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Abstract

Background: Multiple diet quality scores have been used to evaluate adherence to specific dietary recommendations or

to consumption of healthful foods and nutrients. It remains unknown which score can more strongly predict longitudinal

changes in cardiometabolic risk factors.

Objective:We aimed to determine associations of 5 diet quality scores [AHA diet score (AHA-DS), Dietary Approaches to

Stop Hypertension (DASH), Healthy Eating Index (HEI)-2005, Mediterranean diet score (MeDS), and Alternative Healthy

Eating Index (AHEI)] with 2-y changes in cardiometabolic risk factors in adults 45–75 y old.

Methods: Data from the Boston Puerto Rican Health Study were analyzed (n = 1194). Diet quality scores were calculated

from a baseline-validated food-frequency questionnaire. Multivariable-adjusted, repeated-subjects, mixed-effects models,

adjusted for baseline measures, estimated associations between each z score and 14 individual cardiometabolic factors

measured at 2 y.

Results: MeDS was significantly associated with lower 2-y waist circumference (b coefficient 6 SE: 20.52 6 0.26,

P = 0.048); body mass index (BMI; 20.23 6 0.08, P = 0.005); log-insulin (20.06 6 0.02, P = 0.005); log–homeostasis

model assessment of insulin resistance (HOMA-IR; 20.05 6 0.02, P = 0.030), and log–C-reactive protein (20.13 6 0.03,

P = 0.0002). Similar but weaker associations were observed for the AHEI with BMI, insulin, and HOMA-IR. The AHA-DS

was inversely associated with BMI (20.176 0.08, P = 0.033). Neither the HEI-2005 nor DASHwas significantly associated with

any variable. Traditional Puerto Rican foods consumed by individuals with high MeDSs included vegetables and meats in

homemade soups, orange juice, oatmeal, beans and legumes, fish, whole milk, corn oil, and beer.

Conclusions: The MeDS comprises food components and scores associated with a favorable cardiometabolic profile

over 2 y in Puerto Rican adults. An overall healthy diet may be particularly beneficial for maintaining a lower BMI. These

results can help identify suitable measures of diet quality in epidemiologic studies and craft meaningful nutritional

messages and dietary recommendations for the intended population. This study was registered at clinicaltrials.gov as

NCT01231958. J Nutr 2017;147:661–9.

Keywords: diet quality, diet quality scores, diet quality indexes, diet quality comparison, cardiometabolic risk factors,

Puerto Ricans, Hispanics/Latinos, longitudinal studies, Mediterranean diet, traditional foods

Introduction

Consuming healthful foods is an established strategy to help
maintain cardiometabolic risk factors under control and prevent
eventual chronic disease (1). Thus, it is important to determine

how the overall diet composition of specific populations is
associated with their cardiometabolic profile because this may
help identify suitable lifestyle factors that prevent and control
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dysregulation of these biomarkers. Researchers have developed
inclusive dietary scores or indexes that comprise multiple foods
and nutrients to assess the overall dietary intake (or diet quality)
of a group and then assess their association with disease out-
comes (2–4). Commonly used diet quality scores are based on
scientific evidence of healthfulness of foods or nutrients, such as
the Alternative Healthy Eating Index (AHEI)7 (5), the Healthy
Eating Index (HEI) (6, 7), and the AHA diet score (AHA-DS) (8).
Other scores are based on preventing specific conditions, such as
the Dietary Approaches to Stop Hypertension (DASH) score (9),
or on adherence to health-promoting dietary patterns, such as
the typical Mediterranean lifestyle (10).

These diet quality scores have been independently associated
with cardiometabolic risk factors and morbidity and mortality
from chronic diseases (2, 4). However, the composition, weight,
and cutoffs of intake of the foods and nutrients included in each
score vary widely (4, 11), suggesting that their association with
disease outcomes may also vary. Studies that have directly
contrasted scores have been inconsistent; some show that all
scores predict death, risk of diabetes (12–14) and cardiovascular
disease (CVD) (13, 15–17), or weight changes (18) with
comparable magnitude of association, whereas others show
larger differences in the association of various scores and
cardiometabolic markers within a population (19–22).

We have previously evaluated the association of 2 diet quality
scores and cardiometabolic factors among Puerto Rican adults
living in the United States who have excessive prevalence of
metabolic syndrome, hypertension, diabetes, obesity, hypergly-
cemia, and dyslipidemia (23–26). Diet quality as measured by
adherence to AHA recommendations was significantly associ-
ated with a healthier cardiometabolic profile and lower odds
of allostatic load (8, 27). When diet quality was defined with
the AHEI in a separate study among Hispanic/Latino ethnic
subgroups, we did not detect an association with metabolic
syndrome in Puerto Ricans, although it was reported in other
subgroups (28). The cross-sectional nature of both studies may
affect directionality. The question remains as to which diet score
better reflects the dietary components and distribution followed
by this at-risk group that would be more predictive of
cardiometabolic health.

We aimed to determine the longitudinal associations of 5
commonly used diet quality scores with 2-y changes in 14
cardiometabolic risk factors in Puerto Rican adults living in the
United States. Determining the most appropriate score for
controlling cardiometabolic markers could identify suitable
measures to use in epidemiological studies and to improve the
success of nutritional messages and interventions by focusing on
meaningful dietary components in at-risk groups.

Methods

Study population. Data for this analysis were obtained from the

Boston Puerto Rican Health Study, a longitudinal cohort that recruited

1500 participants in 2004–2010with follow-up interviews at 2 y (n = 1258).
This study was registered at clinicaltrials.gov as NCT01231958. Details

of the study recruitment and protocols have been previously published

(23). Recruitment was done using door-to-door enumeration based on

2000 census tracks with additional recruitment through community-
based approaches. Participants were self-identified Puerto Rican adults

aged 45–75 y, residing in the Boston, Massachusetts, metropolitan area

at the time of recruitment, were able to respond to an interviewer-

administered home-based interview, and had no severe health conditions

or cognitive impairment. All questionnaires and standardized study

procedures were performed by trained bilingual personnel. All partic-

ipants provided written, informed consent. The study was approved by

the institutional review boards at Tufts Medical Center, Tufts University,

and Northeastern University.

Dietary assessment and dietary scores. Self-reported usual dietary

intake consumed in the past 12 mo was assessed at baseline by using a

semiquantitative FFQ previously validated for use in this population

(29). Nutrient intakes were calculated from the Nutrition Data System

for Research software (Nutrition Coordinating Center). Reported

serving equivalents of individual foods were used to create food groups.

For mixed dishes, we disaggregated the intake into individual food items

that were then added to the appropriate food group. Participants

reporting outlying energy intakes (#600 or $4800 kcal/d; #2510 or

$20,083 kJ/d) or with $10 questions left blank in the FFQ were

excluded (n = 64). Food and nutrient data were used to define the 5 diet

quality scores as summarized in Supplemental Table 1.
The AHEI-2010 was defined by following the definition from Chiuve

et al. (5). The score included 11 food groups or nutrients with consistent

evidence of association with lower risk of chronic diseases. For each food

group or nutrient, a participant was given a continuous score between 0

for minimal observance of the recommended intake determined a priori,

and 10 points for maximal observance; intermediate values were prorated.

The scores of all components were added, and the total AHEI score ranged

from 0 (lowest diet quality) to 110 (highest diet quality).

We used a previously defined AHA-DS based on 2006 recommen-

dations for CVD risk reduction (8, 30, 31). We derived 11 subcompo-

nents to reflect adherence to the 7 dietary recommendations. Scores for

each component ranged from 0 forminimal adherence to the recommended

amount (or sex-specific tertile in the absence of a cutoff) to a maximum of

4, 6, or 10 points for maximal adherence, with intermediate values

prorated. The combined scores of all components totaled 90 points,

indicative of greater adherence to AHA recommendations.

The DASH score was defined by following the definition from Fung

et al. (9). DASH includes 8 foods and nutrients emphasized or minimized

in DASH. Quintiles of intake were derived for each of the components,

and a point was assigned for each increasing quintile of intake of

healthful food groups so that the healthiest quintile had a score of 5.

Unfavorable food groups were reverse-coded so that the lowest quintile of

intake of an unhealthful food was scored with 5 points. The score of each

component was added and the overall DASH score ranged from 8 to 40.
We used the HEI 2005 definition as it corresponded to the dietary

guidelines in place at the time of the study. The score has been previously

defined in this cohort (32). HEI includes 12 components, each scored by

using an energy-density approach according to procedures from the

USDA Center for Nutrition Policy and Promotion (6). Six food groups

were scored from 0 to 5; 5 were scored from 0 to 10, and 1 was scored

from 0 to 20. Summing the 12 components generated a HEI range of 0 to

100 with higher scores indicative of better guidelines adherence.

The Mediterranean diet score (MeDS) was proposed by Trichopou-
lou et al. (10) and was previously defined in this population (32). We

slightly modified the definition by replacing the total-grain group with

whole grains because the high intake of refined grains in this population

(33) would have confounded the results. The 9 components were scored

by using the sex-specific population median adjusted for total energy by

using the residual method. A score of 0 was assigned to a participant

consuming below the median for healthful components (or above the

median for unfavorable components), and 1 point was assigned for the

opposite. The added components equaled a range of 0–9; higher values

indicate greater observance of a Mediterranean pattern.

Cardiometabolic outcomes. All outcomes were measured at both
timepoints (baseline and 2 y) by using the same procedures. Standing

height, weight, and waist and hip circumference were measured in

duplicate by using standard protocols; the mean value was used. BMI

(in kg/m2) was calculated as weight divided by height squared. Blood

7 Abbreviations used: AHA-DS, AHA diet score; AHEI, Alternative Healthy Eating

Index; BP, blood pressure; CRP, C-reactive protein; CVD, cardiovascular disease;

DASH, Dietary Approaches to Stop Hypertension; HEI, Healthy Eating Index;

MeDS, Mediterranean diet score.
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pressure (BP) was measured at 3 time points during the interview in

duplicate by using an electronic sphygmomanometer (model 8260;

Dinamap); the mean of the second and third readings was used.

Blood samples were drawn by trained phlebotomists after a 12-h
fast. Laboratory assays were conducted to measure serum C-reactive

protein (CRP; Immulite 1000 LKCRP1 kit), serum insulin (Immulite

1000LKIN1kit), serumglucose (reagentsOSCR6121 onOlympusAU400e),

plasma total cholesterol (reagents OSR6116 on Olympus AU400e), plasma

HDL cholesterol (reagents OSR6195 on Olympus AU400e), plasma TGs

(reagents OSR6133 on Olympus AU400e), and glycosylated hemoglobin

(Roche Unimate kit on Cobas FARA). LDL cholesterol was calculated by

using the Friedelwald equation. The HOMA-IR was calculated from

paired fasting glucose and insulin values by using the HOMA calculator

version 2.2.3 (University of Oxford) (34).

Covariates. All covariates were measured at baseline unless specified.

Participants self-reported information on age, sex, educational attain-

ment, marital status, household income, medical history, and use of

medication. The ratio of income to poverty was calculated by using the

poverty guidelines from the US Department of Health and Human

Services based on total household income and household composition.

Acculturation was measured with a 10-item psychological acculturation

scale that assesses the degree of psychological attachment to either

American or Puerto Rican culture (35).

A comprehensive questionnaire gauged frequency and type of
smoking behaviors. Smoking status was defined as never, former, or

current. Lifetime cigarette use was calculated in packs per year. Physical

activity was assessed by a modified Paffenbarger questionnaire from the

Harvard Alumni Activity Survey; a score was calculated by multiplying

the self-reported hours spent in heavy, moderate, light, or sedentary

activities in 24 h by weighing factors that parallel the rate of oxygen

consumption of each activity. The FFQ asked participants how often

they consumed foods not prepared at home. Medical conditions were

defined for diabetes (fasting glucose $126 mg/dL or medication use),

hypertension (BP $140/90 mm Hg or medication use), and CVD

(self-reported medical diagnosis of heart attack, heart disease, or

stroke).

Statistical analysis. The sample size ranged between 1137 and 1194,

depending on the missing data for food groups available for each score.

Descriptive analysis by quintile of each diet quality score was done by

using the chi-square test for categorical variables and ANOVA for

continuous variables. We converted each diet quality score into z scores
to attain comparable ranges. Spearman correlations between the z scores
and measures of distribution were calculated. The outcomes for plasma

TGs, serum glucose, serum insulin, HOMA-IR, and CRP were log-

transformed to achieve normality. To test the associations between each

baseline dietary score as predictor and each 2-y cardiometabolic risk

factor as outcome, we fitted multivariable-adjusted, repeated-subjects,

linear mixed-effects models adjusted for covariates measured at baseline:

age, sex, smoking (packs per year), physical activity score, ratio of

income to poverty, educational attainment, marital status, frequency of

foods away from home, acculturation, CVD, diabetes (except for glucose

metabolism parameters, which were adjusted for diabetes medication

only), and hypertension (except for BP, which was adjusted for

hypertension medication only). Lipid outcomes were additionally

adjusted for lipid-lowering medication at baseline. CRP was additionally

adjusted for anti-inflammatory medications at baseline and white blood

cell count measured at 2 y to account for acute inflammation.Models for

the AHA-DS, DASH, and AHEI were additionally adjusted for total

energy intake at baseline. Additionally, the baseline measurement of the

corresponding outcome and time between measurements were entered

in each model to capture the change in each measurement. Sensitivity

analysis was conducted by using the difference of the 2-y from the

baseline measurement as the outcome. The proportional contribution

of food sources to intake of a food group or nutrient component, or

category of adherence to a diet quality score, was estimated with SAS

PROC RANK. SAS version 9.4 (SAS Institute) was used for all analyses.

All tests were 2-tailed; P < 0.05 was considered significant. Data are

shown as b coefficients 6 SEs or 95% CIs.

Results

Themean, median, and observed range of the 5 diet quality scores
varied considerably (Supplemental Table 2). After converting
the scores into z scores, the values were comparable. All z scores
were significantly correlated with each other (P < 0.0001), with
the strongest correlations observed for the AHEI and DASH
score (r = 0.68) and the AHEI and AHA-DS (r = 0.63). The
weakest correlation was observed for the DASH score and
MeDS (r = 0.37).

Participants in the top quintile of the AHA-DS tended to be
older and to have a higher income-to-poverty ratio, physical
activity score, acculturation, and educational attainment than
participants in the lowest quintile (Table 1). Individuals in the
top DASH quintile were more likely to be older, nonsmokers,
and married and to have a higher income-to-poverty ratio and
acculturation. Participants with a higher adherence to the HEI
tended to be older, female, nonsmokers, and less likely to con-
sume foods away from home than participants with the lowest
adherence. They were also more likely to have diabetes, heart
disease, and obesity at baseline and higher BMI but lower diastolic
BP at 2 y. Individuals in the top MeDS quintile had higher
acculturation and a higher income-to-poverty ratio and weremore
likely to have attained an eighth-grade or higher education, to
have diabetes at baseline, and to have lower waist circumference
and glucose but higher BMI at 2 y. Finally, participants in the
healthiest AHEI quintile tended to have a higher ratio of income to
poverty and obesity; 2-y BP and insulin tended to be lower, but
LDL cholesterol tended to be higher for these individuals than for
participants with the unhealthiest quintile of AHEI.

We tested the association between each diet quality z score
and each of the 14 cardiometabolic risk factors at 2 y, adjusting
for baseline measures (Table 2). After adjusting for sociodemo-
graphic variables, lifestyle behaviors, use of medications, and
several preexisting health conditions at baseline, we observed
that the AHA-DS was inversely associated with BMI (20.17 6
0.081, P = 0.033) but not with other cardiometabolic risk
factors. The AHEI was significantly associated with lower BMI
(20.16 6 0.08, P = 0.039), log-insulin (20.05 6 0.02,
P = 0.013), and log–HOMA-IR (20.05 6 0.02, P = 0.023).
Neither DASH nor HEI was significantly associated with any
parameter. The MeDS was significantly associated with lower
waist circumference (20.52 6 0.26, P = 0.048), BMI (20.23 6
0.08, P = 0.005), log-insulin (20.06 6 0.02, P = 0.005), log–
HOMA-IR (20.05 6 0.02, P = 0.030), and log-CRP (20.13 6
0.03, P = 0.0002). The associations with log-insulin, log–
HOMA-IR, and log-CRP were slightly attenuated but remained
significant when further adjusted for BMI (data not shown). The
results from sensitivity analysis by using the difference of 2 y
from the baseline measurement were similar to the reported
results (data not shown).

We plotted the mean 2-y change in cardiometabolic risk
factors per point of the MeDS, for which we observed the most
significant associationswith cardiometabolic outcomes (Figure 1).
Increasing 1 point, or the equivalent of adhering to 1 additional
dietary component of the MeDS, was significantly associated
with a lower mean 0.31 cm (0.003, 0.06 cm) of waist circum-
ference, 0.14 units (0.04, 0.23 units) of BMI, 0.08 mIU/mL (0.06,
0.10mIU/mL) of insulin, 0.08 units (0.07, 0.11 units) ofHOMA-IR,
and 0.06 mg/dL (0.04, 0.08 mg/dL) of CRP at 2 y, adjusting for
baseline measurements.

We ranked the contribution of individual food items within a
component to the energy intake of the whole component within
the MeDS (Table 3). The sex-specific energy-adjusted medians

Diet quality scores and cardiometabolic factors 663
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used in this cohort are also shown. In general, a healthy score
was estimated at 1.5 servings/d (300 g/d) for vegetable intake,
1.1 servings/d (220 g/d) for fruit, and 2/3 servings/d (21 g/d) for
whole grain. Main sources of vegetables included those added
to homemade soups, potatoes, iceberg lettuce, root crops, and
dark-green leafy vegetables. Fruit sources tended to be juices and
green bananas used to prepare pasteles (meat-filled patties).
Healthful whole grains were obtained mostly from oatmeal,
light bread, and cold cereals. Men had higher median intakes
than women for meat (4.7 compared with 4.0 servings/d or 132
compared with 112 g/d) and fish (0.95 compared with 0.81
servings/d or 27 compared with 23 g/d). Main contributors to
meat intake included meats added to soups and stews (including
poultry), regular beef, and deli meats; contributors to fish intake
included regular fish (such as cod), shellfish, and canned tuna.
Dairy mostly comprised milk and cheese, both whole- and low-
fat, with a median intake of ;1.7 servings/d (425 mL milk/d or
71 g cheese/d). Foods consumed by those with a high ratio of
monounsaturated to saturated fat were corn and olive oils,
poultry, tuna, and fried potatoes; sources of alcohol were beer,
white wine, and liquors.

Discussion

In Puerto Rican adults, higher MeDS and AHEI scores were
associated with favorable cardiometabolic risk factors at 2 y,
adjusted for baseline, including markers of adiposity, insulin,
and inflammation. MeDS was associated with more markers,

and these associations were stronger than for AHEI. For Puerto
Ricans, the components and weights used in the MeDS may be
more relevant for cardiometabolic regulation. The DASH score,
AHA-DS, and HEI score showed little or no association with the
outcomes. It has been posited that the HEI is not adequate for
evaluating risk of chronic diseases related to diet (4) because it
omits protective FAs or fish intake as a distinct category and
combines whole and refined grains. Notably, a lower BMI was
consistently observed across 3 of the scores, suggesting that
overall healthy eating measured in various ways may reduce
adiposity over time. This observation has been consistent in the
literature (18).

Differences in the specific food groupings, types of foods
within a category, and weights and scoring systems used for each
index may explain the observed differences in results. Other
studies have reported inconsistent associations across scores.
Among Guatemalan young adults and 4 scores that were tested,
only the Diet Quality Index-International was associated with
BMI and waist circumference, and the Recommended Food
Score was associated with TGs and glucose (19). Another study
that compared 5 scores showed differential association with
lipid markers, central obesity, and BP; the MeDS was more
strongly associated with the outcomes (20). Using NHANES,
Kant and Graubard (22) showed that the Recommended Food
Score and a Dietary Diversity Score weremore strongly associated
with several biomarkers compared with the HEI.

The aforementioned studies were cross-sectional, which are
susceptible to reverse causality and may not be directly compared

TABLE 2 b coefficients for the association of baseline diet quality z scores and 2-y cardiometabolic risk factors among Puerto Rican
adults1

AHA-DS
(n = 1140)

DASH
(n = 1189)

HEI
(n = 1194)

MeDS
(n = 1194)

AHEI
(n = 1137)

b 6 SE P b 6 SE P b 6 SE P b 6 SE P b 6 SE P

Anthropometric measures

Waist circumference, cm 20.09 6 0.28 0.75 0.05 6 0.27 0.87 20.16 6 0.28 0.56 20.52 6 0.26 0.048 20.26 6 0.27 0.33

Waist-hip ratio 20.00002 6 0.002 0.99 20.001 6 0.002 0.75 20.002 6 0.002 0.44 20.002 6 0.002 0.22 20.001 6 0.002 0.67

BMI, kg/m2 20.17 6 0.08 0.033 20.07 6 0.08 0.39 20.04 6 0.08 0.63 20.23 6 0.08 0.005 20.16 6 0.08 0.039

BP, mm Hg

Systolic 0.33 6 0.54 0.53 0.34 6 0.53 0.50 0.23 6 0.53 0.67 20.06 6 0.51 0.91 0.26 6 0.52 0.61

Diastolic 20.11 6 0.30 0.72 20.18 6 0.29 0.54 20.43 6 0.29 0.14 20.24 6 0.28 0.40 20.05 6 0.29 0.87

Plasma lipids, mg/dL

Total cholesterol 20.27 6 1.1 0.81 0.15 6 1.1 0.89 0.68 6 1.1 0.55 0.01 6 1.1 0.99 0.41 6 1.1 0.70

HDL cholesterol 20.07 6 0.26 0.78 20.51 6 0.26 0.05 0.13 6 0.27 0.64 20.01 6 0.25 0.96 0.04 6 0.26 0.87

LDL cholesterol 20.04 6 0.94 0.96 0.80 6 0.92 0.39 1.54 6 0.94 0.10 0.79 6 0.90 0.38 0.71 6 0.91 0.44

Log-TGs 20.01 6 0.01 0.66 20.003 6 0.01 0.81 20.02 6 0.01 0.28 20.02 6 0.01 0.21 20.01 6 0.01 0.34

Glucose metabolism

Log-serum glucose, mg/dL 20.01 6 0.01 0.51 20.01 6 0.01 0.59 20.01 6 0.01 0.31 20.01 6 0.01 0.20 20.002 6 0.01 0.80

Log-serum insulin, μIU/mL 20.02 6 0.02 0.48 20.002 6 0.02 0.92 20.02 6 0.02 0.36 20.06 6 0.02 0.005 20.05 6 0.02 0.013

Log–HOMA-IR 20.01 6 0.02 0.76 20.002 6 0.02 0.94 20.02 6 0.02 0.31 20.05 6 0.02 0.030 20.05 6 0.02 0.023

Glycosylated hemoglobin, % 20.06 6 0.04 0.10 20.02 6 0.04 0.67 20.06 6 0.04 0.11 20.05 6 0.04 0.13 20.04 6 0.04 0.32

Inflammation

Log-serum CRP, mg/L 20.04 6 0.04 0.21 0.01 6 0.03 0.76 20.02 6 0.04 0.67 20.13 6 0.03 0.0002 20.02 6 0.03 0.63

1 Values were calculated with multivariable-adjusted, repeated-subjects, mixed-effects models adjusted for the following baseline covariates: age, sex, smoking (packs per year),

physical activity score, ratio of income to poverty, educational attainment, marital status, frequency of foods away from home, acculturation, cardiovascular disease, diabetes

(except for glucose metabolism parameters, which were adjusted for diabetes medication only), hypertension (except for BP, which was adjusted for hypertension medication

only), baseline measurements, and time. Lipid outcomes were additionally adjusted for baseline lipid-lowering medication. CRP was additionally adjusted for anti-inflammatory

medications at baseline and white blood cell count at 2 y. Models for AHA-DS, DASH, and AHEI were additionally adjusted for energy intake at baseline. To convert total

cholesterol, HDL cholesterol, or LDL cholesterol to mmol/L, multiply values by 0.0259. To convert TGs to mmol/L, multiply values by 0.0113. To convert fasting blood glucose to

mmol/L, multiply values by 0.0555. AHA-DS, American Heart Association diet score; AHEI, alternative Healthy Eating Index; BP, blood pressure; CRP, C-reactive protein; DASH,

Dietary Approaches to Stop Hypertension; HEI, Healthy Eating Index; MeDS, Mediterranean diet score.
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with our longitudinal results. Alkerwi et al. (20) suggested that
reverse causality may be minimal if the population is relatively
free of chronic disease, which is not the case for Puerto Ricans.
Our results indicate some reverse directionality because more
individuals with a preexisting condition at baseline were in the
healthiest quintile for the HEI, which is based on widely
publicized national dietary recommendations. Higher diet quality
among Hispanics with diabetes has been shown in another study
(28). Thus, it is important to adjust for preexisting conditions in
the association between diet and cardiometabolic markers.

The DASH score and the MeDS were defined by using
population-based cutoffs, whereas the other 3 scores were based
on dietary recommendations. Puerto Ricans tend to have poor
overall diet (8, 28), and it is likely that the limited representation
of some foods and nutrients in the guidelines-based indexes
influenced the scoring. Although we expected significant asso-
ciations between the DASH score and BP, a previous study
among US Hispanics also failed to detect associations with this

DASH definition but observed significant associations by using
a simpler DASH score with predefined dichotomous cutoffs
and slightly different food groups (36).

Ethnicity and sex also seem to play a role in the associa-
tion between diet quality scores and health outcomes. In the
Multiethnic Cohort, significant associations with type 2 diabetes
were observed for DASH in non-Hispanic white men and
women, Japanese American women, and Native American men,
whereas AHEI and an alternative MeDS were associated with
diabetes in non-Hispanic white participants only; the HEI was
not significantly associated with diabetes in any ethnic or sex
group (21). The authors suggested that differences in associa-
tions may have been due to particular consumption patterns and
food components, particularly as most scores were originally
developed in non-Hispanic white populations. Other studies
have also reported sex-specific associations between diet scores
and cardiometabolic outcomes (8, 19, 20); however, we did not
test for interactions in this analysis.

We slightly modified the MeDS by using whole grains rather
than total grains as other researchers have done (12, 18, 37, 38).
Other limitations of the MeDS are that it combines full-fat and
low-fat dairy, combines all meat in one category (e.g., healthy
lean meats as well as unfavorable processed meats), and includes
fruit juices in the fruit category despite evidence that some types
of juice may have adverse metabolic outcomes (39). Still, MeDSs
are fairly easy to define, are suitable to measure diet quality and
diet-disease associations (4), may better capture dietary varia-
tion in a population as related to cardiometabolic risk (20), and
may have potential clinical applications when assessed by using
quick screeners (40).

A novel and practical contribution of our work was to
identify the most-consumed foods within each component of the
MeDS. The typical Mediterranean lifestyle characterized by
consumption of olive oil, wine, nuts, whole-grain breads, and
fresh fruits and vegetables may not necessarily translate to
Puerto Rican food choices. Indeed, we identified foods that are
more akin to traditional Puerto Rican cuisine: homemade soups
and stews, root crops, fruit juice, green bananas, oatmeal, light
bread, beans and legumes, fish and shellfish, canned tuna, milk
and cheese, corn and olive oils, and beer. The ranking helped us
identify healthful foods that the population already consumes
and could be further promoted in public health campaigns and
interventions, as well as foods that could be replaced
(e.g., processed cheese). One caveat is that the subjective
food groupings and disaggregation of mixed dishes may not
accurately capture some individual foods.

Notably, the median intakes of each food group of the MeDS
reported in this cohort do not align with current dietary
guidelines. For example, 2.5 servings/d (500 g/d) of vegetables
and 2 servings/d (400 g/d) of fruits are recommended (41), but
the median intake was 1.5 servings/d (300 g/d) and 1.1 servings/d
(220 g/d), respectively. The recommended and median intakes
for whole grains were 3 servings/d (93 g/d) and 0.7 servings/d
(22 g/d), respectively. Fish intake (7 oz/wk or 1370 g/wk) was
close to the recommended 8 oz/wk (1570 g/wk). Dietary
guidelines do not provide amounts for nuts and legumes or
meat; however, the median intake of meats here was nearly 6
times higher than that of nuts and legumes. These observations
suggest that the diet quality among Puerto Ricans needs to be
further improved. Moreover, the observed modest reductions
in cardiometabolic markers with a higher MeDS may translate
into more meaningful cumulative clinical benefits if people were
to follow current dietary recommendations and/or satisfactorily
meet more MeDS components.

FIGURE 1 Changes over 2 y in cardiometabolic risk factor per each

healthy dietary component of the Mediterranean diet score followed

by Puerto Rican adults. Values are means or back-transformed

geometric means for the log-TGs, log-glucose, log-insulin, log–

HOMA-IR, log-CRP with corresponding 95% CIs; n = 1194. The

following were calculated with multivariable-adjusted, repeated-sub-

jects, mixed-effects models adjusted for baseline covariates: age, sex,

smoking (packs per year), physical activity score, ratio of income to

poverty, educational attainment, marital status, frequency of foods

away from home, acculturation, cardiovascular disease, diabetes

(except for glucose metabolism parameters, which were adjusted for

diabetes medication only), hypertension (except for BP, which was

adjusted for hypertension medication only), baseline measurements,

and time. Lipid outcomes were additionally adjusted for baseline lipid-

lowering medication. CRP was additionally adjusted for anti-inflam-

matory medications at baseline and white blood cell count at 2 y. BP,

blood pressure; CRP, C-reactive protein; HDL-C, HDL cholesterol;

LDL-C, LDL cholesterol. *P , 0.05.
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We should note that measurement error in dietary assess-
ment cannot be ruled out, despite our use of a validated FFQ.
Although we included the diet quality scores most commonly
used in the literature, it may be possible that other scores include
components and scoring appropriate for disease association in
this population. The HEI and AHA-DS used here were based on
dietary guidelines in place at the time of the study; however, these

have been revised recently based on new evidence, and the updated
scores may produce different results. We were not able to assess
changes in diet; however, the FFQ captures usual long-term intake.

Strengths of our study include using an FFQ validated for this
population and linked to a nutrient and food database that
allowed identifying traditional Puerto Rican food components
within the dietary scores. We were able to directly compare the

TABLE 3 Population-based energy-adjusted sex-specific median values of each Mediterranean diet score component and top-ranking
foods consumed by Puerto Rican adults in the healthy intake category1

Dietary
components

Median cutoff for
Mediterranean diet score Top 5 foods contributing to energy intake

within the food or nutrient group
Contribution to energy of the top 5 foods

to the food or nutrient group, %Men Women

Vegetables, servings/d 1.56 1.47 Vegetables added to homemade soups

Potatoes, boiled/baked

Iceberg lettuce

Root crops (excludes sweet potato)

Dark-green leafy vegetables

49.9

Fruits, servings/d 1.07 1.07 Orange juice

Other fruit juices (e.g., grape, cranberry)

Green bananas for pasteles (meat patties)

Apples and pears

Grapefruit juice

65.6

Whole grains, servings/d 0.64 0.66 Instant hot oatmeal

Light whole-wheat bread

Regular hot oatmeal

Cold cereals

Light white bread

80.5

Nuts and legumes, servings/d 0.77 0.65 Beans and legumes

Peanut butter

Cowpeas, black-eyed peas

Nuts and seeds (including coconut)

Peanuts

74.4

Meat, servings/d 4.70 4.01 Meat added to homemade soups (e.g., chicken soup)

Meat added to homemade stews (e.g., sancocho)

Regular ground beef

Deli/luncheon meat

Regular beef used for mixed dishes

41.4

Fish, servings/d 0.95 0.81 Fish (e.g., cod, haddock)

Shellfish

Shellfish added to homemade stews (e.g., shrimp)

Canned tuna, water packed

Tuna fish in salad or sandwich

83.7

Dairy, servings/d 1.76 1.56 Milk, whole

Processed cheese

Milk, 2%

Natural cheese

Milk, skim

61.7

MUFA:SFA ratio 1.16 1.18 Corn oil

Olive oil

Chicken/turkey, dark meat, broiled with skin

Tuna fish in salad or sandwich

Fried potatoes/French fries

29.9

Alcohol, drinks/d #2 #1 Regular beer

Light beer

White wine

Liquors

Mixed drinks

98.0

1 Serving sizes are expressed in USDA MyPyramid (https://www.cnpp.usda.gov/mypyramid) equivalents as follows: vegetables = 1 cup (200 g); fruits = 1 cup (200 g) or 0.5 cup

dried (100 g); nuts or legumes = 0.5 oz (14 g) nuts, 1 tablespoon (14 g) peanut butter, or 1 cup (200 g) cooked legumes; whole grains = 1 slice of bread or grain product containing

16 g flour or 0.5 cup (31 g) cooked cereal; meat = 1 oz (28 g); fish = 1 oz (28 g); dairy = 1 cup (250 mL) milk, yogurt, or soymilk, 1.5 oz (42 g) of natural cheese or 2 oz (56 g) of

processed cheese. One standard drink (wine, beer, or liquor) = 14 g ethanol.
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magnitude of association of the 5 commonly used dietary scores
by applying a z score. Our longitudinal analysis enriches the
literature on association of diet and cardiometabolic risk factors,
which is mostly represented by cross-sectional studies. Finally,
our results can further encourage health professionals to counsel
individuals to observe a healthy diet with the goal of improving
clinical cardiometabolic outcomes. For example, a person at the
favorable median intake of just 3 MeDS components may have
;1-cm lower waist circumference than those with less MeDS
adherence in 2 y while maintaining other socioeconomic and
behavioral factors constant. One meta-analysis estimated that
each centimeter of waist circumference increased the risk of a
CVD event by 2% (42). Furthermore, adhering to all MeDS
components could translate into a nearly 1.2-kg/m2 lower BMI
in 2 y. At the population level, each unit decrease in BMI has
been estimated to result in 26 and 28 fewer cases of chronic
disease per 1000 men and women, respectively (43).

In conclusion, the MeDS comprises food components and
scores that are associated with favorable 2-y changes in
cardiometabolic risk factors in Puerto Rican adults. An overall
healthy diet may be beneficial for lowering or maintaining a
lower BMI. The scoring and grouping of food components used
in various diet quality scores seem to influence associations with
health outcomes. Population-based cutoffs may be appropriate
in capturing distribution of food intake that may be skewed in
at-risk populations with low adherence to dietary guidelines,
although they may limit comparability across studies. Notably,
the MeDS components represented in this Puerto Rican cohort
included foods not usually observed in the typical Mediterra-
nean diet, highlighting the need to identify specific foods within
scores that were developed in another population. This also
helps identify culturally relevant foods for better translational
applications. Our results show that choosing the right measure
of diet quality affects the results, and assessing them for each
population is crucial when crafting nutritional messages and
programs with effective, meaningful dietary components for
at-risk minority groups.
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