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Abstract.
BACKGROUND: The prevalence of metabolic syndrome is higher among minority populations, including individuals of
Mexican ethnic descent. Whether alignment to healthy dietary patterns is associated with lower risk of metabolic syndrome
in this population is largely unknown.
OBJECTIVE: To prospectively evaluate the associations between a priori diet quality scores and risk of metabolic syndrome
and its components among postmenopausal women of Mexican ethnic descent.
METHODS: A total of 334 women of Mexican ethnic descent who participated in the Women’s Health Initiative (WHI)
observational study without metabolic syndrome or diabetes at baseline (1993–1998) were included. Baseline diets were
scored with the Alternate Mediterranean Diet (aMED), the Dietary Approaches to Stop Hypertension (DASH), the Healthy
Eating Index (HEI-2010), the Mediterranean Diet Score (MDS), and the traditional Mexican Diet (MexD) score. Multivariable
linear and logistic regression models were used to test the associations between baseline diet quality and risk of metabolic
syndrome and its individual components at follow-up (2012-2013).
RESULTS: Approximately 16% of women met the criteria for metabolic syndrome at follow-up. None of the diet quality
indices were associated with risk of metabolic syndrome. However, higher vs lower DASH scores were associated with lower
waist circumference (85.2 vs 88.0 cm) and glucose concentrations (90.0 vs 95.1 mg/dL), and higher HDL cholesterol (62.6
vs 59.0 mg/dL), while higher vs lower HEI-2010 scores were associated with lower waist circumference (83.9 vs 88.1 cm),
triglycerides (103 vs 117 mg/dL) and glucose concentrations (89.5 vs 94.4 mg/dL), and higher HDL cholesterol levels (63.9
vs 58.5 mg/dL).
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CONCLUSIONS: Diet quality was not associated with risk of metabolic syndrome in this population. However, the results
suggest that alignment to DASH and HEI-2010 recommendations may be beneficial for reducing some individual components
of metabolic syndrome among postmenopausal women of Mexican descent.
Keywords: aMED, DASH, diet quality indices, dietary patterns, HEI, Mediterranean Diet Score, MDS, MexD score, metabolic
syndrome, traditional Mexican diet, women of Mexican descent, WHI

1. Introduction
Metabolic syndrome is a cluster of metabolic
abnormalities (including abdominal obesity, low
HDL cholesterol, elevated triglycerides, elevated
fasting blood glucose levels, and high blood pressure)
which contributes to higher risk of cardiovascular
disease (CVD), type 2 diabetes mellitus (T2D), and
all-cause mortality [1, 2]. According to data from the
1998–2012 National Health and Examination Survey (NHANES), more than a third of adults in the
United States (US) have metabolic syndrome [3, 4],
and the rates are even higher among older adults (55%
among 60 years old or older) [4]. Notably, the rates
of metabolic syndrome are disproportionally higher
among Hispanics, including those of Mexican ethnic
descent [5–7].
Following dietary patterns that are characterized
as both energy-dense and nutrient-poor contributes
to higher risk of obesity, CVD, T2D, and metabolic
syndrome [8–16]. Conversely, greater alignment to
“healthy” dietary patterns, characterized as nutrientdense and high in fruits, vegetables and whole grains
reduces the risk of cardiometabolic disease [17–22].
Diet quality indices are used to score patterns
according to dietary recommendations and evaluate
associations with cardiometabolic disease. For example, the Alternate Mediterranean Diet (aMED) Index
and the Mediterranean Diet Score (MDS) have been
previously associated with reduced risk of mortality,
CVD, T2D, and cancer in ethnically diverse populations [23–29]. In this regard, the Dietary Approaches
to Stop Hypertension (DASH) Index reflects alignment to a dietary pattern shown to lower blood
pressure in clinical trials, and to reduce risk of CVD in
observational studies,[30] whereas the Healthy Eating Index (HEI) reflects alignment to the Dietary
Guidelines for Americans (DGAs). The DGAs help
promote healthy dietary patterns to prevent chronic
disease and maintain healthy weight [31]. Accumulating evidence exists on the beneficial effects of
following “healthy” or “prudent” dietary patterns as
scored by these diet quality indices in reducing risk
of cardiometabolic disease [8, 9, 11–15, 19, 20, 22,

32–35]. However, many of these studies have been
conducted among non-Hispanic Whites [36].
We and others have mostly shown that, among
those of Mexican ethnic descent, greater acculturation to commonly consumed US diets is usually
associated with energy-dense and nutrient-poor diets
and contributes to this group’s disproportionally
higher risk of cardiometabolic disease [37–40]. Conversely, greater alignment to a traditional Mexican
diet (MexD) high in legumes, complex carbohydrates, fruits, and vegetables, but low in processed
foods and added sugars, has been shown to contribute
to healthier cardiometabolic profiles in this population [41–43]. Nonetheless, it is unclear whether
adhering to a traditional Mexican diet or other
“healthy” dietary patterns, as scored by commonly
used diet quality indices, contributes to lower risk of
metabolic syndrome among older women of Mexican
descent. To address this question, we examined the
long-term associations between a priori diet quality
scores and risk of metabolic syndrome, as well as its
individual components, among older postmenopausal
women of Mexican descent who participated in
the Women’s Health Initiative (WHI) observational
study.

2. Materials and methods
2.1. Study population
The Women’s Health Initiative (WHI) enrolled
161,808 postmenopausal women, ages 50 to 79 years
old from one of 40 clinical sites throughout the
US between 1993 and 1998 to participate in an
observational study or up to three clinical trials [44].
When the clinical trials ended in 2005, 115,407 clinical trial and observational study participants were
consented to continue with observational follow-up.
Details on the study design and characteristics of the
WHI cohort have been described elsewhere (ClinicalTrials.gov identifier: NCT00000611) [44, 45].
For this analysis, we selected participants who
self-identified as being of Mexican descent (Mexi-
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can, Mexican American, or Chicano) and whom had
available dietary intake data at baseline (1993–1998)
and long-term, follow-up clinical data (2012-2013).
Follow-up measurements were collected as part of the
WHI Long Life Study (LLS), which was an extension sub-study of the WHI to collect health outcomes
data among women who had participated in the hormone trials, as well as for participants who were
African American or Hispanic. Details on the study
design and characteristics of the WHI LLS have been
described previously. From a total of 1,114 women
who met our inclusion criteria of Mexican descent
who had dietary and LLS clinical data, we further
excluded women with metabolic syndrome (n = 158)
and diabetes at baseline (n = 267), women who participated in the intervention group for the Dietary
Modification trial (n = 339), and those with either
low or high self-reported energy intakes from the
FFQ (<500 or >4,000 kcal) at baseline (n = 16). This
resulted in a total of 334 eligible participants who
were included in our analysis (Fig. 1). The WHI
and the WHI-LLS was approved by the Institutional
Review Boards at all participating institutions, and
participants provided written informed consents at
baseline and again for the WHI-Extensions, including
the LLS.
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2.1.1. Demographics
In the WHI, study participants reported demographic characteristics, including age, race/ethnicity,
household income, education and recreational physical activity through standardized questionnaires at
study entry [44]. In our analysis, we also included an
acculturation proxy measure (language preferred) as
a covariate.
2.2. Baseline diets “scored” using a priori diet
quality indices scoring criteria
Baseline dietary intake data were collected with
a self-administered food frequency questionnaire
(FFQ) with 122-line items for foods and beverages
consumed during the past 3 months and 4 summary
questions. The precursor of the WHI FFQ has been
assessed for feasibility and reliability in a pre-WHI
feasibility study of minority populations. The WHI
FFQ was assessed in a WHI sub-study that included
a diversity of race and ethnicity, including Hispanic
women and those of Mexican ethnic descent [46, 47].
The rationale for selecting these diet quality indices
was two-fold: 1) These are the most commonly
used diet quality indices to examine the associations
between diet quality and cardiometabolic disease in
the US population (i.e., aMED, DASH, HEI-2010,
MDS) and 2) higher scores for these indices indicate greater adherence to national recommendations
for a diet high in fruits, vegetables, and dietary
fiber, all of which have been previously associated
with reduced risk of cardiometabolic disease [21,
33]. The traditional Mexican diet (MexD) score was
included because previous analysis showed greater
alignment to a traditional Mexican diet contributed to
healthier cardiometabolic profiles among women of
Mexican ethnic descent [43]. Diet quality total scores
were derived based on self-reported dietary intake as
reported on the FFQ at baseline and scored as previously described by others (Supplemental Table 1)
[47].
2.3. Anthropometrics and biomarkers
assessments

Fig. 1. Flow diagram of 334 eligible women of Mexican descent
who participated in the Women Health Initiative (WHI) and were
included in the analyses. Eligibility criteria included women who
had dietary intake data at baseline (1993-1998) and long-term,
follow-up clinical data collected as part of the Long Life Study
(LLLS) in 2012-2013.

At study entry, height, weight, waist and hip
circumferences were measured during clinic visits
using standardized protocols. Height and weight were
used to calculate body mass index (BMI) and waist
and hip circumferences to calculate waist-to-hip
ratio, respectively. BMI categories were as follows:
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normal weight, BMI ≥ 18.5–24.9; overweight, BMI
≥25.0–29.9; and obese, BMI ≥ 30.0 kg/m2 . As part
of the Long Life Study follow-up visits, and using
similar procedures as those at baseline, anthropometrics were measured in the home using standardized
protocols. At baseline and follow-up visits, blood
pressure was measured by certified staff with a
mercury sphygmomanometer. Two measures were
taken 30 seconds apart and the averaged value was
recorded. Cuff bladder size was determined at each
visit based on arm circumference [48].
At baseline and follow-up, fasting blood samples
were collected and processed locally according to
standardized protocols [49–51]. Briefly, at baseline,
fasting blood samples were collected and processed
locally. At follow-up during the WHI extension study
II, the specimen collection procedures were repeated.
Specimen were collected and centrifuged locally and
shipped overnight to the Advanced Research and
Diagnostic Laboratory at the University of Minnesota
for processing, followed by shipment to the WHI
Biorepository (Fisher BioServices, Rockville, Maryland) for storage until analyses.
We defined presence of metabolic syndrome
(yes/no) at baseline and follow-up as defined by
the metabolic syndrome classification [52], which
requires that three or more of the following five
criteria are met: 1) abdominal obesity (elevated
waist circumference ≥88 cm for women); 2) elevated
triglycerides (TG) ≥150 mg/dL; 3) reduced highdensity lipoprotein (HDL) cholesterol (<50 mg/dL
for women); 4) elevated blood pressure (systolic ≥ 130 mm Hg, or diastolic ≥ 85 mm Hg, or use
of antihypertensive medications); and 5) elevated
fasting blood glucose ≥100 mg/dL.
2.4. Statistical analyses
Descriptive analyses were used to present baseline characteristics in numbers and percentages
or mean ± standard deviation, unless otherwise
indicated. These included demographics, anthropometrics, acculturation proxy measure, smoking
status, alcohol consumption, and physical activity at
baseline. Then, we present baseline characteristics
by presence of metabolic syndrome at follow-up
(yes/no). Diet quality indices were grouped into tertiles and analyzed as categorical variables to examine
the long-term associations between baseline diet
quality scores and risk of metabolic syndrome
and its individual components at follow-up. We
first evaluated the long-term associations between

baseline diet quality index scores by tertiles and
presence of metabolic syndrome and its individual
components at follow-up in multivariable linear
regression models while adjusting for age, BMI, total
energy intake (kcal), education level, acculturation
proxy, physical activity, and individual components
of metabolic syndrome at baseline, as applicable.
Follow-up measures of individual components of
metabolic syndrome (waist circumference, blood
pressure, triglyceride, HDL cholesterol and fasting
glucose levels) were analyzed as continuous variables and the presence of metabolic syndrome as
categorical variable (yes or no).
Multivariable logistic regression models were used
to calculate odds ratio for risk of metabolic syndrome and its individual components (yes/no) across
diet quality score tertiles at follow-up. For this analysis, dichotomous outcome variables were created
using the female-appropriate metabolic syndrome
criteria for each individual component as follows:
1) waist circumference, ≥88 vs. <88 cm; 2) serum
triglyceride, ≥150 vs. <150 mg/dL; 3) high-density
lipoprotein (HDL) cholesterol levels, <50 mg/dL
vs. ≥50; 4) blood pressure, systolic ≥ 130 mm Hg,
or diastolic ≥ 85 mm Hg, or use of antihypertensive
medications compared to systolic <130 mm Hg and
diastolic <85 mm Hg; and 5) fasting blood glucose
≥100 vs. <100 mg/dL. Odds Ratio (OR) and 95%
confidence interval (CI) were calculated for presence
of metabolic syndrome (yes/no), abdominal obesity, elevated triglycerides, reduced HDL cholesterol,
elevated blood pressure or use of antihypertensive
medications, and elevated fasting blood glucose.
Each category was compared across diet quality score
tertiles (high, moderate, low) using the high tertile
of diet quality total score (better quality diets) as
reference value (high score tertile compared to moderate and low score tertiles). All logistic models were
adjusted for age, BMI, total energy intake (kcal),
education level, acculturation (preferred language),
physical activity, and baseline values for individual
components of the metabolic syndrome, as applicable. All statistical tests were two-sided with ␣ = 0.05.
We used SAS version 9.4 (SAS Institute, Cary, NC)
for all analyses.
3. Results
3.1. Baseline characteristics
The mean baseline age was 58 years at baseline
(Table 1). More than half of the women were over-
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Table 1
Baseline characteristics of postmenopausal women of Mexican ethnic descent and by presence of metabolic syndrome at follow-up
(N = 334)1,2
Baseline characteristics
Age, y
BMI, kg/m2
BMI categories, %
Normal weight: BMI ≥ 18.5–24.9, kg/m2
Overweight: BMI ≥ 25.0–29.9, kg/m2
Obese: BMI ≥ 30.0, kg/m2
Waist circumference, cm
Hip circumference, cm
Waist to hip ratio
Education level, %
≤High school diploma
≥College degree
Annual income, %
<$35,000
$35,000–$74,999
≥$75,000
Marital status, %
Single, separated, or widowed
Married or marriage-like relationship
Preferred language, %
English
Spanish
Smoking status, %
Never
Former
Current
Alcohol consumption, g/d
Physical activity, (MET)-h/wk

Baseline
(N = 334)

Presence of metabolic syndrome at follow-up
No, 84% (n = 279)
Yes, 16% (n = 55)

58.6 ± 6.38
26.9 ± 4.81

58.8 ± 6.45
26.5 ± 4.95b

58.0 ± 6.03
28.7 ± 3.45a

120 (36)
155 (47)
57 (17)
81.3 ± 9.94
102 ± 9.17
0.80 ± 0.06

42%a
43%
15%
42%a
101 ± 9.10b
0.79 ± 0.06b

7%b
65%
28%
7%b
106 ± 8.70a
0.83 ± 0.06a

97 (29)
236 (71)

28%
72%

33%
67%

125 (38)
131 (40)
70 (22)

38%
38%
24%

43%
48%
9%

102 (31)
231 (69)

30%
70%

36%
64%

318 (95)
16 (5)

96%a
4%

89%b
11%

231 (70)
86 (26)
14 (4)
3.84 ± 8.79
12.5 ± 14.0

72%
24%
4%
4.21 ± 9.39
13.3 ± 14.5a

60%
36%
4%
1.97 ± 4.27
8.88 ± 10.6b

are presented as means ± SDs unless otherwise indicated. 2 Regression models were adjusted for age, education and acculturation
(language preference). HDL, high-density lipoprotein; MET-h/wk, metabolic equivalent h/wk. a,b Labeled means in a row without a common
letter differ in descending order (high to low values), using general linear models with Duncan’s multiple range test; P < 0.05.

1 Values

weight or obese at baseline, married or in a marriagelike relationship, reported having a college degree
or annual household incomes of $35,000 or higher,
and never having smoked. Most of them preferred
English versus Spanish, which is a proxy measure of
acculturation to the US lifestyle. On average, total
scores for each of the diet quality indices were as
follow: 4.2 ± 1.7 (0–9 scores range) for the aMED,
25 ± 4.7 (8–40 scores range) for the DASH, 59 ± 11
(1–100 scores range) for the HEI-2010, 4.9 ± 1.5 for
the MDS (0–9 scores range), and 5.9 ± 2 (0–12 scores
range) for MexD (Supplemental Table 2).
3.2. Presence of metabolic syndrome at
follow-up
After excluding women with metabolic syndrome
or diabetes mellitus at baseline (1993–1998), 16%
(n = 55) of the study sample examined met the crite-

ria for metabolic syndrome at follow-up (Table 1).
As for individual components for metabolic syndrome, 40% met the criteria for elevated waist
circumference (≥88 cm), 23% met the criteria for
elevated TG (≥150 mg/dL) and fasting blood glucose (≥100 mg/dL), 21% met the criteria for elevated
blood pressure (≥130/85 mm Hg), and 20% met the
criteria for low HDL cholesterol (<50 mg/dL). There
was no difference in education level, annual income
or marital status by presence of metabolic syndrome.
Women with metabolic syndrome at follow-up were
less acculturated to the US, as measured by preferred language. We did not find differences in
smoking status or alcohol consumption at baseline
across presence of metabolic syndrome at followup. Finally, women who did not have metabolic
syndrome at follow-up reported significantly higher
levels of physical activity at baseline when compared
to their counterparts.
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3.3. Long-term associations between diet quality
at baseline and risk of metabolic syndrome
at follow-up
We found no statistically significant difference in
the presence of metabolic syndrome across diet quality score tertiles (Table 2). We found that women
with diets more closely aligned with the DASH
dietary pattern had significantly lower levels of
fasting blood glucose compared to women in the
moderate (P < 0.05) and low score (P < 0.05) tertiles. Waist circumference was significantly lower
among women in the highest HEI-2010 score tertile, compared to women with moderate (P < 0.05)
and low score (P < 0.05) tertiles. Similarly, serum
triglycerides were significantly lower among women
with higher HEI-2010 scores compared to women
with moderate (P < 0.05) and low score (P < 0.05)
tertiles. Conversely, HDL cholesterol levels were significantly higher among women with scores in the

highest HEI-2010 score tertile compared to women
with moderate (P < 0.05) and low score (P < 0.05)
tertiles (P < 0.05). Fasting blood glucose was significantly lower among women with high DASH and
HEI-2010 tertile scores compared to women with
moderate (P < 0.05) and low score (P < 0.05) tertiles
and for both diet quality indices. No differences were
found for any of the metabolic syndrome individual
components across the aMED, MDS or MexD score
tertiles.
3.4. Odds ratios for risk of metabolic syndrome
and its components at follow-up
Compared to women in the highest tertile (highest total scores as reference) for aMED, DASH,
HEI-2010, MDS or MexD, we found no elevated
risk for metabolic syndrome and for most of its
individual components among women with moderate or low score tertiles (Table 3). For the MDS,

Table 2
Multivariate regression models for the associations between diet quality score tertiles and presence of metabolic syndrome and its individual
components at follow-up among 334 postmenopausal women of Mexican ethnic descent1,2
Diet quality
score tertiles

Metabolic
syndrome

Waist
circumference
(cm)

Metabolic syndrome individual components
Triglyceride
HDL
Systolic
(mg/dL)
cholesterol
BP
(mg/dL)
(mm Hg)

Blood
glucose
(mg/dL)

Mean ± SD

N (%)
aMED score tertiles
High (5–9) (n = 146)
Moderate (4) (n = 72)
Low (0–3) (n = 116)
DASH score tertiles
High (27–37) (n = 106)
Moderate (23–26) (n = 111)
Low (13–22) (n = 117)
HEI-2010 score tertiles
High (>65–87) (n = 111)
Moderate (54–65) (n = 112)
Low (30–<54) (n = 111)
MeDS score tertiles
High (6–9) (n = 124)
Moderate (5) (n = 80)
Low (2–4) (n = 130)
MexD score tertiles
High (>7–12) (n = 112)
Moderate (>5–7) (n = 111)
Low (0–5) (n = 111)

Diastolic
BP
(mm Hg)

22 (40)
21 (22)
21 (38)

85.2 ± 10.1
87.3 ± 10.3
86.6 ± 10.7

110 ± 48.6
120 ± 47.1
114 ± 47.3

60.8 ± 15.5
61.1 ± 14.5
59.1 ± 13.2

121 ± 12.8
123 ± 12.1
121 ± 10.8

71.6 ± 7.76
72.2 ± 7.62
70.8 ± 6.46

91.4 ± 13.8
93.3 ± 15.0
94.3 ± 17.5

14 (25)
18 (33)
23 (42)

85.2 ± 10.3b
85.3 ± 10.1b
88.0 ± 10.5a

111 ± 50.3
108 ± 43.9
122 ± 48.4

62.6 ± 16.6a
59.4 ± 12.7b
59.0 ± 13.9b

121 ± 13.4
122 ± 12.0
120 ± 10.5

71.0 ± 8.00
72.8 ± 6.93
70.6 ± 6.85

90.0 ± 13.2b
93.7 ± 15.5a
95.1 ± 16.9a

12 (22)
19 (34)
24 (44)

83.9 ± 10.4b
86.5 ± 10.5a
88.1 ± 9.76a

103 ± 45.5b
121 ± 47.4a
117 ± 49.1a

63.9 ± 16.2a
58.4 ± 13.5b
58.5 ± 13.1b

120 ± 13.0
121 ± 11.8
122 ± 11.1

70.4 ± 7.54
72.6 ± 7.49
71.3 ± 6.72

89.5 ± 13.4b
95.6 ± 17.4a
94.4 ± 17.8a

17 (32)
15 (27)
23 (41)

85.1 ± 9.73
86.2 ± 9.84
87.4 ± 11.2

112 ± 49.8
115 ± 49.4
116 ± 46.7

60.4 ± 14.9
60.8 ± 16.6
59.7 ± 12.4

121 ± 12.6
122 ± 11.1
121 ± 11.3

71.6 ± 7.89
72.0 ± 7.06
71.3 ± 6.66

91.4 ± 13.5
93.9 ± 16.2
94.9 ± 17.7

22 (40)
15 (27)
18 (33)

85.1 ± 9.44
86.5 ± 10.5
87.1 ± 11.0

103 ± 45.3
108 ± 49.7
121 ± 47.6

60.4 ± 15.9
61.8 ± 14.6
58.5 ± 12.3

122 ± 12.0
120 ± 11.9
121 ± 11.3

71.9 ± 7.89
71.5 ± 6.77
71.4 ± 6.99

93.1 ± 17.9
92.9 ± 15.0
94.1 ± 14.8

1 A high compared to low diet quality scores tertile would reflect lowest versus highest alignment to the dietary pattern. Values are presented
as N (%) or means ± SD, unless otherwise indicated. 2 Multivariate regression models were adjusted for age (y), BMI, total energy intake
(kcal/d), education level, acculturation (preferred language), physical activity, and baseline values for each metabolic syndrome individual
component. a,b Labeled means in a row without a common letter differ in descending order (high to low values), using general linear models
with Duncan’s multiple range test; P < 0.05. aMED, Alternate Mediterranean Diet; BP, blood pressure; DASH, Dietary Approaches to Stop
Hypertension; HDL, high-density lipoprotein; HEI-2010, Healthy Eating Index; MDS, Mediterranean Diet Score; Mexican Diet (MexD).
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Table 3
Odds ratio for risk of metabolic syndrome and its individual components across diet quality score tertiles at follow-up among 334
postmenopausal women of Mexican ethnic descent1,2,3
Diet quality
score tertiles

Metabolic
syndrome

Abdominal
obesity

Metabolic syndrome individual components
Elevated
Reduced
Elevated
triglyceride
HDL cholesterol
blood pressure

Elevated
blood glucose

Odds ratio (95% CI)
aMED score tertiles
High (5–9) (n = 146)
Moderate (4) (n = 72)
Low (0–3) (n = 116)
DASH score tertiles
High (27–37) (n = 106)
Moderate (23–26) (n = 111)
Low (13 – 22) (n = 117)
HEI-2010 score tertiles
High (>65–87) (n = 111)
Moderate (54–65) (n = 112)
Low (30–<54) (n = 111)
MeDS score tertiles
High (6–9) (n = 124)
Moderate (5) (n = 80)
Low (2–4) (n = 130)
MexD score tertiles
High (>7–12) (n = 112)
Moderate (>5–7) (n = 111)
Low (0–5) (n = 111)

1.00
(reference)
1.12
(0.49, 2.56)
1.08
(0.51, 2.31)

1.00
(reference)
1.30
(0.65, 2.59)
1.44
(0.75, 2.73)

1.00
(reference)
1.10
(0.50, 2.44)
0.98
(0.46, 2.09)

1.00
(reference)
0.91
(0.36, 2.30)
1.06
(0.46, 2.41)

1.00
(reference)
1.44
(0.70, 2.98)
1.31
(0.65, 2.63)

1.00
(reference)
1.40
(0.66, 2.95)
1.33
(0.65, 2.69)

1.00
(reference)
1.16
(0.52, 2.60)
1.34
(0.61, 2.95)

1.00
(reference)
1.05
(0.54, 2.05)
1.77
(0.91, 3.45)

1.00
(reference)
0.52
(0.24, 1.14)
0.95
(0.45, 2.01)

1.00
(reference)
1.04
(0.43, 2.50)
1.27
(0.53, 3.06)

1.00
(reference)
1.46
(0.73, 2.91)
1.25
(0.61, 2.58)

1.00
(reference)
1.54
(0.73, 3.27)
1.80
(0.86, 3.77)

1.00
(reference)
1.43
(0.63, 3.28)
1.76
(0.78, 3.99)

1.00
(reference)
1.49
(0.77, 2.90)
1.44
(0.74, 2.81)

1.00
(reference)
1.08
(0.50, 2.34)
0.97
(0.44, 2.14)

1.00
(reference)
1.72
(0.70, 4.23)
1.48
(0.60, 3.69)

1.00
(reference)
1.01
(0.48, 2.11)
1.68
(0.82, 3.43)

1.00
(reference)
1.79
(0.84, 3.80)
1.83
(0.85, 3.91)

1.00
(reference)
1.87
(0.82, 4.27)
1.38
(0.64, 2.96)

1.00
(reference)
2.59
(1.25, 5.37)
1.80
(0.93, 3.46)

1.00
(reference)
0.90
(0.39, 2.06)
1.18
(0.57, 2.44)

1.00
(reference)
0.94
(0.38, 2.30)
1.40
(0.61, 3.19)

1.00
(reference)
1.26
(0.60, 2.66)
1.23
(0.62, 2.41)

1.00
(reference)
1.46
(0.66, 3.24)
1.67
(0.83, 3.34)

1.00
(reference)
0.53
(0.24, 1.16)
0.81
(0.39, 1.70)

1.00
(reference)
1.49
(0.79, 2.81)
1.17
(0.60, 2.28)

1.00
(reference)
1.21
(0.56, 2.62)
1.41
(0.66, 3.01)

1.00
(reference)
0.36
(0.15, 0.87)
0.78
(0.34, 1.78)

1.00
(reference)
0.53
(0.26, 1.07)
0.91
(0.46, 1.79)

1.00
(reference)
1.41
(0.71, 2.83)
0.94
(0.45, 1.97)

1A

high compared to low diet quality scores tertile would reflect lowest versus highest alignment to the dietary pattern. 2 Presence of
metabolic syndrome (yes/no) at follow-up as defined by having three or more of the following five criteria met: 1) abdominal obesity
(elevated waist circumference (≥88 cm for women); 2) elevated triglyceride (≥150 mg/dL); 3) reduced HDL cholesterol (<50 mg/dL for
women); 4) elevated blood pressure (systolic ≥ 130 mm Hg, or diastolic ≥ 85 mm Hg, or use of antihypertensive medications); and 5) elevated
fasting blood glucose ≥ 100 mg/dL. 3 Logistic regression models were adjusted for age (y), BMI, total energy intake (kcal/d), education
level, acculturation (preferred language), physical activity, and baseline values for each metabolic syndrome individual component. aMED,
Alternate Mediterranean Diet; DASH, Dietary Approaches to Stop Hypertension; HDL, high-density lipoprotein; HEI-2010, Healthy Eating
Index; MDS, Mediterranean Diet Score; Mexican Diet (MexD).

women with moderate versus higher MDS scores
had higher abdominal obesity [OR (95% CI): 2.59
(1.25, 5.37)], while there was no significant association when higher MDS scores were compared to the
lowest tertile. Similarly for the MexD score, women

with moderate versus higher MexD scores had lower
probability of low HDL cholesterol [OR (95% CI):
0.36 (0.15, 0.87)], while there was no significant association when higher MexD scores were compared to
the lowest tertile.
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4. Discussion
Diet quality assessed by four commonly used
diet quality indices and one specific for traditional
Mexican diets were not associated with risk of
metabolic syndrome in postmenopausal women of
Mexican ethnic descent. Nonetheless, being more
aligned with the Dietary Guidelines for Americans
(DGAs), as measured by HEI-2010 scores, was associated with lower waist circumference, triglyceride
and blood glucose levels at follow-up. Higher HEI2010 scores were also associated with higher HDL
cholesterol at follow-up. Similarly, higher DASH
scores were associated with lower waist circumference and glucose levels, and higher HDL cholesterol
at follow-up.
To our knowledge, this is one of few studies
evaluating the long-term associations between diet
quality and risk of metabolic syndrome among Hispanics of Mexican ethnic descent in the US, and the
first to evaluate these associations focusing on older
women of Mexican ethnic descent. Fewer data are
available for following dietary recommendations as
measured by a priori diet quality indices compared
to posteriori cohort-derived dietary patterns and risk
of cardiometabolic disease [53]. Although most of
the data available on the associations between diet
quality and risk of metabolic syndrome comes from
cross-sectional studies [36], there is a growing number of prospective studies that have focused on the
associations between cohort-derived dietary patterns
and risk of metabolic syndrome [54]. Prospective
studies that have evaluated the long-term associations
between a priori diet quality indices and chronic disease have focused on risk of CVD, T2D, and cancer
[14, 24, 55–57].
We previously reported that among older women
of Mexican ethnic descent who participated in the
Women’s Health Initiative (WHI), greater alignment
to a traditional Mexican diet, as measured by a traditional MexD score, was associated with reduced
biomarkers of cardiometabolic disease [51]. Further, in a randomized crossover feeding trial among
healthy women of Mexican ethnic descent, we found
that, compared to a commonly consumed US diet, a
traditional Mexican diet also reduced biomarkers of
cardiometabolic disease [42].
A cross-sectional study among a larger population of Mexican adults living in Mexico (n = 5,240)
reported similar results on higher odds for high fasting blood glucose and low serum HDL cholesterol
levels among those adhering to a cohort-derived

“Western” dietary pattern low in fruits, vegetables and whole grains [12]. In a large ethnically
diverse population of Hispanic/Latino population in
the US (n = 12,406), diet quality as measured by
the Alternate Healthy Eating Index (AHEI) was
associated with lower odds of metabolic syndrome,
although the results are from cross-sectional analyses [58]. However, in this analysis, the results
showed significant interactions by ethnicity, such that
lower odds of metabolic syndrome were reported
for Mexican Americans and Central Americans
compared to Puerto Ricans, Cubans, Dominicans
and South Americans. In non-Mexican populations,
clearer associations between diet quality and risk of
metabolic syndrome have been reported for those
adhering to the Mediterranean diet [18].
Within the WHI, long-term associations between
a priori diet quality indices [59] and cohort-derived
dietary patterns [57] consistently show a relationship between following a “healthy” or “prudent”
dietary pattern and lower risk of chronic disease,
T2D, and overall mortality risk. Similarly, in the Multiethnic Cohort Study, which includes a large sample
(>166,000) of White, African American, Native
Hawaiian, Japanese American, and Latino individuals, the health benefits of adhering to “healthy”
dietary patterns as assessed by diet quality indices
have been demonstrated in several observational
studies [24]. Specifically, alignment with the AHEI,
aMED and DASH dietary patterns were associated
with reduced risk of T2D and reduced levels of
biomarkers of cardiometabolic risk; [24] while other
studies have also demonstrated the health benefits
of following “healthy” dietary patterns and reduced
risk of CVD, cancer, overall mortality and cancerspecific mortality [14, 23, 59]. Nonetheless, most of
these studies have focused on non-Hispanic White
populations.
Our results from this observational prospective
study highlight the potential health benefits of
following “healthy” dietary patterns. One good example of this benefit can be seen in results from the
WHI Dietary Modification Trial. Women randomized to intervention arm and more closely adherent
to the assigned low-fat dietary pattern were found
to have overall lower risk of metabolic syndrome
over time and reported lower use of hypertension
and cholesterol-lowering medications [20]. Moreover, our main findings for alignment to either the
HEI-2010 or DASH dietary patterns, which may help
maintain lower waist circumference and higher HDL
cholesterol levels, are of importance given that recent
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reports have highlighted waist circumference as the
most noticeable component driving the continued
increase in rates of obesity in the US, followed by
low HDL cholesterol levels [3, 4, 7].
Strengths of our study include the prospective
design evaluating the long-term associations between
diet quality and risk of metabolic syndrome in a
population with the highest prevalence of metabolic
syndrome in the US [3]. Second, the WHI is a comprehensive and well characterized cohort with one of
the largest cohorts of older women in the US, which
provides an excellent resource to continue to identify pockets of the population for targeted behavioral
interventions that aim to improve overall health and
reduce risk of chronic disease.
Limitations of our study include the relatively
small sample size that could have prevented us
from finding statistically significant associations
between the diet quality indices examined and risk
of metabolic syndrome after excluding women with
metabolic syndrome and diabetes mellitus at baseline
(38% of the sample). Nonetheless, we demonstrated
associations between alignment to the HEI-2010 and
DASH with individual components of the metabolic
syndrome in a fairly acculturated sample of postmenopausal women of Mexican descent. Second, the
use of one-time self-reported dietary intake at baseline is a limitation on its own as it is subject to
random and systematic errors that may have led to
imprecise estimates of long-term dietary exposure.
However, the reliability of our validated FFQ has
been previously demonstrated, across education levels and race/ethnicity, including Hispanic women and
those of Mexican descent [46, 47], and likely assessed
typical intake comprehensively. In any case, the validation studies using WHI diet data against biomarkers
of nutrient intake [60, 61], that we have published,
support the appropriateness of our methods. These
analyses have showed that measurement error is most
recognized for energy and less is known about the
extent of measurement error for diet quality scores as
examined here. Despite this, caution should be used
when interpreting our attenuated findings as other
nutrients or foods that were not included here (e.g.,
phytochemicals) may have speculative influence on
cardiometabolic risk factors.
Another important aspect to consider is that women
evaluated here were more acculturated to the US,
as measured by language preference (95% preferred
English vs. Spanish), and had high levels of education (≥72% had college degree or higher). Larger
observational studies among women of Mexican
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ethnic descent with a more diverse distribution in
acculturation and education levels are needed to
tease out whether acculturation plays an important
role in adhering to national dietary recommendations and the subsequent risk of cardiometabolic
disease [40].
In conclusion, our analyses suggest current
national dietary recommendations (i.e., HEI-2010
or DASH) to adhere to diets high in fruits, vegetables and whole grains and low in solid fats, refined
grains and added sugars, can help reduce levels of
specific individual components of metabolic syndrome among women of Mexican ethnic descent.
Future studies should focus on targeted interventions
among older women of Mexican ethnic descent to
help increase alignment to national dietary recommendations and therefore, reduce risk of elements of
metabolic syndrome in this population.
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