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Abstract: Adherence to dietary and physical activity recommendations has been associated with
reductions in morbidity and mortality. The association between baseline adherence to fruit, vegetable,
and physical activity guidelines and metabolic syndrome (MetS) in El Banco por Salud (El Banco)
was examined. El Banco is a wellness biobank for Latino individuals affiliated with partnered
Federally Qualified Health Centers in southern Arizona. Study participants (n = 972) were 65%
female, 62.3% foreign-born, 56.3% obese, 29.2% food insecure, and with an average age of 51.3 years.
Adherence scores were developed using baseline questionnaires for fruits and vegetable consumption
and self-reported physical activity. Adherence was low in those fully meeting guidelines for fruit,
vegetable, and physical activity at 14.6%, 37.5%, and 23.5%, respectively. Roughly 65% (n = 630) had
≥3 cardiometabolic risk factors. Large waist circumference was the most prevalent risk factor at
77.9%. Adherence to physical activity recommendations differed by MetS status with 32.8% without
MetS reporting ≥150 min of physical activity per week compared to 18.5% in those with MetS
(p < 0.001). There were no significant associations with adherence to any guidelines and MetS in the
fully adjusted model. Overall, in this sample guideline adherence was low and the cardiometabolic
risk factors prevalence was high.

Keywords: Hispanic/Latino; biobank; diet; physical activity; metabolic syndrome

1. Introduction

Metabolic syndrome (MetS), a cluster of interrelated metabolic abnormalities, is as-
sociated with a 5-fold increase in risk of type 2 diabetes (T2D), and a 2-fold increase in
risk of cardiovascular disease [1]. With increasing trends, MetS incidence often parallels
that of T2D and obesity, but MetS prevalence is 3-times T2D prevalence [2]. According
to the National Health and Nutrition Examination Survey (NHANES) data from 2011 to
2016, MetS prevalence was estimated at 34.5% in adults aged 20 and over [3]. Notably,
across racial/ethnic groups, MetS had the second highest prevalence in Hispanics/Latinos
(36.3%) [3]. Based on CDC data in 2018, 13.0% of American adults (18 and over) had
diabetes, and Hispanic/Latinos had a disproportionately higher prevalence of T2D than
non-Hispanic whites [1]. As a growing public health concern, MetS prevention and man-
agement relies upon lifestyle modifications, including long-term adherence to dietary and
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physical activity guidelines [4]. Fruit and vegetable intake comprise integral parts of health-
ful diets, and higher intakes have been observationally associated with reductions in risk
of MetS [5] and T2D [6,7]. Likewise, moderate-to-vigorous physical activity (MVPA) has
been inversely related to development of cardiometabolic risk factors [8].

To date, few studies have investigated (1) adherence to the fruit and vegetable recom-
mendations based on Dietary Guidelines for Americans in Hispanic/Latino communities
at high risk for T2D; (2) adherence to The US Department of Health and Human Services
(USDHHS) Physical Activity guidelines in Hispanic/Latino communities at high risk for
T2D; or (3) the association between adherence to fruit and vegetable and physical activity
guidelines and MetS prevalence in Hispanic/Latino communities at high risk for T2D. In
this study, we analyzed cross-sectional data to evaluate the association between adher-
ence to fruit, vegetable, and physical activity recommendations and MetS among Latinos
enrolled in the biobank, El Banco por Salud (El Banco).

2. Materials and Methods
2.1. Study Sample

El Banco is a biobank established by the University of Arizona Health Sciences Center
for Disparities in Diabetes, Obesity, and Metabolism (CDDOM) in 2017 with ongoing
recruitment. El Banco includes mostly patients that self-identify with Latino heritage
(98%) from federally qualified health center (FQHC) partners in southern Arizona. Eligible
patients are prescreened from their electronic health record for self-reported Latino ethnicity,
age 18–75 years, and a HbA1c of 5.7 or greater. Recruited patients then served as probands
in the study design. Family (including significantly close friends considered kin/family)
were also recruited with no inclusion criteria for HbA1c. All participants provided written
informed consent. Probands and family members are linked through a unique identifier for
the family unit. Exclusion criteria includes (1) history of cancer, excluding non-melanoma
skin cancers, in the past 3 years; (2) currently pregnant, delivered a baby within the last
12-months, or currently breastfeeding; and (3) feel they are unable to refrain from smoking
for 1.5 h. Patients enrolled in El Banco provide samples of blood and saliva, complete
an in-person comprehensive health-related questionnaire (modified Mayo Clinic Biobank
Questionnaire) [2], and consent for access to medical records and recontact for future
studies. Food security status was evaluated by the US Household Food Security Survey
Module [3]. Enrollment is ongoing and as of November 2021 there were 990 patients
enrolled. This study which examined fruit, vegetable, and physical activity guideline
adherence and MetS (n = 972) was reviewed and approved by the University of Arizona
Human Subjects Protection Program. The REDCap electronic data management system at
the University of Arizona was used for data capture, quality assurance and control, as well
as data export.

2.2. Dietary Assessment

A limited series of dietary questions are included in the baseline health history ques-
tionnaire. Average daily fruit and vegetable intake was determined through coding ques-
tionnaire responses for consumption rates of fruits and vegetables over an average week
during the past month. Responses were coded into daily average fruit and vegetable intake
by dividing the total weekly value by 7. Average daily values were categorized into cate-
gories using the Dietary Guidelines for Americans 2020–2025 values for daily consumption
of total fruits and total vegetables. Participants fully met fruit guidelines if they consumed
on average ≥2 servings per day over a 7-day week and met vegetable guidelines if they
consumed on average ≥2.5 servings over a 7-day week. Partially meeting the fruit guide-
lines was defined as average consumption of 1–2 servings per day and not meeting was
defined as averaging 0 servings per day. Few participants (n = 11) reported consuming no
vegetables, therefore only two categories were defined for vegetables with those reporting
an average 2.5 servings of vegetables considered as meeting recommendations
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2.3. Physical Activity

Physical activity was assessed through asking frequency of at least 15-min bouts of
strenuous (rapid heartbeat), moderate, and mild level of exercise intensity over 7-days [4].
Questionnaire responses were coded into conservative number of total minutes by using
the minimum 15 min for each bout of leisure time physical activity times the frequency
reported in one week. Strenuous activity bouts were multiplied by two and added to
participants’ moderate and mild minutes to assess the general 150 min/per week physical
activity guideline. Participants were then categorized into fully meeting (≥150 min/week),
partially meeting (15–135 min/week), and not meeting (0 min/week), using the USDHHS
physical activity guidelines [5].

2.4. Cardiometabolic Risk Factors

MetS was defined according to the Adult Treatment Panel III [6], as having 3 or more
of the following cardiometabolic risk factors; dyslipidemia (triglycerides ≥150 mg/dL),
elevated fasting blood glucose (≥5.6 mmol/L), high-density lipoproteins (HDL) choles-
terol (<40 mg/dL for men and <50 mg/dL for women), hypertension (systolic blood
pressure > 130 mmHg and diastolic > 85 mmHg), large waist circumference (men ≥ 40 inch
and women ≥ 35 inch). Each cardiometabolic risk factor was coded as either “1” for having
factor or “0” for not having the factor. Participants that presented ≥3 cardiometabolic risk
factors were deemed to have MetS. All measurements were performed by trained study
staff in a clinical laboratory setting.

2.5. Statistical Analysis

Descriptive statistics were generated for participant characteristics. Chi-square and t-
tests were used to compare categorical and continuous variables by MetS status, respectively.
Mixed effects logistic regression models were used to assess the relationship between
adherence to fruit, vegetable, and physical activity guidelines and (1) MetS and (2) to
evaluate potential interaction between adherence to each recommendation with sex and
enrollment site. Mixed effect models included fixed effects for individual level covariates
and a random family unit effect. Variables assessed for potential confounding were age,
sex, education, site of enrollment, US born, general health status, insurance, marital status,
sedentary time at work, and food security status. Sensitivity analyses were performed to
exclude fruit juice and potatoes from the fruit and vegetable components, respectively. All
analyses were performed with Status 16.1 (StataCorp, College Station, TX, USA).

3. Results

Enrollment characteristics according to MetS status are presented in Table 1. Those
with MetS (at least three cardiometabolic risk factors) were significantly older than those
without MetS, more likely to have been enrolled at El Rio as a patient, be a proband, have
worse cardiometabolic risk factors including higher BMI, poorer self-reported general
health, have less than a high school education, have Medicare, have been born in the US,
and be widowed or divorced. Sex, language spoken at home, work sedentary time, and
food security status did not differ significantly by MetS status.
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Table 1. El Banco por Salud participant characteristics by metabolic syndrome status (n = 972).

Overall * No MetS MetS p-Value

n = 972 n = 342 n = 630

Age, years 51.3 (15.1) 45.4 (16.4) 54.5 (13.2) <0.001
Enrollment Site <0.001

El Rio 729 (75.0%) 233 (68.1%) 496 (78.7%)
Mariposa 243 (5.0%) 109 (31.9%) 134 (21.3%)

Participant type <0.001
Proband 455 (46.8%) 98 (28.7%) 357 (56.7%)
Family Member 517 (53.2%) 244 (71.3%) 273 (43.3%)

Sex 0.663
Male 321 (33.0) 116 (33.9%) 205 (32.5%)
Female 651 (67.0) 226 (66.1%) 425 (67.5%)

Cardiometabolic Risk Factors
Body mass index (kg/m2) 32.1 (6.8) 29.5 (6.4) 33.5 (6.6) <0.001
Waist circumference (inches) 40.8 (6.2) 37.4 (5.7) 42.9 (5.7) <0.001
Fasting plasma glucose (mmol/L) 8.3 (4.3) 6.3 (3.0) 9.3 (4.6) <0.001
HDL cholesterol (mg/dL) 46 (12) 52 (12) 42 (10) <0.001
Triglycerides (mg/dL) 180 (174) 115 (59) 216 (203) <0.001
Systolic blood pressure (mmHg) 132 (21) 120 (15) 138 (20) <0.001
Diastolic blood pressure (mmHg) 79 (8) 75 (7) 81 (8) <0.001

Insurance Type <0.001
Medicaid 427 (44.1%) 154 (45.2%) 273 (43.5%)
Commercial 125 (12.9%) 40 (11.7%) 85 (13.5%)
Medicare 229 (23.6%) 56 (16.4%) 173 (27.5%)
None 83 (8.6%) 35 (10.3%) 48 (7.6%)
Unknown 105 (10.8%) 56 (16.4%) 49 (7.8%)

Marital status 0.006
Single, never married 213 (21.4%) 94 (27.6%) 117 (18.6%)
Married or domestic partnership 528 (53.1%) 174 (51.0%) 342 (54.3%)
Widowed 77 (7.7%) 16 (4.7%) 57 (9.0%)
Divorced 126 (12.7) 40 (11.7%) 82 (13.0%)
Separated 50 (5.0%) 17 (5.0%) 32 (5.1%)

Education <0.001
High school or less 756 (76.2%) 236 (30.6%) 501 (20.3%)
Greater than high school 236 (23.8%) 104 (69.4%) 128 (79.7%)

United States born 366 (37.9%) 144 (42.4%) 222 (35.5%) 0.035
Language spoken at home 0.784

Only Spanish 324 (33.5%) 105 (31.0%) 219 (34.9%)
More Spanish than English 259 (26.8%) 93 (27.4%) 166 (26.4%)
Both equally 202 (20.9%) 76 (22.4%) 126 (20.1%)
More English than Spanish 122 (12.6%) 43 (12.7%) 79 (12.6%)
Only English 60 (6.2%) 22 (6.5%) 38 (6.1%)

Work sedentary (sitting) time 0.393
All of the time 55 (5.7%) 13 (3.8%) 42 (6.7%)
Most of the time 151 (15.6%) 57 (16.7%) 94 (15.0%)
Some of the time 254 (26.2%) 91 (26.6%) 163 (26.0%)
A little of the time 263 (27.2%) 97 (28.4%) 166 (26.5%)
None of the time 245 (25.3%) 84 (24.6%) 161 (25.7%)

Food Insecurity 274 (29.2%) 97 (29.5%) 177 (29.0%) 0.8806
Self-reported general health

Excellent 51 (5.3%) 25 (7.3%) 26 (4.1%) <0.001
Very good 119 (12.3%) 69 (20.2%) 50 (8.0%)
Good 332 (34.3%) 129 (37.8%) 203 (32.3%)
Fair 310 (32.0%) 86 (25.2%) 224 (35.7%)
Poor 157 (16.2%) 32 (9.4%) 125 (19.9%)

* Means (standard deviations) or frequency (%).
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3.1. Cardiometabolic Risk Factors in El Banco por Salud

The prevalence of obesity in El Banco is high with 56% of participants considered
obese (BMI ≥ 30 kg/m2), 33% overweight (25 ≤ BMI < 30) and only 11% considered
lean with a BMI < 25 kg/m2. The average BMI was 33.5 kg/m2 for those with three or
more cardiometabolic risk factors (MetS) versus 29.5 kg/m2 for those with less than three
risk factors (no MetS) (p < 0.001). Figure 1 shows the percentage of each cardiometabolic
risk factor by the number of factors a participant presented. There were no participants
with zero cardiometabolic risk factors. Large waist circumference was the most prevalent
risk factor for participants with one to four risk factors while hypertension was the least
prevalent.
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Figure 1. Prevalence of each cardiometabolic risk factor based on number of factors a participant
presented.

3.2. Dietary and Physical Activity Guidlies Adherence

Adherence to fruit, vegetable, and physical activity guidelines was low in El Banco
(Table 2). According to the self-report enrollment survey which included a limited series
of dietary questions, overall, 14.6% were determined as fully meeting fruit consumption
recommendations, 37.5% vegetable consumption recommendations and 23.5% physical
activity guidelines. There was a statistically significant difference (p < 0.001) in adherence
to physical activity guidelines by MetS status with 32.8% of the participants with no MetS
meeting the recommendation of ≥150 min/week compared to those with MetS (18.5%).

The unadjusted and adjusted odds ratios for the association between adherence to fruit,
vegetable, and physical activity recommendation and MetS are presented in Table 3. Model
1 is mutually adjusted for adherence to recommendations and demonstrates a statistically
significant reduction in odds of MetS in those meeting the recommendations for physical
activity (OR = 0.43; 95% CI: 0.29–0.64; p-trend < 0.001). Model 2 is further adjusted for
age, sex, insurance status, self-reported general health, US born, high school education or
less, and enrollment site. Estimates for meeting physical activity recommendations were
attenuated (OR = 0.69; 95% CI: 0.45–1.05) and no longer reached statistical significance
(p = 0.086). The association between adherence to fruit and vegetable consumption and
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MetS did not meet statistical significance in either model or tests for trend. No significant
interactions were observed by sex or enrollment site.

Table 2. Adherence to dietary and physical activity guidelines by metabolic syndrome status in El
Banco por Salud.

No MetS
(n = 342)

MetS
(n = 630)

Overall
(n = 972) p-Value

Fruit Consumption 0.183
Not Meeting (0 servings/day) 26 (7.7%) 71 (11.4%) 97 (10.1%)
Partially (1–2 servings/day) 264 (77.7%) 463 (74.1%) 727 (75.%)
Meeting (≥2 servings/day) 50 (14.7%) 91 (14.6%) 141 (14.6%)

Vegetable Consumption 0.176
Not Meeting (<2.5 servings/day) 219 (65.4%) 379 (60.9%) 598 (32.5%)
Meeting (≥2.5 servings/day) 116 (34.6%) 243 (39.1%) 359 (37.5%)

Physical Activity <0.001
Not Meeting (0 min/week) 70 (20.5%) 161 (25.8%) 231 (23.9%)

Partially (15–135 min/week) 160 (46.8%) 347 (55.7%) 507 (52.4%)
Meeting (≥150 min/week) 112 (32.8%) 115 (18.5%) 227 (23.5%)

Table 3. Odds of metabolic syndrome by adherence to fruit, vegetable, and physical activity recom-
mendations.

Model 1 a Model 2 b

OR (95% CI) p-Value OR (95% CI) p-Value

Fruit Consumption
Not Meeting (0 servings/day) Reference Reference
Partially (1–2 servings/day) 0.61 (0.38–0.99) 0.045 0.70 (0.42–1.17) 0.174
Meeting (≥2 servings/day) 0.60 (0.33–1.07) 0.085 0.75 (0.40–1.40) 0.363
p-trend c 0.163 0.518

Vegetable Consumption
Not Meeting/Partially (<2.5 servings/day) Reference Reference
Meeting (≥2.5 servings/day) 1.23 (0.93–1.65) 0.149 1.05 (0.77–1.44) 0.751

Physical Activity
Not Meeting (<15 min/week) Reference Reference
Partially (15–135 min/weeek) 0.96 (0.68–1.35) 0.810 1.02 (0.71–1.48) 0.905
Meeting (≥150 min/week) 0.43 (0.29–0.64) <0.001 0.69 (0.45–1.05) 0.086
p-trend <0.001 0.102

a Mutually adjusted for recommendations. b Model 1 additionally adjusted for age, sex, insurance, self-reported
general health, US born, education, enrollment site. c p-trend calculated using regression modeling with recom-
mendations as a continuous variable.

3.3. Sensitivity Analyses

Excluding fruit juice from fruit consumption and potatoes from vegetable consump-
tion statistically significantly changed adherence to recommendations (p < 0.001). After
exclusion of fruit juice, over 33% of individuals who already fully met the fruit recommen-
dations, and over 7% of those who partially met the recommendations dropped out of
their initial adherence categories. Similarly, excluding potatoes resulted in 47% drop out of
individuals who already fully met vegetable recommendations. No important differences
were seen in logistic regression estimates when fruit juice and potatoes were excluded from
fruit and vegetable intake for the fully adjusted association between adherence to fruit,
vegetable, or physical activity guidelines and MetS.

4. Discussion

The study results demonstrate that adherence to recommendations for fruit and
vegetable intake as well as physical activity is low in El Banco por Salud. Participants
reporting ≥150 min per week of leisure time physical activity (meeting guidelines) had
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a statistically significant reduction in odds of MetS compared to participants reporting
no leisure time physical activity (not meeting guidelines) in a mutually adjusted model
with adherence to fruit and vegetable recommendations. This is most likely a conservative
estimate with the assumption of each bout of exercise lasting the minimum of only 15 min.
However, after adjusting for confounding factors the effect was attenuated and did not
reach statistical significance. There were no significant associations demonstrated for
guideline adherence for fruit or vegetable consumption and MetS in the mutually adjusted
and fully adjusted models.

To our knowledge, no studies have evaluated the association between adherence
to fruit, vegetable, and physical activity guidelines and MetS in Latino communities.
However, prior studies have shown an inverse association of adherence to dietary and
physical activity guidelines with MetS. Recently, the Framingham Heart Study, a largely
non-Hispanic, white sample, suggested a synergistic impact of diet, indicated as Dietary
Guidelines for American Adherence Index (DGAI), and physical activity on cardiometabolic
health, showing that higher adherence to both DGAI and physical activity guidelines is
associated with greater reduction in the odds of MetS [7]. Based on a systematic review
of observational studies [8], objectively measured MVPA is inversely associated with
MetS. However, literature examining this association in Hispanic/Latino populations
has been inconsistent. A study of Hispanic/Latino adults observed a non-statistically
significant increase in MetS components with lower levels of MVPA [9]. Similarly, among
Hispanic/Latinos participating in the Dallas Heart Study, MVPA was negatively associated
with metabolic risk factors, although for a number of MetS components, the reduction in
trends did not reach statistical significance [10].

Guidelines defining MetS within this literature included the American Heart As-
sociation/National Heart, Lung, and Blood Institute guidelines [7,8], the Harmonized
guidelines [11] and the Adult Treatment Panel III [8]. Differences in definitions of MetS
were that the American Heart Association/National Heart, Lung, and Blood Institute and
the Harmonized guidelines allowed for non-anthropometric risk factors to be determined
by either laboratory values or specific medication use [7,8]. Harmonized guidelines also
contained population and country specific definitions for elevated waist circumference crite-
ria [8]. While the Adult Treatment Panel III was used to define MetS based on standardized
laboratory values/anthropometric measures [6].

According to an analysis of the 2015 Behavioral Risk Factor Surveillance System
(BRFSS), the percentage of Hispanic/Latinos who met the federal fruit and vegetable
recommendations corresponded to 15.7% and 10.5%, respectively [12]. In this study, a
higher proportion of participants fully adhered to the recommendations; however, the
overall adherence to the fruit and vegetable guidelines remained relatively low. Fruit and
vegetable consumption, from a single-nutrient perspective, has been linked to reduced
odds of MetS in systematic reviews and meta-analysis of observational studies [13–15].
Highest vs. lowest consumption of fruit, vegetable, and combined fruit and vegetable were
associated with 11%, 19%, and 25% reduction in risk of MetS, respectively [15]. Additionally,
fruit consumption has been linked to MetS risk in a dose–response manner, where a 100
g/d increase in fruit intake (approximately one serving equivalent) reduced the risk of
MetS by 3% [13]. In the present study, lack of association between adhering guidelines and
odds of MetS may be due to the limited series of self-reported dietary and physical activity
questions asked during the biobank enrollment.

The major strengths of the current study include a large sample size of Latino par-
ticipants enrolled in El Banco por Salud, a biobank specifically designed to study car-
diometabolic health in Latino individuals, substantial self-reported health data as well as
clinical and anthropometric measurements, and the ability to recontact these participants
in the future. Moreover, the HEI-2015 is a valid and reliable metric to measure diet quality
based on adherence to national dietary guidelines, including fruit and vegetable recommen-
dations, among ethnic groups, such as Hispanic/Latinos [16]. However, this study is not
without limitations. The cross-sectional nature of the study cannot determine temporality
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between MetS and adherence to guidelines since the data were collected at the same time
for enrollment in the biobank. Self-reported measurements of physical activity may be
associated with recall bias, and over- or underestimation of physical activity time and/or
intensity. Additionally, self-reported fruit and vegetable intake may cause underestimation
of the MetS odds [17]. Smoking status was evaluated as either ever or never but did not
impact the estimates and therefore was not included in the final model. However, it is
known to be a risk factor for metabolic syndrome [18]. Alcohol consumption may also play
a role in MetS but alcohol consumption in El Banco was low with participants reporting
consuming a drink with alcohol once per month or less (27.7%) or no consumption at
all (77.2%) in the past 12 months. Further, there were limited diet and supplementation
questions included in the enrollment questionnaire. Serving size was not collected and
diet questions were not linked to a nutrient database, thus overall energy intake could
not be assessed. Due to the nature of the biobank, participants could be recalled and at
a minimum, a subsample should be assessed more thoroughly for dietary intake using
24-hour dietary recalls. The implementation of 24-hour recalls would be linked to a nutrient
database allowing for full computation of the HEI-2015.

5. Conclusions

In summary, results suggest that fruit and vegetable intake and leisure time physical
activity in El Banco are below recommendations for a healthy lifestyle in a population with
or at-risk for MetS. Further research is needed to better determine the association between
fruit, vegetable, and physical activity guideline adherence and MetS in Latino communities.
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