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Abstract

Background and Aims—Despite their relatively high content of saturated fat, studies of dairy
product intake and the risk of cardiovascular disease have often yielded null or inverse results. The
use of fatty acid biomarkers to reflect dairy intake could elucidate this association. This study aims
to evaluate the association between dairy intake, assessed by adipose pentadecanoic (15:0) and
heptadecanoic (17:0) fatty acids and food frequency questionnaire (FFQ), and the risk of nonfatal
myocardial infarction (MI), in a matched case-control study of Costa Rican adults (n=3630).

Methods and Results—The association was examined using conditional logistic regression,
adjusted for potential confounders. The associations of adipose tissue 15:0 and 17:0 with the risk
of M1 were not statistically significant (for 15:0: multivariate-adjusted OR for 5 quintile vs. 15t
=1.14 (95% ClI= 0.85, 1.53), p-value for linear trend=0.77; for 17:0: multivariate-adjusted OR for
5t quintile vs. 15t =1.15 (95% Cl= 0.88, 1.51), p-value for linear trend=0.18). The association
between the FFQ measure of dairy intake and MI showed evidence of a possible threshold effect,
with a protective association observed for all but the top quintile of the exposure distribution.

Conclusion—Dairy product intake as assessed by adipose tissue 15:0, 17:0, and by FFQ is not
associated with a linear increase in the risk of Ml in the study population. It is possible that the
adverse effect of saturated fat in dairy products on cardiovascular health is offset by presence of
beneficial nutrients.
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Introduction

Dairy products have long been recognized as a crucial source of energy, protein, calcium,
and other essential nutrients in the human diet (1). They are also rich in cholesterol and
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saturated fatty acids, which are widely believed to increase the risk of cardiovascular disease
by promoting atherogenesis (2). In support of that hypothesis, evidence from human
intervention trials has linked intake of butter to an increase in both total and low-density
lipoprotein (LDL) cholesterol (3). The hypercholesterolemic effect of dairy, however, was
not consistently replicated in studies using milk, yogurt, or other fermented milk products
4,5).

Evidence from observational studies is also conflicting. Recent systematic reviews of
prospective cohort studies of dairy intake, assessed by food frequency questionnaire (FFQ)
or dietary record, concluded that dairy food intake was not consistently associated with
adverse cardiovascular outcomes in a variety of adult populations (6-8). Case-control
studies using FFQ measures as exposure have reported either a decrease in cardiovascular
risk (9, 10) or a non-significant association (11). Studies using biomarkers of dairy intake
have also yielded discrepant results, ranging from robust protective associations in case-
control studies of Scandinavian populations (12, 13) to a significant positive association
between the proportion of 15:0 fatty acid in plasma and the risk of ischemic heart disease in
the Nurses’ Health Study cohort (14). Although differences in study design and exposure
ascertainment may explain some of the heterogeneity, it is likely that the atherogenic effect
of dairy may be counterbalanced by other bioactive components that are actually protective
of cardiovascular disease, namely conjugated linoleic acid (CLA), calcium, vitamin D, and
others (15).

In recent years, the use of biomarkers in nutritional epidemiology has become more
widespread. Advantages of using adipose tissue biomarkers to characterize long-term
nutritional intake include slow turnover, absence of recall bias, lack of response to
conditions of acute disease, and others (16). Several studies identified the proportions of
15:0 and 17:0 fatty acids in human adipose tissue as valid biomarkers of long-term dairy
intake, as these fatty acids cannot be synthesized endogenously and are specific for dairy fat
in most populations (17-19). However, because adipose tissue 15:0 and 17:0 focus on a sole
dietary constituent, they do not account for the role of other dairy components in disease
pathogenesis. As errors associated with biomarker ascertainment are independent of errors
associated with FFQ or dietary record data, combining dairy intake estimates from both
methods provides the most comprehensive and powerful method of exposure ascertainment
(16).

In this study we assessed the hypothesis that dairy intake, measured by adipose tissue
pentadecanoic (15:0) and heptadecanoic (17:0) fatty acids as well as FFQ data, is associated
with the risk of first nonfatal myocardial infarction (MI) in a population-based case-control
study of Costa Rican adults.

Study population

The study population, described in detail in several publications, consisted of Hispanics who
resided in the Central Valley of Costa Rica between 1994 and 2004 (20-23). Cases of first
nonfatal acute MI were ascertained by two independent cardiologists in the participating
hospitals and deemed eligible if they met the World Health Organization criteria (24),
survived hospitalization, were under 75 years of age on the day of their first MI, and able to
answer the questionnaire. Eligible cases were matched by 5-year age group, sex, and area of
residence to population controls identified randomly using data from the National Census
and Statistics Bureau of Costa Rica. Participation was 98% for cases and 88% for controls.
All participants provided written informed consent. The study has been approved by the
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Human Subjects Committee of the Harvard School of Public Health and the University of
Costa Rica.

Data collection

After the cases were discharged from the hospital, all cases and controls received home
visits, during which trained study workers collected lifestyle and medical history data,
anthropometric measurements, and biological specimens. Self-reported dairy intake during
the past year was assessed using an FFQ specifically designed and validated in the Costa
Rican population (25). Specifically, dairy intake was defined to include intake of butter,
buttermilk, cheeses (including mozzarella-style cheese, cottage cheese, and cream cheese),
cream, ice cream, lactocrema (a mixture of butter and margarine), milk (whole, 1%, and
2%), and yogurt.

Physical activity information was collected using a questionnaire described in more detail in
previous publications (23). Briefly, participants reported the average frequency and time
spent on several occupational and leisure time activities during the last year. Energy
expenditure for each activity was calculated as the product of frequency, time, and intensity
measured in METS (metabolic equivalents, defined as the energy expenditure for sitting
quietly or approximately kJ - kg body™1 - h™1) (23). Smoking and alcohol intake were
measured using questionnaires. Anthropometric measurements, including abdominal obesity
as operationalized by the waist-to-hip ratio, were collected the morning after an overnight
fast by trained fieldworkers while subjects wore light clothing and no shoes. Measurements
were performed in duplicate, with the average used in the analysis. Finally, income was
measured by showing participants index cards with ranges of income (in US dollars per
month) and asking them to select the appropriate index card.

Biological samples were collected following an overnight fast. Subcutaneous adipose
biopsies, collected following an overnight fast, were performed with a 16-gauge needle
using a modification of the method proposed by Beynen and Katan (26). Fatty acids from
adipose tissue were quantified by gas-liquid chromatography and used as a biomarker of
dairy intake over the past two or more years (16). Total separation of fransisomers was
achieved to distinguish three 18:1 isomers, three 18:2 isomers and one CLA isomer.

Statistical analysis

A total of 3630 participants had complete data on adipose tissue fatty acids and potential
confounders. The indicator method was used to address missing values of the income
variable. After deleting participants with missing information, remaining cases were re-
matched to controls to preserve the design of the study.

Data from the Costa Rica Study were analyzed using the SAS software package (Version
9.2; SAS Institute Inc, Cary, NC). To assess the statistical significance of differences in
general characteristics and potential confounders, we used paired t-tests for continuous
variables and McNemar’s tests for categorical variables. Partial Spearman’s correlation
coefficients were used to determine associations between adipose tissue biomarkers and self-
reported dairy intake. Least squares means adjusted for age, sex, waist-to-hip ratio, and
smoking were calculated to assess the association between self-reported dairy intake and
adipose tissue biomarkers among controls. Exposures were defined as adipose tissue 15:0
and 17:0, as well as self-reported dairy intake, divided into quintiles. The associations
between exposures and nonfatal MI was evaluated using conditional logistic regression,
adjusted for age, sex, area of residence (by matching), income, smoking status, total energy
intake, physical activity, waist-to-hip ratio, alcohol intake, as well as self-reported history of
hypertension, diabetes, and hypercholesterolemia. For both adipose tissue and self-reported
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exposures, additional models were fit adjusting for all of the above covariates plus adipose
tissue CLA and frans fatty acids, and intake of calcium intake and saturated fats. Tests for
linear trends across quintiles were conducted using logistic regression models, with the
median value of the corresponding quintile as the predictor.

The general characteristics of the study population are summarized by case/control status in
Table 1. Neither adipose tissue 15:0 nor 17:0 nor self-reported dairy intake (adjusted for
total energy intake) differed significantly by disease status. Cases had higher frequencies of
MI risk factors, including smoking, low physical activity, lower monthly income, abdominal
obesity, and a history of hypertension, diabetes, and hypercholesterolemia. Additionally,
cases were more likely to report a diet high in calories, saturated fat, cholesterol, and #rans
fat, but low in polyunsaturated fat.

The age-standardized distribution of potential confounders by quintile of dairy product
intake, as assessed by both FFQ and adipose tissue 15:0 and 17:0, is presented in Table 2.
The range of median dairy intake extended from 24 g/day in the lowest quintile to 593 g/day
in the highest quintile. Participants with a history of diabetes or hypercholesterolemia were
more likely to be in higher quintiles of dairy intake as ascertained by all measures of
exposure. Finally, participants in higher quintiles of dairy intake were less likely to be
current smokers and consumed less alcohol.

The correlation of dairy intake with adipose tissue biomarkers was strong for 15:0
(Spearman’s p= 0.34, one-sided p-value <0.0001), but lower for 17:0 (Spearman’s p= 0.16,
one-sided p-value <0.0001). Age-, sex- and waist-to-hip ratio-adjusted adipose tissue 15:0
and 17:0 increased across dairy intake quintiles, although at higher intake levels the
correlations reached a plateau (Figure 1). Energy-adjusted dairy intake was strongly
correlated with intake of calcium (Spearman’s p= 0.75; one-sided p-value <0.0001). There
was a weak correlation between adipose tissue CLA (Spearman’s p= 0.24, one-sided p-value
<0.0001) and energy-adjusted dairy intake. Similarly, there were weak correlations between
calcium and adipose tissue CLA with adipose tissue biomarkers (for 15:0: Spearman’s p=
0.33 and 0.16 respectively, one-sided p-values <0.0001; for 17:0: Spearman’s p= 0.21 and
-0.12 respectively, one-sided p-values <0.0001).

Table 3 presents the analyses examining associations between long-term dairy intake
assessed by FFQ as well as adipose tissue 15:0 and 17:0 and the risk of nonfatal Ml in the
study population. In the models adjusted only for age, sex, and area of residence by
matching, dairy intake as assessed by FFQ was not linearly associated with the risk of M.
However, a threshold effect was observed, with a statistically significant protective
association for quintiles 2, 3, and 4, and a statistically insignificant increase in the odds of
MI in the 5 quintile. Upon further adjustment for income, smoking, physical activity,
waist-to-hip ratio, alcohol intake, as well as for adipose tissue alpha-linolenic acid (ALA),
and history of hypertension, hypercholesterolemia, and diabetes, the linear association
between dairy intake as assessed by FFQ and the risk of MI stayed non-significant
(multivariate-adjusted OR for 51 vs. 15t quintile= 0.82, 95% CI= (0.64, 1.04), p-value for
linear trend= 0.61) but the threshold effect remained. To evaluate the effect of specific dairy
components, we also adjusted for adipose tissue trans fatty acids as well as for intake of
saturated fats (as a % of total energy), which yielded a protective relation for 51 vs, 15t
quintile of dairy intake (multivariate-adjusted OR= 0.68, 95% ClI= (0.53, 0.87), p-value for
linear trend= 0.19). However, further adjustment for protective dairy components, namely
dietary intake of calcium and adipose tissue CLA, did not result in a significant estimate of
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association (multivariate-adjusted OR for 51 vs. 15t quintile= 0.78, 95% CI= (0.56, 1.08), p-
value for linear trend= 0.34).

Adipose tissue 15:0 and 17:0 were not significantly associated with the risk of Ml in models
adjusted only for matching factors. Further adjustment for income, smoking, physical
activity, waist-to-hip ratio, adipose tissue ALA, total energy intake, alcohol intake, and
history of hypertension, hypercholesterolemia, and diabetes yielded a significant estimate of
association for 17:0 fatty acid (OR for 51 vs. 15t quintile= 1.33, 95% Cl= (1.03, 1.72), p-
value for linear trend= 0.01) but not for 15:0. For both adipose tissue biomarkers, additional
adjustment for adipose tissue frans fatty acids and intake of saturated fats resulted in weaker
estimates of association for 51 vs. 15t quintile of dairy intake (for 15:0: OR = 0.95, 95% Cl=
(0.72, 1.25), p-value for linear trend= 0.23; for 17:0: OR= 1.24, 95% ClI= (0.96, 1.61), p-
value for linear trend= 0.05). Finally, in the fully adjusted models including adipose tissue
CLA and intake of calcium, adipose tissue 15:0 and 17:0 were not significantly associated
with the risk of the outcome: (for 15:0: OR=1.14, 95% CI= (0.85, 1.53), p-value for linear
trend= 0.77, for 17:0: OR=1.15, 95% ClI= (0.88, 1.51), p-value for linear trend= 0.18).

Discussion

We have shown that dairy intake, as ascertained by FFQ and adipose tissue 15:0 and 17:0
fatty acids, was not linearly associated with the risk of Ml in the Costa Rica Study.
However, the association between the FFQ measure of dairy intake and MI showed evidence
of a possible threshold effect, with a protective association observed for all but the top
quintile of the exposure distribution. Furthermore, our estimates of association were
attenuated after adjustment for known atherogenic factors (#rans fats and saturated fats) but
increased after adjustment for known protective components such as calcium and CLA,
suggesting that the cumulative effect of dairy products is likely to involve a balance of
factors.

There are several reasons for the discrepancies between the adipose tissue 15:0 and 17:0
fatty acids results, as well as between biomarker and FFQ results. Specifically, our data
showed that adipose tissue 17:0 is less correlated with diet than 15:0, suggesting that it may
reflect yet unknown metabolic processes in addition to long-term dairy intake. Additionally,
both 15:0 and 17:0 are specific for dairy fats, while the FFQ measure includes effects of
other potentially cardioprotective components of dairy. Furthermore, biomarker measures
are more indicative of long-term intake and less prone to recall bias than FFQ measures.
Finally, chance remains a possible explanation for the observed associations.

The association between dairy intake and cardiovascular health is likely to emerge from a
balance of protective and risk factors. Although the evidence from animal and human
studies is inconclusive and often conflicting, several distinct mechanisms have been
proposed involving individual nutrients and their putative interactions. On the protective
side, dairy is a rich source of calcium, magnesium, potassium and vitamin D, which have
been linked to a reduction in risk of cardiovascular disease in a variety of populations (15,
27). A recent review of experimental and observational studies has shown that increased
intake of dairy minerals, combined with a low-sodium diet, has anti-hypertensive effects in a
variety of populations (27). The effects of vitamin D on cardiovascular health are also likely
to involve blood pressure regulation, particularly by suppressing the renin gene on the renin-
angiotensin pathway. However, data from the Women’s Health Initiative show no reduction
in either blood pressure or the risk of developing hypertension over 7 years of follow-up
associated with vitamin D supplementation (28).
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On the other hand, dairy is a rich source of dietary cholesterol, frans fatty acids, and
saturated fatty acids, which are believed to increase the risk of heart disease by promoting
hyperlipidemia and atherogenesis. Results from the Nurses’ Health Study indicate that
higher ratios of full-fat to low-fat dairy intake as well as higher plasma 15:0 are associated
with an increase in risk of coronary heart disease (14, 29). On the contrary, a previous
analysis of the Costa Rica Study found that adipose tissue 9¢,11¢isomer of CLA was
associated with a decreased risk of M1 and may offset the adverse effects of dairy saturated
fat intake on cardiovascular risk (30).

The strengths of our study include smaller errors in dairy intake measurements associated
with the use of combined biomarker and FFQ data, large sample size, and high participation
rates. Although recall bias is a possibility in our study, we believe it is unlikely as the
participants did not demonstrate a high level of awareness of dietary determinants of heart
disease, instead reporting stress as the most likely cause of their MI. We have adjusted for
potential confounders such as age, sex, area of residence, dietary factors, smoking, alcohol,
physical activity, and socioeconomic status, but the possibility of residual confounding
cannot be completely excluded. Also, our outcome variable definition was restricted to first
nonfatal MI, and thus the results cannot be generalized to the broader concept of
cardiovascular disease. Finally, the observational nature of the Costa Rica Study precludes
establishment of causal relationships between study variables.

In summary, we have shown that long-term dairy intake is not associated with adverse
cardiovascular outcomes in the Costa Rica Study. The mechanisms underlying the potential
association between dairy intake and cardiovascular health are complex and clearly warrant
more research.
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Figure 1.

Relationship between adipose tissue dairy biomarkers and dairy intake among controls
(n=1815). Least-square means and standard errors of adipose tissue fatty acids, plotted
against quintiles of calorie-adjusted weighted dairy product intake, adjusted for age, sex, and
waist-to-hip ratio. Diamonds and triangles indicate least-squares means of adipose 15:0 and
17:0 respectively; bars indicate 95% Cls for these means.
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Characteristics of the Costa Rica Study population by case-control status (n=3630).

Table 1

Variable
Age, years

% Female
Monthly household income, USD 2
% Current smokers 4
Alcohol intake, g/d 2
% History of hypertension &
% History of diabetes 4
% History of hypercholesterolemia @
Waist-to-hip ratio 2
Physical activity, MET €
Adipose tissue fatty acids, % of total
15:0
17:.0
Daily dietary intake
Total energy, kcal &
Saturated fat, % energy 2
Polyunsaturated fat, % energy 4
trans fat, % energy 4
Cholesterol, mg/1000kcal €

Dairy products, g/d &2

Cases (n=1815)
58.5+10.9

27

505 £394

40
7.1+18.5
39

25

30
0.97+0.07

34.2+15.7

0.21+0.07
0.20+0.05

2692+939
12.543.1
6.9+2.4
1.29+0.60
3494231

244+270

Controls (n=1815)
58.2+11.2

27

581+424

21
6.1+14.5
30

15

27
0.95+0.07

35.4+15.3

0.21+0.07
0.20+0.05

2435+750
11.6+2.9
7.2%2.4
1.25+0.59
292+171

237+227

a . . ] . .
P-value < 0.05, from paired #test for continuous variables or McNemar’s test for categorical variables.

bAdjusted for total energy intake using the residuals method
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