indicates particularly weak ef-
fects of the reassigned TFA intervention to the year
1997 on the all public health outcomes. The p values
for the adolescent obesity rate are in the range be-
tween 0.45 and 0.99 for the entire post-intervention
period, which confirms that the 1997 placebo effects
are most likely driven by chance. A similar pattern is
prevalent for the adult and child obesity rates, and
for the fraction of overweight. Lastly, we also com-
pute the p value for the body mass index that could
arguably be affected by the 1997 quasi-policy treat-
ment posited by the release of the report by Danish
Nutrition Council. The resulting p values from the
placebo runs tend to increase over time and exceed
0.9 threshold by the end of the post-intervention
period. The p values from the 1997 placebo year
clearly suggest that the effects are likely obtained at
random.

5.2.4 Sensitivity to country-level weights
Our fourth robustness check is to assess the synthetic
control group’s internal validity by excluding coun-
tries with the largest weight share from the donor
pool. This allows us to determine whether the coun-
terfactual outcomes are robust to a change in the
country sets that form synthetic Denmark, and

whether these outcomes remain stable. We adopt a
lenient cutoff and exclude countries whose weight in
the synthetic Denmark represents more than 10% of
the total from the donor pool.
In Fig. 12, we reproduce the results based on the

alternative set of countries forming synthetic
Denmark for all respective outcome variables. The
composition of the synthetic control groups for
Denmark without the key original donors shows the
reproduced synthetic control estimates for the CVD
death rate. Since both Australia and Finland account
for more than a 10%-weight share, both countries
were excluded from the donor pool in forming an al-
ternative synthetic Denmark. The reproduced results
suggest the estimated TFA policy intervention impact
remains stable in terms of both the magnitude and
direction of the counterfactual CVD death rate after
2001. The trajectory of Denmark’s CVD mortality
prior to 2001 is best described by a linear combin-
ation of the UK (83%) and the Netherlands (17%).
The reproduced estimates have a pre-2001 RMSE al-
most identical to that obtained in Fig. 1, adding
strength to our conclusion on the benefits of the TFA
policy intervention for CVD mortality.
Panel (b) reports the re-estimated TFA ban effects

on the adult obesity rate. The evidence confirms our
prior estimates and suggests the policy intervention
did not substantially affect the adult obesity rate. In
particular, the adult obesity rate of synthetic Denmark
is almost identical to actual Denmark before and after
the 2001 policy intervention. By excluding Belgium
and Germany from the donor pool, the adult obesity
rate of synthetic Denmark in the pre-2001 period is

Fig. 10 Randomization inference on the falsely assigned years of trans fat policy
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best captured by the weighted average of past obesity
rate and covariates of France (46%), Italy (33%), the
USA (12%), Japan (8%), and the Netherlands (2%).
For the adolescent and child obesity rates, the repro-
duced estimates indicate a sizeable difference between
actual Denmark and synthetic Denmark in the post-
2001 period. The obesity rate in the former is consid-
erably higher compared to actual Denmark. By

excluding Belgium and Japan, the counterfactual out-
come appears to be driven by the pre-2001 trends.
We partially mitigate this concern by running a
randomization inference similar to Fig. 4, which sug-
gests the probability the effect is obtained by chance
is below 5%.
Note that in Table 5, Belgium and Japan have a dis-

proportionately large weight share in synthetic

Fig. 11 Randomization inference on the falsely assigned trans fat policy year on obesity rates. a Adult obesity rate. b Adolescent obesity rate. c
Child obesity rate. d Fraction overweight. e Body mass index
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Denmark, indicating that both countries adequately
capture the pre-2001 adolescent and child obesity
levels very well. Hence, pre-existing trends in the

adolescent and child obesity rates are not surprising.
For the adolescent obesity rate, Sweden (68%) and the
USA (23%) have the highest weight share in the

Fig. 12 Effects of Denmark’s trans fat ban on cardiovascular death rates and obesity with alternative synthetic control groups. a Excluded sets:
Australia and Finland; CVD death rate. b Excluded sets: Belgium and Germany; adult obesity rate. c Excluded sets: Belgium and Japan; adolescent
obesity rate. d Excluded sets: Belgium and Japan; child obesity rate. e Excluded sets: Germany; fraction overweight. Excluded sets: Belgium; body
mass index
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synthetic control group, while Sweden (53%) and
Israel (34%) hold the largest shares in the control
group for the child obesity rate prior to the TFA pol-
icy intervention in 2001. For the fraction of over-
weight, the reproduced synthetic control estimates
confirm the baseline effect from Fig. 1. By excluding

Germany from the donor pool, the countries with the
highest weights in the synthetic control group are
France (37%), Estonia (14%), and the USA (12%)
along with a few others whose weight share is below
10%. Notice that the composition of synthetic
Denmark varies considerably across the outcome

Table 5 Composition of synthetic control groups for Denmark with alternative country sets

Cardiovascular disease death
rate

Adult obesity
rate

Adolescent obesity
rate

Child obesity
rate

Fraction
overweight

Body mass
index

RMSE 0.076 0.002 0.021 0.01 0.001 0.032

Australia 0 0 0.002 0 0.08 0

Austria - - - - - -

Belgium 0 0 0 0 0 0

Brazil 0 0 0 0 0 0

Canada 0 0 0 0 0 0.18

Chile 0 0 0 0 0 0

Colombia 0 0 0 0 0 0

Costa Rica 0 0 0 0 0 0

Czechia 0 0 0 0 0 0

Estonia 0 0 0 0 0.13 0

Finland 0 0 0.02 0.001 0.50 0.07

France 0 0.46 0 0 0 0.37

Germany 0 0 0 0.05 0 0

Greece 0 0 0 0 0 0

Hungary - - - - - -

Iceland - - - - - -

Ireland 0 0 0 0 0 0

Israel 0 0 0 0.34 0 0

Italy 0 0.33 0.06 0.08 0 0.11

Japan 0 0.08 0 0 0.07 0

Latvia 0 0 0 0 0 0

Lithuania 0 0 0 0 0 0

Mexico 0 0 0 0 0 0

Netherlands 0.17 0.02 0 0 0 0

New
Zealand

0 0 0 0 0 0

Norway - - - - - -

Poland 0 0 0 0 0 0

Portugal 0 0 0 0 0 0

Russia 0 0 0 0 0 0

Slovakia 0 0 0 0 0.02 0

Slovenia 0 0 0 0 0 0

South Korea 0 0 0 0 0 0.19

Sweden 0 0 0.69 0.53 0.05 0.08

Switzerland - - - - - -

UK 0.83 0 0 0 0.03 0

USA 0 0.12 0.23 0 0.12 0
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variables. The main underlying reasons for the differ-
ence in compositions are different comparative rank
of Denmark in CVD death rate compared to obesity
rates, as well as different means and standard devia-
tions of the outcome variables, which, by default,
imply that the composition of synthetic Denmark can-
not be the same across all outcome variables consid-
ered in this investigation as shown in Table 2 and
Table 3.

5.2.5 Effects of the trans fat ban in other countries
Our final robustness check is to validate our findings
by estimating the effect of the similar ban in coun-
tries. Following Denmark’s TFA policy intervention,
several other countries introduced similar restrictions
on the use of trans fats in the food supply. This then
begs the question of whether the similar versions of
the policy intervention applied outside Denmark are
comparable in their outcomes as those we obtain for
Denmark. In this sub-section, we estimate the TFA
policy intervention’s impact on the CVD death rate
and obesity indicators for other countries with a suffi-
cient post-treatment window, which includes
Switzerland, Austria, and Iceland. To avoid an under-
powered research design with too narrow a post-
treatment estimation window, Norway and Hungary
are excluded since they would yield only one post-
treatment observation per outcome given they only
introduced a TFA ban in 2014. For each treated
country, other countries that passed a similar TFA
policy intervention, including Denmark, are excluded
from the donor pool to construct an internally con-
sistent synthetic control group.
Table 6 reports the extended estimates of the TFA

ban’s impact on the CVD death rate and obesity rates
for Switzerland, Austria, and Iceland. The evidence
suggests that introduction of the ban in Switzerland
produced a drop in the CVD death rate and a slow-
down in the rising obesity. In stark contrast, the TFA
policy intervention in Austria has had an unfavorable
impact on obesity rates but no effect on CVD-related
mortality. For Iceland, we find the TFA ban is associ-
ated with a substantial drop in mortality but also with
the adverse effects on adolescent and child obesity.
These findings are not surprising since implementa-
tion of the TFA ban in Switzerland is very similar to
Denmark’s de jure and de facto TFA policy. In con-
trast, the TFA ban passed by Austria leaves numerous
products exempted from restricted use of trans fats
given the weight requirement of the products subject
to TFA regulation. The evidence on the impact of the
ban in other countries clearly suggests that the TFA
policy effect appears to be unique to the setting and
intervention in Denmark whereas other countries do

not follow the same post-intervention trends as
Denmark.
Panel A reports the extended synthetic control esti-

mates for all three countries. The evidence suggests
that, in the 7 years since the TFA ban, the CVD death
rate in Switzerland dropped by 5 deaths per 100,000
inhabitants with no evidence of the pre-2008 trends.
The synthetic control group that best captures Swit-
zerland’s pre-2008 CVD mortality trajectory consists
of Germany (52%), Japan (26%), the USA (13%),
Canada (10%), and two others with a minor share of
the weight. Moreover, the TFA ban further halted the
adult and adolescent obesity trends by 0.8 and 0.2 of
a percentage point, respectively, relative to the
synthetic control group. The ban also reduced the
prevalence of overweight by 0.6 of percentage point
but had no effect on child obesity and BMI. Panel B
reports the composition of synthetic Switzerland for
each outcome in greater detail. In Appendix 1, we
present the full set of figures displaying the TFA
ban’s effects in Switzerland.
The effects of Austria’s TFA policy intervention in

2009 differ markedly from the effects found for
Switzerland and Denmark. While the TFA ban argu-
ably had no effect on CVD mortality, obesity rates
rose considerably after the policy intervention. In par-
ticular, our estimates suggest the obesity rate in-
creased between 0.2 and 0.3 of a percentage point,
respectively, in response to the TFA policy interven-
tion relative to the synthetic control group. Countries
with the highest weight share in synthetic Austria are
Belgium (18%) for the adult obesity rate, France
(40%) for the adolescent obesity rate, and the
Netherlands for the child obesity rate (50%), respect-
ively. In Appendix 2, we provide the full set of syn-
thetic control figures for Austria.
Finally, the effects of the TFA policy intervention in

Iceland in 2011 suggest the TFA ban had a favorable
impact on CVD-related mortality, yet adversely af-
fected obesity rates (Appendix 3). In particular, our
estimates indicate the CVD death rate decreased by 6
deaths per 100,000 inhabitants in response to the
TFA policy intervention in 2011. The magnitude of
the estimate is comparable to the effects obtained for
Switzerland. The set of countries that best approxi-
mate Iceland’s CVD mortality trend before 2011 com-
prises Sweden (46%), Ireland (30%), Costa Rica (13%),
Mexico (10%), and Brazil (0.1%). Given Iceland’s rela-
tively high CVD death rate and high per capita in-
come level, the synthetic control group’s composition
is not surprising. Unlike the results for Denmark, our
findings show the TFA ban in Iceland is not associ-
ated with a drop in childhood and adolescent obesity
rates. The estimates suggest that in the post-TFA ban
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Table 6 Impact of the TFA ban on public health outcomes outside Denmark

Year of the
ban

CVD death rate Adult obesity
rate

Adolescent obesity
rate

Child obesity
rate

Fraction
overweight

BMI

Panel A: synthetic control estimates

Switzerland
2008 5 fewer deaths per 100,000

(0.022)
− 0.8
p.p.(0.017)

− 0.2 p.p.(0.027) No effect − 0.6 p.p.(0.005) No effect

Austria 2009 No effect + 0.2
p.p.(0.002)

+ 0.25 p.p.(0.005) + 0.30
p.p.(0.004)

No effect + 0.08
b.p.(0.027)

Iceland 2011 6 fewer deaths per 100,000
(0.047)

No effect + 0.32 p.p.(0.003) + 0.32
p.p.(0.003)

− 0.3
p.p.(0.0005)

+ 0.13
b.p.(0.033)

Panel B: composition of the synthetic control group for Switzerland

Belgium 0.002 0 0 0 0 0.619

Brazil 0.002 0 0 0 0 0

Canada 0.098 0 0 0.037 0 0.071

Colombia 0 0 0 0.037 0 0

Finland 0 0 0 0 0.66 0

Germany 0.512 0.058 0 0 0 0.051

Japan 0.255 0.131 0.207 0.489 0.117 0.26

Netherlands 0 0 0.426 0.437 0 0

Sweden 0 0.474 0.367 0 0 0

USA 0.132 0.337 0 0 0.227 0

Panel C: composition of the synthetic control group for Austria

Australia 0 0.039 0 0.019 0 0

Belgium 0.225 0.181 0.072 0.218 0.361 0.176

Canada 0 0 0 0 0.108 0

Estonia 0 0 0 0 0 0.011

Finland 0.445 0.01 0.162 0 0 0

France 0 0 0.541 0.017 0 0.317

Germany 0.071 0.146 0 0.173 0.071 0.004

Greece 0 0.005 0 0 0 0

Italy 0.026 0.159 0 0.094 0.166 0.010

Japan 0 0.044 0 0.050 0.050 0.059

Latvia 0 0 0 0.001 0 0

Lithuania 0.032 0 0 0 0 0

Netherlands 0 0.138 0.154 0.408 0.015 0.276

South Korea 0 0.037 0 0 0.106 0.055

Sweden 0 0.141 0 0 0 0

UK 0 0 0.047 0 0 0.044

USA 0.20 0.10 0.024 0.021 0.121 0.048

Panel D: composition of the synthetic control group for Iceland

Belgium 0 0 0.457 0.387 0.124 0

Brazil 0.001 0 0 0.002 0 0

Canada 0 0 0.014 0 0 0.081

Chile 0 0.052 0 0 0 0

Costa Rica 0.136 0 0 0 0 0

Estonia 0 0.137 0 0 0.179 0

Finland 0 0.143 0 0 0.385 0.257
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period there seems to be a rise in obesity rates for
both age groups by 0.32 of a percentage point relative
to the synthetic control group that best predicts Ice-
land’s obesity trend prior to the policy intervention.
Countries with the highest weight share in the syn-
thetic control group for adolescent and child obesity
rates are Belgium and Israel, respectively. On balance,
the evidence clearly shows the TFA policy interven-
tion in Switzerland had a favorable impact on CVD
mortality and obesity rates while the policy interven-
tion in Iceland had a beneficial effect on CVD

mortality only but, at the same time, seems to be as-
sociated with rising obesity rates. By contrast, the
TFA ban in Austria failed to translate into a lower
CVD death rate and had a negative impact on obesity
rates across all age cohorts. Given the marked institu-
tional differences in the TFA ban among the three
countries, the contrasting effects with respect to the
obesity rates are no surprise.
In Fig. 13, we replicate the randomization inference

from section 5.3.1, conduct an “in-space” placebo
check with false policy reassignment to the full set of

Table 6 Impact of the TFA ban on public health outcomes outside Denmark (Continued)

Year of the
ban

CVD death rate Adult obesity
rate

Adolescent obesity
rate

Child obesity
rate

Fraction
overweight

BMI

France 0 0 0 0.004 0 0

Germany 0 0 0 0 0 0

Ireland 0.300 0.001 0 0 0 0

Israel 0 0.244 0.409 0.337 0.08 0.164

Italy 0 0 0 0.178 0 0

Japan 0 0 0 0.027 0 0

Latvia 0 0 0 0 0.059 0

Netherlands 0 0.218 0.036 0 0 0.338

Mexico 0.099 0 0 0 0 0

Russia 0 0 0 0.005 0 0

South Korea 0 0.026 0 0 0 0

Spain 0 0.053 0 0 0 0

Sweden 0.465 0.125 0 0 0.043 0.160

UK 0 0 0 0 0 0

USA 0 0 0.084 0.059 0.129 0

Fig. 13 Randomization inference on the mortality effect of TFA ban in other countries
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untreated countries, and obtain the probabilities that
the TFA mortality effect is obtained at random. The
evidence highlights clearly perceptible downward
trends in the probability for Denmark in contrast to
stationary distribution of p values in Switzerland,
Iceland, and Austria. Not a single country approaches
the p value of Denmark’s policy intervention in the
post-intervention period, which confirms the notion
that the effect of the TFA ban is specific to Denmark.

5.3 Possible limitations
We should recognize that our approach does not dis-
entangle the causal effect of the TFA policy interven-
tion because numerous other social, economic, and
demographic variables might jointly influence the
trends of CVD mortality and obesity rates. Our syn-
thetic control estimates highlight evidence showing
that CVD death rates dropped considerably in re-
sponse to the TFA policy intervention, which resulted
in de facto anticipation of the ban in 2001 and the de
jure legislated ban in 2003. In addition, the rates of
child and adolescent obesity slowed down in response
to the policy intervention relative to Denmark’s syn-
thetic control group. Another limitation of our study
concerns the effectiveness of other potential regula-
tory policies, as aspect that still awaits conclusive em-
pirical analysis. Designated regulatory policy
alternatives to the TFA ban include, but are not lim-
ited to, the taxation of TFA-saturated products, a
public campaign against the industrial use and private
consumption of TFAs, educational efforts, product la-
beling, and voluntary policies aimed at discouraging
TFA use. This study does not address the effective-
ness of these policy alternatives and their impact on
public health outcomes, which may deserve more at-
tention in future empirical research. Nevertheless, our
synthetic control estimates hinge on the parallel trend
assumption and provide some evidence of the benefits
of the TFA ban for public health compared to coun-
tries not introducing such an TFA intervention during
the time period covered by our investigation. To as-
sess whether the TFA ban is a superior form of regu-
latory intervention, a comparative study with other
regulatory options as policy treatment variables would
be necessary.

6 Conclusion
In this paper, we examine the effects of the trans fat
ban on the cardiovascular (CVD) death rate and obes-
ity rates for a sample of 38 countries in the period
1990–2016. To this end, we consider the de facto an-
ticipation of the TFA ban in Denmark in 2001 and
estimate the effect of the policy intervention on car-
diovascular mortality and several obesity indicators.

We rely on parallel trends in the full set of past
health outcomes and covariates prior to the policy
intervention, and compute the missing counterfactual
scenario in the hypothetical absence of the policy
intervention. Using a large set of covariates, we com-
pute a synthetic Denmark as a linear combination of
other countries’ covariates and past outcomes that
follow similar health trends as the actual Denmark
prior to the 2001 policy intervention.
Our estimates highlight substantial public health bene-

fits accrue from banning trans fats. In particular, the
synthetic control estimates imply that by 2016 CVD
mortality had decreased by 30 fewer deaths per 100,000
inhabitants relative to the synthetic control group. Our
findings also suggest the TFA policy intervention helped
mitigate the trend of rising obesity. Moreover, our esti-
mates imply the TFA policy intervention’s effects are es-
pecially large for adolescent obesity and moderate for
child obesity, whereas the effects on adult obesity are in-
distinguishable from zero. The results clearly suggest
that the effect of the TFA policy intervention is associ-
ated with a beneficial long-run effect whereas the short-
run effects are rather weak, which confirms our theoret-
ical notions of a moderate beneficial effect of the TFA
policy intervention in Denmark.
We perform a series of robustness checks and com-

pute a battery of placebo distributions to further un-
pack the effects of the TFA policy intervention. We
show the effects of Denmark’s TFA policy on CVD
mortality and youth obesity rates do not seem to be
due to chance. By deliberately assigning TFA policy
to wrong dates and other countries, we show the ef-
fect of the 2001 TFA policy intervention is specific to
Denmark and does not appear to be driven by alter-
native dates; namely, by release of the first official
trans fat report by the Danish Nutrition Council (in
1997) and by the anti-smoking legislation (in 2007).
We also show the TFA policy’s effects are specific to
the CVD death rate and obesity rates, while, simul-
taneously, the policy effects on health outcomes not
related to the TFA consumption are weak.
The key policy implication of our research is that a

TFA policy intervention banning trans fats is an effective
remedy for the negative externalities that arise from the
consumption of trans fats and hold negative labor mar-
ket and human capital implications. The ban also
appears to be an effective low-cost answer to the burden
of high obesity rates and widespread cardiovascular dis-
eases, both of which impose high welfare and longevity
costs. Our study addresses the ban’s effect on public
health outcomes whereas the ban’s effects on sales of
products containing multiple components and sales of
substitutes were not considered in this work and call for
careful attention in future research.
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7 Appendix 1

Fig. 14 Synthetic control estimates of the trans fats ban in Switzerland. a CVD death rate. b Adult obesity rate. c Adolescent obesity rate. d Child
obesity rate. e Fraction overweight. f Body mass index
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Fig. 15 Synthetic control estimates of the trans fats ban in Austria. a CVD death rate. b Adult obesity rate. c Adolescent obesity rate. d Child
obesity rate. e Fraction overweight. f Body mass index
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Fig. 16 Synthetic control estimates of the trans fat ban in Iceland. a CVD death rate. b Adult obesity rate. c Adolescent obesity rate. d Child
obesity rate. e Fraction overweight. f Body mass index
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