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Abstract

Background: The consumption of industrially produced trans fatty acids (TFAs) has been

associated with an increased risk of heart disease. In recognition of this, countries, states, and

cities worldwide have implemented TFA policies aimed at reducing their availability in the food

supply.

Objective: This article aims to provide an update of the evidence of the effectiveness of policies

aimed at reducing TFAs in the food supply.

Methods: A systematic review of the literature from 2013 onward was conducted, building on a

previously published review that examined the evidence of the impact of TFA policies worldwide

from 2000 to 2012. Studies that were 1) empirical, 2) examined a TFA policy, and 3) examined the
effect of the policy on TFA amounts and availability pre– and post–policy intervention were

included. Modeling studies examining the impact of TFA policies on cardiovascular, equity, and

economic outcomes were also included.

Results: A total of 18 articles from the updated search were combined with 14 articles from the

previous review (total = 32 articles). All types of TFA policies led to their reduction; however, trans

fat bans had a larger impact (TFAs virtually eliminated) than did voluntary (range: 20–38%

reduction in TFA intakes) or labeling (range: 30–74% reduction in TFA intakes, plasma serum, or

breast-milk concentrations) approaches to reducing TFA amounts in the food supply. Product

reformulation to reduce TFAs had variable effects on saturated fatty acid (SFA) contents in these

foods; however, the combined amount of TFAs and SFAs declined in most products. Overall, the
modeling studies indicated that TFA bans would reduce heart disease risk, benefit

socioeconomically disadvantaged populations the most, and be cost-saving.

Conclusions: Policies aimed at reducing TFAs in the food supply are effective and will likely reduce
the burden of diet-related disease, particularly among the most vulnerable socioeconomic

groups. Although all policy approaches lead to reductions in TFAs in foods, TFA bans are likely

the most effective, economical, and equitable policy approach to reducing TFAs in the food

supply. Curr Dev Nutr 2017;1:e000778.

Introduction

The consumption of trans FAs (TFAs) has been associatedwith an increased risk of coronary
heart disease (CHD) (1). Although there are small amounts of naturally occurring TFAs in
ruminant animal products, the majority of TFAs consumed are industrially produced (2).
The main source of industrially produced TFAs is partially hydrogenated oils (PHOs) often
found in fried snacks and bakery products. Their removal from the food supply has been
deemed one of the most straightforward public health interventions for rapid improvements
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in health (3) and is considered a “best buy” for tackling diet-related
noncommunicable diseases in low- and middle-income countries
(LMICs) (4). Policy approaches to address the removal of TFAs
from the food supply are likely the most effective in terms of reduc-
ing consumption amounts. Despite this, most countries worldwide
have yet to introduce strong policy measures to limit TFA intakes
and they continue to be widely consumed around the world (5).

The Global Burden of Diseases Study found a 5-fold difference
in TFA consumption between countries in 2010, ranging from
0.2% to 6.5% of energy intake, with the mean global TFA intake
at 1.4% of total energy intake (5). This exceeds the WHO recom-
mendations to limit consumption to ,1% of total energy intake
(6). The highest intakes were found in Egypt, Pakistan, Canada,
Mexico, and Bahrain (5). Even in countries such as the United
States, where there has been significant progress in terms of pro-
duct reformulation after the introduction of mandatory TFA label-
ing, intakes remain above recommended levels among some
pockets of the population (7).

Countries that have taken action to limit TFA contents in foods
have generally adopted mandatory TFA labeling policies or set
TFA limits (often referred to as bans). There have also been volun-
tary approaches to TFA reduction via product reformulation, often
spearheaded by nongovernment stakeholders, including industry
and public health groups. Denmark was the first country to ban
TFAs in 2003, and a handful of other countries have since followed
suit (Supplemental Figure 1). Although over the past 20 y there
has been a reduction in TFAs in the food supply of the majority
of countries that have measured them (8), in recent years there
has been growing momentum for adopting TFA bans or limits in
an effort to eliminate TFAs from the food supply. In June 2015,
the US FDA made a final decision to remove the “generally recog-
nized as safe” (GRAS) status from PHOs in the United States,
which will essentially act as a countrywide TFA ban once it goes
into effect in June 2018 (9). Canada also recently took steps to
ban TFAs, which is planned to go into effect in September 2018;
meanwhile, the European Commission is considering setting a
TFA limit (10).

This article aims to provide an update of the evidence of policies
aimed at reducing TFAs in the food supply. A systematic review of
the literature from 2013 onward was conducted, building on a pre-
viously published review that examined the evidence of the impact
of TFA policies worldwide from 2000 to 2012 (11). This article up-
dates that review by examining the literature from 2013 to 2016 and
compiles this with the evidence from the previously published re-
view. Since the initial review, a number of studies examining the im-
pact of TFA policies worldwide have been published. To better
inform TFA policy development, updating the current state of the
evidence is necessary.

Methods

A systematic literature search was conducted in August 2017 by us-
ing the Medline (http://www.ovid.com/site/catalog/databases/901.
jsp), Embase (http://www.embase.com), and Cinahl (www.cinahl.
com) databases to identify peer-reviewed articles that examined

the impact of TFA policy. The main search terms were “trans fat”
and “policy.” Additional search terms to represent TFAs were as fol-
lows: “trans fatty acid,” “hydrogenation,” “vanaspati,” “elaidic acid,”
and “margarine.” Policy terms included “regulation,” “nutrition pol-
icy,” “health policy,” “legislation,” “ban,” “intervention,” “labeling,”
“law,” “standards,” and “restriction.” Terms were included both as
keywords as well as free text searches in titles and abstracts, de-
pending on the database being searched. The search terms and da-
tabases used were the same as those in the previously published
systematic review. In addition, the first 20 pages of Google were ex-
amined to identify additional studies published in the gray literature.

Inclusion criteria

The inclusion criteria for the review were that the studies were
1) empirical, 2) examined a TFA policy (labeling, voluntary limits,
bans, etc.), and 3) examined the effect of the policy on TFA contents
or availability (in food, blood, dietary consumption, breast milk, etc.).
In addition to the aforementioned inclusion criteria, only studies
that had pre– and post–policy intervention data were included in
the review. This differed from the previous review, which included
studies even if they solely presented findings post–policy interven-
tion. Studies included in the previous review that did not present
pre- and post-data were not included in this review. Moreover, un-
like the previous review, modeling studies of TFA policies were
included to enable the inclusions of studies that examined the fol-
lowing: 1) differences in policy impacts on specific segments of
the population (e.g., lower socioeconomic groups) and 2) cost-
effectiveness studies. Studies that modeled the potential impact of
front-of-pack labeling (not specific to TFAs) on TFA intakes were
not included. Given that the previous review did not include model-
ing studies, the modeling studies published between 2000 and 2012
were added to the search conducted as part of the updated review.

Overview of search

The records identified through our searches were exported into
EndNote, version X5 (2011; Thomson Reuters), and duplicates
were subsequently removed. The records were then imported into
Covidence (Veritas Health Innovation; an online software to facili-
tate the systematic review process) to screen the records. Two re-
searchers (SMD and MZB) independently reviewed the titles and
abstracts of all records identified in our search. After removing rec-
ords that did not meet the inclusion criteria, the full texts of the re-
maining articles were reviewed by both researchers to determine
whether the studies met our inclusion criteria. In the event that
the 2 researchers disagreed, a third researcher (JHYW) was con-
sulted and a decision reached by consensus. The reference lists of
the full articles were also examined in order to identify additional
studies that met the inclusion criteria.

Study extraction

One researcher (MZB) extracted data from the full texts of the arti-
cles included in the review. The data extractions were then reviewed
by a second researcher (SMD). The following data were extracted
from each study: aim, location, design, type and year of intervention,
data collection period, population, sample size, outcomes mea-
sured and their assessment method, results, summary of findings,
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conclusions, limitations, assumptions (for modeling studies), and
source of funding.

Study quality assessment

To assess the overall quality of the studies that collected primary
data (i.e., non–modeling studies) included in the review, the Effec-
tive Public Health Practice Project (EPHPP) Quality Assessment
Tool was used (12). The tool was adapted to reflect the study de-
signs included in the review. The tool is designed to assess study
quality on the basis of 6 domains: selection bias, study design, con-
founders, blinding, data collection method, and withdrawals or
dropouts. Given the types of studies included in the review, blinding
and withdrawals or dropouts were not included in our quality as-
sessment. Each study was given a ranking of weak (score = 1), mod-
erate (score = 2), or strong (score = 3) for each of the remaining 4
domains on the basis of the EPHPP quality assessment tool’s dictio-
nary (12, 13). An overall score was then generated by compiling the
scores for each domain and assigning an overall study quality rating
of weak, moderate, or strong. If a study had$2 weak ratings it was
consideredweak, if it had only 1 weak rating it was consideredmod-
erate, and if it had no weak ratings it was considered strong.

Results

Overview of included studies

Figure 1 depicts the search flowdiagram of this review.We searched
the full text of 43 articles [41 identified in our search (including
1 from the gray literature) and 2 modeling studies from 2000 to
2012]. Eighteen articles (representing 17 distinct studies) met our in-
clusion criteria and were added to the 14 articles from the previous
review. The main reasons for excluding articles on the basis of the
full-text review were as follows: were duplicates (n = 3), were in-
cluded in the previous review (n = 5), had no TFA policy (n = 3),
were commentaries (n = 3), or did not have a pre-post study design
(n = 11). Only one of the included studies was obtained from the gray
literature search (14). The majority of the included studies were
from high-income countries; only 3 were from LMICs (Argentina,
Costa Rica, and Iran).

TFA interventions in the “real world”

Supplemental Table 1 provides an overview of the “real world”
studies included in the review, which combines the updated search
with the before and after studies included in the previous review.
The studies examined voluntary self-regulation (n = 4; Costa Rica,
Netherlands, and the Americas) (15–18), mandatory labeling (n = 8;
South Korea and the United States) (3, 19–25), mandatory labeling
in addition to voluntary TFA limits (n = 6; Canada) (26–31), manda-
tory TFA limits in restaurants (n = 4; New York City) (32–35), and
mandatory TFA limits in PHOs (n = 1; Iran) (14) and all foods (n = 1;
Denmark) (36). In terms of the overall quality of the studies in-
cluded in this review, nearly all were classified as weak. The
main contributing factors to the studies deemed weak by the
EPHPP quality assessment tool were related to the weak study de-
signs, high risk of selection bias, and data collection methods that
lacked strong validity, reliability, or both.

The impact of different policy approaches on TFAs

All of the studies examined reported a reduction in TFA amounts in
food, breast milk, plasma serum, or dietary intakes; however, there
were differences based on the type of policy adopted, as described
below (Tables 1–3).

Voluntary approaches. The 4 studies that examined voluntary
approaches to reducing TFA intakes found reductions in TFA
intakes, concentrations in tissues, and contents in food. In addi-
tion, TFA concentrations in tissues were no longer associated
with an increased risk of myocardial infarction (MI) in Costa
Rica after the introduction of self-regulation; however, in some
cases, TFA intakes remained high (15–17). In Costa Rica, where
there was industry self-regulation, the number of adolescents
who exceeded the WHO recommendations (,1% of total energy
intake from TFAs) for TFA consumption declined by 32 percent-
age points between 1996 and 2006 in a population of urban and ru-
ral public school students; however, the number of adolescents
exceeding the limit remained high (68% in 2006 compared with
100% in 1996) (16). In comparison, there was a 20-percentage
point reduction in TFA intakes in the Netherlands, which coin-
cided with average TFA intakes that were below the WHO recom-
mendations (0.8% of energy intake).

TFA labeling. The majority of the studies that looked at the im-
pact of mandatory TFA labeling were conducted in the United
States and Canada, with the exception of one study conducted in
South Korea. Although the TFA-labeling policies differed slightly
among these 3 countries (e.g., foods were considered TFA-free at
,0.2 g TFAs/serving in South Korea and Canada compared with
,0.5 g TFAs/serving in the United States), all were associated
with reductions in TFA amounts in foods. However, it is important
to note that TFA amounts remained high in some product cate-
gories. For example, the TFA content in coffee whiteners was,
on average, 38.3% of total fat in Canada (26). Moreover, in 2 pro-
duct categories (coffee whiteners and lard or vegetable shorten-
ings), the number of products meeting the voluntary TFA limits
in Canada actually declined between 2005–2009 and 2010–2011
(26). In addition to observing declines in TFA amounts in foods,
for the most part, all studies examining the impact of mandatory
labeling policies in the United States and Canada on biological out-
comes found large reductions in TFA concentrations in serum
plasma (ranging from 54% to 58%) (23–25) and breast-milk and di-
etary intakes (ranging from 30% to 74%) (27, 30).

Mandatory TFA limits in restaurants. Four studies (32–35)
looked at the impact of the TFA limit in New York City restau-
rants. Two of the studies examined the impact on MI and stroke,
one of which found a 4.5% reduction in cardiovascular disease
(CVD) mortality associated with the policy (35) and the second re-
porting a greater decline in stroke among younger age groups
(who also consumed more restaurant foods) than would have
been expected if the policy had not been enacted (34). However,
it is important to note that the time lag between the introduction
of the TFA policy and the analysis of hospital admissions due to
MI or stroke was only 3 y. The 2 studies that examined TFA
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contents in foods found that nearly all (98%) restaurants were us-
ing TFA-free oils after the policy came into effect compared with
only 50% of restaurants before its enactment (33). Moreover, the
purchase of TFA-free meals increased by 86% (32).

Mandatory TFA limits in food. Only 2 of the included studies ex-
amined the impact of TFA limits in foods and oils: one in Iran and
another in Denmark. In Denmark, the 2% TFA limit led to the vir-
tual elimination of TFAs from the food supply (36). In Iran, where
the TFA limit has been gradually reduced over time from 20% in
2005 to 10% in November 2007, there have been reductions in the
quantity of TFAs in edible oils (31.2% in 2004 compared with
5.62% in 2008); however, TFA amounts in oils remain high (14).

TFA-free products. Table 2 synthesizes the evidence relating to
the number of TFA-free products in the food supply coinciding
with mandatory and voluntary TFA limits as well as labeling reg-
ulation. Mandatory national bans have virtually eliminated TFAs
from the food supply, whereas voluntary limits and labeling poli-
cies have led to an increase in the number of TFA-free products;
however, there is still further progress to be made.

Changes in FA composition with product reformulation. There
is often a concern that if TFAs are removed from a product they
will be replaced with SFAs (37), decreasing the potential health

benefits of product reformulation. Table 3 synthesizes the evi-
dence related to changes in the FA composition of foods after
the implementation of TFA policies. Although all of the studies
that reported on the different FAs in products pre– and post–
policy interventions found reductions in TFA amounts in foods,
there were mixed findings in terms of SFA amounts in foods.
Seven studies included information on MUFA and PUFA contents
in foods (18–20, 22, 28, 29, 31), 6 of which found increases in either
MUFAs or PUFAs (or both). Moreover, 12 studies examined the
combined TFA and SFA contents of foods before and after the
introduction of a TFA policy, with all but one study (22) reporting
a reduction post–policy intervention.

Findings of modeling studies

Eight modeling studies were included in the review (Supplemental
Table 2). The majority of the modeling studies were conducted in
the United Kingdom (n = 5), whereas other studies were conducted
in Argentina, Denmark, and the European Union. Six of these stud-
ies (38–43) examined the impact of hypothetical TFA policies and, of
these, 3 studies (39–41) examined several food policies simulta-
neously. In these cases, only results related to the TFA reduction
were reported in this review.

Table 4 summarizes the findings of the studies modeling the
impact of TFA policies on cardiovascular, equity, and economic
outcomes. All of the modeling studies reported a reduction in

FIGURE 1 Flow chart of the systematic review.

CURRENT DEVELOPMENTS IN NUTRITION

4 Downs et al.



CHD and CVD deaths attributed to TFA policies. These ranged
from 1.3% to 6.35% deaths averted (39–41). Of the modeling stud-
ies conducted in the United Kingdom, annual cardiovascular
deaths averted with TFA policies ranged from 112 deaths (with a
0.5% reduction in TFAs) (41) averted in 2010 to between 2700
(39) and 3900 (42) deaths averted annually (with a 1% reduction
in TFAs) (the specific policy approaches taken to achieve these re-
ductions were not always specified). For the UK modeling studies
that examined CVD deaths averted over a longer time horizon, one
study found that between 2006 and 2015, 3500–4700 CVD deaths
would be averted (40), depending on whether there was a 0.5% or
1% reduction in TFAs, and another found that 7200 deaths would
be averted between 2015 and 2020 with a total TFA ban in pro-
cessed foods when compared with TFA consumption remaining
at its current level (38). The modeling studies (n = 4) that included
a cost-effectiveness component all reported that TFA policies
would lead to net cost savings. However, the European Union
model found that a mandatory TFA-labeling policy would not be
cost-effective unless initial TFA intakes were quite high (43).
For those studies that examined savings per year, health care sav-
ings ranged from US$17 million/y (44) to £230 million/y (39). Two
studies (38, 42) examined the effects of different TFA policy sce-
narios on different socioeconomic groups. Both studies were

conducted in the United Kingdom and found TFA policies to
have a greater effect on lower socioeconomic groups, regardless
of type of policy examined (i.e., TFA labeling, ban in restaurants,
or total ban in processed foods). The first suggested that a TFA
ban would reduce inequality in mortality from CHD by 15%, given
the higher TFA intakes among lower socioeconomic groups (38).
The second study found that 5 times as many CHD deaths would
be prevented in the lowest quintile of socioeconomic status with
a 1% reduction in TFA intakes; in addition, they would also gain
6 times as many life-years compared with the most affluent
group (42).

Two modeling studies, one in Argentina (44) and another in
Denmark (45), modeled the impact of the countries’ actual TFA
policies, both showing positive impacts in terms of reducing
CHD and CVD rates. Over the course of a 10-y period between
2004 and 2014, Argentina went from having a voluntary TFA-
labeling policy to having mandatory TFA limits in foods. This
study modeled several likely scenarios by linking different as-
sumptions of the likely effect of TFAs on CHD outcomes (e.g.,
based on individual data on CHD risk factors from a national pro-
spective cohort study compared with the effect of TFAs on CHD
blood lipid risk factors from randomized controlled trials) and
baseline levels of TFA intake (mean = 1.5% of total energy

TABLE 1 Impact of TFA policies on dietary intakes, concentrations in plasma serum and breast milk, and cardiovascular
outcomes1

Policy type
Study (ref),

country/region
Time
period Measurement Impact

Voluntary
self-regulation

Monge-Rojas et al. (16),
Costa Rica

1996–2006 Dietary intake of TFAs
as a percentage of
total fats

38% reduction

Colón-Ramos et al. (15),
Costa Rica

1994–1999 to
2000–2003

TFAs in subcutaneous
adipose tissue and risk of
MI

· Reduction in TFAs in tissue
of those that did not use
PHVOs
· TFAs in tissue no longer
associated with increased
risk of MI

Temme et al. (18), Netherlands 2001 to 2009–2010 Dietary intake of TFAs as a
percentage of total fats

20% reduction

Mandatory TFA labeling
on packaged foods

Vesper et al. (24), United States 2000–2009 Plasma TFA concentration 58% reduction
Vesper et al. (23) and

Yang et al. (25), United States
1999–2000 to

2009–2010
Plasma TFA concentration 54% reduction

Mandatory TFA labeling +
voluntary TFA limits

Friesen and Innis (27), Canada 1998 to 2004–2006 Breast-milk TFA
concentration

35% reduction

Ratnayake et al. (28), Canada mid-1990s to 2008 %TFAs of total fats 30% reduction
Ratnayake et al. (30), Canada 1992–2011 Breast-milk TFA

concentration
74% reduction

Mandatory TFA
limits in restaurants

Brandt et al. (34), NYC 2000–2010 Stroke and MI rates Greater decline in stroke
than would have been
expected based on temporal
trends (for younger age
group only)

Restrepo and Rieger (35), NYC 1999–2013 CVD mortality rates 4.5% reduction in CVD
mortality rates

Mandatory TFA
limits in foods

Leth et al. (36), Denmark 1995–2005 Total amount of TFA
in grams

TFAs decreased from
1.5 g/d in 1995 and
were virtually eliminated
in 2005

1CVD, cardiovascular disease; NYC, New York City; MI, myocardial infarction; PHVO, partially hydrogenated vegetable oil; ref, reference; TFA, trans fatty acid; %TFA,
percentage of trans fatty acid.
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compared with a lower bound of 1% and an upper bound of 3% of
total energy) (44). Across all the scenarios examined in the mod-
eling studies, TFA regulation had a substantial impact, leading to
significant reductions in CHD deaths (301–1517) and CHD events
(1066–5373), disability-adjusted life-years (5237–26,394) and
health-care costs saved (US$17–$87 million) each year (44). In
Denmark, a synthetic control group that used CVD mortality data
from the Organization for Economic Co-operation and Development
countries without TFA policies was used to examine what the CVD
mortality rate would have been if the country did not adopt a TFA
ban in 2004 (45). They found that CVD mortality decreased by
;14.2 deaths $ 100,000 persons–1 $ y–1 in Denmark with the TFA
policy compared with not having a TFA policy. Supplemental
Table 3 provides an overview of the main assumptions of the
models included in the review. There were several limitations asso-
ciated with the assumptions of the various models (e.g., time hori-
zons, current TFA intakes, reductions in TFA due to policy, etc.)
that have implications for their overall findings.

Discussion

This study compiles the evidence of the impact of TFA policies on
their availability in the food supply, dietary intakes, concentrations
in plasma serum and breast milk, as well as changes in burden of dis-
ease due to TFAs on the basis of modeling studies. TFA policies co-
incide with reductions in TFAs in foods as well as intakes. The
evidence suggests that, although all of the policy approaches exam-
ined in the review will likely lead to reductions in TFA contents in
foods and subsequent intakes, stronger policies (e.g., limits or bans)
will havemore pronounced effects (virtually eliminating TFAs in the
food supply) than voluntary (ranging from 20% to 38% reduction in
intakes) or labeling approaches (ranging from 30% to 74% reduction
in plasma serum and breast-milk concentrations) on reducing TFA
contents in the food supply. Moreover, it is likely that they contrib-
ute to reductions in heart disease risk and there is some evidence to
suggest that TFA bans are cost-saving, as shown in the modeling
studies included in this review.

The studies that examined labeling policies found that, al-
though they had coincided with reductions in TFAs in foods, foods
high in TFAs remained on the shelves. Given that high-TFA foods
tend to be cheaper than their low-TFA counterparts (31, 46), these
policy approaches may not deliver for the most disadvantaged seg-
ments of the population. Lower-income consumers are generally
more sensitive to price differentials and thus more likely to pur-
chase lower-cost, higher-TFA products. Moreover, in countries re-
quiring mandatory labeling of TFA contents in foods, consumers
with lower nutrition knowledge and numeracy are less likely to
understand or use nutrition labels (47), and thus may continue
to purchase products with high amounts of TFAs. This suggests
that even in countries where the majority of products are TFA-
free—as long as products containing high industrial TFAs remain
available—TFA consumption will likely remain a public health
problem and contribute to health disparities due to higher consump-
tion by lower socioeconomic groups. In addition, the modeling study
examining the impact of different TFA policy approaches in the Eu-
ropean Union found that mandatory TFA labeling was unlikely to be
cost-effective (43). TFA bans therefore remain the most effective,
economical, and equitable approach to reduce TFA consumption.

Although in most countries that have set limits of allowable
TFAs in foods the limit has been 2% of total fat (which is often de-
scribed as a ban), in Iran the TFA limits were set high (initially
20%) and were reduced gradually over time. Additional progress
is needed to reduce TFA amounts in edible oils even further in
LMIC settings. It is possible that TFA policies in LMICs will
need to be adapted to local contexts and perhaps take place along-
side additional interventions throughout the food supply chain,
given the large informal food sectors in many LMICs (48). For ex-
ample, in India, it is likely that the mandatory TFA limit of 5% in
PHOs, which went into effect in August 2016, will not reach the
PHOs produced by small-scale producers in the informal sector
(48, 49). Providing incentives for these smaller-scale producers
to reformulate their products may be necessary in order to ensure
that TFA contents in PHOs are aligned with the policy goal. Addi-
tional studies examining the impact of TFA policies in LMICs are
needed.

TABLE 2 Percentage of foods classified as TFA-free post–policy interventions1

Policy intervention Countries/regions Food categories TFA-free,2 %

National bans Denmark Overall Virtually eliminated
Local bans (32) NYC All fast-food purchases 59
Mandatory labeling + voluntary
limits (26, 29)

Canada Margarines/spreads 0–85
Bakery products 25–100
Restaurant food (including restaurants
in institutions)

50–100

Overall 76–97
Mandatory labeling (3, 19, 20, 22) United States, South Korea Potato chips 98

Restaurant foods 80
Supermarket foods 85–95
Cookies 89
Spreads (all) 86
Spreads (stick) 46
Spreads (tub or spray) 99

Voluntary TFA limits (18) Restaurant frying oil 45
1Data adapted from reference 11. In Canada, additional requirements include a combined TFAs + SFAs #15% of energy. NYC, New York City; TFA, trans fatty acid.
2Studies conducted in the United States classify ,0.5 g TFAs/serving as TFA-free, whereas other countries classify products with ,0.2 g TFAs/serving as TFA-free.
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In the past, there have been calls for a global TFA ban (50, 51);
however, mandating a global ban would require significant stake-
holder buy-in (including from nongovernmental organizations and
industry) and is unlikely to be feasible in the short term. However,
as more and more countries and regions around the world adopt
TFA policies, this buy-in may increase. The US FDA’s decision
to revoke the GRAS status to PHOs sends a strong message glob-
ally. This may facilitate fresh impetus for the Codex Alimentarius
to redefine the terms for the use of PHOs. LMICs, in particular,
often look to Codex for guidance on issues of food safety and
aim to comply with its standards (52). There may be potential
for Codex to follow a similar approach to that used by the United
States and define PHOs as unsafe for consumption. If Codex were
to take these steps, it would essentially act as a pseudo-global ban
and prevent TFA regulation from being considered a technical
barrier to trade. Although this could be a feasible approach to es-
tablishing a global TFA ban, vested interests are strong and the
current policy environment (including stakeholder support) may
not enable such a measure (53). In the meantime, countries will
need to continue to use their own policy tools to improve the qual-
ity of fat that is available, affordable, and acceptable in the food
supply.

There is often a concern that reducing TFA amounts in foods
will lead to increases in SFAs (37). We found mixed evidence of
increases in SFAs post–product reformulation to reduce or re-
move TFAs. It is likely that this will be quite dependent on product
category. For example, it may be more difficult to reformulate bak-
ery products with oils higher in MUFAs and PUFAs, given that
they are not semi-solid at room temperature; however, fried snack
foods can more easily be reformulated with oils high in unsatu-
rated fats. As palm oil, which is high in SFAs, becomes more ubiq-
uitous in the food supply and becomes the preferred substitute for
PHOs, it is possible that SFA contents will increase in foods (palm
oil is now in ;50% of all products) (54), arguably an unintended
outcome (55). It is likely that incentives for the use of oils higher
in MUFAs and PUFAs will be needed, particularly in LMICs (49).

Substitution with oils high in unsaturated fats rather than palm oil
is likely beneficial to heart health on the basis of metabolic trials
and observational studies (55); conversely, there may be less de-
mand for products that are both low in TFAs and SFAs. Therefore,
an understanding of consumer sentiment and technical and health
impacts of specific fats and oils is paramount in product reformu-
lation to reduce or remove TFAs.

The results of the modeling studies included in this review sug-
gest that it is likely that policies that set TFA limits will be cost-
saving and have the greatest impact on lower socioeconomic
groups. These are important considerations for policymakers in
terms of deciding whether or not to move forward with a TFA pol-
icy. These findings suggest that TFA bans make sense from an eco-
nomic standpoint but also from an ethical perspective, given that
they could help to reduce social inequities. Although there is often
resistance to implementing regulation pertaining to food, from a
public health ethics perspective, regulating TFAs in the food sup-
ply is an appropriate policy approach given that the benefits of the
policy far outweigh any risk to individual liberties (56).

Limitations of included studies

One of the main limitations of this study is the small number of
countries that have had studies examining the impact of their TFA
policies. There is a substantial amount of evidence to support TFA
labeling in both the United States and Canada but less in countries
beyond North America, particularly LMICs. In addition to the evi-
dence compiled from this review, continued country-level monitor-
ing of TFA intakes over time can be used to indirectly assess the
impact of different approaches to reducing TFAs. Wanders et al.
(8) examined trends in TFA intakes over time and found a reduction
in TFA intakes in some European countries (e.g., Sweden, Iceland,
Norway) coinciding with the adoption of voluntary TFA reduction
measures but not in others (e.g., Spain, United Kingdom, France).
These observations suggest that industry reformulated products to
reduce TFAs before mandatory measures came into place in some
but not all countries. By continuing to monitor trends in intakes

TABLE 3 Changes in the FA composition of foods after the introduction of a TFA policy1

Policy
intervention

Study
(ref) Country TFAs SFAs

MUFAs and/or
PUFAs

TFAs +
SFAs2

Total
fat

Mandatory
TFA labeling

Lee et al. (20) South Korea Y [ Bakery products [ Restaurant food Y Y
Mozaffarian et al. (3) United States Y [ Supermarket foods, — Y —

Y restaurant foods
Van Camp et al. (22) United States Y [ Bakery products [ Oils high in PUFAs

and MUFAs in chips
NC NC

Storey and Anderson (21) United States Y Y — Y —

Garsetti et al. (19) United States Y [ [PUFAs, YMUFAs Y Y
Mandatory
TFA limits

Angell et al. (33) NYC, United States Y Y — Y —

Angell et al. (32) NYC, United States Y [ — Y —

Peymani et al. (14) Iran Y [ — Y —

Mandatory
TFA labeling +
voluntary limits

Ricciuto et al. (31) Canada Y NC [PUFAs, YMUFA, Y Y
Ratnayake et al. (28) Canada Y Y [ Y NC
Ratnayake et al. (29) Canada Y [ Crackers, cookies, and

garlic spreads and donuts
[ Y NC

Voluntary TFA
self-regulation

Temme et al. (18) Netherlands Y NC NC (Y in biscuits) Y NC

1Data adapted from reference 11. NC, no change; NYC, New York City; ref, reference; TFA, trans fatty acid; [, increase; Y, decrease.
2Change in TFA + SFA calculated by adding FAs when the sum was not reported by authors; in these cases, significance was not assessed.
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over time across a wider range of countries, additional insight into
the impact of different approaches to reducing TFAs in the food sup-
ply may be possible.

The majority of the studies included in this review were from
high-income countries, with limited data from LMICs. Thus, the
impact of TFA policies on intakes and cardiovascular outcomes
in LMIC settings is less clear. Given that the Global Burden of Dis-
eases estimates indicate that TFA intakes may be higher in many
LMICs, particularly North Africa/Middle East and South Asia
(5), there is a need for additional research examining the impact
of policies in these settings.

There are several limitations to the assumptions used in
many of the modeling studies included in the review that need
to be considered. The time horizons used for the models were
short, with the exception of the article by Martin-Saborido et al.
(43). In one study (41), the deaths averted were only examined
for 1 y. Longer time horizons would be more appropriate, be-
cause the implementation of a TFA policy would not result in in-
stantaneous effects on CVD, the use of a lifetime approach as was
used in the model examining the impacts of TFA policies in the
European Union (43) would likely be more appropriate. Some of
the modeling studies did not address current levels of TFA intake,

which may, in part, be explained by limited data availability;
however, this has significant implications for the model assump-
tions. For example, in the United Kingdom, average TFA intakes
are already low (0.8% of total energy) (57), so it may not be pos-
sible to reduce TFA intake by an additional 1% of total energy in-
take, as was examined in 3 of the models (39, 41, 42). TFA policies
only apply to industrially produced TFAs rather than all TFAs,
given the lack of feasibility in terms of implementing a policy
that addresses ruminant TFA contents in the food supply. It is
therefore unlikely that TFA intakes can be reduced to 0% of total
energy intake in the absence of avoiding all ruminant products.
Moreover, another area of uncertainty in the models is the as-
sumption that reducing ruminant TFAs would have the same ef-
fect on CVD risk as reducing industrially produced TFAs;
existing evidence on the cardiovascular effects of ruminant
TFA remains mixed and uncertain (38, 41, 42). One of the main
strengths of the European Union model is that it focused on re-
ductions in industrially produced TFA contents in food, rather
than total TFAs (including ruminants), and it assessed 3 addi-
tional initial TFA amounts in the sensitivity analyses, thus giving
a better indication of the potential costs and benefits of the dif-
ferent policy options examined.

TABLE 4 An overview of the modeling studies included in the systematic review1

Policy type
Study (ref),

country/region
Stroke
deaths

CHD/
CAD
deaths

CVD
deaths

CHD/
CVD
events DALYs

QALYs/
LYs

gained

Costs to
health system/

society

Reduces
inequalities

in CVD
deaths (Y/N)

Modeling of
hypothetical
policies

Conservative
policy scenario2

O’Keeffe et al. (41),
Republic of Ireland

Y Y — — — — — —

O’Flaherty et al. (40),
United Kingdom

— — Y — — — — —

Pearson-Stuttard et al. (42),
England and Wales

— Y — — — [ Y Y

Voluntary limit
on TFA

Martin-Saborido et al. (43),
European Union

— — — — Y — Y —

TFA labeling Allen et al. (38), England3
— — — — — — Y Y

Martin-Saborido et al. (43),
European Union

— — — — Y — Not cost-effective —

Legislative ban O’Keeffe et al. (41),
Republic of Ireland

Y Y — — — — — —

O’Flaherty et al. (40),
United Kingdom

— — Y — — — — —

Barton et al. (39), England
and Wales

— — Y Y — [ Y —

Pearson-Stuttard et al. (42),
England and Wales

— Y — — — [ Y Y

Allen et al. (38), England — Y — — — — Y Y
Martin-Saborido et al. (43),

European Union
— — — — Y — Y —

Modeling of enacted
real-world policies

Rubinstein et al. (44),
Argentina

— Y — Y Y — Y —

Restrepo and Rieger (45),
Denmark

— — Y — — — — —

1CAD, coronary artery disease; CHD, coronary heart disease; CVD, cardiovascular disease; DALY, disability-adjusted life-year; LY, life-year; QALY, quality-adjusted life-
year; ref, reference; TFA, trans fatty acid; Y, yes; [, increase; Y, decrease.

2Article did not provide detailed information about what the policy entails. It solely provided the estimated reduction in TFA intakes.
3Modeled policy was improved labeling or TFA limits in restaurants.
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Limitations in study design are not limited to modeling studies.
The majority of the “real world” studies included were weak.
However, it is important to note that these studies examined
real policies that have been implemented in a number of countries
and that the use of more rigorous study designs, such as random-
ized controlled trials, to examine these policies in a “real world”
context is not possible. We only included studies with pre– and
post–TFA policy implementation data to ensure that we included
higher-quality studies; however, these studies still have limitations.
Despite these limitations, the totality of the evidence from both
modeling studies as well as the studies conducted in “real world”
settings suggest that stronger TFA policies will have a larger impact
on TFA contents in foods, their intake, and CVD outcomes.

Conclusions

Policies aimed at reducing TFAs in the food supply are effective and
will likely reduce the burden of diet-related disease, particularly
among the most vulnerable socioeconomic groups. Although only
a handful of countries have adopted strict TFA limits or bans; these
policies have dramatically reduced TFA amounts in the food supply.
Labeling policies have also led to reductions in the availability of
TFAs in the food supply; however, these reductions have not been
made across all product categories and high-TFA products remain
in the food supply. Moving forward, global, regional, or country-
level TFA bans should be adopted. TFA bans are likely the most ef-
fective, economical, and equitable policy approach to reducing TFAs
in the food supply.

Additional studies need to be conducted to examine the impact
of TFA policies in LMIC contexts. LMICs may require additional
incentives and interventions alongside mandatory limits in order
to reduce TFA contents in all foods in the food supply, including
those manufactured by the informal sector. Last, continued mon-
itoring to ensure progress in terms of reducing TFA contents in
the food supply over time will be necessary.
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