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Abstract

Background—Although studies suggest that omega-3 fatty acids intake may reduce
cardiovascular disease (CVD) mortality risk, few studies have differentiated dietary
eicosapentaenoic/docosahexaenoic acid (EPA/DHA) from alpha-linolenic acid (ALA), and
epidemiological research in Asian populations is limited.

Methods and Results—The Singapore Chinese Health Study is a population-based cohort that
recruited 63,257 Chinese adults aged 45-74 years from 1993 to 1998. Usual diet was measured at
recruitment using a validated semi-quantitative food-frequency questionnaire, and mortality
information was identified via registry linkage up to 31 December 2011. Cox proportional hazard
models were used to calculate hazard ratios (HRs) with adjustment for potential confounders. We
documented 4,780 total cardiovascular deaths (including 2,697 coronary heart disease [CHD]
deaths and 1,298 stroke deaths) during 890,473 person-years of follow-up. Omega-3 fatty acids
intake was monotonically associated with reduced risk of cardiovascular mortality. Compared to
the lowest quartile, the HR [95% confidence interval (CI)] was 0.88 (0.81-0.96), 0.88 (0.80-0.97),
and 0.83 (0.74-0.92) for the second, third and highest quartile, respectively (P-trend=0.003). Both
EPA/DHA and ALA were independently associated with reduced risk of cardiovascular mortality:
the HR (95% CI) comparing extreme quartiles was 0.86 (0.77-0.96; P-trend=0.002) and 0.81
(0.73-0.90; P-trend<0.001), respectively. The associations were similar for deaths from coronary
heart disease and stroke, and persisted in participants who were free of CVD at baseline.

Conclusions—Higher relative intake of both marine (EPA/DHA) and plant (ALA) omega-3
fatty acids are associated with reduced risk of cardiovascular mortality in a Chinese population.
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INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of death worldwide, and the prevalence
and incidence has increased dramatically in the past several decades in Asian countries.l: 2
Among the many risk factors, diet plays an important role in the development and prognosis
of CVD.3 4 These is a long-standing interest in the plausible cardiovascular benefits of
omega-3 fatty acids given the strong effects on several cardio-metabolic pathways (e.g.,
lipid profile, blood pressure, resting heart rate, endothelial function, platelet aggregation,
inflammation, antiarrhythmic effects) from pre-clinical studies and short-term
interventions.> Although the results on nonfatal cardiovascular events are still conflicting
and less well-established, the evidence from large prospective cohort studies and adequately
powered clinical trials, however, has supported the notion that omega-3 fatty acids are
associated with reduced risk of CVD mortality.>

There are two major types of omega-3 fatty acids from the diet: long-chain omega-3 fatty
acids including eicosapentaenoic acid (EPA, 20:5n-3) and docosahexaenoic acid (DHA,
22:6n-3), which are mainly from marine-based foods, and alpha-linolenic acid (ALA,
18:3n-3) which is mainly the plant-derived omega-3 fatty acid found in seeds, nuts, and their
oils. Mounting evidence has suggested that dietary intake of fish and EPA/DHA is
associated with a lower risk of CVD mortality>-8, while it is less clear whether ALA also
possesses the cardiovascular benefits, and the results from several prospective studies are
mixed.%-14

The majority of the studies have been conducted in North American and European countries,
and the studies of the association between omega-3 fatty acids and CVD risk in Asian
populations are limited. Three cohort studies in Chinese men and women and one cohort
study in Japanese adults have consistently found an inverse association between fish and
EPA/DHA intake and risk of cardiovascular death; however, the results are not consistent
with regard to coronary heart disease (CHD) or stroke mortality.1>-17 Nevertheless, ALA
was not examined in those studies. The plant oils have been widely used in Asian cooking,
and legumes, soy and grains are major food items in the Asian diet. Thus, the ALA is a
major source of omega-3 fatty acids, but no study has specifically examined the relation
between ALA intake and risk of cardiovascular mortality in Asian population.

Therefore, to address the question of whether EPA/DHA or ALA has a beneficial
association with cardiovascular mortality, we used data from the Singapore Chinese Health
Study (SCHS), a population-based prospective cohort of approximately 63,000 Chinese men
and women in Singapore. We hypothesized that both EPA/DHA and ALA were associated
with a lower risk of cardiovascular death in the Chinese population. We further tested the
hypothesis in CVD-free individuals (primary prevention) and people with CVD (secondary
prevention) at baseline), as well as the relation with coronary heart disease (CHD) and
stroke mortality separately.
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Study Population

Assessment

The design of the SCHS has been described previously.18 Briefly, 35,303 Chinese women
and 27,954 Chinese men aged 45-74 years of age were enrolled in this population-based
cohort study between April 1993 and December 1998. The study participants were restricted
to two major dialect groups in Singapore, which are the Hokkiens and the Cantonese who
originated from Fujian and Guangdong provinces in Southern China. During the enrolment
period, all the study participants were residents of government housing estates, where 86%
of the Singapore population resided at the time of recruitment. This study was approved by
the Institutional Review Board at the National University of Singapore, and all enrolled
subjects were given informed consent.

At recruitment, information on demographics, lifestyle factors (physical activity, tobacco
use, and alcohol intake), usual diet, and medical history was obtained through in-person in-
interviews using structured questionnaires. We excluded individuals who had self-reported
cancer at baseline (n=1,936) or who reported extreme sex-specific energy intakes (<600 or
>3000 kcal/d for women and <700 or >3700 kcal/d for men; n=1,023). The current analysis
included 60,298 participants.

of Diet and Covariates

A semi-quantitative food-frequency questionnaire (FFQ) including 165 commonly
consumed food items in this population was administered during the baseline interview. The
respondents were instructed to select from 8 food-frequency categories (ranged from “never
or hardly ever” to “two or more times a day”) and three portion sizes (small, median, large)
with the aid of photographs. Relevant to this study, the food frequency questionnaire listed
14 seafood items, including fresh fish (fish ball or cake, deep fried fish, pan or stir fried fish,
boiled or steamed fish), fresh shellfish (shrimp or prawn, squid or cuttlefish), dried/salted
fish (salted fish, ikan bilis, dried fish, other dried seafoods such as dried shrimp, dried
oyster, dried cuttlefish), and canned fish (canned tuna, canned sardine). The FFQ had been
validated subsequently using 24-hour recalls and re-administration of the FFQ among a
subset of 810 participants from this cohort.18 The validation study by these two methods
showed similar distributions with most mean pairs for energy and nutrients within 10% of
each other’s values. The correlation coefficient by these two methods for each dietary
component ranged between 0.24 and 0.79, which is comparable with previous validation
study in diverse populations.1® The dietary intake of each nutrient was derived based on the
Singapore Food Composition Database, which has been described in detail previously.1®
This database was developed specifically for this cohort study and listed approximately 100
nutritional and non-nutritional values per 100 g of the edible raw and cooked foods. The
main dietary sources of marine omega-3 fatty acids (EPA and DHA) were fish and seafood,
while the main dietary sources of nonmarine omega-3 (ALA) were grains (21% of omega-3
intake), cooking oils (11%), and legumes and say (9%). Overall, marine-based omega-3
(EPA/DHA) accounted for approximately 36% of population omega-3 intake, and
nonmarine-based omega-3 (ALA) made up 64%. Other known or suspected risk factors for
CVD assessed with the baseline questionnaire included age, educational level, smoking
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status, and physical activity. Body mass index (BMI, in kg/m?) was calculated by body
weight in kg divided by square of height in meter. Participants also self-reported their
history of medical conditions diagnosed by physicians, including diabetes, hypertension,
coronary heart disease and stroke.

Assessment of Mortality

Information on date and cause of death was obtained through linkage analysis with the
nationwide registry of birth and death in Singapore. Primary cause of death was used for
analysis. Vital status for cohort participants was updated through December 31, 2011. As of
December 31, 2011, only 47 subjects from this cohort were known to be lost to follow-up
due to migration out of Singapore or for other reasons. This suggests that emigration among
participants is negligible in this cohort and that vital statistics in follow-up is virtually
complete. Underlying causes of death were coded according to the International
Classification of Diseases, Ninth Revision; codes 390-459 were used for cardiovascular
deaths, codes 410 414 for CHD deaths, codes 430-438 for stroke deaths.

Statistical Analysis

RESULTS

Person-years for each participant were calculated from the date of recruitment to the death
or December 31, 2011, whichever came first. All the nutrients, including omega-3 fatty
acids, were adjusted for energy using the residual method.2? Cox proportional hazards were
used to examine associations between omega-3 fatty acids intake and CVD mortality risk. In
the multivariate model, we adjusted for age (continuous), sex, interview year (1993-1995,
1996-1998), dialect group (Hokkien, Cantonese), cigarette smoking (years of smoking and
number of cigarettes per day), alcohol frequency (never or monthly, weekly, daily), level of
education (none, primary school, secondary school or more), physical activity level (no,
0.5-3.0 hours/wk, =4.0 hours/wk), BMI (<20.0, 20.0-23.9, 24.0-27.9, 228.0 kg/m?), history
of comorbidities at baseline (diabetes, hypertension, CHD and stroke) and total energy
intake (continuous). In the final model, we additionally adjusted for dietary variables,
including dietary fiber, protein, and all fat subtypes (i.e., omega-6 fatty acids,
monounsaturated fat, and saturated fat), all in quartiles. In the analysis of EPA/DHA or
ALA, they were included in the model simultaneously. To examine linear trend, median
intake values of each quartile was entered as a continuous variable in the model.

Stratified analysis was made a priori by self-reported history of physician diagnosed CHD
and stroke at recruitment. The rationale is to test the hypothesis in primary prevention, i.e. in
participants without CVD history) and secondary prevention (patients with CVD). We
further stratified the analysis in participants with or without baseline history of diabetes/
hypertension in the primary prevention setting to evaluate the association persisted in the
high-risk group. All the statistical analyses were conducted using SAS 9.1 (SAS Institute
Inc, Cary, NC), with 2-sided P value less than 5% as statistical significance.

Table 1 shows the baseline characteristics according to quartiles of total omega-3 fatty acids
intake. Participants in the highest quartile of total omega-3 fatty acids intake were slightly
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younger, more likely to be women, attained higher level of education, and were less likely to
be smokers. They also had a higher prevalence of hypertension, diabetes and coronary heart
disease. Positive association with total omega-3 fatty acids was found with dietary fiber and
other fatty acids. No significant differences were found for physical activity and BMI.
Similar pattern was found for intake of marine and nonmarine-based omega-3 fatty acids
(Supplementary Table 1).

We documented a total of 4780 total cardiovascular deaths (including 2697 coronary heart
disease [CHD] deaths and 1298 stroke deaths) during 890,473 person-years of follow-up. In
the multivariate model, omega-3 fatty acid intake was monotonically associated with
reduced risk of cardiovascular deaths, even after adjustment for established factors for CVD
and other dietary variables. Compared to the lowest quartile, the HR [95% confidence
interval (CI)] was 0.88 (0.81-0.96), 0.88 (0.80-0.97), and 0.83 (0.74-0.92) for the second,
third and highest quartile, respectively (P-trend=0.003; Table 2). When dietary marine
(EPA/DHA) and nonmarine-based (ALA) omega-3 fatty acids were examined
independently, both types were associated with reduced risk of cardiovascular mortality: the
HR (95% CI) comparing extreme quartiles was 0.86 (0.77-0.96) for EPA/DHA (P-
trend=0.004) and 0.81 (0.73-0.90) for ALA (P-trend<0.001). We also tested the joint
association between marine-based and nonmarine-based omega-3 fatty acids with
cardiovascular mortality (Figure 1 and Supplemental Table 2): compared to those who were
in the lowest tertiles of both omega-3 fatty acids, individuals in the highest tertiles had 33%
(HR 0.67; 95% CI 0.57-0.78) lower risk. The P value for multiplicative interaction was not
significant (P-interaction=0.75).

With regard to CHD mortality (Table 3), both marine- and non-marine omega-3 fatty acids
alone or in combination were all inversely associated with a lower risk: the HR (95% CI)
comparing extreme quartiles was 0.85 (0.73-0.98) for total omega-3 fatty acids (P-
trend=0.04), 0.86 (0.74-0.99) for EPA/DHA (P-trend=0.02), and 0.82 (0.71-0.93) for ALA
(P-trend=0.001). For stroke mortality, a trend towards inverse associations were found for
total, marine and non-marine omega-3 fatty acids, but none of these associations reached
statistical significance (Table 3).

When stratified the analysis by self-reported history of physician-diagnosed CHD or stroke
at recruitment, significant and similar associations were found among individuals who were
free of CVD at baseline (Table 4). Among individuals who were free of CVVD at baseline,
the HR (95% CI) comparing extreme quartiles was 0.83 (0.73-0.94) for total omega-3 fatty
acids (P-trend=0.006), 0.84 (0.74-0.95) for EPA/DHA (P-trend=0.002), and 0.81
(0.72-0.90) for ALA (P-trend<0.001). However, among participants with prior history of
CVD, the reduction in risk was attenuated and did not reach statistical significance, although
an inverse relationship was still generally present. The P value for interaction was not
significant for any of the omega-3 fatty acids (all P-interaction>0.10). A similar pattern was
observed for CHD mortality (Supplementary Table 3) and the associations were slightly
stronger in people without CVD at baseline. For stroke mortality (Supplementary Table 4),
there was a trend towards a lower risk, but the association was not statistically significant for
neither EPA/DHA nor ALA. Within the population without a prior history of CVD, the
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associations were similar between individuals with or without baseline diabetes/
hypertension (Table 5), and no significant interaction was found (all P-interaction>0.10).

DISCUSSION

In this large cohort study of Chinese men and women, intake of omega-3 fatty acids (both
marine and nonmarine-based sources) was independently associated with reduced risk of
cardiovascular disease mortality. Inverse associations were also found for deaths from CHD
and stroke with intake of total omega-3 fatty acids and ALA, although the association
between EPA/DHA intake and stroke mortality did not reach statistical significance. The
associations were observed after full adjustment for established risk factors for CVD and
other dietary and lifestyle confounders for both types of omega-3 fatty acids and the lowest
risk was observed in the subjects with high intake for both.

Our results are largely consistent with previous prospective cohort studies on intake of long-
chain omega-3 fatty acids and cardiovascular death® 21, There are several cohort studies in
the Asian populations and the results were generally consistent. In a cohort of 18,224
Chinese men in Shanghai, Yuan et al.1 reported that men in the highest quintile of
EPA/DHA intake had almost 57% lower risk of mortality from myocardial infarction
(n=187 cases), but not stroke (n=480 cases). In a cohort of 57,972 Japanese men and
women, Yamagishi et al.18 found that participants in the highest quintile of total omega-3
fatty acids intake had 19% lower risk of cardiovascular death (n=2,045 cases), particularly
mortality from heart failure (=307 cases), but not stroke (n=972 cases). In a recent cohort
of 134,296 Chinese men and women in Shanghai, Takata et al.1> observed that women in the
highest quintile of EPA/DHA intake had 22% lower risk of cardiovascular mortality
(n=1,090 cases), but not in men (n=699 cases). In this study, EPA/DHA intake was not
related to hemorrhagic stroke, and the association with ischemic stroke was only evident in
the highest quintile but not the other groups.1® Compared to those studies, the current
analysis has the largest number of cardiovascular deaths (n=4,780), and we found that
EPA/DHA was inversely associated with risk of cardiovascular deaths and mortality from
CHD, but not with stroke mortality.

Compared to marine omega-3 fatty acids, studies on the relation between ALA intake and
CVD are limited. A recent meta-analysis of 6 prospective cohort studies found that adults in
the top tertile had a 20% lower risk of cardiovascular death compared to the bottom tertile,22
although the association was not significant in some of the included studies. This is probably
due to the small sample size and limited power (the number of outcomes ranged from 78 to
829).22 Again, our study is the largest so far on the association between ALA intake and
cardiovascular deaths (n=4780), and the first report in the Asian population. Our analysis is
also one of the few studies that investigated both marine and nonmarine-based omega-3 fatty
acids in the same cohort. We found that both types of omega-3 fatty acids were associated
with a lower risk, which is consistent with the Cardiovascular Health Study23. One study
suggested that ALA intake may particularly reduce CHD risk when marine-based omega-3
fatty acids intake is low??, but in the current analysis, the association appeared to be
independent and no significant multiplicative interaction was found, this is consistent with
results from the Nurses’ Health Study for the sudden cardiac death.2>
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The association between EPA/DHA with stroke is less consistent, with modest benefits
found in observation cohort studies, but not in clinical trials.28 In our analysis, the
association between EPA/DHA with stroke mortality was not significant, which is consistent
with studies in Chinese men in Shanghai,1” and Japanese men and women.16 The recent
report in a large cohort in Chinese men and women in Shanghail® found an inverse relation
between EPA/DHA with stroke mortality; however, the significant association was only
observed in the fifth quintile, but not in others, compared to the first quintile. The observed
inverse association between ALA with stroke mortality is in line with a cohort study in The
Netherlands where participants in the second to the fifth quintiles had a 35-50% lower risk
compared with the reference group.2” A nested case-control study of 96 cases and 96
controls found inverse association between serum concentrations of ALA and risk of stroke
in US adults.28 However, null association was also reported in other studies in Western
population.2®-31 No study has been conducted to investigate the relation of ALA intake and
risk of stroke risk in Asian population.

Recently, several clinical trials have been conducted to investigate whether omega-3 fatty
acids supplementation reduces risk of cardiovascular events in the secondary prevention
setting. A recent meta-analysis of EPA/DHA supplementation found modest but not
statistically significant reductions in cardiac death (9% reduction, 13 trials) and sudden
death (13% reduction, 7 trials).32 The results were quite mixed: significant reduction in
cardiovascular death was found in some early trials,33 34 but not in several recent trails.35: 36
The recent Alpha Omega Trial3® in 4,837 post-myocardial infarction patients was a 2-by-2
factorial design with 2 g ALA or 400 mg EPA/DHA as the interventions, and no significant
effect was found for either EPA/DHA or ALA. In the primary prevention, the recent
ORIGIN37 trial randomly assigned 12,536 patients who were at high risk for cardiovascular
events (individuals who had impaired fasting glucose, impaired glucose tolerance, or
diabetes) to receive 900 mg EPA/DHA intervention or olive oil control. No significant
reduction was found for cardiovascular death after 6 years of intervention. However, the use
of olive oil in the control group may mask the benefits from omega-3 fatty acids.
Furthermore, as the authors acknowledged, participants in the trials were taking more
concomitant cardio-protective therapies and may lead to a failure to detect significant
benefit with omega-3 fatty acids.3” Indeed, as criticized by Mozaffarian and Wu," the
statistical power was limited in all the clinical trials. No clinical trial has been done in
healthy individuals (those without CVD, diabetes or hypertension) because of low
feasibility. Therefore, evidence from both clinical trials and high-quality prospective cohort
studies on the topic should be considered as evidence for providing dietary
recommendations. The risk reduction among patients with existing CVD events in our study
was not significant, although the trend was towards a lower risk and no significant
interaction was found. Among individuals without CVD at baseline, our results indicate a
similar association in those with or without diabetes/hypertension at baseline, suggesting
that omega-3 fatty acids confer cardiovascular benefits in both healthy and high-risk groups.

The strengths of our study include the high response and follow-up rate, detailed collection
of data through face-to-face interviews, nearly complete mortality assessment with
objectively obtained records on time and cause of death. The dietary intake was assessed by
a FFQ that was specifically developed and validated in this population, and has been shown
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to be internally consistent and reproducible. We are also aware of several limitations. First,
the dietary intake was assessed by self-report, and some levels of measurement error were
inevitable. However, this would most likely result in non-differential misclassification with
respect to disease status and likely underestimation of risk. Second, the self-reported
lifestyle-related data and baseline comorbidity status may result in some misclassification
and residual confounding. Periodic assessment of such data would have allowed us to
examine the potential reported changes in these factors in relation to the outcomes. The
residual and unmeasured confounding, as in any observational studies, is still possible.
Third, we do not have comprehensive data on incident nonfatal cardiovascular events in the
cohorts, and future efforts should be made to validate and confirm the nonfatal cases.
Finally, due to the observational study nature, causality should be made with caution.

CONCLUSION

Our results provide supportive evidence that high dietary intake of both marine and
nonmarine-based omega-3 fatty acids is associated with reduced risk of cardiovascular death
in the Chinese population, particularly for deaths from coronary heart disease and in
individuals without cardiovascular disease at baseline. Further studies are still needed to
evaluate the association with incident nonfatal cardiovascular events, and confirm our
results in other Asian populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Relative Risk (95% Confidence Interval) of Total Cardiovascular Mortality According
to Joint Distribution of Marine and Non-marine Omega-3 Fatty Acids | ntake*

* Multivariate model adjusted for age, sex, dialect, year of interview, educational level,
body mass index, physical activity, smoking status, alcohol use, baseline history of self-
reported diabetes, hypertension, coronary heart disease, stroke, and intakes of total energy,
protein, dietary fiber, monounsaturated fat, saturated fat, and omega-6 fatty acids.
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