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Abstract

A score based on diet and lifestyle recommendations from the AHA has been associated with cardiovascular risk factors.
We aimed to assess whether the diet components alone were associated with metabolic syndrome (MetS) and allostatic
load (AL; a composite measure of 10 physiologically dysregulated variables). The diet score ranged from 0 to 90 and
included intake components for dietary fats, fruits and vegetables, whole grains, salt, added sugars, and alcohol and was
tested in a cross-sectional analysis of 1318 Puerto Rican adults (aged 45-75 y; 72% women) living in Boston, MA. The
mean * SD diet score was 28.0 = 9.9 for men and 30.0 = 10.1 for women. Replicating findings from a previous study
in this cohort that used both the diet and lifestyle components, we observed associations between the diet-only score
and insulin, waist circumference, and HDL cholesterol. We found novel significant associations between the continuous
diet score and AL components, namely an inverse association with urinary cortisol and a positive association with serum
dehydroepiandrosterone sulfate in women as well as an inverse association with urinary norepinephrine in men (all P < 0.05).
In multinomial logistic regression, every 10 AHA diet score units were associated with 22% (95% ClI: 1, 38; P = 0.043) lower
odds of having =6 (vs. =2) dysregulated AL components in women. In men, every 10 diet score units were associated with
lower odds of MetS (OR: 0.69; 95% Cl: 0.52, 0.93; P=0.016). Following AHA recommendations for a healthy diet may protect

-

against the development of components of MetS and AL in Puerto Rican adults. J. Nutr. 143: 1753-1759, 2013.

Introduction

In 2006, the AHA put forth a statement on diet and lifestyle
recommendations based on the latest authoritative evidence,
with the goal of reducing the risk of cardiovascular disease
(CVD)” in the general population (1). The recommendations
included goals for an overall healthy, energy-balanced diet with
specific guidelines for intake of fruits and vegetables, whole
grains, fish, saturated fat, trans fat, dietary cholesterol, added
sugars, and salt. The AHA also encouraged other lifestyle goals
such as maintaining healthy body weight, engaging in physical
activity, consuming alcohol in moderation (if at all), and avoiding
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tobacco. The statement concluded by asserting that these mes-
sages should be particularly directed at ethnic minorities, to
reduce the CVD-related disparities that they present.

One such group is Puerto Ricans, the second largest Latino
ethnic group in the United States (2). Puerto Ricans experience
the poorest health in the nation (3,4), with excessive prevalence
of hypertension, diabetes, obesity, hyperglycemia, and dyslipi-
demia (5-9). We documented that 65% of men and 77% of
women in a cohort of Puerto Rican adults living in the Boston
area had metabolic syndrome (MetS) (10), a cluster of biological
risk factors that, together, double the risk of eventual CVD
events and mortality (11). A potential approach to help decrease
CVD-related disparities among this group may be to consider
lifestyle recommendations such as those proposed by the AHA,
and to evaluate whether these suggestions may affect cardiome-
tabolic risk factors for this group in particular.

To this end, a recent study by Bhupathiraju et al. (12) showed
that higher adherence to the AHA diet and lifestyle recommen-
dations was associated with lower insulin, C-reactive protein
(CRP), and waist circumference and with higher HDL choles-
terol (HDL-C) in this Boston Puerto Rican cohort. Subsequently,
a study among Japanese men adapted the score to include only
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the dietary components and found that the AHA diet score was
associated with different biomarkers than those found in
Bhupathiraju et al., but also with increased odds of MetS (13).
The differences in results may have been a result of population
characteristics, sex, or actual mechanistic variations for diet
alone vs. all lifestyle factors. MetS, as well as individual physio-
logical biomarkers, involves diverse pathways, with an unclear
unifying pathophysiological mechanism (14,15). The discrep-
ancies between studies remain to be evaluated. Moreover, al-
though several studies have shown associations between other
diet scores based on national dietary guidelines and MetS (16—
18), the AHA-recommended diet score has not been exclusively
evaluated for this outcome in both sexes.

MetS is not the only cluster of risk factors with a link to diet.
We have previously shown that a dietary pattern of meats, pro-
cessed meats, and french fries was associated with higher odds of
allostatic load (AL) in this cohort (19). AL refers to a cluster of
physiological responses to stressors (such as diet) that operate
outside normal range because of cumulative wear and tear and
that culminate in an unbalanced system, disturbed functioning,
and disease (20,21). These dysregulated risk factors include pri-
mary neuroendocrine markers in the hypothalamic-pituitary-
adrenal axis that trigger secondary cardiometabolic variables
(22), most of which are included in the conventional definition
of MetS. However, several studies have shown that AL predicts
morbidity and mortality of major chronic conditions beyond the
predictive value of its individual components (20,23), and with
similar or stronger association than the MetS variables (24-26).
We showed that this group of Puerto Ricans had high AL, with a
mean of 4 out of 10 possible AL components and with 20% of
men and 14% of women having =6 AL components (10). Higher
AL was associated with increased likelihood of type II diabetes,
CVD, and arthritis, particularly for those with =6 components,
and the associations were stronger than for MetS (10). Aside
from our aforementioned study, reports of dietary contributors
to AL are scarce. Thus, we aimed to assess whether dietary com-
ponents of the AHA recommendations were associated with
cardiometabolic risk factors, MetS, and AL in Puerto Rican men
and women. We subsequently discussed how our sex-specific re-
sults using diet components only for the AHA score juxtapose
with those from previous studies applying diet and lifestyle com-
ponents (12,13).

Participants and Methods

Study participants. Data from participants of the baseline cycle of the
Boston Puerto Rican Heart Study, a longitudinal cohort of Puerto Rican
adults in Boston, was used for this analysis. Recruitment strategies and
baseline characteristics of the participants have been described in detail
previously (8). Briefly, 1500 participants were recruited in the Boston
metro area using door-to-door enumeration based on 2000 census data
that identified census tracks of at least 25 Puerto Rican adults and randomly
selected census blocks of 10 or more Hispanics. Only 1 participant per
household could participate. Supplemental recruitment strategies, such as
community events, media advertisement, and referrals, were also used.

To be eligible, an individual had to be of self-identified Puerto Rican
descent, able to answer questions in English or Spanish, aged 45-75 vy,
and living in the Boston area at the time of the study. All data were
collected by trained, bilingual interviewers following standardized pro-
tocols. The study was approved by the Institutional Review Board at
Tufts Medical Center, Tufts University, and Northeastern University.
Informed consent was obtained for all participants.

Dietary assessment and AHA diet score definition. A semiquanti-
tative FFQ previously adapted and validated for this population (27)
was administered by trained bilingual interviewers. The FFQ included
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traditional Puerto Rican foods and was adjusted for usual portion sizes.
Nutrient intakes were calculated from the Nutrition Data System for
Research software (Nutrition Coordinating Center, Minneapolis, MN).
Food groups for fruits, vegetables, fish, and alcohol were created, and
mixed dishes were disaggregated when necessary. Participants with
plausible energy intake (=600 or =4,800 kcal/d) and valid FFQs (=10
questions blank) were included for analysis (7 = 1433).

The AHA diet and lifestyle score has been described in detail pre-
viously (12). Briefly, a total of 7 dietary recommendations have been put
forth by the AHA for CVD risk reduction (1). These include the fol-
lowing: consume a diet rich in fruits and vegetables; choose whole-grain,
high-fiber foods; consume fish, especially oily fish, at least twice a week;
limit your intake of saturated and trans fat and cholesterol; minimize
your intake of beverages and foods with added sugars; choose and
prepare foods with little or no salt; and if you consume alcohol, do so in
moderation. We used 11 components to reflect adherence to the dietary
recommendations (fruit and vegetable intake, fruit and vegetable variety,
whole grains, fish, saturated fats, trans fat, total fat, dietary cholesterol,
added sugars, sodium, and alcohol). Participants received scores for each
of the components, with each score ranging from a 0 to a maximum of 4,
6, or 10. The total possible points for the AHA diet score was 90, with
higher values reflecting greater adherence to the dietary recommenda-
tions. The scoring system for all dietary components was based on
quantitative recommendations provided by the AHA or by other
national agencies (i.e., Centers for Disease Control and Prevention)
when specific guidelines from AHA were not available. For each of the 11
components (except for fruit and vegetable variety), scores were prorated
linearly between 0 and the maximum possible to reflect varying amounts
of intake. Scores for fruit and vegetable variety were based on the sex-
specific distribution of the variety score in the population. Those in the
highest tertile received the maximum possible points of 10, those in the
middle tertile received 5 points, and those in the lowest tertile received
0 points.

Outcome measures. Outcomes included MetS as a dichotomous
variable, AL as a composite measure, and their individual physiological
components. Detailed protocols for data collection and laboratory
analyses are described elsewhere (8). Briefly, blood pressure (BP) was the
mean of the second and third readings from 3 duplicate measures taken
during the interview using an electronic sphygmomanometer (model
8260, Dinamap). Waist circumference was measured in duplicate, and
the mean value was used. Twelve-hour fasting blood samples were col-
lected and analyzed for serum dehydroepiandrosterone sulfate (DHEA-
S; Immulite 1000 LKDS1 kit), serum CRP (Immulite 1000 LKCRP1 kit),
serum insulin (Immulite 1000 LKINT1 kit), serum glucose (reagents
OSCR6121 on Olympus AU400e), plasma total cholesterol (reagents
OSR6116 on Olympus AU400e), plasma HDL-C (reagents OSR6195 on
Olympus AU400e), plasma TG (reagents OSR6133 on Olympus AU400e),
LDL cholesterol (LDL-C; Friedewald formula), and glycosylated hemo-
globin (HbA1c; Roche Unimate HbAlc kit on Cobas FARA). A 12-h
morning urine sample was analyzed for cortisol, epinephrine, and no-
repinephrine using a direct immunoenzymatic colorimetric method with
an ALPCO assay for cortisol, and 2-CAT enzyme immunoassay for
epinephrine and norepinephrine, read on a Dynex MRX 96-well plate
reader.

The 2005 AHA/National Heart, Lung, and Blood Institute Scientific
Statement guidelines (28) were used to classify participants with MetS if
they had =3 of the following conditions: waist circumference =102 cm
in men or =88 c¢cm in women; fasting glucose =5.6 mmol/L or use of
glucose-lowering medication; elevated blood pressure (systolic BP =130
or diastolic BP =85 mm Hg) or use of hypertension medication; high TG
(=1.7 mmol/L); low HDL-C (<1.0 mmol/L in men or <1.3 mmol/L in
women).

The composite measure of AL has been defined previously (10). In
summary, 10 biomarkers representing various physiological systems
were included in the score: urinary cortisol, urinary norepinephrine,
urinary epinephrine, serum DHEA-S, HDL-C, total cholesterol, systolic
BP, diastolic BP, plasma HbAlc, and waist circumference. One point
was given for each component outside predefined cutoff points. If a
component was within normal values, but medication for hypertension,



diabetes, lipid-lowering, or testosterone was used, a point was assigned
to reflect artificial regulation of blood pressure, HbA1c, total cholesterol,
or DHEA-S, respectively. Points were added for a total of 10 as highest
possible AL score. Five categories for AL were assigned as =2, 3,4, 5 or
=6 variables (10).

Other covariates. A sociodemographic questionnaire was administered
to collect data on age, sex, smoking behavior, educational attainment,
household income, and medication use. A categorical variable for edu-
cation was created as <8th grade, 9th—12th grade, and some college or
higher. Poverty status was defined as a total household income below the
poverty thresholds established by the U.S. Census Bureau, accounting for
age of the head of household, participant’s family size, and year of in-
terview (8). Smoking was categorized as never, former, or current smoker.
A language-based acculturation scale was developed from 10 questions
on language use in various everyday activities (29). The Perceived Stress
Scale was used to assess perceptions of one‘s life as stressful (30). A
physical activity score was calculated as the total of hours spent on
heavy, moderate, light, or sedentary activities in 24 h (based on a
modified Paffenbarger questionnaire) multiplied by weighing factors
that parallel the rate of oxygen consumption associated with each
activity (31). BMI was calculated as weight (kg) divided by height (m)
squared.

Statistical analyses. Of the 1433 participants with available dietary
data, 1318 had complete dietary information (components of diet score)
and AL data. Log-transformed variables for cortisol, epinephrine, no-
repinephrine, DHEA-S, TG, plasma glucose, insulin, and CRP were used
to normalize data distributions. Differences in baseline characteristics by
sex were performed using chi-square analyses for categorical variables
and 7 tests for continuous variables. The same statistical procedures were
used to determine differences by sex in percent of participants meeting
AHA recommendations and mean intake for each dietary component in
the score.

Based on discrepancies in previous findings from studies with both
sexes vs. men only (12,13), and on metabolic differences by sex (32), the
associations between the AHA diet score and each outcome were
assessed separately by sex in these analyses. General linear models were
used to determine associations between each 10-unit increase in diet
score as continuous exposure, and the physiological risk factors, as
outcomes, adjusting for potential confounders, including age; smoking
status; education; poverty level; acculturation; perceived stress; energy
intake; physical activity score; multivitamin use; use of lipid-lowering,
diabetes, or hypertension medication; and BMI. For DHEA-S as out-
come, we additionally adjusted for use of hormones. The model for
HDL-C as outcome was additionally adjusted for LDL-C, and the model
for LDL-C as outcome was additionally adjusted for HDL-C. The CRP
model was additionally adjusted for white blood cell count.

Associations between each 10-unit increase of the AHA diet score
with MetS as a dichotomous outcome, and the categorical variable of AL
(with =2 variables as reference group), were tested with multinomial
logistic regression models, fitted to estimate OR and 95% CI, controlling
for age, smoking status, education, poverty level, acculturation, per-
ceived stress, energy intake, physical activity score, multivitamin use,
and BML.

Statistical analyses were conducted using SAS version 9.3 (SAS
Institute). A significance level of P < 0.05 was used. Results for linear
regression models are reported as beta-coefficient (8) and SE, and for
logistic regression results as OR (95% CI), both for each 10-unit increase
in AHA diet score.

Results

Baseline characteristics of the 1318 Puerto Rican adults (Table 1)
showed that women were significantly less likely to be current
smokers than men (20.0 vs. 33.2%) but more likely to live below
the poverty level (61.7 vs. 51.6%). Women had significantly lower
acculturation (22.1 vs. 29.5) and physical activity (31.1 vs. 32.4)
scores but higher perceived stress (24.2 vs. 21.9) and BMI

(32.9 vs. 29.8 kg/m?) than men. The physiological biomarkers
norepinephrine, HDL-C, total cholesterol, LDL-C, and CRP
were higher among women than men, whereas the opposite was
observed for DHEA-S, systolic and diastolic BP, and plasma TG.
Women had a significantly higher prevalence of MetS than men
(70.5% vs. 60.2%) but lower mean + SD AL score (3.8 = 1.7 vs.
4.3 = 1.9) and were less likely to have =6 dysregulated AL
components (15.0% vs. 22.9%).

Energy intake was significantly lower for women than for men
(Table 2). Women, however, had a higher mean AHA diet score
than men (30.0 = 10.1 vs. 28.0 * 9.9). There were important
differences by sex on the percent of participants meeting the
AHA recommendations for all distinct dietary components of
the score, except for amount of fruits and vegetables and
saturated fat. More women than men followed the AHA

TABLE 1 Characteristics of participants of the Boston Puerto
Rican Health Study, by sex’

Men (n = 367) Women (n = 951)

Age, y 56.9 + 7.9 574+ 74
Current smoker, % 332 20.0%
Education, %

Less than 8th grade 441 477

9-12 grade (or GED) 422 36.8

Some college or higher 13.6 155
Diabetes, % 42.0 396
Use of diabetes medication, % 345 326
Hypertension, % 716 68.9
Use of hypertension medication, % 529 56.3
Use of lipid-lowering medication, % 4.1 4.8
Use of multivitamin supplement, % 19.2 20.2
Below poverty level, % 51.6 61.7**
Perceived stress score 219 = 96 242 + 9.3*
Acculturation score 295 + 229 221 =217
Physical activity score 324 £57 31.1 £ 40*
BMI, kg/m? 298 + 5.1 329 + 6.9*
Urinary cortisol, ng/g creatinine 338 = 256 306 = 277
Urinary epinephrine, ng/g creatinine 42 =37 38 £33
Urinary norepinephrine, wg/g creatinine 37.1 =308 M3 =287t
Serum DHEA-S, wmol/L 325+ 239 1.90 + 1.46*
HDL-C, mmol/L 1.04 + 031 1.22 = 0.32%
Total cholesterol, mmol/L 449 + 1.10 486 + 1.05%
Systolic blood pressure, mm Hg 138 = 19 134 = 19**
Diastolic blood pressure, mm Hg 829 = 111 80.2 = 10.4*
Glycosylated hemoglobin, % 7019 70 =17
Waist circumference, cm 102 £ 13 102 £ 15
Plasma triglycerides, mmol/L 197 =137 178 =1t
Serum glucose, mmol/L 6.69 = 2.76 6.66 = 2.96
Serum insulin, pmol/L 127 + 216 126 + 144
LDL-C, mmol/L 249 + 091 2.85 + 0.89*
CRP, mg/L 49 + 95 6.7 =79
Metabolic syndrome, % 60.2 70.5**
Allostatic load score 43+19 3.8 = 1.7*
Number of allostatic load components, %

= 243 30.0

3 16.4 16.9

4 18.5 20.1

5 18.0 18.0

=6 229 15,01

" Values are means = SDs or percentages. Difference between sexes: *P < 0.001, **P <
0.01, TP < 0.05. CRP, C-reactive protein; DHEA-S, dehydroepiandrosterone sulfate; GED,
general equivalency diploma; HDL-C, HDL-cholesterol; LDL-C, LDL-cholesterol.
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recommendations for variety of fruits and vegetables, whole grains,
total fat, trans fat, dietary cholesterol, and sodium, whereas the
opposite was observed for fish, added sugars, and alcohol. In
general, total fat intake was the dietary component for which the
most participants met the AHA recommendations (25-35%
from energy), followed by moderate alcohol intake. The rest of
the components were met by <25% of participants. After
saturated fat, for which no one followed the guidelines, the least
followed AHA recommendations by both men and women were
for whole grains, sodium, and trans fat.

Associations between each 10 units of the AHA diet score
and cardiometabolic risk factors and other physiological com-
ponents of AL were determined by sex (Table 3). Among men,
the diet score showed a significant inverse association with no-
repinephrine (8 * SE) = —0.126 * 0.053, P = 0.018) and
positive association with HDL-C (1.604 * 0.709, P = 0.024).
Among women, each 10 units of diet score were associated with
lower urinary cortisol (—0.088 = 0.028, P = 0.002), waist cir-
cumference (—0.883 * 0.296, P = 0.003), and insulin (—0.055 *
0.023, P = 0.016) and with higher DHEA-S (0.053 + 0.026, P =
0.045). No other biomarker showed significant association with
the AHA diet score.

For each 10-unit increase in AHA diet score, men had 31%
(95% CI: 7, 48) lower odds of having MetS but no significant
association for any category of AL (Fig. 1). Among women,
an additional 10 units of AHA diet score was associated
with 22% (95% CI: 1, 38) lower odds of having =6 dysreg-
ulated AL components. Results for other categories of AL, or
for MetS, were not significant among women (Supplemental
Table 1).

TABLE 2 Means of intake and percent of participants meeting
the recommendations of the AHA diet score components for
Puerto Rican men and women'

Men Women
Energy, kcal/d 2410 = 850 1980 =+ 850*
Total AHA diet score (range 0-90) 280 £99 30.0 £ 10.1**
Fruits and vegetables, servings/d 2817 31 =18
=5 servings/d, % 8.7 124
Fruit and vegetable variety score 249 + 88 26.3 = 8.0**
Top quartile, % 19.6 22.4%*
Whole grains, % total grain 104 =97 14.1 = 12.6*
=50% of total grain, % 0.82 2.2%*
Fish, servings/wk 13+15 12+15
=2 servings/d, % 185 17.0*
Total fat, % from energy 325+55 315 = 56**
25-35% from energy, % 55.0 59.71
Saturated fat, % from energy 97 +22 93 = 22F
=3.5% from energy, % 0 0
Trans fat, % from energy 12+04 1.1 = 04*
=0.5% from energy, % 25 2.9%*
Dietary cholesterol, mg/d 359 + 191 271 + 158*
=150 mg/d, % 9.8 235
Added sugars, g/d 61.4 = 446 559 *+ 469
=Upper limit, % 18.3 8.1*
Sodium, mg/d 5600 = 2280 4270 + 2140
=159/d, % 0.54 32*
Alcohol, servings/d 13+21 0.55 + 1.8%*
=2 drinks/d men; =<1 drink/d women, % 401 30.2%*

" Values are means + SDs or percentages. Difference between sexes: *P < 0.001,
**P < 0.01, TP < 0.05.
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Discussion

The present study showed important characteristics of diet quality
in the Boston Puerto Rican community and their association
with cardiometabolic outcomes. The diet in this cohort tended
to be of poor quality. Fewer than 25% of the cohort members
followed the recommendations for at least 9 of the 11 dietary
components. The least followed recommendations were those
for saturated fat, whole grains, trans fat, and sodium. Sugges-
tions for servings of fruits and vegetables and for added sugars
were also unmet by most. Although all diet components need
improvement, the latter may need additional emphasis in dietary
interventions and messages for this population, with special
attention to the group’s traditional foods and cooking methods.
Interestingly, men reported similar numbers of daily servings of
fruits and vegetables as women but with more limited variety. It
would be worthwhile to explore sex-specific preferences in fruits
and vegetables in this population. Variety is important to ensure
diverse micronutrient intake. Nutritional messages should un-
derscore the importance of choosing from a wide variety of fruits
and vegetables, particularly among men, in addition to the re-
commended 5 daily servings.

We report a significant inverse association between the AHA
dietary score and MetS among men only. We stratified our anal-
ysis by sex a priori, given previously reported variations by sex in
AL and cardiometabolic markers in this and similar populations
(5,10,33) in diet quality, as observed here, as well as evidence of
physiological and metabolic differences by sex that may influ-
ence the development of related disorders (32). In addition, we
sought to explore inconsistencies between the Bhupathiraju et al.
(12) article that developed the AHA diet and lifestyle score and
the Kuroki et al. (13) study that applied only the AHA diet com-
ponents among men.

Bhupathiraju et al. (12) included BMI and physical activity
guidelines in their AHA-based score and found significant asso-
ciations between the score and serum insulin, waist circumfer-
ence, HDL-C, and CRP. Our study showed similar associations
with insulin and waist circumference, but only in women, which
comprised the majority of the cohort. We observed a weaker
association between the AHA diet score and HDL-C, but this
observation was significant only in men. Weight and regular
exercise are recognized determinants of HDL-C concentration
(34), and it is possible that such components drove the stronger
association in the former study. We did not see an association
between the diet score and CRP. A recent review suggested that
weight loss and combined diet and exercise protocols may be
more beneficial in reducing inflammation than individual stra-
tegies (35). For those risk factors, the biological mechanism may
involve multiple pathways, emphasizing the importance of var-
ious lifestyle strategies to reduce them.

The Japanese study (13) among male factory workers, with
an adapted AHA lifestyle score using only dietary components,
reported an association with MetS, as we did here, and with
waist circumference, diastolic BP, and TG. We did not observe
associations with any of those individual components among
men. In our study, the association with MetS components in men
was strongest for HDL-C, for which Kuroki et al. did not find an
association. Discrepancies in results could be a result of differ-
ences in components and cutoff points, because those authors
did not include trans fat because of imprecise assessment and
used a simpler scoring system that was not prorated linearly.
In addition, their cohort was composed of younger (25-62 y)
factory workers with likely different environmental context.
Further, there may be ethnic differences in underlying visceral



TABLE 3 Cross-sectional associations of an AHA diet score and components of metabolic syndrome
and allostatic load and additional cardiometabolic risk factors in Puerto Rican men and women'

Men Women
B = SE P value B = SE P value
Log cortisol,? wg/g creatinine —0.058 = 0.046 0.20 —0.088 = 0.028 0.002
Log epinephrine,? wg/g creatinine —0.099 =+ 0.053 0.06 —0.025 = 0.037 0.50
Log norepinephrine,? j1g/g creatinine —0.126 + 0.053 0.018 —0.028 = 0.026 0.29
Log DHEA-S.2 nmol/L 0.040 = 0.046 0.39 0.053 = 0.026 0.045
HDL-C,* mmol/L 1.604 + 0.709 0.024 0.502 = 0.421 0.23
Total cholesterol,? mmol/L 2.832 = 2.523 0.26 1.710 = 1.380 0.22
Systolic BPZ mm Hg 1.074 = 1.097 0.33 —0.812 = 0.643 0.21
Diastolic BP? mm Hg 0.432 = 0.648 0.52 —0.290 + 0.360 0.42
Glycosylated hemoglobin,? % —0.024 + 0.099 0.81 —0.042 = 0.047 0.37
Waist circumference,? cm —0.015 + 0.320 0.96 —0.883 = 0.296 0.003
Log triglycerides,? mmol/L 0.008 =+ 0.033 0.80 0.017 = 0.018 0.31
Log serum glucose,2 mmol/L —0.028 = 0.018 0.13 —0.005 = 0.010 0.59
Log insulin,? pmol/L —0.040 = 0.042 0.34 —0.055 + 0.023 0.016
LDL-C,5 mmol/L —0.793 * 1.968 0.69 —0.099 = 1.164 0.93
Log CRP® mg/L —0.034 + 0.063 0.59 —0.015 + 0.037 0.69

" Values are beta-coefficient (8) + SE for each 10-unit increase in diet score. BP, blood pressure; CRP, C-reactive protein; DHEA-S,
dehydroepiandrosterone sulfate; HDL-C, HDL-cholesterol; LDL-C, LDL-cholesterol.

2 Adjusted for age; smoking status; education; poverty level; acculturation; perceived stress; energy intake; physical activity score;
multivitamin use; use of lipid-lowering, diabetes, or hypertension medication; and BMI.

2 Additionally adjusted for use of hormones.

4 Additionally adjusted for LDL-C.

5 Additionally adjusted for HDL-C.

8 Additionally adjusted for white blood cell count.

adiposity, insulin resistance, and other metabolic or genetic
markers (36).

Other studies have shown associations between diet scores
based on national dietary guidelines and MetS, including the
2005 Dietary Guidelines for Americans (16,18) and the French
Nutritional Guidelines (17). These studies reported 21-36%
lower odds of MetS for the American guidelines and a 9% de-
crease in risk of each unit of the French guidelines, similar to the
31% lower odds in men that we report here for each 10 units of
the AHA diet score. None of those studies reported results by
sex. Gregory et al. (37) analyzed several dietary scores in Guatemalan
young adults and did not detect significant associations with MetS
in either men or women but did observe differential associations
by sex for individual variables. Studies that examined diet quality
scores that reflect dietary guidelines (e.g., Healthy Eating Index)
have also been associated with lower MetS (38,39). Dietary re-
commendations proposed by United States federal agencies and
by medical and professional organizations have components that
overlap with those proposed by AHA (40). Thus, our results
strengthened the message that adhering to general dietary recom-
mendations may keep cardiometabolic outcomes under control.

A novel finding in our study was the significant inverse asso-
ciation between the AHA diet score and AL in Puerto Rican adults.
In women, this result was represented by the variables of cortisol,
DHEA-S, and waist circumference. The mechanism of how diet
quality affects waist circumference has been previously proposed
(14,15); how neuroendocrine markers may respond to diet is less
understood. Previous studies, including one conducted with our
cohort, have shown that cortisol was elevated among individuals
with higher intake of saturated fat and sweet foods (41) and with
intake of a low-quality food pattern that included meat, junk food,
soda, fried foods, fast food, and simple carbohydrates (42). The
diet-cortisol mechanism may be complex and bidirectional, but the
role of diet on dysregulation of the hypothalamic-pituitary-adrenal
axis seems to be supported by the collective evidence.

DHEA-S is an androgen secreted by the adrenal cortex that
affects endothelial function and inflammation, and low concentra-
tions are correlated with adrenal and cardiovascular dysfunction.

Odds Ratio
012 0;6 1 1;4 1|.8
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= AL>6
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FIGURE 1 Odds ratio (95% Cl) of metabolic syndrome and allostatic
load categories (by number of components) for an increase of 10 units
in AHA diet score in Puerto Rican men and women. Reference groups
are no metabolic syndrome and =2 components of allostatic load.
Adjusted for age, smoking status, education, poverty level, accultur-
ation, perceived stress, energy intake, physical activity score, multi-
vitamin use, and BMI. AL, allostatic load; MetS, metabolic syndrome.
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One study among healthy centenarians showed that, among men
only, poor adherence to a Mediterranean diet was associated with
low DHEA-S, but the effect was lessened in men who consumed
red wine (43). Several studies substantiate positive association
between light-to-moderate or moderate alcohol drinking and
DHEA-S concentrations among men and women (44-46). Mod-
erate alcohol consumption was a component of our AHA score.
Although the mechanism of action is not fully elucidated, the
previous studies suggested potential pathways through stimula-
tion of adrenal or liver androgens, changes in enzyme activity in
the liver that lead to altered androgen metabolism, or produc-
tion of inflammatory markers, among others. In addition, we pre-
viously found an association between a meat, processed meat,
and french fries dietary pattern and odds of having low DHEA-S
in this Puerto Rican cohort (19). A lower AHA diet score may
denote consumption of these foods and nutrients of lower qual-
ity, in agreement with the positive association of the score with
DHEA-S observed here.

We did not observe an association with AL among men,
maybe because there were fewer male than female participants.
In addition to HDL-C, the AHA diet score was inversely as-
sociated with norepinephrine in men. Our previous study showed
a protective association of a traditional rice, beans, and oils
dietary pattern and this variable (19), one of the few published
reports on the role of diet on norepinephrine. Other studies
showed lower norepinephrine with higher energy-adjusted car-
bohydrate consumption (47) and with supplementation of omega-3
fatty acids during mental stress stimulation (48). Because nor-
epinephrine is secreted under low blood sugar conditions, it is
possible that a healthy diet that comprises whole grains and high
fiber content helps maintain constant blood glucose, thus blunt-
ing catecholamine response. The omega-3 content in a healthier
AHA diet may regulate norepinephrine’s response in the nervous
system, a suggestion that requires further examination.

Several studies have reported associations between guideline-
based diet scores and total cholesterol (38), blood pressure (13,
16,18,38), TG (13,16), plasma glucose (18), LDL-C (38), and
CRP (38) in either men, women, or both. However, inconsis-
tencies remain within these studies. Lack of replication in our
study could be a result of lower sample size to detect such as-
sociations or of different intrinsic factors of our Puerto Rican
cohort. Analyses from large, multi-ethnic longitudinal studies
in men and women may help elucidate these discrepancies. It is
important to note that we did not test individual dietary com-
ponents because we intended to assess diet holistically. Previous
studies in our cohort reported an inverse association between an
omega-3 fatty acid/fish intake pattern and MetS (49), a positive
association between a rice, beans, and oil pattern and MetS (50),
and a positive association between a meat, processed meat, and
french fries pattern and AL (19). The current results, along with
previous reports, supported the contribution of overall diet to
these outcomes in the Puerto Rican population.

Because of the cross-sectional design of this study, we could
not establish causality or directionality of the associations.
Another limitation is that most of the evidence used to determine
the diet components of the AHA recommendations resulted from
population studies comprised mostly of non-Hispanic white
individuals. The AHA recognizes the complex and multifactorial
factors for CVD disparities among racial and ethnic groups but
maintains that the recommended diet and lifestyle changes are
generalizable to ethnic minorities (1). Although our validated
FFQ and extensive nutrient database likely assessed typical in-
take comprehensively, there could be some error in capturing the
diet score. Also, other nutrients or foods that were not included
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here (e.g., supplements, phytochemicals) may have speculative
influence on cardiometabolic risk factors (1). We did not apply
weights to the diet components, although it has been shown that
weighted scores may be useful in some cases (51). A strength of
our analysis was that the components of the diet score were
prorated linearly to account for a wide range of intake. Parti-
cipants in our study with missing data for AL were less likely to
have MetS or diabetes (10), which may reflect different dietary
behaviors and introduce bias. We did not adjust for multiple
comparisons given that we conducted the analysis under the
hypotheses that each variable operates under an exclusive mech-
anism. Still, caution should be used when interpreting margin-
ally significant findings. Physiological responses to diet may
entail complex interactive or synergistic mechanisms that we did
not test here and that warrant further examination.

In conclusion, we report significant associations between an
AHA diet score and physiological variables of MetS and AL,
with distinct results by sex. Following the recommendations for
a healthy, high-quality diet, as stated by the AHA, may help
Puerto Ricans keep cardiometabolic risk factors under control
and reduce the likelihood of developing eventual chronic dis-
eases. Dietary messages based on comprehensive, evidence-based
guidelines, and that incorporate traditional foods, may be mean-
ingful for public health applications in this and similar populations.
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