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Abstract

Purpose—Studies suggest that long-chain ®-3 polyunsaturated fatty acid (LC«w3PUFA) intake
and its primary food source—fish—may have beneficial effects on the individual components of
metabolic syndrome (MetS). We examined the longitudinal association between fish or
LCw3PUFA intake and MetS incidence.

Methods—We prospectively followed 4356 American young adults, free from MetS and diabetes
at baseline, for incident MetS and its components in relation to fish and LC»3PUFA intake. MetS
was defined by the National Cholesterol Education Program/Adult Treatment Panel 111 criteria.
Cox proportional hazards model was used for analyses, controlling for socio-demographic,
behavioral, and dietary factors.

Results—During the 25-year follow-up, a total of 1069 incident cases of MetS were identified.
LCw3PUFA intake was inversely associated with the incidence of MetS in a dose—response
manner. The multivariable adjusted hazards ratio (HR) [95 % confidence interval (Cl)] of incident
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MetS was 0.54 (95 % CI 0.44, 0.67; Pfor linear trend < 0.01) as compared the highest to the
lowest quintile of LCw3PUFA intake. A threshold inverse association was found between non-
fried fish consumption and the incidence of MetS. The multivariable adjusted HRs (95 % Cls)
from the lowest to the highest quintile were 1.00, 0.70 (0.51, 0.95), 0.68 (0.52, 0.91), 0.67 (0.53,
0.86), and 0.71 (0.56, 0.89) (P for linear trend = 0.49). The observed inverse associations were
independent of the status of baseline individual components of MetS.

Conclusions—Our findings suggest that intakes of LCw3PUFAs and non-fried fish in young
adulthood are inversely associated with the incidence of MetS later in life.
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Introduction

Methods

The prevalence of metabolic syndrome (MetS) in the U.S. has persistently increased over the
last two decades, and is estimated to affect approximately one-third of American adults [1].
Studies have reported that certain dietary factors are associated with the risk of developing
MetS. Fish, the major dietary source of long-chain -3 polyunsaturated fatty acid
(LCw3PUFA), is of great interest, because evidence suggests that fish oil supplementation
may have beneficial effects on lipid profile and blood pressure (BP), which are associated
with MetS [2, 3]. However, data directly relating fish or dietary LCw3PUFA intake to the
risk of MetS are sparse. Several cross-sectional studies reported an inverse correlation
between fish consumption and prevalence of MetS [4-6], whereas some other cross-
sectional analyses found no association [7-9]. One prospective cohort study conducted in a
Korean population reported an inverse association between fish intake and the incidence of
MetS in male Koreans [10]. However, whether findings from that study can be generalized
to other ethnic populations is uncertain. Therefore, we prospectively examined fish and
dietary LCw3PUFA intake in relation to the incidence of MetS in a large cohort of African
American and Caucasian young adults participating in the Coronary Artery Risk
Development in Young Adults (CARDIA) study.

Study population

The CARDIA study is an ongoing, multicenter, community-based, prospective cohort study
designed to investigate the influence of physiological, psychological and other lifestyle
factors on the development of risk factors for cardiovascular disease among African
American and Caucasian young adults. The detailed descriptions of the study design have
been published [11]. In brief, 5114 men and women, aged 18-30 years, were initially
enrolled from four US cities including Birmingham, Alabama; Chicago, Illinois;
Minneapolis, Minnesota; and Oakland, California at baseline from 1985 to 1986. Gender,
age, race, and status of education of the participants in this cohort were roughly balanced at
baseline by design. To date, seven follow-up examinations have been completed. Follow-up
examinations conducted in 1987-1988 (year 2), 1990-1991 (year 5), 1992-1993 (year 7),
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1995-1996 (year 10), 2000-2001 (year 15), 2005-2006 (year 20), and 2010-2011 (year 25)
had retention rates of 90.4, 85.1, 79.9, 77.2, 71.8, 69.3, and 68.4 % of the surviving cohort,
respectively.

In the present study, exclusions were made in a sequential manner. Participants who were
determined to have MetS (n= 110) or diagnosed with diabetes (/7= 24) at baseline were
excluded. Participants were also excluded if they had missing data on diet (7= 4), body
mass index (BMI, n=15), smoking status (/7= 34), alcohol consumption (n= 18), physical
activity (n= 1), or any component of MetS (= 113) at baseline. Participants were further
excluded if they had insufficient information for defining incident MetS at any follow-up
exam (n=166) and excluded if they reported implausible total energy intake at diet
measurements (/7= 43; <800 or >8000 kcal/day for men; <600 or >6000 kcal/day for
women). To be conservative, pregnant women at any examination (/7= 230) were excluded.
After these exclusions, a total of 4356 participants remained in the analyses. Written
informed consent was obtained from all study participants. The study design, data collection,
and analyses were approved by the institutional review boards of the participating centers.

Ascertainment of fish consumption and LCw3PUFA intake

The details of diet assessment and validation of fish consumption and LC®3PUFA intake in
CARDIA have been described previously [12]. In brief, dietary data including fish
consumption were obtained at baseline and exam years 7 and 20, using an interviewer-
administered CARDIA Diet History Questionnaire [13, 14]. Reported foods and beverages
were grouped into food groups according to the Nutrient Data Software for Research
(NDSR) food grouping scheme [15]. Daily intake of each food or beverage group was
calculated as the sum number of servings consumed per day. Fish consumption was
categorized into fried and non-fried fish, recognizing that the risk of cardiovascular disease
may be influenced by the preparation method, especially frying [16]. Because of skewed and
narrow distribution of fried fish consumption, we did not use fried fish data as an exposure
of interest, but adjusted for fried fish intake when examining non-fried fish. Nutrient intake
was calculated based on the updated nutrient database version 36 (Nutrition Data System for
Research [NDS-R] 2005) from the Nutrition Coordinating Center (NCC) at the University of
Minnesota, Minneapolis, MN. In the present study, LCw3PUFA intake was calculated based
on both food and supplemental sources, and was defined as the sum of eicosapentaenoic acid
(EPA), docosapentaenoic acid (DPA), and docosahexaenoic acid (DHA). DPA was not used
in the analyses as a separate exposure due to a relatively small amount and narrow
distribution.

The CARDIA Diet History Questionnaire was evaluated for the reliability and comparative
validity in 128 individuals. The correlation coefficients for logarithmically transformed
nutrient values and energy-adjusted nutrient values from two dietary histories ranged from
0.50 to 0.80 for Caucasians and 0.30 to 0.70 for African Americans [14].

Measurements of other covariates

Socio-demographic variables including age, gender, race and years of education at baseline
were obtained by interview or self-administered questionnaire and verified during clinical
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examinations. The major lifestyle variables and clinical measurements were reevaluated in
the follow-up examinations. Concurrent smoking status was self-reported and classified as
never, former, and current smokers. Cumulative average alcohol consumption was classified
into four groups based on daily intake measured by validated questionnaire: 0 (never drink),
0.1-9.9, 10-19.9 and =20 g/day. Physical activity was assessed using the interviewer-
administered, validated, CARDIA Physical Activity History Questionnaire [17]. The
physical activity (PA) score was calculated in exercise units (EU) reflecting the frequency
and duration of activity over the previous year. A score of 100 EU is approximately
equivalent to participation in a vigorous activity for 2—-3 h/week for 6 months of the year.
Cumulative average PA was categorized into quintiles.

Metabolic syndrome ascertainment

Waist circumference was measured at the maximum abdominal girth, and all anthropometric
measures were taken in duplicate and averaged. BP was measured using a random-zero
sphygmomanometer in the first six examinations (i.e. exam years 0, 2, 5, 7, 10 and 15) and
the OmRONHEM907XL at exam years 20 and 25 by trained and certified technicians [18].
BP measurements were taken three times on the right arm with the participant seated at 1-
min intervals after 5 min of rest. The average of the second and third measurements was
used for the analyses. Systolic and diastolic BPs were recorded as phase | and V Korotkoff
sounds through year 15 examination. To make the BPs across examinations more
comparable, systolic and diastolic BPs at exam year 20 and 25 were calculated as follows:
estimated systolic BP = 3.74 + 0.96 x observed OmROn systolic BP; estimated diastolic BP
=1.30 + 0.97 x observed OmROn diastolic BP based on a study in 900 participants [18].

Serum glucose was measured at year 0 using the hexokinase ultraviolet method by American
Bio-Science Laboratories (Van Nuys, California), and at years 7, 10, 15, 20 and 25 using
hexokinase coupled to glucose-6-phosphate dehydrogenase by Linco Research (St. Louis,
Missouri). Plasma high-density lipoprotein cholesterol (HDL-C), and triglycerides were
determined using an enzymatic assay by Northwest Lipids Research Laboratory (Seattle,
Washington) at all exam years. The quality control for lipid profile measurement was

2
expressed as intraassay technical error calculated as V d?2n x 100, where d is the
difference between measurements of duplicated samples and n is the number of paired
specimens. In particular, the technical error was 3.9 % for HDL and 8.4 % for triglycerides
[19].

MetS was defined using the National Cholesterol Education Program/Adult Treatment Panel
I11 definition at all eight examinations. Participants with three or more of the following were
determined to have MetS: fasting glucose level =6.1 mmol/L; systolic BP = 130 or diastolic
BP =85 mmHg; waist circumference >88 cm for women or >102 cm for men; triglyceride
level >1.7 mmol/L; HDL cholesterol level <1.3 mmol/L in women or <1.04 mmol/L in men
[20]. Participants who reported using antidiabetic or antihypertensive medications were
regarded as having high glucose or high BP.
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Statistical analysis

Baseline characteristics of the study population by quintiles of LCw3PUFA intake were
described with mean (standard deviation, SD) for normally distributed or approximately
normally-distributed variables (e.g., non-fried fish consumption and BMI), medians
(interquartile range, IQR) for variables with skewed distribution (e.g., alcohol intake and
physical activity), and proportions for categorical variable (e.g., gender and race). The
difference in these baseline characteristics by quintiles of LCo3PUFA intake were compared
using analysis of variance, the Kruskal-Wallis test or the Chi-squared test, as appropriate.

The Cox proportional hazards regression model was used to examine intakes of
LCw3PUFAs, DHA, EPA and non-fried fish in relation to incidence of MetS. To reduce
measurement errors caused by within-person variation and to best represent the long-term
dietary intakes, we used cumulative average nutrient intake from the measurements at
baseline and exam years 7 and 20 in the analysis. For example, we related LCw3PUFA
intake reported at baseline to the new cases identified at exam years 2 and 5; the average
LCw3PUFA intake reported at baseline and year 7 to the new cases identified at exam years
7, 10 and 15; and the average LC®3PUFA intake reported at baseline, years 7 and 20 to the
new cases identified at years 20 and 25. The linear assumption between the continuous
covariates and the log (HR) was tested by using restricted cubic spline method [21]. If there
was a linear association between a certain covariate and the log (HR), we treated the
covariate as a continuous variable (e.g. age and education) in the model; if not, we
categorized it based on either quintiles (e.g. physical activity) or the objective cut-off points
(e.g. BMI).

Intakes of LCw3PUFA, DHA and EPA were divided into quintiles based on their
distributions. Fish consumption was categorized into five groups based on the Health
Professionals Follow-up Study and the Nurse’s Health Study: <1 serving/month, 1-3
servings/month, 1 serving/week, 2—4 servings/week, and =5 servings/week [22]. We used a
sequential covariates-adjusted strategy in the Cox model. Model 1 (initial model):
adjustment for age, gender, race, and study center. Model 2 (final model): Model 1 with
additional adjustment for education, smoking status, alcohol consumption, physical activity,
BMI and family history of diabetes. In Model 2, fried fish consumption (yes vs. no) was also
adjusted when non-fried fish was examined. Pfor trend was tested by using medians in each
quintile or category exposure of interest. To examine whether gender or race is an effect
modifier, the interaction of gender or race and the exposures of interest was detected by
using a likelihood ratio test. We also examined whether statin (one of the lipid-lowering
drugs) usage would modify the results.

In addition, we conducted the following sensitivity analyses based on the final model
(Model 2). First, we considered dietary variables and additionally adjusted for a few
potential dietary confounders including intakes of protein, saturated fatty acid,
polyunsaturated fatty acid, and total energy (Model 3a). Second, to investigate whether the
associations were confounded by dietary pattern extracted by principal component analysis,
we additionally adjusted for total energy intake and two dietary patterns (quintiles): one
reflects higher intake of vegetables, fruits, whole grains, nuts and seeds; and the other one
reflects higher intake of refined grains, red and processed meats, fried potatoes, and sugar
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sweetened beverages (Model 3b). Third, we additionally adjusted for the status of baseline
individual components of MetS (Model 4). BMI was excluded in this analysis because it is
highly correlated to waist circumference.

We also examined intakes of LCw3PUFASs and non-fried fish in relation to each component
of MetS. For example, we considered participants to have incident abnormal BP if their
systolic BP was = 130 mmHg or diastolic BP was = 85 mmHg or if they were using
antihypertensive medications in any of the follow-up examinations. Prevalent events at
baseline were excluded in the analyses for each component.

All analyses were performed by using SAS version 9.3 (SAS Institute Inc., Cary, North
Carolina, USA). P< 0.05 was considered statistically significant.

Baseline characteristics by quintiles of LCo3PUFA intake are shown in Table 1. The average
intakes of LCw3PUFAs were 0.03, 0.07, 0.11, 0.18 and 0.40 g/day across quintiles.
Compared with participants in the lowest quintile of LCo3PUFA intake, those in the highest
quintile were slightly older, less likely to be female, and less likely to be current smokers.
They had more years of education, a higher amount of alcohol consumption, and more
physical activities. In addition, they reported higher intakes of total energy, fiber, saturated
fat, polyunsaturated fat, and protein. For the five components of MetS, no significant
differences across quintiles of LCo3PUFA intake were found except HDL cholesterol level,
which was higher among participants in the highest quintile of LCo3PUFA intake. There
was no significant difference in BMI, either.

During the 25-year follow-up, a total of 1069 incident cases of MetS were identified.
LCw3PUFA intake was inversely associated with the incidence of MetS in a dose—response
manner. The incidence of MetS was 46 % lower for participants in the highest quintile of
LCw3PUFA intake as compared with those in the lowest quintile after adjustment for
potential non-dietary confounders (Model 2: HR 0.54; 95 % CI 0.44, 0.67; Pfor trend <
0.01). When examining EPA and DHA separately, DHA intake (HR 0.36; 95 % CI 0.29,
0.44; Pfor trend < 0.01) showed a greater inverse association with incidence of MetS than
that of EPA (HR 0.69; 95 % CI 0.56, 0.84; Pfor trend < 0.01). For non-fried fish
consumption, a significant inverse threshold association with incidence of MetS was
observed. The multivariable adjusted HRs (95 % Cls) from quintile 1 to quintile 5 were 1.00
(reference); 0.70 (0.51, 0.95), 0.68 (0.52, 0.91), 0.67 (0.53, 0.86), and 0.71 (0.56, 0.89) (P
for linear trend = 0.49) (Table 2). When stratifying data by gender or race, the inverse
associations were not appreciably modified (data not shown).

For the individual components of MetS, the identified incident events numbered 1607, 736,
1384, 1248 and 1641 for meeting abnormal criterion of BP, fasting glucose, HDL
cholesterol, triglycerides, and waist circumference, respectively. LCo3PUFA intake was
inversely associated with all five components of MetS in a dose-response manner in this
cohort. For non-fried fish consumption, a dose—response relationship was documented with
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abnormal HDL and triglycerides, and a threshold association was observed with abnormal
blood pressure, glucose, and waist circumference (Table 3).

In sensitivity analyses, we first considered potential dietary confounders. After additional
adjustment for intakes of protein, saturated fat, polyunsaturated fat, and total energy, the
results remained (Model 3a in Table 2). Second, we explored if a dietary pattern would
affect our results. After additionally adjusted for two dietary patterns, the observed
associations were unchanged (Model 3b in Table 2). Third, we additionally adjusted for the
status of baseline individual components of MetS based on model 2. The findings were not
materially altered (Model 4 in Table 2). Finally, statin use may affect the levels of HDL
cholesterol and triglycerides. However, the results for fish or LCw3PUFA intake in relation
to HDL cholesterol and triglycerides levels were similar after adjustment for statin use (data
not shown).

Discussion

In this prospective cohort study with 25 years of follow-up, we found that LC®3PUFA
intake and non-fried fish consumption were inversely associated with the incidence of MetS
and its individual components. The inverse associations were independent of the status of
baseline individual components of MetS and were consistent across gender and racial
groups.

A few cross-sectional studies have been conducted to investigate the correlation between fish
or LC®3PUFA intake and risk of MetS, and the results were inconsistent [4-9]. Although
one prospective cohort study conducted in a Korean population reported an inverse
association between fish consumption and the incidence of MetS in male Koreans, the
duration of follow-up (4 years) was relatively short and the results might not be
generalizable to other ethnicities [10]. In addition, most of the previous studies were
conducted in middle-aged or elderly populations, who were likely to have already had onset
of metabolic abnormalities and may have modified their lifestyle for disease prevention or
treatment. Our study adds new evidence that fish consumption in young adulthood may be
beneficial to primary prevention of MetS later in life.

Findings from the present study are biologically plausible. Studies suggest that fish oil
supplementation may have anti-hypertensive effects especially in hypertensive patients [23,
24]. Also, the hypotriglyceridemic effects of fish oil supplementation are well documented
from both epidemiological and intervention studies [2, 3, 25]. Although findings from
previous studies were inconsistent, systematic reviews found that fish oil supplementation
led to a modest, but significant increase in HDL cholesterol levels (0.01 mmol/L; 95 % CI
0.00-0.02 mmol/L) [26], and an averaged increment of 13 % in LDL cholesterol levels [27].
Also, experimental studies suggest that LCo3PUFA intake may attenuate weight gain with
aging or reduce energy intake [28-30]. In addition, the effect of LC@3PUFA on glucose
metabolism has become a subject of debate. Despite a number of studies suggesting that
dietary LCw3PUFA intake or fish oil supplementation may improve glucose metabolism and
insulin sensitivity [31, 32], some other studies did not show significant changes in indices of
glucose metabolism [33, 34], and one study even suggested that intake of LCo3PUFAs may
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increase the risk of diabetes [35]. Nevertheless, our study adds evidence to the literature in
favor of the beneficial effects of LCw3PUFA intakes on glucose metabolism.

In the present study, DHA suggested a greater benefit on MetS and its components as
compared to EPA (Table 2 and appendix Table in Online Resource). Although evidence is
not entirely consistent, some previous studies provide plausible explanations for these
results. DHA was suggested to be more effective in lowering BP than EPA [12, 36]. In
addition, several studies reported significant effects of DHA, but not EPA supplementation
on HDL cholesterol [37, 38]. Moreover, a recent meta-analysis reported that DHA raised
HDL cholesterol levels compared with a placebo, whereas EPA did not [39]. That meta-
analysis also reported a greater reduction of triglyceride levels by DHA as compared to EPA
in pooled analyses [39]. Furthermore, a study found a significant inverse correlation between
phospholipid DHA levels, but not EPA, and BMI change, suggesting that DHA may be more
effective than EPA [40].

Because of the extra double bond and increased carbon length, DHA takes much more space
than does EPA in the membrane. In addition, potency of the metabolites of EPA and DHA
are often markedly different to the parent LCn-3PUFA, and divergence in efficiency of
enzymes to metabolize EPA and DHA can contribute to observed diversity in cellular
response [41].

Most of the previous studies did not report information on the preparation method for fish
consumption. Frying, especially deep frying, may reduce LC»3PUFA content and
potentially generate frans-fatty acids and/or oxidative factors that could substantially
attenuate or even reverse the benefits of fish intake [16]. These studies might underestimate
or confound the true effects of fish consumption by combining non-fried and fried fish. Our
study found an inverse threshold association between non-fried fish consumption and
incidence of MetS. The mechanisms for this threshold relation are not completely
understood. Presumably, the potential beneficial effects of fish consumption on MetS in the
higher intake groups were attenuated by the relatively high contaminants in fish. However, in
the present study, the association between non-fried fish consumption and incidence of MetS
was not appreciably changed after adjustment for toenail mercury levels measured at exam
year 2 (data not shown).

The strengths of our study include the prospective design, a relatively large sample size, and
25-years of follow-up. In addition, we used cumulative average dietary intakes from multiple
measurements during the follow-up, which should reduce the random measurement error
and provide a better estimate of habitual intake than a single estimate. Several limitations
should be highlighted. First, the possibility of residual confounding or bias from unknown or
unmeasured factors cannot be completely ruled out even though we considered a number of
dietary and non-dietary potential confounders and did some sensitivity analyses. Second,
dietary measurement errors are inevitable. However, this may not substantially bias our
results because this non-differential measurement error is likely to attenuate rather than
accentuate the potential benefits. In addition, we could not assess LC»3PUFA intake and
non-fried fish consumption simultaneously due to a relatively high correlation between
them. Thus, we could not determine whether the association of non-fried fish intake is still
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present, after taking into account the intake of LCw3PUFAs. In addition, the great majority
of LCw3PUFA intake in this study is from fish consumption. Only approximately 5 % of
participants used fish oil supplements. The association between the dietary and total
LCw3PUFA intake and incidence of MetS are similar (data not shown). However, our
capability of examining the effect of fish oil supplementation is limited.

In conclusion, findings from this prospective cohort study suggest that LCw3PUFA intake
and non-fried fish consumption in young adulthood are associated with lower incidence of
MetS later in life. This study provides evidence supporting the recommendations of fish
consumption or LCw3PUFA intake for the primary prevention of MetS.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

This study was partially supported by Grants from the NIH (RO1HL081572 and RO1ES021735). The Coronary
Avrtery Risk Development in Young Adults Study (CARDIA) is supported by contracts HHSN268201300025C,
HHSN268201300026C, HHSN268201300027C, HSN268201300028C, HHSN268201300029C, and
HHSN268200900041C from the National Heart, Lung, and Blood Institute (NHLBI), the Intramural Research
Program of the National Institute on Aging (NIA) and an intra-agency agreement between NIA and NHLBI
(AG0005). Dr. Kim Yong-Seok was supported by the Dongguk University Research Fund. The authors thank Dr.
Janne Boone-Heinonen for her helpful comments. The authors also thank the other investigators and the staff of the
CARDIA Study for valuable contributions.

References

1. Mozumdar A, Liguori G. Persistent increase of prevalence of metabolic syndrome among U.S.
adults: NHANES 111 to NHANES 1999-2006. Diabetes Care. 2011; 34:216-219. [PubMed:
20889854]

2. Carpentier YA, Portois L, Malaisse WJ. n-3 fatty acids and the metabolic syndrome. Am J Clin Nutr.
2006; 83:1499S-1504S. [PubMed: 16841860]

3. Saravanan P, Davidson NC, Schmidt EB, Calder PC. Cardiovascular effects of marine omega-3 fatty
acids. Lancet. 2010; 376:540-550. [PubMed: 20638121]

4. Ruidavets JB, Bongard V, Dallongeville J, Arveiler D, Ducimetiere P, Perret B, Simon C, Amouyel
P, Ferriéres J. High consumptions of grain, fish, dairy products and combinations of these are
associated with a low prevalence of metabolic syndrome. J Epidemiol Community Health. 2007;
61:810-817. [PubMed: 17699537]

5. Kouki R, Schwab U, Hassinen M, Komulainen P, Heikkild H, Lakka TA, Rauramaa R. Food
consumption, nutrient intake and the risk of having metabolic syndrome: the DR’s EXTRA Study.
Eur J Clin Nutr. 2010; 65:368-377. [PubMed: 21119694]

6. Noel SE, Newby PK, Ordovas JM, Tucker KL. Adherence to an (n-3) fatty acid/fish intake pattern is
inversely associated with metabolic syndrome among Puerto Rican adults in the Greater Boston
area. J Nutr. 2010; 140:1846-1854. [PubMed: 20702744]

7. Fonseca MJ, Gaio R, Lopes C, Santos AC. Association between dietary patterns and metabolic
syndrome in a sample of Portuguese adults. Nutr J. 2012; 11:64. [PubMed: 22943133]

8. Mirmiran P, Hosseinpour-Niazi S, Naderi Z, Bahadoran Z, Sadeghi M, Azizi F. Association between
interaction and ratio of »-3 and -6 polyunsaturated fatty acid and the metabolic syndrome in
adults. Nutrition. 2012; 28:856-863. [PubMed: 22459553]

9. Lai YH, Petrone AB, Pankow JS, Arnett DK, North KE, Ellison RC, Hunt SC, Djoussé L.
Association of dietary omega-3 fatty acids with prevalence of metabolic syndrome: the National

Eur J Nutr. Author manuscript; available in PMC 2017 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kim et al.

Page 10

Heart, Lung, and Blood Institute Family Heart Study. Clin Nutr. 2013; 32:966-969. [PubMed:
23711994]

10. Baik I, Abbott RD, Curb JD, Shin C. Intake of fish and n-3 fatty acids and future risk of metabolic
syndrome. J Am Diet Assoc. 2010; 110:1018-1026. [PubMed: 20630158]

11. Friedman GD, Cutter GR, Donahue RP, Hughes GH, Hulley SB, Jacobs DR Jr, Liu K, Savage PJ.
CARDIA: study design, recruitment, and some characteristics of the examined subjects. J Clin
Epidemiol. 1988; 41:1105-1116. [PubMed: 3204420]

12. Xun P, Hou N, Daviglus M, Liu K, Morris JS, Shikany JM, Sidney S, Jacobs DR, He K. Fish oil,
selenium and mercury in relation to incidence of hypertension: a 20-year follow-up study. J Intern
Med. 2011; 270:175-186. [PubMed: 21205024]

13. McDonald A, Van Horn L, Slattery M, et al. The CARDIA dietary history: development,
implementation, and evaluation. J Am Diet Assoc. 1991; 91:1104-1112. [PubMed: 1918764]

14. Liu K, Slattery M, Jacobs D Jr, et al. A study of the reliability and comparative validity of the
cardia dietary history. Ethn Dis. 1994; 4:15-27. [PubMed: 7742729]

15. Nutrition Coordinating Center, University of Minnesota. Nutrition Data System for Research
(NDSR), Food and Nutrient Database. http://www.ncc.umn.edu/products/ndsr.html.

16. Mozaffarian D, Lemaitre RN, Kuller LH, Burke GL, Tracy RP, Siscovick DS. Cardiac benefits of
fish consumption may depend on the type of fish meal consumed: the Cardiovascular Health
Study. Circulation. 2003; 107:1372-1377. [PubMed: 12642356]

17. Pereira MA, FitzerGerald SJ, Gregg EW, Joswiak ML, Ryan WJ, Suminski RR, Utter AC, Zmuda
JM. A collection of Physical Activity Questionnaires for health-related research. Med Sci Sports
Exerc. 1997; 29:S1-S205. [PubMed: 9243481]

18. Gunderson EP, Chiang V, Lewis CE, Catov J, Quesenberry CP Jr, Sidney S, Wei GS, Ness R.
Long-term blood pressure changes measured from before to after pregnancy relative to nonparous
women. Obstet Gynecol. 2008; 112:1294-1302. [PubMed: 19037039]

19. Donahu RP, Jacobs DR, Sidney S, Wagenknecht LE, Alers JJ, Hulley SB. Distribution of
lipoproteins and apolipoproteins in young adults. Arteriosclerosis. 1989; 9:656-664. [PubMed:
2783079]

20. Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults.
Executive summary of the third report of The National Cholesterol Education Program (NCEP)
expert panel on detection, evaluation, and treatment of high blood cholesterol in adults (Adult
Treatment Panel 111). JAMA. 2001; 285:2486-2497. [PubMed: 11368702]

21. Fang J, Austin P, Tu J. Test for linearity between continuous confounder and binary outcome first,
run a multivariate regression analysis second. 2009 http://support.sas.com/resources/papers/
proceedings09/252-2009.pdf.

22. He K, Rimm EB, Merchant A, Rosner BA, Stampfer MJ, Willett WC, Ascherio A. Fish
consumption and risk of stroke in men. JAMA. 2002; 288:3130-3136. [PubMed: 12495393]

23. Cicero AF, Ertek S, Borghi C. Omega-3 polyunsaturated fatty acids: their potential role in blood
pressure prevention and management. Curr Vasc Pharmacol. 2009; 7(3):330-337. [PubMed:
19601857]

24. Mori TA. Dietary n-3 PUFA and CVD: a review of the evidence. Proc Nutr Soc. 2014; 73:57-64.
[PubMed: 24119287]

25. Harris WS. n-3 fatty acids and serum lipoproteins: human studies. Am J Clin Nutr. 1997;
65:16455-1654S. [PubMed: 9129504]

26. Eslick GD, Howe PR, Smith C, Priest R, Bensoussan A. Benefits of fish oil supplementation in
hyperlipidemia: a systematic review and meta-analysis. Int J Cardiol. 2009; 136:4-16. [PubMed:
18774613]

27. Oelrich B, Dewell A, Gardner CD. Effect of fish oil supplementation on serum triglycerides, LDL
cholesterol and LDL subfractions in hypertriglyceridemic adults. Nutr Metab Cardiovasc Dis.
2013; 23:350-357. [PubMed: 21924882]

28. Buckley JD, Howe PR. Long-chain omega-3 polyunsaturated fatty acids may be beneficial for
reducing obesity—a review. Nutrients. 2010; 2:1212-1230. [PubMed: 22254005]

Eur J Nutr. Author manuscript; available in PMC 2017 June 01.


http://www.ncc.umn.edu/products/ndsr.html
http://support.sas.com/resources/papers/proceedings09/252-2009.pdf
http://support.sas.com/resources/papers/proceedings09/252-2009.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kim et al.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 11

Harden CJ, Dible VA, Russell JM, Garaiova I, Plummer SF, Barker ME, Corfe BM. Long-chain
polyunsaturated fatty acid supplementation had no effect on body weight but reduced energy
intake in overweight and obese women. Nutr Res. 2014; 34:17-24. [PubMed: 24418242]

Garaulet M, Pérez-Llamas F, Pérez-Ayala M, Martinez P, de Medina FS, Tebar FJ, Zamora S. Site-
specific differences in the fatty acid composition of abdominal adipose tissue in an obese
population from a Mediterranean area: relation with dietary fatty acids, plasma lipid profile, serum
insulin, and central obesity. Am J Clin Nutr. 2001; 74:585-591. [PubMed: 11684525]

Fedor D, Kelley DS. Prevention of insulin resistance by n-3 polyunsaturated fatty acids. Curr Opin
Clin Nutr Metab Care. 2009; 12:138-146. [PubMed: 19202385]

Ramel A, Martinéz A, Kiely M, Morais G, Bandarra NM, Thorsdottir I. Beneficial effects of long-
chain n-3 fatty acids included in an energy-restricted diet on insulin resistance in overweight and
obese European young adults. Diabetologia. 2008; 51:1261-1268. [PubMed: 18491071]

Krebs JD, Browning LM, McLean NK, Rothwell JL, Mishra GD, Moore CS, Jebb SA. Additive
benefits of long-chain n-3 polyunsaturated fatty acids and weight-loss in the management of
cardiovascular disease risk in overweight hyperinsulinaemic women. Int J Obes. 2006; 30:1535—
1544,

Giacco R, Cuomo V, Vessby B, Uusitupa M, Hermansen K, Meyer BJ, Riccardi G, Rivellese AA.
Fish oil, insulin sensitivity, insulin secretion and glucose tolerance in healthy people: is there any
effect of fish oil supplementation in relation to the type of background diet and habitual dietary
intake of n-6 and n-3 fatty acids? Nutr Metab Cardiovasc Dis. 2007; 17:572-580. [PubMed:
17127043]

Djoussé L, Gaziano JM, Buring JE, Lee IM. Dietary omega-3 fatty acids and fish consumption and
risk of type 2 diabetes. Am J Clin Nutr. 2011; 93:143-150. [PubMed: 20980491]

Mori TA, Woodman RJ. The independent effects of eicosapentaenoic acid and docosahexaenoic
acid on cardiovascular risk factors in humans. Curr Opin Clin Nutr Metab Care. 2006; 9:95-104.
[PubMed: 16477172]

Conquer JA, Holub BJ. Supplementation with an algae source of docosahexaenoic acid increases
(n-3) fatty acid status and alters selected risk factors for heart disease in vegetarian subjects. J Nutr.
1996; 126:3032-3039. [PubMed: 9001371]

Grimsgaard S, Bonaa KH, Hansen JB, Nordgy A. Highly purified eicosapentaenoic acid and
docosahexaenoic acid in humans have similar triacylglycerol-lowering effects but divergent effects
on serum fatty acids. Am J Clin Nutr. 1997; 66:649-659. [PubMed: 9280188]

Wei MY, Jacobson TA. Effects of eicosapentaenoic acid versus docosahexaenoic acid on serum
lipids: a systematic review and meta-analysis. Curr Atheroscler Rep. 2011; 13:474-483. [PubMed:
21975919]

Kunesova M, Braunerova R, Hlavaty P, et al. The influence of n-3 polyunsaturated fatty acids and
very low calorie diet during a short-term weight reducing regimen on weight loss and serum fatty
acid composition in severely obese women. Physiol Res. 2006; 55:63-72. [PubMed: 15857162]
Russell FD, Burgin-Maunder CS. Distinguishing health benefits of eicosapentaenoic and
docosahexaenoic acids. Mar Drugs. 2012; 10:2535-2559. [PubMed: 23203276]

Eur J Nutr. Author manuscript; available in PMC 2017 June 01.



Page 12

Kim et al.

100> (#9'9) 16'9€ (¥8'9) 9z'8¢ (sT'9) £v'L€ (¥9'9) 12'L€ (eg'9) zL'9e (85'9) €6°'7€ (1e23 000T/p/B) uta)01d

100> (9€72) 592 (Lv'2) 908 (te2)esL (eeDoL'L (€€ ¥5'L (€z2) 60°L (1e2 0007/p/6) V4Nd

€10 (0e'€) 9L°ST (cre) 19°6T (ec€) T9°ST (ece) 16°ST (60°€) 92°5T (65°€) B2°ST (129 000T/Aep/6) 184 Pajesnles

100> el vLs (88'€) ¥T'L (s5€) 819 (€5€) 69°'G (zL2) 108 (86'2) L9F (Kep/B) 1aq14

100> (GL'8GGT) ¥6'Ge6C  (¢6'Ge8T) 16'08vE  (28'82GT) 96'€90€  (£8'2€9T) 06'9T6C  (¥0'98¢T) 929092  (95'652T) 22'655¢ (Kepyrea) ABraua ejoL
aelul Ajreq
€20 65€T S6'TT LG€T v0'ST €5t 98'¥T (%) sa1aqe1p Jo Kosty Ajiwed

6.5-T0C 70,092 9/5-02¢ 995-€6T 855281 005-99T 40!

100> 99¢ oy L€ vSe ore 90€ ueIpaN
(31un as1948x%3) A1AoR [eaIsAyd

00'T-00°0 812000 ¥0'L1-00°0 TE€'¥T-00°0 79'21-00°0 €5'21-00°0 q¥0!

100> LY 65°L 9T'G €LT €L 6T UeIpaIN
(Aep/B) axeiut [oyodIy

08'62 00'0€ 1592 29'62 1162 90°€€ waund

9€ET 454" 66°9T 98¢l 10Tt TL°0T Jawio4

100> ¥8'95 9855 195 5.8 9185 2295 18A8N
(%) snyeis Buryows
LS50 (cLv) 8zve (0T'v) 9T'vC (TLv) 8Tve (06'7) 9272 (86'7) 82'vC (98'7) 0572 (zw/B3) xaput ssew Apog
100> (9z'2) v8'et (ov2) 1TvtT (Ted TPt (81°2) ¢8€T (0z'2) 98°€T (eT'2) 62°€T (+ea/) uoneonpz
100> 6525 ey Ge'8y YS¥S 2818 0T'65 (%) arewad
100> (¥9¢€) 88'7C (e5€) 60'SC (ev€) 6€'GC (69'€) 9272 (19°¢) 1872 (¥8'€) sz've (1eaf) aby
wN (t€'0) 90°0 (62'0) 90'0 (e€'0) 80'0 (¢v'0) 80°0 (82°0) 900 (€1°0) €00 (Aepysbuinies) ysy pati4
WwN (207) 960 (ss1) 12T (r90) 81T (cs0) 820 (ec0) 9v0 (61°0) LT'0 (Aep/sButntas) ysiy patij-uoN

VN (80°0) 200 (¥1'0) 6T°0 (€0°0) 80'0 (20'0) s0°0 (T0'0) €0'0 (T0'0) T0°0 (Aep/B) vHa

W\ (80°0) 90°0 (€1°0) LT'0 (z0'0) 200 (20'0) ¥0'0 (t0'0) €0'0 (T0'0) T0°0 (Kep/B) vd3
WwN (8T0) 910 (8c0) 0v'0 (e00) 810 (co0) TT°0 (T00) L0'0 (t00) €0'0 (Kep/b) &>el ¥4NdE®DT
9gey 0.8 118 1.8 0.8 898 u

(1s9yb1y) SO 4] €0 20 (1samo]) 1O
neA

d feloL afeIul Y4NdE®D 140 31nuINd Sols1eIe YD

(95e¥ =) 0T0Z—G86T ApMSs V1AYWVD 8yl ‘8elul Y4Nde®DT 40 ajnuinb Aq uonejndod Apnis ayj Jo sonsuisloeIeyo suljesed

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Eur J Nutr. Author manuscript; available in PMC 2017 June 01.



Page 13

Kim et al.

sa|1uadiad EmTEmNQ

ajeidoidde se ‘1sa) pasenbs-1yD 10 158 SI[BA—IeXSNI ‘@aueLIeA JO SisA[eue Buisn Ag axeiul Y4NdE®DT 40 sajnuInb ay) ssooe adualaylp Aue alam mw:_m>mm

sp1oe Aney paresnyesunAjod v ‘alqedtjdde 1ou v ‘spioe Arey pajeinjesunAjod g-efswo
ureya-buo| Sy4Nge@o 7 ‘abuel spienb-iaul &/ ‘uislosdodi] Anisuap-ybiy 7agH ‘pioe dlouseiuadesodls L7 ‘PIoe 210UseXayesodop YA ‘SHNPY BunoA ul juswdojansq sty Alsuy Aleuolod /gy vo

paiy10ads asImIaylo ssajun ‘(gs) sueaw aJe ereq

v€0 (990m) 2E°LL (t6'6) 92722 (s9om) €9°2L (T8'01) v6°9L (8201) €692 vTTT) LE°LL (wo) 9ouBIHINAID ISIEM

290 (zz'6) 8v'89 (e2'6) 9589 (2€6) 28'89 (06'8) 8v'89 (0e'6) 9289 (0e'6) 92’89 (BHWW) ainssaid poojq d1joiselq

LT0 (69'0T) LZ'0TT (9z'01) T6°0TT (T8'01) 9¥'0TT (¥¥'0T) 82°0TT (€0'TT) 02°60T (28'01) 66'60T  (BHWW) a1nssaud poojq 1j0isAS

o (0z'8) 1918 (80'8) 90°¢8 (182 €s18 (trg) or'18 (Lv8)eST8 (sv'8) 58'18 (p/B) asoon|o

100> (8672T) T€°€S (s5°€T) L9'SS (90'€T) 08°€S (Lzen) LLes (82721) 59'¢s (98'21) 99'1S (TIp/Bw) j01838810Y0 1AH

LS0 (z9:zv) 8Z°0L (ze'sv) L9°0L (50°5€) TL'89 (62°0v) 5L'69 (56°28) vz'0L (zr°2€) 90'2L (p/Bw) sepraA|BrL
S)UBUOdWOI BWOIPUAS d1j0geIBIN

(1s0uB1y) 5O 14®) €0 20 (1Ism0)) TO
neA

d fejoL eIl VANDE®D 740 d1nuINd SoIs1eIOe YD

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Eur J Nutr. Author manuscript; available in PMC 2017 June 01.



Page 14

Kim et al.

100>

100>

100>

100>

100>

100>

100>

100>

100>

100>

100>

100>

100>

100>

(Tv'0'92°0) €€°0
(ev'o'Lz0) vE0
(¥¥'0'62°0) 9€°0
(r€'0'c2’0) 820

188/LYT
(tz'o-€1°0) 9T°0

(58'0'95°0) 69°0
(58'0'55°0) 69°0
(98'0'95°0) 69°0
(58'0'95°0) 69°0
(£9'0'51°0) 55°0

L18/2LT
(6T°0'TT°0) ¥T°0

(89'0'v¥°0) 55°0
(€9'0'0°0) 05°0
(59°0'T0) 250
(29'0'v1°0) ¥5°0
(zg'0'se’0) zv'o

0.8/€ST
(¥v'0-L2°0) €€°0

(T5'0'7€°0) 2’0
(zg'0'se’0) €0
(€5°0'9€°0) ¥¥'0
(77°0'0€°0) LE0

248/28T
(01'0-20°0) 80°0

(56'0'59'0) 62°0
(¥00°1'89°0) 28'0
(T0'1'69°0) £8°0
(86°0'29°0) 18°0
(58'0'65°0) TL'0
8V8/TTC
(80°0'90°0) L0'0

(98'0'65°0) TL'0
(#8'0'95°0) 69°0
(28'0'85°0) TL'0
(£8'0'65°0) TL'0
(T2'0'6%'0) 65°0

1181702
(0z'0-91°0) 8T°0

(T9'0'z1°0) 05°0
(zo'0'zv'0) 15°0
(z9'0'ev'0) 250
(€5°0'2€°0) ¥7°0

288/602
(90'0-+0°0) S0'0

(z6'0'%9'0) 92°0
(66'0'29'0) 28'0
(66'0'89'0) 28'0
(56'0'99°0) 620
(¥8'0'85°0) 02°0

688/L1C
(S0'0-+0°0) ¥0'0

(16'0'€9'0) 92°0
(06'0'29'0) SL°0
(¢6'0'€9°0) 920
(z6'0'%9'0) 92°0
(18'0'95°0) 89'0

1.8/722
(€T°0-0T°0) TT'0

(22°0'%5°0) ¥9'0
(82'0'55'0) 59'0
(52°0'€5°0) €9'0
(59°0'9t°0) 550

606/21C
(€0'0-20°0) £0°0

(€0'T'TL°0) 98°0
(€0'T'TL°0) S8'0
(€0'T'TL°0) 98°0
(#00°T'02°0) ¥8°0
(26'0'%9°0) L2°0
698/71C
(€0'0-20°0) 20'0

(60'1'92°0) 16'0
(L0'1'SL°0) 06'0
(60'7'92°0) 160
(20'T'5L°0) 68°0
(26'0'%9°0) LL°0

0.8/0€Z
(80°0-90°0) L0'0

(waiayal) T
(aisyal) T
(ausyal) T

(uasayal) T
2€8/68¢
(10°0-000) TO'0

(waisyal) T
(aisyal) T
(uausyal) T
(uasayal) T

(waiayal) T
€18/S5¢
(T0°0-000) T0°0

(aisyal) T
(uausyal) T
(uasayal) T
(waisyal) T

(aisyal) T
898/85¢
(#0'0-20°0) €00

50€ I3PON

pEE I3PON

¢ I3PON

g 13PON
syuedionlied/siusns Jo "ON
(Aep/b *4OI) uelpsiN
YHd

4V 13PON

50€ I3PON

pEE 19PON

2¢ I3PON
g 19PON
syuedioned/siuans Jo 'oN
(Kep/6 *40I) ueIpaIN
vd7

4V 13PON

90€ I3PON

pEE I9PON

2¢ [3PON

g7 19PON
syuedioned/siusns Jo "ON
(Aep/B "4OI) uelpsiy
YENde@oT [8laL

pPUI) Jeaul] 1o} 4

(3s3ub1y) 5O

1£0)

€0

20

(1samoy) 1O

eI YANED®DT JO SIINUIND

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

(9gey =) 0T0Z-G86T
‘ApMis W1AYWD 8U ‘Ysl PaLij-uou pue YHA ‘Vd3 ‘Y4NdE®DT SO saxeIul Ag aWoIpuAs d1jogelsw JuspIoul Jo (S1D % §6) SHH palsnlpe-sjqerieAnniy

Author Manuscript

Eur J Nutr. Author manuscript; available in PMC 2017 June 01.



Page 15

Kim et al.

30UBJBJWINDIID

ISIeM UM Pate|a1109 AJyBiy si 31 asneoaq ‘xapul ssew Apoq auljaseq 1daoxa ‘aulased Je sWoIpuAs d1jogelsw Jo wauodwod yoes 1oy uswisnipe [euonippe Yim g [apow :(siskjeue ANAIISUSS) 7 [9POIN

4

(aynuinb) axeiul ABiauas [e101 pue (sjiuinb) usaned resw ‘(sajnuinb) uiened ,81qe1abaA-1Ini4,, 10} Juswisnipe jeuonIppe YIM g [apow :(SisAjeue AlIARISUSS) qE _muo_\,_m

ABiaua [e10) pue ‘p1oe Aney pajelniesunAjod ‘proe Aje) pajelnies ‘uisiold jo (sejnuinb) saxeiul Joy Juswisnipe jeuonppe YIMm g [apow :(SisAeue AJIAIISUSS) BE [9POIA

Y

8Insodxa ay) Sem ysiy patij-uou uaym paisnipe osje sem (ou “sa saA) uondwnsuod ysiy pati4 .ANE\@_ 0€Z ‘6'62-G¢ ‘Gz>) Xapul ssew Apoq auljaseq pue ‘(Aep/b 0z ‘6°6T-0T ‘6°6-T°0 ‘0) uondwnsuod

Joyoaje ‘(sajnuinb) Auanoe [eaisAyd ‘(ou 1o sak) saiaqeip Jo A10isiy Ajiwre) ‘(JUaLIND ‘IBWIOY ‘1aAsU) snels Buiyows ‘(Snonunuod ‘sieak) uoieanpa 1o Juswisnipe [euonippe Yum T [apow ;g _m_oo_\,_Q

Ja1uad Apnis pue (UeISeINED ‘UBRdLIBWY URILIYY) ANdtuyle 4apuab ‘(snonunuod ‘siesk) abe Joy Juswisnipe :T [apoN

q

158J31U1 40 a1nsodxa Jo dnoiBgns/auinb yoes Ui suelipaw Buisn Ag paulwexs Sem puail hEn\m

pioe Aney paresnjesunijod g-® ureyd
-Buo| y9Nac®@o7 ‘abuel ajienb-1a1ul &/ ‘O11el piezey - ‘pIoe J10UsRIUBdRS0IIS T ‘PIJ J10USBX3UBS0J0P /AT ‘[eAI81Ul 82UspIU0D /D ‘SyNPY BunoA ul luswdolanaq 3siy Alsuy AJeuolo) v/gyvo

sisAjeue uoissaifial sprezey [euoiiodoid xo9 Buisn peoNAISUOD 818M S|8pOW ||y

124\
¥8°0
080
6v'0

100>

(88'0'55°0) 69°0
(96'0'65°0) GL°0
(66'0'85°0) €2°0
(68'0'95°0) TL'0
(¥9°0'07°0) TS0

v102/L6v
(€6'7-96°0) ZE€'T

(€8'0'15°0) 59°0
(06'0'55°0) 0L°0
(88°0'%5°0) 69°0
(98'0'€5°0) 290
(59°0°'0°0) TS0

LGTT/E62
(65°0-8€°0) 80

(€6'0'€5°0) 0L°0
(€6'0'€5°0) 0L°0
(06'0'T5°0) 890
(16'0'25°0) 89°0
(eL'0'2v'0) 550

8SY/TTT
(sz'0-810) TZ'0

(€6'0'05°0) 89'0
(£6'0'€5°0) TL'0
(#6'0'T5°0) 69°0
(56'0'TS°0) 0L°0
(98'0°'2¢°0) ¥9°0

LT€/18
(eT'0-900) 600

(quaiayal) T
(yuaiayal) T
(wasega1) T
(yuaiayal) T

(quaiayal) T
0S¢/.8
(10°0-00°0) 00°0

47 19PON
50€ 19POIN
pEE I9PON

2¢ [3PON

g 19PON

siuedioned/siuane Jo ‘0N

(Kep/Buinuas “4OI) ueIpaN

phuan
Jeaul| Joy o

oM G2

oaM p—g

oM T

Yluow ¢-T

Luow 1>

uondwnsuod ysiy paLi-uoN

100>

Author Manuscript

(97°0°0€°0) €70

(£5°0'92°0) €7°0

Author Manuscript

(¥9°0'v°0) £5°0

(£2°0'55'0) S9°0

(wasega1) T

Author Manuscript

4 18P0

Author Manuscript

PMC 2017 June 01.

in

available

Eur J Nutr. Author manuscript



Page 16

Kim et al.

/10w £ T= [9A8] 9pLIaoA|6L :ap1isak|Bii [ewouge waproul,

USW Ul T1/|0WW #0"T> 40 UBWOM Ul /|OWW €'T> [9A8] [0481S3]0Y TJAH :[0491S3]0Yd TJAH [eWw.ouge uapiou|

7/

suoleuIWEXa dN-MO]104 8Y} J0 AU Ul SUOIRDIPaW d1ageIpniue Buisn alem syuedionted ayy 1 10 T/|o0WW T°9< [9A9] 8s09n|6 Bunsey :8s0on|6 [ewlouqe waproul,

suoleUIWEXd

dn-mo|o} ay3 J0 Aue ui suonrealpaw aaisuspadAynue Buisn atam siuedionted syl 31 1o BHWW G8 < 49 anssaid poojq a1jolselp 4o BHWW QET< a4nssald poojq 91101sAs :ainssaid poojq [ewouqge Juspiou|

q

18.9)U1 JO 84nsodxa a|iuInb yoes ul sueipaw Buisn Ag pauILIEXa Sem pualy 104d,,

p1oe Aje} pajenesunAjod g-o ureyd-buo| y44e®D 7 ‘onel plezey &4 ‘uisioldodi] Ansusp-ybiy 7G4 ‘[eAl8lul 80UBpIU0I /D ‘SHNPY BunoA ul luswdolanaq sty Alauy Aleuolod /gy

2 91qeL Ul Z [9pOuW 10} paisi| SeIeLIeA0D 3y} Joy palsnipe aam sjapou ay L ‘sisAjeue uoissaibal sprezey feuontodoid xoD Buisn paioniisuod alam sjapoul ||y

900 (1602900520 (16°0'v90) LL0  (#6°0'T9°0)920  (0T'T'89°0) 980  (wasapal) T (T2y =u) jaouslapunaiid 1SIE
100> (90'050)290 (62°0'T50)€90 (88°0'/50) 690  (vOT'T9'0) 080  (uasager) T (682 =) gsapL120A1bLIL
100> (5207500290 (18°0'%50)99'0 (88°0'55°0)0.0  (BT'T'SL0) 60  (uasayal) T (L9g€ =v) plosalss|oyd TaH

vr0 (806700590 (280'G70) 90  (96°0'87°0)890  (26°0°c70) €90 (wuasapl) T (e65v =) yes00n19

670 (S6°0290) 220 (56'0290)920 (S6°0'85°0) ¥2'0  (Z0OT'6G°0) 20  (uaiayai) T (r51y =v) gainssaid poojg

Moam G2 Noom y—g Noam T yiuow €-T Luow 1>
phuan
leaul| Joyd uondwnsuod ysiy paLi-UuoN
700> (0207500090 (¥20'%50)€90 (820'85°0) L90  (68°0'29°0) LL'0  (wasayel) T (L12y =U) jeouslayuNdII ISTEM
100> (250'9€0) €70  (250'0v'0)8v'0  (59°0'9v°0) G50 (62°0'2G°0) L9°0  (uasayal) T (682 =) gsapL120AI6LIL
100> (P7'0'080) 980 (¥S0'88°0)Sv'0  (T90'SY'0) €50 (E°0'VS0) €90 (uasayal) T (L9g€ =v) plosals|oyd TAH
100> (08°0'050) €90 (98°0'750)89°0 (S8°0'%50)890  (FO'T'29°0) €80  (uasojal) T (657 =) 5es00n1D
100> (SL0'v50)€90 (88°0'79°0)SL'0 (€0T'9L0)680  (T0T'2'0)98°0  (usiaped) T (v51y =) gainssaid poojg
(3saybiy) 5O 7O €0 20 (1samop) 1O
phuan
leaul| Joyd BIUI YHNdEMDT JO SBINUING  BWOIpuAs d1jogeIsw Jo siusuodwo)

Author Manuscript

€ 9lqeL

Author Manuscript

0T02Z-S86T ‘Apms VIQHVvD ay
‘Us1) palIJ-uoU pue S\Y4NdE®DT JO Saxeiul Ag awoIpuAs d1jogeiaw Jo Sjusuodwod [enpIAIpul [ewioude Juapioul Jo (S1D % G6) SHH paisnipe-ajqerieAn|nin

Author Manuscript

Author Manuscript

Eur J Nutr. Author manuscript; available in PMC 2017 June 01.



Page 17

Kim et al.

UL J0J WO ZOT< 40 UBLUOM 0} LD §8< 80URISJLUNDIIO ISIEM :30UBJBJWLINDIID ISIEM |BLLIOUQE Emﬁ_uc_k

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Eur J Nutr. Author manuscript; available in PMC 2017 June 01.



	Abstract
	Introduction
	Methods
	Study population
	Ascertainment of fish consumption and LCω3PUFA intake
	Measurements of other covariates
	Metabolic syndrome ascertainment
	Statistical analysis

	Results
	Discussion
	References
	Table 1
	Table 2
	Table 3

