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ABSTRACT
Background: A high intake of trans fatty acids decreases HDL
cholesterol and is associated with increased LDL cholesterol, in-
flammation, diabetes, cancer, and mortality from cardiovascular
disease. The relation between trans fat intake and all-cause mortal-
ity has not been established.
Objective: The aim of this study was to determine the relation
between trans fat intake and all-cause mortality.
Design: We used data from the Reasons for Geographic and Racial
Differences in Stroke (REGARDS) study—a prospective cohort
study of white and black men and women residing in the continental
United States. Energy-adjusted trans fat intake was categorized into
quintiles, and Cox-regression was used to evaluate the association
between trans fat intake and all-cause mortality.
Results: During 7 y of follow-up, there were 1572 deaths in 18,513
participants included in REGARDS. From the first to the fifth quin-
tile of trans fat intake, the mortality rates per 1000 person-years of
follow-up (95% CIs) were 12.8 (11.3, 14.5), 14.3 (12.7, 16.2), 14.6
(13.0, 16.5), 19.0 (17.1, 21.1), and 23.6 (21.5, 25.9), respectively.
After adjustment for demographic factors, education, and risk fac-
tors for mortality, the HRs (95% CIs) for all-cause mortality were
1.00, 1.03 (0.86, 1.23), 0.98 (0.82, 1.17), 1.25 (1.05, 1.48), and 1.24
(1.05, 1.48), respectively (P-trend = 0.004). The population attribut-
able risk due to trans fat intake was 7% (95% CI: 5%, 8%).
Conclusion: Higher trans fat intake is associated with an increased
risk of all-cause mortality. Am J Clin Nutr 2013;97:1121–8.

INTRODUCTION

Intake of trans-unsaturated fatty acids (TFAs)5, even at low
levels (w2% of energy), is associated with several adverse
outcomes, including dyslipidemia, inflammation, myocardial
infarction, and increased cardiovascular mortality (1–5). In
addition, there is growing evidence suggesting that increased
TFA intake increases the risk of several chronic diseases (eg,
diabetes, cancer, and stroke) that contribute greatly to total
mortality.

The Nurses’ Health Study showed a 39% increased risk of
developing type 2 diabetes mellitus for every 2% increase in
energy from TFA (6). In addition, a nested case-control study
with an average follow-up of 7 y by Chajès et al (7) showed that
increasing concentrations of serum TFA, a marker of TFA in-
take, was associated with an increased risk of breast cancer in
women (OR: 1.75; 95% CI: 1.08, 2.83; P-trend = 0.018).

Furthermore, a case-control study in Canada by Hu et al (8)
showed that men in the highest quintile of TFA intake had an
increased risk of prostate cancer compared with men in the
lowest quintile (OR: 1.45; 95% CI: 1.16, 1.81). Moreover, data
from the Women’s Health Initiative study showed that women in
the highest quintile of TFA intake had an increased risk of is-
chemic stroke compared with women in the lowest quintile of
TFA intake (HR: 1.39; 95% CI: 1.08, 1.79) (9). A systematic
review by Astorg (10) also indicated that elevated TFA intake is
associated with increased risk of colorectal cancer.

Given that cardiovascular diseases, diabetes, cancer, and stroke
are leading causes of death in the United States and elsewhere, we
hypothesized that TFA intake is associated with increased risk of
all-cause mortality. Apart from data from mathematical models
(4, 11), we are not aware of any studies that have directly assessed
the relation between TFA intake and all-cause mortality. In the
current study, we investigated the association between TFA
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intake and all-cause mortality using data from the Reasons for
Geographic and Racial Differences in Stroke (REGARDS) study.

SUBJECTS AND METHODS

Details of the REGARDS study design were described else-
where (12). Briefly, between January 2003 and October 2007, the
study recruited 30,239 black and white men and women, aged
$45 y, from across the continental United States with an
oversampling of blacks and persons living in the stroke belt—
a region that encompasses 8 states (North Carolina, South
Carolina, Georgia, Tennessee, Mississippi, Alabama, Louisiana,
and Arkansas) in the southeast with higher stroke mortality than
the rest of the United States. Potential participants were con-
tacted via mail and telephone and those who consented were
interviewed by telephone to collect demographic and risk factor
information (13). Blood samples, anthropometric measurements,
and other risk factor evaluations, such as blood pressure, were
obtained during in-home visits using standardized protocols.
Self-administered questionnaires were left with participants to
complete and mail back after the in-home visit. Participants or
their proxies were contacted every 6 mo to monitor their vital
status and proxies could report deaths by telephone or mail
contact. Participants lost to follow-up were searched using the
social security death index, and/or the National Death Index.
The REGARDS study was approved by the institutional review
boards of all participating institutions and participants gave in-
formed consent.

Dietary assessment

Dietary intakewas assessed by using a self-administered Block
98 food-frequency questionnaire (www.Nutritionquest.com).
Participants were given pictures to help them estimate their
portion sizes. This instrument has been extensively validated
against multiple food records in several diverse populations in the
United States and has been shown to reliably estimate the intake
of total fat and specific fats, including SFA, MUFA, and PUFA,
and trans fat (14–17). For example, in a study that compared the
Block 98 food-frequency questionnaire with the average of two
24-h dietary recalls, the correlation coefficient for trans fat in-
take was 0.53 (17).

Laboratory analyses

Blood samples were collected after a 10–12-h fast and
centrifuged locally within 2 h of collection. Samples were then
shipped overnight to a central laboratory at the University of
Vermont for further processing and analysis. High-sensitivity
C-reactive protein (CRP) was analyzed by particle-enhanced
immunonephelometry (N High-Sensitivity CRP; Dade Behring
Inc) with an interassay CVof 2.1% to 5.7%. Lipid profiles were
measured by using colorimetric reflectance spectrophotometry
(18).

Definitions

The outcomewas all-cause mortality, whereas energy-adjusted
TFA intake categorized into quintiles was the main exposure
variable.

Covariates

The covariates considered included sex, age, smoking status
(never, past, or current smoker), race (black or white), region
[stroke buckle (coastal plain of North Carolina, South Carolina,
and Georgia), the rest of the stroke belt, or other], alcohol use
(never, past, or current drinker), education, waist circumference,
level of physical activity, diabetes, ischemic heart disease (IHD),
hypertension, stroke, heart failure (HF), chronic kidney disease,
and statin use (yes or no). Diabetes was defined as any self-
reported use of glucose control medication or a fasting blood
glucose concentration .126 mg/dL or nonfasting glucose .200
mg/dL. We defined IHD as any self-report of myocardial in-
farction/heart attack, coronary angioplasty, or bypass surgery or
electrocardiographic evidence of myocardial infarction. Hyper-
tension was defined as systolic blood pressure $140 mm Hg,
diastolic blood pressure $90 mm Hg, or any self-report of an-
tihypertension medication use. Use of digoxin in the absence of
atrial fibrillation was used as a proxy for HF based on the fact
that digoxin is only indicated to patients with atrial fibrillation or
HF (19). Chronic kidney disease was defined as a glomerular
filtration rate ,60 mL/min per 1.73 m (estimated using the
modification of diet in renal disease equation) (20). Education
was modeled in 4 groups (less than high school, high school,
some college, or college graduate), whereas physical activity
(“How often do you exercise enough to work up a sweat?”) was
modeled in 3 categories (none, 1–3 times/wk, or $4 times/wk.

Statistical analyses

Of the 30,239 participants in the REGARDS cohort, we ex-
cluded 8986 who did not have data from the Block food-
frequency questionnaire (Figure 1). In addition, we excluded
2740 for missing data on covariates, which left 18,513 partici-
pants with complete data for the current analyses. Survival time
was defined as the period between in-home visit and death/last
follow-up/data freeze (April 2011). Because of high correlations
between dietary variables and total energy intake, variables from
the food-frequency questionnaire including TFA intake were
adjusted for total energy intake by using the residual method
(21). The resulting energy-adjusted TFA variable was then

FIGURE 1. A flow diagram showing how participants in the current
analysis (n = 18,513) were selected from the REGARDS study (n =
30,239). REGARDS, Reasons for Geographic and Racial Differences in
Stroke.
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distributed into quintiles. We preferred to use quintiles instead of
trans fat as a continuous variable because we wanted to assess
a dose-response relation, to avoid model misspecification and to
mitigate the potential influence of outliers (21).

We fitted Kaplan-Meier survival curves and used the log-rank
test to determine the difference in mortality between individuals
in different quintiles of TFA intake. Next, we fitted Cox pro-
portional hazards models to estimate HRs (95% CIs) for all-cause
mortality for the different quintiles of TFA before and after the
sequential adjustment for various potential confounders as well as
total energy intake and energy-adjusted intakes of SFA, MUFA,
PUFA, protein, and carbohydrates.

Because TFA intake is associated with a reduction in HDL
cholesterol and an increase in LDL cholesterol, CRP (22–26),
and all major predictors of mortality, we considered these var-
iables to be potential intermediate variables between TFA and
all-cause mortality. We thus conducted additional analyses that
further adjusted for lipids (HDL cholesterol, LDL cholesterol,
and triglycerides) and variables related to inflammation (CRP,
serum albumin, and total white blood cell count). Because serum
albumin and white blood cells (WBCs) were not measured in the
initial phase of the study (13), the addition of these variables
reduced the sample size to 13,070. We refitted the final model
without lipids and markers of inflammation (model 3) by using
the reduced sample size and additionally refitted the model
further by adjusting for HDL cholesterol, LDL cholesterol,
triglycerides CRP, serum albumin, and WBCs to determine
whether the association between TFA and all-cause mortality
was driven in part by these variables. Results are reported as
HRs and 95% CIs. Schoenfeld residuals were used to check the
proportionality assumption by using the Lowess smoothing
technique. In addition to analyses for energy-adjusted TFA as a
main effect, we tested for 3 a priori specified interactions be-
tween TFA as a continuous variable and sex, race, and PUFA
intake. The latter was prompted by recent findings of in-
teractions between TFA and PUFA intake on lipid concentra-
tions (27), in which we found that the relation between TFA and
HDL or triglycerides varied according to PUFA intake.

We used logistic regression to obtain risk estimates used to
calculate population attributable risk associated with TFA con-
sumption as recommended by Spiegelman and colleagues (28,
29). TFA was categorized in the logistic regression models by
using quintiles of energy-adjusted TFA in the same manner as in
the Cox regression models. All analyses were done by using SAS
version 9.2 (SAS Institute Inc).

RESULTS

The distribution of important covariates by quintiles of energy-
adjusted TFA intake is shown in Table 1. Most of the study
participants were women, were white, were current alcohol
drinkers, were less likely to be current smokers, and had a his-
tory of hypertension. A higher TFA intake was associated with
residence in the stroke belt region, male sex, low educational
attainment, less physical activity, greater waist circumference,
higher WBC count, lower HDL-cholesterol concentration, and
a history of IHD or HF. In addition, a higher TFA intake was
associated with higher intakes of MUFA, PUFA, SFA, total fat,
and total energy and a lower protein intake.

During 7 y of follow-up (93,147 person years), 1572 of the
18,513 study participants died. The mortality rate per 1000
person-years of follow-up (95% CI) was 12.8 (11.3, 14.5), 14.3
(12.7, 16.2), 14.6 (13.0, 16.5), 19.0 (17.1, 21.1), and 23.6 (21.5,
25.9) for the first through the fifth quintile of TFA intake,
respectively.

Kaplan-Meier and Cox regression analyses

Kaplan-Meier curves for survival across quintiles of TFA
intake are shown in Figure 2, which show a lower survival in the
top quintiles of TFA intake (log rank, P , 0.001). The HRs of
death by quintiles of energy-adjusted TFA intake are shown in
Table 2. All models satisfied the proportionality assumption. In
the unadjusted model, individuals in the highest 2 quintiles had
an increased risk of all-cause mortality for the fourth (HR: 1.48;
95% CI: 1.26, 1.75) and fifth (HR: 1.83; 95% CI: 1.57, 2.15)
quintiles. This association remained significant after adjustment
for age, sex, smoking status, race, region, alcohol use, education,
waist circumference, level of physical activity, diabetes, IHD,
hypertension, stroke, probable HF, chronic kidney disease, use
of statins, total energy intake, and energy-adjusted intakes of
SFA, MUFA, PUFA, and proteins for the fourth quintile (HR:
1.25; 95% CI: 1.05, 1.48) and fifth quintile (HR: 1.24; 95% CI:
1.05, 1.48). In all models, a significant trend of increasing risk of
all-cause mortality with increasing quintiles of TFA intake was
observed (P , 0.05). No significant interactions were found
between TFA and sex (P = 0.36), race (P = 0.77), or PUFA
intake (P = 0.34).

In analyses that additionally adjusted for HDL cholesterol,
LDL cholesterol, triglycerides, and CRP, the HR (95%CI) for all-
cause mortality for the first through fifth quintiles of TFA intake
were 1.00, 1.02 (0.85, 1.21), 0.98 (0.82, 1.17), 1.25 (1.05, 1.49),
and 1.25 (1.05, 1.49), respectively (P-trend = 0.002). In analyses
that excluded people without data on inflammatory markers (n =
13,070), the HRs (95% CIs) for the first through fifth quintiles of
TFA intake were 1.00, 1.20 (0.95, 1.51), 1.06 (0.83, 1.34), 1.26
(1.00, 1.60), and 1.33 (1.04, 1.69), respectively (P-trend =
0.103) for the model without serum lipids and inflammatory
markers and 1.00, 1.16 (0.92, 1.47), 1.01 (0.80, 1.29), 1.25
(0.98, 1.58), and 1.30 (1.02, 1.65), respectively (P-trend =
0.095) for the model with lipids and inflammatory markers.

Population attributable risk estimates

The population attributable risk was 0.21 (95% CI: 0.18, 0.23)
in the unadjusted model, whereas it was 0.07 (95%CI: 0.05, 0.08)
in the fully adjusted model.

DISCUSSION

A higher intake of TFAwas associated with an increased risk of
all-cause mortality in the REGARDS cohort. Compared with the
first quintile, the risk of increased mortality was 25% (95% CI:
5%, 48%) in the fourth quintile and 24% (95% CI: 5%, 48%) in
the fifth quintile. A dose-response relation with a significant trend
in mortality was observed across quintiles of TFA intake (P ,
0.05). Contrary to studies on TFA and cardiovascular mortality,
the association between TFA and all-cause mortality observed in
this study was only significant at higher intakes of TFA (3.45%
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TABLE 1

Distribution of potential confounders by quintiles of energy-adjusted trans fat intake in the REGARDS study, 2003–20071

Variable

Quintiles of trans fat intake

P value21 (n = 3702) 2 (n = 3703) 3 (n = 3703) 4 (n = 3702) 5 (n = 3703)

trans Fat (% of energy) 1.60 6 0.393 2.30 6 0.32 2.84 6 0.36 3.45 6 0.43 4.68 6 0.93 —

Age (y) 64.7 6 9.0 64.6 6 9.1 64.7 6 9.4 64.6 6 9.2 65.7 6 9.5 ,0.001

Sex (% female) 72 63 57 48 35 ,0.001

Race (% white) 65 65 66 69 68 ,0.001

Region (%) ,0.001

Buckle 21 21 22 22 21

Belt 30 32 34 36 40

Other 49 47 44 42 39

Income (%) ,0.001

,$20,000 16 14 15 15 16

$20,000–$34,000 23 23 24 24 27

$35,000–$74,000 29 31 32 34 33

$$75,000 20 20 18 17 13

Refused 12 12 11 10 11

Education (%) ,0.001

,High school 8 8 8 9 12

High school 22 24 25 27 30

Some college 27 28 29 28 27

Graduate 43 40 38 36 31

Smoking status (%) ,0.001

Never smoker 47 46 46 45 42

Past smoker 40 41 41 40 44

Current smoker 13 13 13 15 14

Alcohol (%) ,0.001

Never drinker 26 26 28 29 32

Past drinker 13 13 16 19 22

Current drinker 61 61 56 52 46

Physical activity (%) ,0.001

None 28 31 33 34 36

1–3 times/wk 37 39 37 37 35

$4 times/wk 35 30 30 29 29

BMI (kg/m2) 28.4 6 6.0 29.0 6 6.0 29.3 6 6.1 29.4 6 6.1 28.9 6 5.8 ,0.001

Waist circumference (cm) 92.0 6 14.8 94.1 6 15.5 95.5 6 14.8 96.9 6 15.3 97.5 6 14.6 ,0.001

IHD (%) 15 16 16 19 19 ,0.001

Hypertension (%) 56 55 58 56 57 0.37

Stroke (%) 5 5 5 6 5 0.24

Diabetes (%) 18 18 20 19 20 0.23

Heart failure (%) 11 11 11 13 13 ,0.001

CKD (%) 1 1 1 1 2 ,0.001

Statin users (%) 29 32 33 35 34 ,0.001

HDL cholesterol (mg/dL) 57 6 18 54 6 16 52 6 16 50 6 15 49 6 15 ,0.001

LDL cholesterol (mg/dL) 114 6 35 115 6 34 113 6 35 118 6 34 113 6 34 0.01

Serum albumin (g/dL)4 4.21 6 0.33 4.19 6 0.33 4.18 6 0.32 4.18 6 0.32 4.16 6 0.33 ,0.001

WBC count (3109 cells/L)4 5.51 (4.54, 6.73)5 5.59 (4.64, 6.83) 5.64 (4.63, 6.86) 5.72 (4.72, 6.81) 5.82 (4.76, 7.03) ,0.001

Triglycerides (mg/dL) 105 (77, 147) 109 (80, 154) 111 (82, 157) 114 (84, 164) 115 (84, 162) ,0.001

hsCRP (mg/L) 2.04 (0.89, 4.63) 2.09 (0.91, 4.87) 2.11 (0.94, 4.93) 2.15 (0.97, 4.82) 2.05 (0.91, 4.63) 0.15

SBP (mm Hg)4 125.96 6 16.02 125.87 6 16.49 126.85 6 16.33 126.94 6 15.64 127.70 6 16.19 ,0.001

DBP (mm Hg)4 75.74 6 9.65 75.67 6 9.40 76.05 6 9.40 76.35 6 9.47 76.59 6 9.35 ,0.001

Total energy (kcal/d) 1656 6 630 1624 6 659 1674 6 688 1745 6 741 1835 6 786 ,0.001

Protein (g/d)6 58.7 6 14.8 59.1 6 13.9 58.2 6 13.2 57.7 6 12.8 55.2 6 12.2 ,0.001

Carbohydrates (g/d)6 188 6 47 187 6 40 190 6 38 192 6 35 197 6 34 ,0.001

Total fat (g/d)6 58.8 6 17.2 63.4 6 14.7 65.7 6 13.7 68.8 6 13.0 72.1 6 12.9 ,0.001

MUFA (g/d)6 22.7 6 8.0 23.9 6 6.5 24.7 6 5.9 26.0 6 5.6 27.6 6 5.5 ,0.001

PUFA (g/d)6 14.9 6 5.6 16.4 6 5.3 17.1 6 5.2 17.8 6 5.0 18.6 6 5.1 ,0.001

SFA (g/d)6 16.5 6 5.4 18.2 6 5.0 19.0 6 4.7 19.9 6 4.5 20.7 6 4.3 ,0.001

trans Fat (g/d)6 2.8 6 0.6 4.0 6 0.3 5.0 6 0.3 6.2 6 0.4 8.6 6 1.6 ,0.001

1There were 30,239 participants in the REGARDS study; 8986 were excluded for missing data from the Block 98 food-frequency questionnaires and

2740 for missing data on covariates, which left 18,513 participants for the current analysis. CKD, chronic kidney disease; DBP, diastolic blood pressure;

hsCRP, high-sensitivity C-reactive protein; IHD, ischemic heart disease; REGARDS, Reasons for Geographic and Racial Differences in Stroke; SBP, systolic

blood pressure; WBC, white blood cell.
2Differences between quintiles of trans fat were analyzed by using the chi-square test for categorical variables and 1-factor ANOVA or the Kruskal-

Wallis test for continuous variables
3Mean 6 SD (all such values).
4Missing values: 4861 for serum albumin, 5442 for WBC count, 7 for SBP, and 8 for DBP.
5Median; 25th and 75th quartiles in parentheses (all such values).
6Adjusted for total energy intake.
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of energy compared with w2% of energy in cardiovascular
disease mortality studies) (2).

To our knowledge, this was the first study to demonstrate
a direct association between TFA intake and all-cause mortality.
Our findings are in line with those from the Seven Countries
ecologic study (3), in which Kromhout et al showed a strong
positive correlation between the average intake of the trans fatty
acid elaidic acid and the 25-y mortality from IHD (r = 0.78, P,
0.001).

Our results partly corroborate results from mathematical
models that suggested that a high TFA intake is associated with an
increase in all-cause mortality. For example, a study conducted
by Danaei et al (11) combined knowledge on risk factors with
data from previous studies as well as disease-specific mortality
records and estimated that, in 2005, 82,000 deaths were attributed
to high dietary TFA in the United States. An earlier estimate by

Willet and Ascherio (4) indicated that, every year, .30,000
deaths could be attributed to TFA intake (assuming 2% energy
from TFA) in the United States. On the basis of our results, we
estimated that 7% (95% CI: 5%, 8%) of deaths due to any cause
would be avoided if the REGARDS study participants reduced
their TFA energy intake to ,1.6% (the intake in our first
quintile). Using the 2005 reported US total mortality (2,448,017
deaths) and our estimated population attributable risk, we esti-
mated that 24,480 deaths per year could be avoided by reducing
the TFA intake to,1.6%—an intake still higher than the current
guideline of ,1%.

The adverse effects of TFA intake on cardiovascular outcomes
are thought to be mediated mainly through lipids and in-
flammation (2). A higher TFA intake is associated with increases
in TNF-a, monocyte chemotactic protein-1, IL-6, and CRP (22–
24). Elevated inflammation is an independent risk factor for

FIGURE 2. Proportion of living participants by quintiles of energy-adjusted trans fat intake in the Reasons for Geographic and Racial Differences in Stroke
study (recruited from all across the continental United States from January 2003 to October 2007). Of 30,239 participants, 8986 were excluded for missing
data from the Block 98 food-frequency questionnaires and 2740 for missing data on covariates, which left 18,513 participants for the current analysis.
Differences in survival by quintiles of trans fat intake were analyzed by using the Kaplan-Meier method. The log-rank P value was ,0.001.
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cardiovascular disease (24, 30) and all-cause mortality (13,
31–34). In addition, an elevated TFA intake is associated with
endothelial dysfunction (5, 25), decreased activity of serum
paraoxonase (35), higher cholesterol ester transfer protein ac-
tivity (36), elevated serum LDL cholesterol (26), decreased LDL
cholesterol particle size (37), decreased serum HDL cholesterol
(24, 25), and impaired postprandial activity of tissue plasmin-
ogen activator (2). All of these are associated with adverse
cardiovascular outcomes and other chronic conditions.

The proinflammatory effects of TFA may also be the link
between TFA and cancer (38). Chronic inflammation is a critical
component in cancer pathogenesis (39). Reactive oxygen and
nitrogen species produced by inflammatory cells are thought to
induce DNA damage, which ultimately results in neoplastic
transformation of the affected cells (38, 39). People with chronic
inflammatory conditions have a higher risk of cancer than do
those without these conditions. For example, people with chronic
Helicobacter pylori infection have a higher risk of stomach
cancer (40) and people with chronic ulcerative colitis or Crohn
disease have a higher risk of colon cancer (38). Indeed, long-
term use of nonsteroidal antiinflammatory drugs is associated
with a 40–50% lower risk of colon cancer (41, 42).

Inflammation may also mediate the association between TFA
intake and stroke (9, 43). Atherosclerosis, one of the most
prevalent causes of stroke (44), is widely regarded as an in-
flammatory process (45). Increased TFA intake is associated with
atherogenic dyslipidemia involving elevated LDL cholesterol,
decreased LDL particle size, and a reduction of HDL cholesterol
(37, 46). In addition, an elevated TFA intake is associated with an
increased incidence of diabetes (6)—an independent risk factor
for stroke (44). Despite the aforementioned studies, analyses
that adjusted for lipids did not substantially alter the HR for all-
cause mortality. We observed a small attenuation in the HRs
after adjustment for inflammation, but there was a concomitant
reduction in the sample size from 18,513 to 13,070. Thus, the
small changes in the HRs may have been due to a change in the
sample size.

We acknowledge many limitations of this analysis. First, TFA
and other dietary intake data were self-reported and were thus
subject to measurement error. However, the Block food-frequency

questionnaire used in this study has been validated in many studies
in the United States and yielded consistent TFA intake estimates
(14–17). In addition, TFA intake measured in this cohort showed
associations with lipids, especially HDL cholesterol, that are
consistent with those from other studies. Second, because the
study used baseline dietary data to predict future mortality, the
implicit assumption was that an individual’s TFA intake remained
constant over the follow-up period. As in Canada, where Health
Canada called for a voluntary reduction in the amount of TFA in
foods (47), TFA intakes in the United States are likely to have
decreased over the years following legislation to reduce the
amount of TFA in foods (48). Thus, the associations observed in
our study may be imprecise. On the other hand, our approach of
using intakes at baseline has been used by many studies and has
apparently provided accurate data (5, 15, 16). Third, because of
the lack of data on TFA isomers in the REGARDS cohort, we
were not able to compare the effects of TFA from ruminant
sources with those from partial hydrogenation of cooking oils.
However, whereas some studies have suggested that TFA from
ruminant sources may be cardioprotective, a recent meta-analysis
showed that both ruminant- and industry-derived TFA have
similar effects on the cardiovascular system (49). Finally, adju-
dicated data on all individual causes of death are not yet available
in the REGARDS cohort. This precluded analyses to determine
the relation between TFA intake and individual causes of death.
This will be the subject of subsequent analyses.

The current study also had many strengths. First, it was based
on a large sample (n = 18,513) of black and white men and
women from the continental United States. Second, there was
a large number of deaths during the 7-y follow-up period (n =
1572), which provided ample statistical power. Third, deaths
were confirmed by using validated methods. Finally, this study
included various energy-adjusted macronutrient variables (eg,
PUFAs and carbohydrates) in the models because of their known
correlations with trans fat (50) and various major causes of
death. Although this was likely to have reduced the potential for
spurious findings, residual confounding cannot be ruled out.

In conclusion, an increased intake of TFAs is associated with
an increased risk of all-cause mortality independent of known
risk factors. Contrary to studies on TFA intake and cardiovascular

TABLE 2

The association between quintiles of trans fat intake and all-cause mortality in the REGARDS study, 2003–20071

Quintiles of trans fat intake

P-trend1 (n = 3702) 2 (n = 3703) 3 (n = 3703) 4 (n = 3702) 5 (n = 3703)

No. of deaths 238 266 272 354 442

Person-years 18,627 18,566 18,579 18,656 18,720

Mortality/1000 person-years 12.8 (11.3, 14.5)2 14.3 (12.7, 16.2) 14.6 (13.0, 16.5) 19.0 (17.1, 21.1) 23.6 (21.5, 25.9)

Model3

1 1.00 1.12 (0.94, 1.34) 1.15 (0.97, 1.37) 1.48 (1.26, 1.75) 1.83 (1.57, 2.15) ,0.001

2 1.00 1.04 (0.87, 1.24) 1.04 (0.87, 1.24) 1.28 (1.08, 1.51) 1.36 (1.15, 1.59) ,0.001

3 1.00 1.03 (0.86, 1.23) 0.98 (0.82, 1.17) 1.25 (1.05, 1.48) 1.24 (1.05, 1.48) 0.004

1There were 30,239 participants in the REGARDS study; 8986 were excluded for missing data from the Block food-frequency questionnaires and 2740

for missing data on covariates, which left 18,513 participants for the current analysis. Cox regression was used to test the association between trans fat and all-

cause mortality. REGARDS, Reasons for Geographic and Racial Differences in Stroke.
2HR; 95% CI in parentheses (all such values).
3Model 1: unadjusted. Model 2: adjusted for sex, age, and smoking status. Model 3: adjusted as for model 2 plus race, region, alcohol use, education,

waist circumference, level of physical activity, diabetes, coronary heart disease, hypertension, stroke, heart failure, chronic kidney disease, statin use, total

energy intake, and energy-adjusted intakes of SFA, MUFA, PUFA, proteins, and carbohydrates.
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mortality, the association between TFA intake and all-cause
mortality was significant only at higher intakes of TFA ($3.5%
of energy in this study compared with w2% in cardiovascular
disease mortality studies), which suggests that TFA may be
more potent at increasing the risk of cardiovascular disease than
of other causes of death. More studies are needed to further
evaluate the contribution of TFA to death from all causes.
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