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Association of trans fatty acid intake with metabolic risk
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Objective: We examined cross-sectional associations of total, hydrogenated, and natural trans fatty acid intake
with selected metabolic risk factors in young Japanese women. Methods: Subjects were 1136 Japanese female
dietetic students aged 18-22 years. Dietary intake was estimated using a validated, self-administered diet history
questionnaire. Associations between trans fatty acid intake and metabolic risk factors were examined with mul-
tivariate linear regression analysis, with control for potential covariates. Dietary covariates included intake of
energy, total fat, and saturated fatty acids (model 1); monounsaturated fatty acids instead of saturated fatty acids
(model 2); and polyunsaturated fatty acids instead of saturated fatty acids (model 3). Results: Mean (standard
deviation) total trans fatty acid intake was 0.90% (0.30%) of total energy. Hydrogenated trans fatty acids con-
tributed 77% of total trans fatty acid intake. Total trans fatty acid intake was significantly and positively associ-
ated with waist circumference, triacylglycerol, and glycated hemoglobin, except in the analysis of triacylglycerol
with adjustment for monounsaturated fatty acids. No associations were found between total trans fatty acid in-
take and body mass index, cholesterol, or glucose. Hydrogenated trans fatty acid intake was significantly and
positively associated only with waist circumference and glycated hemoglobin. No association was observed for
natural trans fatty acid intake. Conclusion: hydrogenated trans fatty acid intake was positively associated with

several metabolic risk factors among free-living young Japanese women with relatively low intake.
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INTRODUCTION

Trans fatty acids, unsaturated fatty acids formed during
the partial hydrogenation of commercial liquid vegetable
oils to semi-solid fats, are found in margarine, shortening,
and frying fats. A summary of human intervention trials
has suggested that diets high in trans fatty acids have
significantly adverse effects on blood lipid concentra-
tions;' and trans fatty acids may also have a negative ef-
fect on insulin sensitivity,? albeit that not all trials have
found such an effect.** Although these results suggest the
possible association of trans fatty acid intake with several
metabolic risk factors, intake levels were generally higher
(3.8%-20% energy)" than those in free-living populations
(0.87%-4.30% energy),”"* hampering their direct extrapo-
lation to free-living populations.

Few observational studies have investigated the asso-
ciation between trans fatty acid intake and metabolic risk
factors among free-living populations, and results have
been inconsistent. Significant unfavorable associations
have been reported for blood lipid concentrations,”'*'?
glucose concentrations,'> waist circumference,'"'> and
body weight'® versus no significant association for blood
lipid concentrations,”'* glucose concentrations® and body
mass index (BMI)."> Moreover, different effect on meta-
bolic risk factors between hydrogenated trans fatty acids,

produced by partial hydrogenation of commercial liquid
vegetable oils, and natural trans fatty acid, found natu-
rally in ruminants as a results of bio-hydrogenation of
polyunsaturated fatty acids, has been suggested.'’

Despite the preventive value of early identification of
modifiable dietary factors among healthy and young
populations and the possible onset of chronic diseases
associated with each of these metabolic risk factors in the
young,'* most of these observational studies were con-
ducted in middle-aged and elderly populations (mean
subject age across studies: >30 years). Further, they were
largely conducted in western populations,”'"* and in-
formation from Asian countries, including Japan, where
dietary fat intake is relatively low," is limited."

We conducted a cross-sectional study of the associa-
tions between total, hydrogenated, and natural trans fatty
acid intake and metabolic risk factors, including BMI,
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waist circumference, and serum levels of cholesterol [to-
tal, low-density lipoprotein (LDL), and high-density lipo-
protein (HDL)], triacylglycerol, glucose, and glycated-
hemoglobin (HbAlc) among free-living young Japanese
women.

MATERIAL AND METHODS

Study population

The present study was based on a multi-center cross-
sectional study conducted from February to March 2006
and from January to March 2007 among female dietetic
students at 15 institutions in Japan. All measurements at
each institution were carried out in accordance with the
survey protocol. The survey protocol has been described
in detail elsewhere.'®"® Briefly, staff at each institution
provided an outline of the survey to potential subjects.
Those who responded positively were provided detailed
written and oral explanations of the survey’s general pur-
pose and procedure. A total of 1176 Japanese women
took part. For the present analyses, those aged <18 or >22
years (N = 22) were excluded since the majority of Japa-
nese dietetic students are in the 18-22 years of age range.
We also excluded those who provided incomplete survey
questionnaires (N = 1); reported extremely low or high
energy intake (<500 or >4000 kcal/day; n = 2); were cur-
rently receiving dietary counseling from a doctor or dieti-
tian (n = 13); had a history of a diagnosis of diabetes,
hypertension, or cardiovascular disease (n = 1); or had no
data for body height and weight (n = 2). Those who pro-
vided non-fasting blood samples (n = 34) or who had
missing information on any metabolic risk factor (n = 16)
were excluded from the analyses of biochemical meas-
urements. Some participants fell into more than one ex-
clusion category. A total of 1136 women were eligible for
BMI and waist circumference analyses, and 1087 for se-
rum cholesterol (total, LDL, and HDL), triacylglycerol,
glucose, and HbAlc. The study was approved by the Eth-
ics Committee of the National Institute of Health and Nu-
trition. Written informed consent was obtained from all
subjects and from a parent of subjects aged <20 years.
Basic physical characteristics of the subjects (n = 1136)
have been published elsewhere.'®"®

Dietary assessment
A previously validated, self-administered, comprehensive
diet history questionnaire (DHQ)'*** was used. The DHQ
is a 16-page structured questionnaire about dietary habits
during the previous month. Responses to the DHQ and to
an accompanying lifestyle questionnaire were checked at
least twice for completeness. The DHQ and lifestyle
questionnaire have been described in detail elsewhere.'***
Estimated dietary intake for a total of 150 food and bev-
erage items, energy, and selected nutrients (except trans
fatty acids) were calculated using an ad hoc computer
algorithm for the DHQ, which was based on the Standard
Tables of Food Composition in Japan.”* Estimated total,
hydrogenated, and natural trans fatty acid intake was cal-
culated based on a food composition database developed
for the present study.

To minimize the influence of dietary misreporting, a
known problem of self-reported dietary assessment meth-
ods,**** nutrient intake was energy-adjusted using the

density method (i.e., percentage of energy for energy-
yielding nutrients and amounts per 1000 kcal of energy
for other nutrients).”® The methods used to calculate die-
tary intake and the validity of the DHQ with commonly
studied nutritional variables have been described in detail
elsewhere."””* For example, the relative validity of die-
tary intake estimated from the DHQ was examined
against that from 3-day weighed diet records in 47
women. Pearson correlation coefficients between the two
methods were 0.55 for total fat, 0.75 for saturated fatty
acids, 0.50 for monounsaturated fatty acids, and 0.37 for
polyunsaturated fatty acids."

Validation of trans fatty acid intake

The relative validity of trans fatty acid intake estimated
from the DHQ was examined against that from the 16-day
weighted diet records among 92 women 31-69 years of
age. Subjects completed a 4-nonconsecutive-day (one
weekend day and three weekdays) semi-weighed diet
record (DRs) four times, at intervals of approximately 3
months (from November 2002 to September 2003). De-
tails of the diet record procedure are provided else-
where.”” Briefly, during the orientation session, registered
dietitians gave the subjects both written and verbal in-
structions on how to keep the DRs, provided recording
sheets and a digital scale, and asked the subjects to record
and weigh all foods and beverages consumed on each
recording day. All collected records were checked by
trained registered dietitians in the respective local centers
and then again in the study center. A total of 1320 food
and beverage items appeared in the DR.

Since a comprehensive trans fatty acid food composi-
tion tables is not available in Japan, we developed a trans
fatty acid database for 1976 foods appearing in the Stan-
dard Tables of Food Composition in Japan.”* Among the
1976 foods, 1469 were determined to contain no trans
fatty acids since they contained no or only a trace amount
of fat* and no hydrogenated oils or ruminants.”’
Determination of the trans fatty acid content was done via
a 4-step process, as follows:

Step 1: The primary data source for trans fatty acid
values of the remaining 507 foods was direct chemical
analysis.zg'43 We searched PubMed, CiNii, and Medical
Online Library databases for English or Japanese litera-
ture reporting analyses of trans fatty acid content of foods
assessed by gas chromatography* conducted in Japan.
We also included data on analytic trans fatty acid values
from two unpublished reports (personal communication;
T. Maruyama, 2001) and three foods provided in the
Standard Tables of Food Composition in Japan (i.e., soft
margarine, fat spread, and shortening).”

Trans fatty acid values in the analytic data were
converted to grams per 100 g of food, adjusting for total
fat content in the Standard Tables of Food Composition in
Japan®™ using the following equation: Trans fatty acid
(2)/100 g of food = [trans fatty acid (g)/total fat (g) in
reference] x [total fat (g)/100g of food in the Standard
Tables of Food Composition in Japan]. When only one
article existed and this article analyzed the trans fatty acid
content in a single example of a food only, this value was
selected (n = 13). When only one article existed and this
article analyzed the trans fatty acid content of several
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samples and reported minimum, maximum, and/or mean
values, we selected the mean value for the food (n = 71).
When multiple articles existed but reported different
mean trans fatty acid values for a specific food, we calcu-
lated the mean value by weighting the number of foods
analyzed in each article (n = 59).

Step 2: When the trans fatty acid value for a specific
food (except meat cuts) could not be obtained using Step
1 but an analytic value was available for a similar food
having similar nutrient composition” within the same
food group by Step 1, that value (trans fatty acid % of
total fat) was assigned (n = 173). When the analytic trans
fatty acid value of a specific meat cut was unavailable
(Step 1) but an analytic value for a similar part was (n =
172), that value was assigned.

Step 3: For food products where trans fatty acid values
could not be determined using Steps 1 and 2, but for
which the manufacturer had a presence in both Japan and
the US, we compared the nutrient composition of the food
in Japan, as shown on the website of the company, with
that of the US, as provided in the ESHA Food Processor
SQL (ESHA Research, Salem, Oregon), and assigned the
value obtained from the ESHA (n = 3).

Step 4: When the trans fatty acid values for a specific
food were unavailable using Steps 1-3, we then imputed
values by referring to recipes® and the nutrient composi-
tion of foods™ (n = 16). Among 16 foods, 4 foods were
determined to contain trans fatty acids.

Using the trans fatty acid database created above (n
=1976), we matched food codes in the database and those
in the DHQ. A total of 48 foods in the DHQ were deter-
mined to contain trans fatty acids; among them, trans
fatty acid values for 37 foods were determined through
direct matching of published data. Trans fatty acid values
for the remaining 11 foods were determined as follows:
direct matching from unpublished data (n = 1); direct
matching from both published and unpublished data (n =
2); assignment of a similar food value whose trans fatty
acid value was determined by direct matching from pub-
lished data (n = 3); assignment of a similar food value
whose trans fatty acid value was determined by direct
matching from both published and unpublished data (n =
1); direct matching obtained from EHSA Food Processor
(n = 2); and direct matching of ingredients in a recipe
with published data (n = 2).

Intake of energy and fatty acids were estimated based
on the estimated intakes of all items and the Standard
Tables of Food Composition in Japan.” Total, hydrogen-
ated, and natural trans fatty acid intake was estimated
based on the database created in the present study. Pear-
son’s correlation coefficients between the DHQ and 16-
day weighed diet records were 0.58 for total fat, 0.67 for
saturated fatty acids, 0.54 for monounsaturated fatty acids,
0.34 for polyunsaturated fatty acids, 0.63 for total trans
fatty acids, 0.58 for hydrogenated trans fatty acids, and
0.39 for natural trans fatty acids (unpublished observa-
tions, S. Sasaki, 2008).

Metabolic risk factors

Metabolic risk factors were assessed 1-3 days after com-
pletion of the questionnaires. The clinical measurements
used have been described in detail elsewhere.'” Briefly,

body weight and height were measured to the nearest 0.1
kg and 0.1 cm, respectively. Body mass index was calcu-
lated as body weight (kg) divided by the square of body
height (m?®). Waist circumference was measured at the
level of the umbilicus to the nearest 0.1 cm. Overnight
fasting blood samples were collected with vacuum tubes
which contained no preservative, allowed to clot, and
centrifuged at 3000 g for 10 minutes at room temperature
to separate the serum. Blood samples for HbAlc were
also collected in evacuated tubes containing no additives.
To avoid significant degradation, blood samples were
transported by car or airplane at -20 °C to a laboratory in
Tokyo, Japan (SRL Inc in 2006 and Mitsubishi Kagaku
Bio-Clinical Laboratories Inc in 2007) and assayed within
1-2 days of collection. Serum concentrations of total,
LDL, and HDL cholesterol, triacylglycerol, and glucose
were measured by enzymatic assay methods. Glycated
hemoglobin was measured by latex agglutination-
turbidimetric immunoassay. In-house quality-control pro-
cedures for all assays were conducted at the respective
laboratory.

Other variables

The DHQ included self-reported current alcohol drinking
(yes or no) and rate of eating (slow, medium, or fast).'®
The lifestyle questionnaire included self-reported residen-
tial area, which was grouped into one of three geographi-
cal regions [north (Kanto, Hokkaido, and Tohoku); cen-
tral (Tokai, Hokuriku, and Kinki); and south (Kyushu and
Chugoku); hereafter referred to as ‘residential block’].'®
The residential areas were also grouped into three catego-
ries according to population size (city with population >1
million; city with population <1 million; and town and
village; hereafter referred to as ‘size of residential area’).
Current smoking (yes or no) was reported in the lifestyle
questionnaire.'® Physical activity (total metabolic equiva-
lents-h/day) was calculated as the average metabolic
equivalent-hours per day*® on the basis of the frequency
and duration of five different activities (sleeping, high-
and moderate-intensity activities, walking, and sedentary
activities) over the preceding month as reported in the
lifestyle questionnaire.’

Statistical analyses

All statistical analyses were performed using SAS statis-
tical software (version 9.1; SAS Institute Inc, Cary, NC).
Linear regression models were used (in PROC GLM) to
assess the associations of total, hydrogenated, and natural
trans fatty acid intake with eight metabolic risk factors.
For the analyses, subjects were divided into quintiles ac-
cording to total, hydrogenated, and natural trans fatty
acid intake. The mean =+ standard error for metabolic risk
factor values were calculated by quintiles of total, hydro-
genated, and natural trans fatty acid intake after multi-
variate adjustments for potential confounding variables.
Covariates included residential block, size of residential
area, survey year (2006 or 2007; to account for the differ-
ent laboratories used for the 2006 and 2007 surveys, not-
withstanding that they used the same assay methods),
current smoking, current alcohol drinking, rate of eating,
physical activity (continuous), BMI (continuous; except
for the analysis of BMI itself), waist circumference (con-
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tinuous; except for the analysis of waist circumference
itself), and intake of energy (continuous), total fat (con-
tinuous), and saturated fatty acids (continuous; model 1).
Monounsaturated fatty acids (continuous; model 2) or
polyunsaturated fatty acids (continuous; model 3) were
added in place of saturated fatty acids. Linear trends with
increasing levels of total, hydrogenated, and natural trans
fatty acid intake were tested by assigning each subject the
median value for the category and modeling this value as
a continuous variable. All reported p values are two-tailed,
and a p value of < 0.05 was considered statistically sig-
nificant.

RESULTS

Mean (standard deviation) dietary intake of all subjects (n
= 1136; those included in the analyses of BMI and waist
circumference) is shown in Table 1. Intake of total, hy-
drogenated, and natural trans fatty acid intake ranged
from 0.26% to 2.25%; 0.09 to 2.18%; and 0.01 to 0.64%
of energy, respectively. Hydrogenated trans fatty acids
contributed to 77% of total trans fatty acid intake. Major
food groups contributing to total trans fatty acid intake
were fat and oil (24.3%), bakery (20.2%), and confections
(19.5%). Mean BMI and waist circumference were 21.3
(2.7) kg/m? and 72.9 (7.1) cm, respectively.

Potential confounding factors for all subjects (n =
1136) according to quintile of total trans fatty acid intake
are shown in Table 2. Women in higher quintiles of in-
take were more likely to live in the north region and to
have higher intake of energy, total fat, and saturated,

Table 1. Dietary intake of subjects (n = 1,136) "

monounsaturated, and polyunsaturated fatty acids. By
quintile of total trans fatty acid intake, results were simi-
lar for potential confounding factors and dietary intake
among subjects included in the analyses of serum choles-
terol (total, LDL, and HDL), triacylglycerol, glucose, and
Hb A;.(n = 1087; data not shown). The results were simi-
lar according to quintile of hydrogenated and natural
trans fatty acid intake for all subjects (n = 1136) or
among subjects included in the analyses of serum choles-
terol (total, LDL, and HDL), triacylglycerol, glucose, and
Hb A (n = 1087), except for polyunsaturated fatty acid
intake in the analysis by quintile of natural trans fatty
acid intake (p = 0.06) (data not shown).

The multivariate-adjusted mean values for metabolic
risk factors across quintiles of total trans fatty acid intake
are shown in Table 3, 4, and 5, respectively. After ad-
justment for potential confounding factors, total trans
fatty acid intake was positively associated with waist cir-
cumference, triacylglycerol, and HbAlc (p for trend <
0.046; models 1-3), except for the analysis of triacylglyc-
erol with adjustment for monounsaturated fatty acids
(model 2). No associations were found for total trans
fatty acid intake with other metabolic risk factors. Addi-
tionally, hydrogenated trans fatty acid intake was inde-
pendently positively associated with waist circumference
and HbAlc (p for trend < 0.03; models 1-3), but not with
other metabolic risk factors (Table 4). Conversely, natural
trans fatty acid was not associated with any of the meta-
bolic risk factors (Table 5).

Variable

Energy intake (kcal/day)
Nutrient intake
Trans fatty acids (% energy)
Hydrogenated trans fatty acids (% energy)
Natural trans fatty acids (% energy)
Total fat (% energy)
Saturated fatty acids (% energy)
Monounsaturated fatty acids (% energy)
Polyunsaturated fatty acids (% energy)
Contributions of food groups to trans fatty acid intake (%)*
Fat and oil
Bakery
Confections
Milk and milk products
Meat and meat products
Soft margarine
French fries
Others

1752 + 447

0.90 +0.30
0.71 £0.29
0.19 £ 0.08
29.3+5.2
8.5+2.0
102+£2.2
64+13

243
20.2
19.5
13.4
8.7
5.1
3.6
5.2

TIValues are mean + standard deviation or contribution (%)

* Trans fatty acid value for food groups were determined by directly matching trans fatty acid value in published data with several excep-
tions indicated in parenthesis below; (1) direct matching from unpublished data (n = 1); (2) direct matching from both published and unpub-
lished data (n = 2); (3) assignment of a similar food value whose trans fatty acid value was determined by direct matching from published
assessment data (n = 3); (4) assignment of a similar food value whose trans fatty acid value was determined by direct matching from both
published and unpublished data (n = 1); (5) direct matching obtained from ESHA Food Processor (n = 2); and (6) direct matching of ingre-
dients in a recipe with published data (n = 2).

$Food groups were defined as follows: fat and oil [i.e., butter, refined vegetable oil, salad dressing (6), and mayonnaise]; bakery [i.e.., white
bread (2), butter roll (2), danish and pastry, croissant (1), pancake (3), pizza (5), and Japanese-style pancake (4); confections [i.e., potato
chips, Japanese-style rice crackers, snacks, cakes, cookies, chocolate, doughnuts, energy bar (3), traditional Japanese azuki paste (6), tradi-
tional Japanese sweets, high-fat ice cream, low-fat ice cream, and regular ice cream]; milk and milk products [i.e., whole milk, low-fat milk,
skim milk, sugar-added yogurt, nosugar-added yogurt, and sugar and nosugar-added yogurt, process cheese, cottage cheese, and coffee
cream]; meat and meat products (i.e., ground meat, chicken, poultry, beef, liver meat, ham and sausages, and bacon); soft margarine; French
fries; and others [i.e., instant ramen noodles, instant Chinese soup, instant corn soup (3), cornflake (5), tofu products, and retort foods].
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Table 2. Selected characteristics and dietary intake according to quintile (Q) of total trans fatty acid intake (n = 1136)"
Q1 (n=227) Q2 (n=227) Q3 (n=228) Q4 (n=227) Q5 (n=227) p

Median (range) value of total trans fatty acid intake (% energy) 0.56 (0.26-0.65) 0.72 (0.66-0.78) 0.88 (0.79-0.94) 1.03 (0.95-1.13) 1.32 (1.14-2.25)
Residential block
North (Kanto, Hokkaido, and Tohoku) 109 (48) 125 (56) 120 (53) 145 (64) 137 (60) 0.004
Central (Tokai, Hokuriku, and Kinki) 66 (29) 47 (20) 56 (24) 55(24) 51(23)
South (Kyushu and Chugoku) 52(23) 55(24) 52 (23) 27 (12) 39(17)
Size of residential area
City with population >1 million 27 (12) 37 (16) 42 (18) 33 (15) 44 (19) 0.14
City with population <1 million 183 (81) 170 (75) 178 (79) 180 (79) 172 (76)
Town and village 17 (7) 20 (9) 8(3) 4 (6) 11(5)
Survey year
2006 82 (36) 98 (43) 98 (43) 85(37) 98 (43) 0.33
2007 145 (64) 129 (57) 130 (57) 142 (63) 129 (57)
Current smoker 8(4) 73) 4(2) 3(1) 50) 0.50
Current alcohol drinker 89 (39) 108 (48) 103 (45) 98 (43) 87 (38) 0.22
Rate of eating
Slow 75 (33) 66 (29) 65 (28) 73 (32) 64 (28) 0.07
Medium 68 (30) 64 (28) 89 (39) 60 (27) 63 (28)
Fast 84 (37) 97 (43) 74 (33) 94 (41) 100 (44)
Physical activity (total metabolic equivalents-h/day) 33.7+£25 337+24 343+42 31.9+28 33.8+33 0.73
Energy intake (kcal) 1611 + 371 1713 + 441 1764 + 440 1799 + 468 1876 + 468 <0.001
Nutrient intake
Total fat (% energy) 249+45 28.0+44 29.8+43 31.1+4.2 32.8+4.6 0.03
Saturated fatty acids (% energy) 72+1.8 8.0+1.7 87+1.8 92+1.8 9.3+2.0 <0.001
Monounsaturated fatty acids (% energy) 87+19 99+19 10.5+1.8 10.8 2.0 11.0£23 <0.001
Polyunsaturated fatty acids (% energy) 58+1.3 64+13 6.6+£1.2 6.6+13 6.6+t14 <0.001

T Values are the number of subjects (%) or mean + standard deviation.

For categorical variables, the Mantel-Haenszel chi-square test was used; for continuous variables, a linear trend test was used, with the median value in each quintile used as a continuous variable in linear regression.
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Table 3. Metabolic risk factors according to quintile (Q) of total trans fatty acid intake (n = 1 136)"

Q1 (n=227) Q2 (n=227) Q3 (n=228) Q4 (n=227) Q5 (n=227) p for trend’®
Median (range) value of total trans fatty acid intake (% energy) 0.56 (0.26-0.65) 0.72 (0.66-0.78) 0.88 (0.79-0.94)  1.03 (0.95-1.13)  1.32(1.14-2.25)
Body mass index (kg/m?)
Model 17 21.5+0.1 21.4+0.1 21.4+£0.1 21.2+£0.1 21.2£0.1 0.12
Model 2'f 21.5+0.1 21.4+0.1 21.4+0.1 21.2+0.1 21.2+0.1 0.17
Model 3+ 21.4+0.1 21.4£0.1 21.4+£0.1 21.2£0.1 21.3+0.1 0.34
Waist circumference (cm)
Model 1 722+0.3 723+£0.3 73.1£0.3 73.0+£0.3 73.9+£0.3 <0.001
Model 2 72.3+0.3 724+0.3 732+£03 73.0+£0.3 73.7+£0.3 0.002
Model 3 72.4+0.3 72.3+0.3 73.2+£0.3 729+0.3 73.6+£0.3 0.01
Total cholesterol (mg/dL)
Model 1 186.8 2.4 186.5+2.2 191.6+£22 190.5+£22 190.2 +£2.3 0.23
Model 2 188.0+2.4 187.4+£2.2 192.0+£2.2 190.3 £2.2 188.0+2.4 0.85
Model 3 187.9+2.4 187.2+£2.2 191.8£2.2 190.5+£2.2 188.5+2.4 0.74
Low-density lipoprotein cholesterol (mg/dL)
Model 1 106.1 £2.0 1045+1.8 109.8 £ 1.8 107.4+1.9 107.6 1.9 0.42
Model 2 106.5+2.0 104.8+1.8 110.0+ 1.8 1074+1.9 107.8 £2.1 0.72
Model 3 106.7 £2.0 1049+1.8 110.0+1.8 1072+1.9 107.6 £2.0 0.87
High-density lipoprotein cholesterol (mg/dL)
Model 1 69.2+0.9 70.8+0.9 70.6£ 0.9 71.7+0.9 71.5+09 0.12
Model 2 69.8+0.9 71.3+09 70.9£0.9 71.5+0.9 702+ 1.0 0.92
Model 3 69.7+0.9 71.2+0.9 70.7 £ 0.9 71.5+0.9 70.7+0.9 0.62
Triacylglycerol (mg/dL)
Model 1 61.2+2.1 55.7+£2.0 62.7£19 61.4+£20 64.8+2.1 0.046
Model 2 61.4+22 56.0+2.0 62.7+19 61.2+2.0 64.5+2.2 0.10
Model 3 60.9+22 55.5+20 62.6 19 61.4+£2.0 653 +2.1 0.03
Glucose (mg/dL)
Model 1 84.0£0.5 83.2+04 842+04 844+04 84.5+0.5 0.14
Model 2 83.9+£0.5 83.2+04 842+04 844+04 84.7+0.5 0.08
Model 3 84.0+0.5 83.3+04 842+04 84.4+04 84.5+0.5 0.22
Glycated hemoglobin (%)
Model 1 4.835+0.02 4.82+£0.02 4.88 +£0.02 4.88+£0.02 491+0.02 0.003
Model 2 4.835+0.02 4.82+£0.02 4.88+£0.02 4.88+£0.02 4.91+0.02 0.005
Model 3 4.85+0.02 4.82+£0.02 4.88 £0.02 4.88 £0.02 4.90 +0.02 0.02

Values are mean + standard error.

*1n=1087 for serum cholesterol (total, low-density lipoprotein, and high-density lipoprotein), triacylglycerol, glucose, and glycated hemoglobin (217 in the first, third, and fifth quintile and 218 in the second and
fourth quintile). The median value of trans fatty acid intake in each quintile is the same.

Y A linear trend test was used with the median value in each quintile as a continuous variable in linear regression.

T Adjusted for residential block [north (Kanto, Hokkaido, and Tohoku), central (Tokai, Hokuriku, and Kinki), or south (Kyushu and Chugoku)], size of residential area (city with population >1 million, city with
population with <1 million, or town and village), survey year (2006 or 2007), current smoking (yes or no), current alcohol drinking (yes or no), rate of eating (slow, medium, or fast), physical activity (total meta-
bolic equivalents-h/day, continuous), body mass index (kg/m’, continuous; except for the analysis of body mass index itself), waist circumference (cm, continuous; except for the analysis of waist circumference
itself), and intake of energy (kcal/day, continuous), total fat (% energy, continuous), and saturated fatty acids (% energy, continuous).

Tt Adjusted for the variables used in model 1, and intake of monounsaturated fatty acids (% energy, continuous) instead of saturated fatty acids.

¥ Adjusted for variables used in model 1, and intake of polyunsaturated fatty acids (% energy, continuous) instead of saturated fatty acids.
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Table 4. Metabolic risk factors according to quintile (Q) of hydrogenated trans fatty acid intake (n = 1136)"*

Q1 (n=227) Q2 (n=227) Q3 (n=228) Q4 (n=227) Q5 (n=227) p for trend’
Median (range) value of hydrogenated trans fatty acid intake (% energy) 0.39 (0.09-0.46) 0.53 (0.46-0.59) 0.66 (0.60-0.74) 0.83 (0.74-0.93) 1.11 (0.93-2.18)
Body mass index (kg/m?)
Model 17 21.4+0.1 21.4+0.1 21.5+0.1 21.3+£0.1 21.2+0.1 0.32
Model 21 21.4+0.1 213+0.1 21.5+0.1 21.3+0.1 213+0.1 0.48
Model 3+ 21.3+0.1 213+0.1 21.5+0.1 21.3+0.1 213+0.1 0.64
Waist circumference (cm)
Model 1 72.5+£0.3 72.6 £0.3 724+£0.3 73.2+£03 73.8+£0.3 0.001
Model 2 72.6 £0.3 72.7+£0.3 72.5+0.3 73.2+03 73.6+0.3 0.02
Model 3 72.7+0.3 72.8+0.3 72.5+0.3 73.1+0.3 73.5+0.3 0.03
Total cholesterol (mg/dL)
Model 1 185.4+£23 187.6 £2.2 191.1+£2.2 191.9+2.2 189.6 £ 2.3 0.23
Model 2 186.4 +£2.3 188.7+22 191.5+£22 191.8+2.1 187.3+23 0.85
Model 3 186.3+2.3 188.3+22 191.3+2.1 191.7+22 188.0+2.3 0.74
Low-density lipoprotein cholesterol (mg/dL)
Model 1 104.4 £1.9 106.2 £ 1.8 108.8+1.8 109.0 £ 1.8 107.0+1.9 0.34
Model 2 105.0+1.9 106.6 £1.9 108.9+1.8 1089+1.9 106.0 £2.0 0.70
Model 3 105.0+1.9 106.7+ 1.9 1089+ 1.8 108.8 + 1.8 106.0+ 1.9 0.74
High-density lipoprotein cholesterol (mg/dL)
Model 1 69.2+0.9 70.4+£09 71.0£0.9 71.4+0.9 71.8+0.9 0.06
Model 2 69.8+0.9 70.9+0.9 71.2+0.8 71.3+0.8 70.6 0.9 0.62
Model 3 69.7+0.9 70.7 0.9 71.1+0.8 71.3£0.8 71.0+0.9 0.35
Triacylglycerol (mg/dL)
Model 1 61.3+2.1 58.1+2.0 60.7+1.9 62.5+1.9 63.2+2.0 0.20
Model 2 61.2+2.1 583+2.0 60.8+1.9 62.5+1.9 63.0+2.1 0.26
Model 3 61.0+2.1 58.0+2.0 60.6+1.9 62.6+2.0 63.6+2.1 0.14
Glucose (mg/dL)
Model 1 839+0.5 83.8+0.4 83.9+04 842+04 84.6+0.5 0.22
Model 2 83.8+0.5 83.8+0.4 83.9+04 842+04 84.7+0.5 0.14
Model 3 83.9+0.5 83.9+04 839+04 842+04 84.5+0.5 0.26
Glycated hemoglobin (%)
Model 1 4.84+0.02 4.85+0.02 4.85+0.02 4.88 £0.02 491 +0.02 0.007
Model 2 4.85+£0.02 4.85+£0.02 4.86 £0.02 4.88 £0.02 4.91+0.02 0.01
Model 3 4.85+0.02 4.86 £0.02 4.86 £0.02 4.88 £0.02 4.90 £ 0.02 0.03

" Values are mean + standard error.

1 =1087 for serum cholesterol (total, low-density lipoprotein, and high-density lipoprotein), triacylglycerol, glucose, and glycated hemoglobin (217 in the first, third, and fifth quintile and 218 in the second and
fourth quintile). The median value of hydrogenated trans fatty acid intake in each quintile was 0.39, 0.54, 0.67, 0.83, and 1.12, respectively.

Y A linear trend test was used with the median value in each quintile as a continuous variable in linear regression.

Y Adjusted for residential block [north (Kanto, Hokkaido, and Tohoku), central (Tokai, Hokuriku, and Kinki), or south (Kyushu and Chugoku)], size of residential area (city with population >1 million, city with popu-
lation with <1 million, or town and village), survey year (2006 or 2007), current smoking (yes or no), current alcohol drinking (yes or no), rate of eating (slow, medium, or fast), physical activity (total metabolic
equivalents-h/day, continuous), body mass index (kg/m’, continuous; except for the analysis of body mass index itself), waist circumference (cm, continuous; except for the analysis of waist circumference itself), and
intake of energy (kcal/day, continuous), total fat (% energy, continuous), and saturated fatty acids (% energy, continuous).

TT Adjusted for the variables used in model 1, and intake of monounsaturated fatty acids (% energy, continuous) instead of saturated fatty acids.

' Adjusted for variables used in model 1, and intake of polyunsaturated fatty acids (% energy, continuous) instead of saturated fatty acids.
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Table 5. Metabolic risk factors according to quintile (Q) of natural trans fatty acid intake (n = 1136)™

Q1 (n=227) Q2 (n=227) Q3 (n=228) Q4 (n=227) Q5 (n=227) p for trend’
Median (range) value of natural trans fatty acid intake (% energy) 0.11 (0.01-0.12) 0.15 (0.13-0.16) 0.19 (0.17-0.20) 0.23 (0.21-0.25) 0.32 (0.26-0.64)
Body mass index (kg/m?)
Model 17 21.3+0.1 21.4+0.1 21.4+0.1 21.4+0.1 21.2+0.1 0.57
Model 27! 21.3+0.1 21.4+0.1 21.4+0.1 21.4+0.1 21.2+0.1 0.52
Model 3 212+0.1 21.4+0.1 21.4+0.1 21.4+0.1 213+0.1 0.97
Waist circumference (cm)
Model 1 73.3+0.3 72.9+0.3 72.7+£0.3 72.6 £0.3 72.9+0.3 0.43
Model 2 73.2+0.3 729+0.3 72.7+0.3 72.6+0.3 73.1+0.3 0.84
Model 3 73.3+£0.3 73.0+0.3 72.8+0.3 72.6 0.3 72.8+0.3 0.22
Total cholesterol (mg/dL)
Model 1 187.8+2.4 191.7+23 190.3+23 190.0+2.3 185.9+2.5 0.40
Model 2 186.9+2.3 191.4+22 190.1 £2.1 1903 +£2.2 186.9+2.3 0.64
Model 3 187.7+23 191.8+22 1904 +2.1 190.0+£2.2 185.8+2.4 0.34
Low-density lipoprotein cholesterol (mg/dL)
Model 1 105.7 £2.0 109.7+£1.9 108.8 £ 1.8 109.0 £ 1.8 107.0+£2.2 0.41
Model 2 104.8 +1.9 109.2+1.8 107.3+1.8 108.6 £1.8 105.6 £2.0 0.85
Model 3 105.4 +£2.0 109.6 £ 1.9 1075+ 1.8 108.4 + 1.8 104.6 +2.0 0.50
High-density lipoprotein cholesterol (mg/dL)
Model 1 71.2+0.9 71.3+09 71.1+ 0.8 70.4+£09 70.0£1.0 0.25
Model 2 70.9+0.9 71.2+0.9 71.0+0.8 70.5+0.9 70.1£ 0.9 0.44
Model 3 71.1+0.9 71.3+£0.9 71.2+0.8 70.4+0.9 69.7+0.9 0.21
Triacylglycerol (mg/dL)
Model 1 57.1+2.1 61.0+2.0 62.0+1.9 61.9+2.0 63.8+23 0.08
Model 2 58.5+2.1 62.1+2.0 623+1.9 61.7+2.0 61.2+2.1 0.58
Model 3 582 +2.1 61.8+2.0 622+1.9 61.7+2.0 61.9+2.1 0.39
Glucose (mg/dL)
Model 1 83.8+0.5 843+04 83.7+04 842+04 84.3+0.5 0.64
Model 2 83.9+0.5 84.4+0.4 83.8+0.4 84.1+04 84.2+0.5 0.85
Model 3 84.0+0.5 84.5+0.4 83.8+04 84.1+0.4 84.0+£0.5 0.77
Glycated hemoglobin (%)
Model 1 4.85+0.02 4.89+0.02 4.87+0.02 4.85+0.02 4.88 £0.02 0.88
Model 2 4.85+0.02 4.89 +0.02 4.87+0.02 4.85+0.02 4.88 +0.02 0.87
Model 3 4.86 £0.02 4.89 £0.02 4.88 £0.02 4.85+0.02 4.86 £ 0.02 0.57

Values are mean + standard error.

¥n = 1087 for serum cholesterol (total, low-density lipoprotein, and high-density lipoprotein), triacylglycerol, glucose, and glycated hemoglobin (217 in the first, third, and fifth quintile and 218 in the second and fourth
quintile). The median value of natural trans fatty acid intake in each quintile was the same.

Y A linear trend test was used with the median value in each quintile as a continuous variable in linear regression.

Y Adjusted for residential block [north (Kanto, Hokkaido, and Tohoku), central (Tokai, Hokuriku, and Kinki), or south (Kyushu and Chugoku)], size of residential area (city with population >1 million, city with popula-
tion with <1 million, or town and village), survey year (2006 or 2007), current smoking (yes or no), current alcohol drinking (yes or no), rate of eating (slow, medium, or fast), physical activity (total metabolic equiva-
lents-h/day, continuous), body mass index (kg/m’, continuous; except for the analysis of body mass index itself), waist circumference (cm, continuous; except for the analysis of waist circumference itself), and intake of
energy (kcal/day, continuous), total fat (% energy, continuous), and saturated fatty acids (% energy, continuous).

TT Adjusted for the variables used in model 1, and intake of monounsaturated fatty acids (% energy, continuous) instead of saturated fatty acids.

¥ Adjusted for variables used in model 1, and intake of polyunsaturated fatty acids (% energy, continuous) instead of saturated fatty acids.
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DISCUSSION

In this group of free-living young Japanese women, total
trans fatty acid intake was positively associated with
waist circumference, triacylglycerol, and HbAlc, but not
with BMI, serum cholesterol, or glucose. Hydrogenated
trans fatty acid intake showed the significant and positive
associations with waist circumference and HbAlc, but
natural trans fatty acid intake did not show any signifi-
cant association with any of the metabolic risk factors. To
our knowledge, this is the first study to examine associa-
tions of total, hydrogenated, and natural trans fatty acid
intake with metabolic risk factors in a free-living young
Asian population.

Mean total trans fatty acid intake (0.90% of total en-
ergy intake) in our Japanese subjects was comparable to
that found in one western study (women: 0.95% of total
energy intake and men, 0.87%),” but less than those in
other western studies (e.g., 1.3% energy-4.3% energy).*
134749 This variation in intake among studies is likely due
to different dietary habits among the populations; the
Japanese, for example, have a high intake of rice and fish
and lower intake of meat and confectionaries, and conse-
quently a lower fat intake."

Regarding the association of total trans fatty acid in-
take and blood lipid as well as glucose metabolic profiles,
we found significant positive associations between total
trans fatty acid intake and triacylglycerol as well as Hb
A, but not with serum cholesterol or glucose. Results of
previous studies have been inconsistent. In accordance
with our study, LDL and HDL cholesterol was not asso-
ciated with total trans fatty acid intake among 626 adults
aged 50-65 years from eight European countries whose
intake was similar to that of our present subjects (0.95%
versus 0.90% energy), however, the study found an in-
verse association for total cholesterol.’” Consistent with
our study, total trans fatty acid intake (mean: 1.6% en-
ergy) was not associated with total cholesterol among 748
US men aged 43-85 years, but LDL cholesterol, ratio of
total cholesterol:HDL cholesterol, and ratio of LDL cho-
lesterol:HDL cholesterol showed positive associations,
while HDL cholesterol showed a negative association.’
Consistent with our study, HDL cholesterol was not asso-
ciated with total trans fatty acid intake (mean: 6.4 g/day)
among 10359 Scottish women aged 40-59 years, but total
cholesterol showed a positive association.' In addition to
this, a positive correlation of trans fatty acid intake (mean:
1.3% energy; 1.6% energy; and 1.9% energy respectively)
with triacylglycerol was found among 130 men, consist-
ing of lean, lean dyslipidemic, and obese dyslipidemic
subjects aged >30 years (mean: 37 years; 41 years; and
40.8 years, respectively) in India, which agrees with our
results, but the study also found positive correlations for
total cholesterol, LDL cholesterol, and glucose and a
negative correlation with HDL cholesterol.'* As with our
study, no correlation of trans fatty acid intake (mean
2.7% of energy in women, 3.5% in men) with glucose
was observed among 38 American adults with a range of
glucose tolerance aged >18 years (mean: 34 years); the
study also found no correlation for insulin, ratio of insu-
lin:glucose area under the curve during the oral glucose
tolerance test, or in homeostasis model assessment insulin
resistance.® These discrepancies among observational

results are likely explained by the different dietary habits
among populations, different intake of trans fatty acids,
and different biomarkers.

With regard to the association of total trans fatty acid
intake and measures of obesity, we found a significant
positive association between total trans fatty acid intake
and waist circumference, but not with BMI. Consistent
with our study, positive associations of trans fatty acid
intake with waist circumference but not with BMI was
found among 130 men in India.'” The study also found
positive associations with waist-hip ratio and the conicity
index, a measure of abdominal obesity. Further, a 9-year
prospective study among 16587 American men aged 40-
75 years found a positive association between trans fatty
acid intake (mean: 1.3% energy in subjects aged 50-75
years; and 1.4% in those aged 40-49 years) and waist
gain.'" The study found that replacement of trans fatty
acids as 2% of energy intake for polyunsaturated fats
was associated with a 0.77 cm waist gain over 9 years.
We found that the difference in terms of waist size of the
subjects in the extreme quintile of total trans fatty acid
intake (median 0.56% energy in quintile 1 versus 1.32%
energy in quintile 5) was 1.2-1.7 cm. Although not di-
rectly comparable, the two results may suggest a consid-
erable effect of trans fatty acid intake on waist circumfer-
ence. In contrast, an 8-year prospective study on 41518
American women aged 41-68 years found a positive as-
sociation between trans fatty acid intake (mean: 1.7%
energy) and weight gain."> Given the limitation in terms
of evidence, more studies are warranted in order to make
conclusion on the associations.

Possible mechanisms of the adverse effect of trans
fatty acids on cholesterol levels include inhibition of leci-
thin:cholesterol acyltransferase activity, decreased rates
of LDL apoB-100 catabolism, increased rates of apoAl
catabolism, reduced LDL cholesterol particle size, and
increased plasma activity of cholesteryl ester transfer pro-
tein, the main enzyme in the transfer of cholesterol esters
from HDL to LDL and very low-density lipoprotein cho-
lesterol.”™! In terms of insulin sensitivity, trans fatty ac-
ids may inhibit delta-5 desaturase activity,”> alter the
skeletal muscle cell membrane structure,>* decrease adi-
pocyte plasma membrane fluidity,” and alter concentra-
tions of interleukin 6, tumor necrosis factor, and pros-
taglandins.>® The resulting decrease in insulin sensitivity
would then influence waist circumference by increasing
lipoprotein lipase activity in abdominal adipose tissue due
to higher cellularity and blood flow.""”” Clarification of
the relationship between trans fatty acid intake and meta-
bolic risk factors requires additional input from observa-
tional studies among free-living populations, particularly
Asian populations.

In the analyses examining an association of hydrogen-
ated or natural trans fatty acid intake with metabolic risk
factors, we found significant positive associations only
between hydrogenated trans fatty acid intake and waist
circumference as well as HbAlc (p for trend < 0.03;
models 1-3). Natural trans fatty acid was not associated
with any of the metabolic risk factors. Natural trans fatty
acids largely contain vaccinic acid (C18:1 ®-11, trans)
while hydrogenated trans fatty acids mainly contain
elaidic acid (C18:1 ®-9, trans), which may interfere with
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metabolism of essential fatty acids.”® Results among
10359 Scottish women aged 40-59 years, however,
showed no association of hydrogenated trans fatty acids
intake with either total or HDL cholesterol, while a posi-
tive association between natural trans fatty acid intake
and total cholesterol was found.'® The null association for
natural trans fatty acids observed in our study may be due
to the narrow ranges of natural trans fatty acid intake
among study subjects. More studies examining associa-
tions of trans fatty acid intake based on dietary sources
with metabolic risk factors among various age groups are
warranted.

Several limitations of the present study should be ac-
knowledged. First, the use of a self-administered, semi-
quantitative dietary assessment questionnaire (i.e., DHQ)
1922 is subject to measurement error in dietary intake, and
actual dietary habits were not obtained. Additionally, the
DHQ covers a limited number of foods, and analytic
trans fatty acid values were not available for all foods
covered. Moreover, variation in values among food prod-
ucts within the same food group was also recognized.”*
Particularly, several western countries have taken efforts
to reduce trans fatty acid contents in foods in recent dec-
ades; thus, such efforts may have been taken in Japan.
However, there has been no regulation (e.g., food label-
ling or recommended upper limit intake level) in Japan.
Data on trans fatty acid content of margarine sold in Ja-
pan published from 1998 to 2006 showed no clear trend
of reduction; mean trans fatty acid value was 11.1% of fat
content (range:1.5-21.5%) in 1998 (n = 15)*; 11.7% (2.3-
19.5%) in 2002 (n = 13)*°; 9.9% (1.1-17%) in 2006 (n =
27)%; and 10.1% (0.43-16.4%) in 2006 (n = 20).* Al-
though we cannot verify that such circumstances has oc-
curred in other foods as well, margarine is one of the rep-
resentative foods containing high amount of trans fatty
acids and used for making bakery goods and confection-
aries. Thus, we included data on trans fatty acid contents
in foods published in the 1990’s. Nevertheless, we ac-
knowledge that the database is likely not complete. Al-
though correlations between the DHQ and dietary records
were reasonable, suggesting its suitability for trans fatty
acid research, validation of the DHQ using biomarkers of
trans fatty acid intake (e.g., adipose tissues and erythro-
cytes) is likely preferable given that trans fatty acids are
not endogenously produced. Although not identical, Pear-
son correlation coefficients between the DHQ and serum
concentrations were 0.66 for eicosapentaenoic acid and
docosahexaenoic acid and 0.36 for alpha-linolenic acid in
44 Japanese women.”!

Second, the cross-sectional nature of the study does
not allow the establishment of cause-effect relationships
due to uncertain temporality of the associations.

Third, the sample population consisted of selected fe-
male students who enrolled in dietetic courses, and may
therefore have had relatively healthy lifestyles. Thus, the

clinical relevance of our findings remains to be elucidated.

Also, since we recruited subjects who responded posi-
tively to enrollment after a brief explanation of the study
outline, the exact response rate was unknown and selec-
tion bias may be present, limiting the generalizability of
the results. Nevertheless, our subjects were on average
similar to a representative sample of Japanese women

aged 20-29 years, at least with regard to daily intake of
energy (mean: 1673 kcal/day) and total fat (mean: 29.0%
energy) and the measurement of several metabolic risk
factors, including BMI (mean: 20.3 kg/m?), total choles-
terol (mean: 179 mg/dL), HDL cholesterol (mean: 69
mg/dL), and HbAlc (mean: 4.8%) (data not available for
trans fatty acid intake, waist circumference, LDL choles-
terol, triacylglycerol, and glucose)."”

Fourth, due to correlations among subtypes of fatty ac-
ids, we were unable to evaluate the effect of replacing
energy from trans fatty acids with the same amount of
energy from other fatty acid subtypes (Pearson’s correla-
tion coefficients: 0.60 for saturated fatty acids and mono-
unsaturated fatty acids, 0.83 for monounsaturated fatty
acids and polyunsaturated fatty acids, and 0.23 for satu-
rated fatty acids and polyunsaturated fatty acids).

Finally, notwithstanding our comprehensive control of
major confounding factors, the possibility of residual con-
founding cannot be excluded.

In conclusion, we found that Trans fatty acid intake
was positively associated with several metabolic risk fac-
tors among free-living young Japanese women with rela-
tively low intake. The associations seemed to be largely
explained by hydrogenated trans fatty acid intake, since
they accounted for 77% of total intake. Since the cross-
sectional nature of the study preludes causal inferences,
further observational studies to clarify the relationship
between trans fatty acid intake and metabolic risk factors
are required.
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