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Abstract

Background: Whether physical activity can reduce cardiometabolic risk particularly in understudied populations
such as US Hispanics/Latinos is of public health interest. We prospectively examined the association of physical
activity and cardiometabolic biomarkers in n = 8049 participants of the Hispanic Community Health Study/Study of
Latinos, a community-based cohort study of 16,415 adults aged 18–74 yr who self-identified as Hispanic/Latino from
four US urban centers.

Methods: We assessed physical activity using accelerometry in 2008–2011 at visit 1. We assessed cardiometabolic
biomarkers twice: once at visit 1 and collected a second measure in 2014–2017 at visit 2. We used survey linear
regression models with changes in cardiometabolic markers as the dependent variables and quartiles of sedentary
behavior or whether adults met guidelines for moderate-to-vigorous physical activity as the independent variables.

Results: In normoglycemic adults without cardiovascular disease, but not in adults with evidence of
cardiometabolic disease, those who were in the lowest quartile for sedentary behavior (< 10.08 h/day) had a
significant decline in mean LDL-cholesterol of − 3.94 mg/dL (95% CI: − 6.37, − 1.52) compared to adults in the
highest quartile (≥13.0 h/day) who exhibited a significant increase in LDL-cholesterol of 0.14 mg/dL (95% CI, − 2.15,
2.42) over the six year period (P < 0.02 in fully adjusted models.) There was also a trend toward lower mean increase
in HbA1c comparing the lowest with the highest quartile of sedentary behavior. Overall regardless of glycemic level
or evidence of cardiometabolic disease, adults who met guidelines for moderate-to-vigorous physical activity at visit
1, had significantly lower mean increases in level of fasting glucose compared to adults not meeting guidelines in
fully adjusted models.
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Conclusions: In this cohort of Hispanics/Latinos, being free of cardiometabolic disease and having low levels of
sedentary behavior were associated with health benefits. Among all adults regardless of cardiometabolic disease,
meeting guidelines for moderate-to-vigorous physical activity was associated with health benefits. Overall these data
suggest that an active lifestyle may blunt the association of advancing age with worsening cardiometabolic risk factors.

Keywords: Cohort study, Moderate-to-vigorous physical activity, Sedentary behavior, Cardiometabolic biomarkers,
Hispanics/Latinos

Background
In the last few decades, physical activity levels of Americans
have decreased even though physical activity is associated
with maintaining good health over the lifecycle [1, 2]. Major
benefits of physical activity include protection against heart
disease and diabetes. However knowledge as to what as-
pects of cardiometabolic parameters are affected is limited,
especially among Hispanics/Latinos who are the largest mi-
nority population in the US [3]. Several aspects of behavior
and predisposition to disease may differ in Hispanics/Lati-
nos versus others, for example a high burden of obesity and
diabetes [4]. Hispanics/Latinos also have a relatively high
level of work- and transportation-related physical activity,
which may be qualitatively different from other forms of
exercise such as leisure time and thus may have a different
relationship with health outcomes [5, 6].
According to the 2018 US Guidelines for Americans,

adults should engage in at least 150 min to 300 min a
week of moderate-intensity, or 75 min to 150 min a week
of vigorous-intensity aerobic physical activity, or an
equivalent combination of moderate-to-vigorous activity
(MVPA) [7]. Physical activity helps protect against heart
disease and factors related to the progression of type 2
diabetes by helping to reduce the risk factors of high
blood pressure, body weight, blood lipids (cholesterol),
and elevated hemoglobin A1c in individuals with type 2
diabetes. The beneficial effects on blood glucose (indi-
cated by hemoglobin A1c) may also reduce other
complications of type 2 diabetes. Moderate-intensity
activity for at least 150 min a week plus 2 days a week of
muscle-strengthening activities help to substantially
lower the risk of heart disease. Three hundred minutes
or more of moderate-intensity activity a week may lead
to even greater benefit.
Sedentary behavior which is broadly defined as energy

expenditure (<= 1.5 METs) and a posture of prolonged
sitting and reclining) [8] on the other hand, may raise
cardiometabolic risk, due to effects of skeletal muscle
contraction on metabolic function and the homeostatic
regulation of body weight and fat mass which is based
on loading, known as graviostat [9, 10]. According to the
graviostat concept, the body’s intrinsic weight sensor
senses less weight during sedentary behavior, and in turn
the body’s regulatory mechanisms compensate by increasing

body fat to keep body weight at a set point. Diabetes has a
strong association with sedentary behavior [11–13]. Even
light activity such as walking to interrupt sedentary behavior
may be beneficial [14]. Only a few national guidelines set
targets for sedentary behavior (e.g. Australia) [15]; however
additional data describing the dose-response patterns linking
sedentary behavior levels with adverse health outcomes,
independent of MVPA could motivate more countries to
address guidelines with respect to sedentary behavior levels.
Reduction of sedentary behavior using intervention strat-
egies such as preventing uninterrupted prolonged sitting by
including breaks may be a particularly useful complemen-
tary strategy beyond promotion of MVPA. Public health
strategies that will empower individuals to reduce sedentary
behavior (e.g., increased walking, standing at work, taking
breaks from sitting) are different than those that promote
MVPA.
Our prior work indicated in the Hispanic Community

Health Study/Study of Latinos (HCHS/SOL) that seden-
tary behavior was cross-sectionally associated with sev-
eral cardiometabolic risk factors even among adults with
high levels of MVPA and among adults meeting physical
activity guidelines. In addition, adults who were older,
women, and those with higher income had a higher
prevalence of sedentary behavior [16, 17].
Here we extend this cross-sectional work by exploring

prospectively the associations of sedentary behavior and
MVPA with changes in cardiometabolic biomarkers six
years later. We investigated whether there were changes
in body mass index (BMI), waist circumference, systolic/
diastolic blood pressure, low density lipoproteins (LDL)
and high density lipoproteins (HDL) cholesterol, triglyc-
erides, 2 h post-load glucose, homeostatic model assess-
ment of insulin resistance (HOMA-IR), fasting plasma
glucose, fasting insulin, hemoglobin A1c (HBA1c);
whether these changes were associated with sedentary
behavior and according to meeting or not meeting the
physical activity guidelines for MVPA; how these
changes differed by subgroups based on glycemic level;
and whether there was evidence for variation in these
findings across age (< 60 vs ≥60 years old), sex, and
Hispanic/Latino groups. We investigated insulin and
insulin resistance because they are risk factors for car-
diovascular disease and mortality, [18] while other study
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outcomes are widely accepted targets for cardiovascular
preventive treatments. Finally we explored sex differ-
ences in cardiometabolic benefits from physical activity
[19]. We hypothesized that sedentary behavior and
MVPA were independently associated with cardiometa-
bolic biomarkers and that pre-existing cardiovascular
disease or diabetes may attenuate the beneficial asso-
ciation of physical activity with cardiometabolic bio-
markers, a question that has not been well-addressed
in Hispanics.

Methods
Study population
HCHS/SOL is a community-based cohort study of 16,415
adults aged 18–74 yr who self-identified as Hispanic/Latino
and were recruited in 2008–2011 from randomly selected
households in 4 urban centers (Chicago, IL; Miami, FL;
Bronx, NY; San Diego, CA). A two-stage area probability
sample of households was selected with stratification and
oversampling incorporated at each stage to provide a
broadly diverse sample [20, 21]. These US communities are
among the top eleven metropolitan areas with largest
concentration of Hispanics/Latinos [22]. This study was
approved by the coordinating center institutional review
board along with the Internal Review Board of each
respective field center and adults gave written informed
consent. Data confidentiality was applied at all levels of data
acquisition, transfer and storage.
Participants had a comprehensive baseline Visit 1 (V1)

examination that included biological, behavioral and
socio-demographic assessments and were followed up
yearly by telephone interview. Participants (~ 15,382
who have not moved out of the sampling area) were
invited to a Visit 2 (V2) examination 6 years later and
11,623 participants completed the second assessment
(2014–2017). In the current analysis 2362 participants
were excluded who were not adherent to the accelero-
metry protocol. Non-adherence was defined as having
fewer than 10 h per day and less than 3 days of data on
the accelerometry or wearing the accelerometer for more
than 23 h per day at V1. We further excluded partici-
pants who reported partial removal of the stomach at V1
or V2 (N = 207), or were missing a fasting blood sample
(N = 224), medication use data related to blood pressure,
lipid or glucose lowering (N = 216) or covariates (N =
586). Our final analytic sample consists of 8049 partici-
pants (Fig. 1).
Although HCHS/SOL has features of a population-

based sample, we evaluated whether non-adherence to the
accelerometry protocol may have produced a biased sam-
ple of participants who were included in these analyses.
Adherence to accelerometry had been assessed previously
for participants who had completed V1 [23]. Considering
participants who attended V2, non-adherent participants

were more likely to be younger, born in the US, (fifty
states), have an education beyond high school, have a
lower diet quality, and to smoke, and less likely to be
employed full-time.
We did not find differences in cardiometabolic bio-

markers based on adherence except that adherent partic-
ipants were more likely to have pre-diabetes at V1 and/
or have higher systolic blood pressure at both clinic
visits and higher 2 h glucose at V2 compared to non-
adherent adults (Additional Table 1).

Physical activity and sedentary behavior assessment
At V1, all study participants were asked to wear an Actical
accelerometer (version B-1; model 198–0200-03) for a
week. Details of the accelerometer and assessment proto-
col are reported elsewhere [23, 24]. Wear time was identi-
fied using the Choi et al. algorithm [25]. The counts/min
were used to categorize minutes in sedentary, light,
moderate or vigorous activity by day, which were then
averaged. Sedentary behavior was defined as < 100 cpm,
light activity as 100–1534 cpm, moderate activity as 1535–
3691 cpm, and vigorous activity as > 3961 cpm [26–28].

Cardiometabolic biomarkers
Cardiometabolic biomarkers were measured at the V1
and V2 examinations. Based on a comparability study,
biomarker results for V1 and V2 were comparable;
coefficients of variation were 6–7% for all three liver
enzymes: alanine amino transferase, aspartate amino
transferase and gamma-glutamyl transferase [29]. Stand-
ing height was measured to the nearest centimeter. Body
weight was measured using the Tanita scale to the near-
est 0.1 kg and BMI was calculated as weight (kg) divided
by height (m) squared. Obesity was defined as BMI ≥30
kg/m2. Waist circumference and hip circumference were
measured to the nearest centimeter while adults stood
erect, and waist-to-hip ratio was calculated. Participants
were instructed to fast and refrain from smoking over-
night for at least 8 h prior to the clinic visit. Sitting blood
pressure was measured on the right arm three times
with automatic sphygmomanometer (Omron HEM-907
XL) after participants rested for 5 min and then averaged.
Blood samples were collected according to standardized
protocol and quantified in the central laboratory. Details
of methods used to quantify total cholesterol, HDL choles-
terol, LDL cholesterol, triglycerides, fasting glucose,
HbA1c, 2-h glucose (measured in non-diabetic adults),
fasting insulin have been described elsewhere [17, 30].
HOMA-IR was calculated as fasting glucose (mg/dL) ×
fasting insulin (mU/L) /405 [31].

Covariates
V1 covariates included age, sex, household income, edu-
cation, employment status, nativity (born in 50 US States
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vs. not), Hispanic/Latino background, field center, smok-
ing, alcohol consumption, health insurance status, health
care use (defined as number of doctor visits in past year),
self-reported health, diet quality as assessed by Alternative
Healthy Eating Index (2010) (AHEI-2010), BMI and waist-
to-hip ratio. Glucose, blood pressure, and lipid-lowering
medication use was documented by directed questions at
V1 and V2 six years later. We also included change in
health insurance coverage from V1 to V2 (categorized as
lost health insurance coverage, gained health insurance
coverage and same status as V1).

Statistical analyses
All analyses used complex survey methodology. We
used sampling weights to account for V2 nonresponse
and V1 oversampling of specific population subgroups.
Weights were trimmed and calibrated to 2010 US

Census characteristics by age, sex and Hispanic/Latino
background in each field center’s target population.
To adjust for missing accelerometer data due to non-

adherence to procedure (wore accelerometer < 10 h/day
and < 3 days), we applied inverse probability weighting
technique to all analyses. The probability weights of
being adherent to Actical procedure at visit 1were calcu-
lated by fitting a logistic regression model with outcome
as adherence (yes, no) and 16 predictors (details were
described elsewhere) [17]. The weights used in the
analyses were calculated as V2 sampling weight times
inverse of the probability of being adherent to Actical
procedure at V1.
Because of a high correlation between sedentary be-

havior and wear time, sedentary behavior was standard-
ized to 16 h of wear time per day (the approximate
average of both daily wear time and waking time in our
study) using the residual from regressing sedentary

Fig. 1 Participant Flow Chart
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behavior on wear time [32]. Unlike MVPA, for which
there are guideline-driven criteria for desirable levels
(e.g., “meets guidelines” or “does not meet guide-
lines”), sedentary behavior is not associated with
guideline-specific cut-points. Therefore, we used the
distribution of sedentary behavior within HCHS/SOL
to derive categories for the sedentary behavior variable
by quartiles, following our previously published work
with these data [16, 17] [33]. MVPA was dichotomized
as meeting or not meeting 2018 Physical Activity
Guidelines [7] for adults. We also assessed MVPA
continuously, but present the dichotomized version
that reflected significant findings. Participants were
considered to be meeting recommended activity levels
if they had ≥75 weekly minutes of vigorous PA, or ≥
150 weekly minutes of moderate PA, or an equivalent
combination thereof. Light activity was assessed con-
tinuously (per hour).
We used age-adjusted means from survey linear re-

gression or prevalence from survey logistic regression to
summarize the distribution of participant characteristics
such as sex, ethnicity, socio-economic status, health in-
surance, health care use, health-related behavior and
medication use across quartiles of sedentary behavior
and whether or not participants met MVPA guideline.
To address the main study aim, we used survey linear
regression models with changes in cardiometabolic
markers as the dependent variables and quartiles of
sedentary behavior or whether individuals met MVPA
guidelines as the independent variables. Several cardio-
metabolic markers (e.g., triglycerides, fasting insulin and
HOMA-IR) were natural log-transformed before ana-
lyses to normalize their distributions. For all models we
excluded individuals with extreme changes in cardiomet-
abolic markers defined as more than 3 standard devia-
tions away from the mean.
Three nested models were fit. Model 1 was adjusted

for age at V1, sex, use of medications that affects the
dependent variable at V1 and/or V2, V1 levels of the
dependent variables, and elapsed time between visits.
Model 2 adjusted for Model 1 covariates and V1 house-
hold income, education, employment status, Hispanic/
Latino background, field center, and nativity status,
smoking, alcohol consumption, health insurance status,
healthcare utilization, self-reported health, diet quality,
change in health insurance, V1 BMI, and V1 waist-hip
ratio (except in modeling change of BMI and waist
circumference). Model 3 was adjusted for Model 2
covariates and time in sedentary behavior in models of
MVPA or MVPA in models of time in sedentary behav-
ior. P for trend was calculated using median time in sed-
entary behavior in each sedentary quartile in regression
models. Analyses were conducted overall and excluding
participants with cardiovascular disease and diabetes.

We adjusted for sociodemographic, behavioral and
health–related confounders specific to each biomarker,
using data from both V1 and V2 (blood –pressure low-
ering medications for blood pressure; lipid lowering
drugs for blood lipids; glucose lowering medications for
glycemic indices). We also stratified on pre-existing car-
diometabolic disease. Cardiovascular disease was defined
by electrocardiogram reports of possible past myocardial
infarction, self-report of heart attack or procedure such
as balloon angioplasty, stent, bypass surgery, self-report
of stroke or mini-stroke or transient ischemic attack.
Prediabetes was defined by fasting glucose 100–125mg/
dL, 2-h glucose 140–199 mg/dL, HbA1c 5.7–6.4% and
not using antidiabetic diabetic medication. Diabetes was
defined as fasting glucose ≥ 126 mg/dL, or 2-h glucose ≥
200 mg/dL or HbA1c ≥6.5% or antidiabetic medication
use. We also examined the associations of sedentary
quartiles or MVPA with changes in cardiovascular bio-
markers by age group (< 60 vs ≥60 years old), sex, His-
panic/Latino background and diabetes status at V1.
Specifically, we included a product term of sedentary
quartiles with these variables (i.e. age, sex) in the regres-
sion model and used F-test to identify significant inter-
actions. The same was done for meeting or not meeting
MVPA guidelines. We examined normoglycemic adults
and adults with prediabetes both separately and com-
bined. SAS and SUDAAN were used and all analyses
were weighted and accounted for design effects.

Results
Characteristics of the study population at V1 in lower vs.
higher quartiles of sedentary behavior, and meeting vs.
not meeting MVPA guidelines are indicated in Table 1.
Sedentary behavior was lower in men, younger adults,
adults employed part/full time. More women, older
adults, and adults who were not employed (e.g. retirees,
homemakers) had higher levels of sedentary behavior.
Adults who were in lower quartile of sedentary behavior
and also met the recommendations for MVPA guidelines
took fewer glucose or blood pressure lowering medica-
tions, reported consuming a higher quality diet and had
a lower BMI.
Overall we found no significant differences in change

in cardiovascular biomarkers from V1 to V2 by quartile
of sedentary behavior (Table 2). Adults who met MVPA
guidelines at V1 had lower mean increases in fasting glu-
cose, fasting insulin, and HOMA-IR than those who did
not meet MVPA guidelines. Further adjusting for poten-
tial confounders attenuated the associations for fasting
insulin and HOMA-IR, but not fasting glucose.
Normoglycemic adults without cardiovascular disease

or diabetes in the lowest quartile for sedentary behavior
had significantly more of a decrease in LDL-cholesterol
of − 3.94 mg/dL (95% CI: − 6.37, − 1.52) compared to the
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highest quartile: 0.14 mg/dL (95% CI: − 2.15, 2.42) in
fully adjusted models (Table 3). Meeting MVPA guide-
lines was associated with less of an increase in level of
fasting glucose and HOMA-IR in adjusted models.
Larger decrease in mean LDL-cholesterol and lower
mean increase in HbA1c was associated with being in
the lower as compared to the higher sedentary quartiles.
Individuals with prediabetes and individuals with nor-

mal glycemic levels (Table 4) who met MVPA guidelines
had significantly lower increases in fasting glucose in the
fully adjusted model than adults not meeting MVPA
guidelines. An additional analysis (Additional Table 2)
which only included individuals with prediabetes at V1
(that excluded adults with diabetes at V2) did not
indicate any changes in CVD biomarkers over six years
regardless of sedentary behavior. Likewise, no changes
were observed with adults with prediabetes at V1 meet-
ing MVPA compared to adults not meeting MVPA
recommendations.
Light activity was highly inversely correlated with

sedentary time with correlation coefficient of − 0.91 and
was associated with decrease in LDL cholesterol over six
years in adults without cardiovascular disease or predia-
betes. The estimate in change in LDL cholesterol (mg/
dL) by light activity (per hour) was: Model 1: -0.92 (95%
CI: − 1.62, − 0.16), P = 0.02; Model 2: -1.06 (95% CI: −
1.84, − 0.28), P = 0.008 (Data not shown).
LDL cholesterol was the only biomarker that de-

creased from V1 to V2 among adults with normogly-
cemia or prediabetes. While the decrease was greatest in
adults on statins at V2 and not at V1 (mean decrease of
− 35.6 (36.3) mg/dL in n = 898 adults), even adults who
were not on statins at both visits experienced a mean
decrease in LDL cholesterol of − 3.8 (23.3) mg/dL
(Additional Table 3). We explored whether the association
between MVPA and cardiometabolic outcomes differed
across subgroups of the population. We found no signifi-
cant effect modification by age (< 60 vs ≥60 years old) and
diabetes status at V1 for all adults on the association of sed-
entary behavior and MVPA with changes in cardiometa-
bolic biomarkers across six years (data not shown).
Effect modification by sex was only found in the asso-

ciations between meeting MVPA guidelines and changes
in both fasting insulin ((P for interaction = 0.01) and
HOMA-IR (P for interaction = 0.01) Table 5.) Sex strati-
fied analyses showed that women meeting MVPA guide-
lines experienced reductions over time in both
biomarkers (fasting insulin & HOMA-IR). For men there
was no association between meeting MVPA guidelines
and these cardiometabolic biomarkers.
We further examined the association of meeting

MVPA guidelines with changes in fasting insulin and
HOMA-IR by Hispanic/Latino background (Table 6.)
We found significant interaction with changes in fasting

insulin and marginal interaction with changes in
HOMA-IR by Hispanic/Latino background. Background
stratified analyses showed Dominicans who met MVPA
guidelines, had significantly lower increases in these bio-
markers over the six-year period. South Americans also
indicated a trend for lower increase in these biomarkers;
other groups, except Mexicans, also reflected lower in-
crease in these biomarkers; however, the results were
not statistically significant and the confidence intervals
were somewhat wide.
No significant findings were apparent when we

assessed multivariable-adjusted mean changes in cardio-
vascular disease risk factors (95% CI) over six years of
follow-up, according to joint distribution of quartiles of
sedentary behavior and meeting guidelines for MVPA
(Additional Table 4). We did not find heterogeneity ef-
fect of MVPA in associations with change in cardiovas-
cular biomarkers across sedentary quartiles.

Discussion
In summary we find that for all individuals whether with
normal glycemic levels, or prediabetes, meeting MVPA
guidelines at V1 was associated with significantly lower
rise in level of fasting glucose in adjusted models. Focus-
ing only on the healthiest group or adults with normal gly-
cemic levels without cardiovascular disease, we find that
the least sedentary adults had a higher level of decrease in
mean LDL-cholesterol and lower mean increase in HbA1c
over the six -year period compared to adults who were
most sedentary. This study is novel in reporting sedentary
behavior, MVPA and changes in cardiometabolic risk in
Hispanic/Latinos, evidence which is virtually non-existent.
In this study adults with lesser volume of MVPA had in-
creases in all the cardiometabolic biomarkers over time
except for LDL cholesterol; these increases were not sta-
tistically significantly different from adults meeting MVPA
guidelines except for fasting glucose in the overall group
and in fasting glucose and HOMA-IR in the healthiest
group (normoglycemic without cardiovascular disease.)
These data suggest that an active lifestyle may blunt the
association of advancing age with worsening cardiometa-
bolic risk factors [34].
The finding of overall reduction in LDL cholesterol

from V1 to V2 is interesting, given the fact that we ad-
justed our models for lipid lowering medications and
may be related to the beginning of the elimination of
trans fats from the food supply in the US initiated by
Food and Drug Administration (FDA) in 2015 which is
during the time period between V1 to V2. FDA provided
three years for the food manufacturers and later an ex-
tension to January 1, 2020 to come up with alternatives
to trans fats [35]. This action was prompted by research
associating trans fats intake to increase in harmful levels
of LDL-cholesterol and cardiovascular disease [36].
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While exploratory subgroup analyses were made
possible by the large size of our cohort, the results may
possibly be due to chance. In contrast with results
associated with MVPA, lower levels of sedentary behav-
ior were not associated with changes in cardiometabolic
biomarkers. However, among the group without cardio-
vascular disease, prediabetes or diabetes at V1, lower
levels of sedentary behavior were associated with higher
decrease (or lower increase) over time in LDL-cholesterol
and lower increases in HbA1c levels than individuals who
were more sedentary. Therefore reduction in sedentary
behavior may be especially important from a primary
prevention perspective. On the other hand, the level of
physical activity needed, whether lower sedentary behavior
or higher MVPA to achieve change, was not detected or
were too low in the least healthy groups. In addition,
although we adjusted for use of medications to treat
dyslipidemia and hypertension at both visits, it is possible
that the use of pharmacological and non-pharmacological
interventions (e.g., weight loss and diet modification) in
the population affected by cardiometabolic conditions
may have obscured, confounded, or eliminated the associ-
ation between MVPA and metabolic biomarkers.
Another interesting finding that has clinical applica-

tions was that on average women, but not men meeting

MVPA guidelines, experienced reductions over time in
both biomarkers fasting insulin and HOMA-IR. The lack
of association between meeting MVPA guidelines and
these cardiometabolic biomarkers in men merits add-
itional study. Focusing on the group restricted to adults
with prediabetes, it is not clear why they do not seem to
reap any benefits from meeting MVPA or having lower
levels of sedentary behavior. It is possible that individ-
uals with prediabetes who maintained a high level of
MVPA at V1 and at V2, may have slowed their progres-
sion to diabetes [37].
Limitations of the study include that the Hispanics/La-

tinos in this study are primarily from urban areas and
may not represent Hispanics/Latinos who reside in rural
areas and who may have different patterns of physical
activity.
To reduce selection bias with respect to the approxi-

mately 20% participants did not adhere to the Actical
protocol, we adjusted the sampling weights using inverse
probability weights to account for observed differences
between adherent and non-adherent participants. We
were also limited to a single measure of accelerometry.
Another limitation is from the accelerometry device
itself that may not capture all types of activity such as
weight lifting [38]. We also assessed physical activity

Table 6 Multivariable-adjusted mean changes in fasting insulin & HOMA-IR (95% CI) over 6 years of follow-up, according to meeting
guidelines for moderate-to-vigorous physical activity by Hispanic/Latino background – n ~ 7900a

Change in
CVD risk
factors

MVPA guidelinesb P P of
inter-actionNot meet Meet

log Fasting insulin, mg/dl 0.01

Dominican 0.25 (0.15, 0.35) 0.07 (−0.03, 0.17) 0.006

Central American 0.21 (0.15, 0.27) 0.12 (0.02, 0.22) 0.59

Cuban 0.14 (0.06, 0.22) 0.06 (− 0.06, 0.18) 0.14

Mexican 0.23 (0.17, 0.29) 0.24 (0.18, 0.30) 0.68

Puerto Rican 0.19 (0.11, 0.27) 0.13 (0.05, 0.21) 0.25

South American 0.18 (0.10, 0.26) 0.10 (0.00, 0.20) 0.05

Mixed/other 0.25 (0.11, 0.39) 0.44 (0.24, 0.64) 0.09

log HOMA-IR 0.04

Dominican 0.29 (0.17, 0.41) 0.12 (0.02, 0.22) 0.03

Central American 0.24 (0.16, 0.32) 0.15 (0.03, 0.27) 0.73

Cuban 0.15 (0.07, 0.23) 0.07 (−0.05, 0.19) 0.13

Mexican 0.28 (0.22, 0.34) 0.29 (0.23, 0.35) 0.89

Puerto Rican 0.26 (0.16, 0.36) 0.18 (0.08, 0.28) 0.25

South American 0.21 (0.13, 0.29) 0.12 (0.00, 0.24) 0.08

Mixed/other 0.29 (0.13, 0.45) 0.52 (0.30, 0.74) 0.02
aAll models adjusted for sex, use of medications that affect the dependent variable at baseline and/or visit2, baseline levels of the dependent variable, and
elapsed time between visits, household income, education, employment status, Hispanic/Latino background, field center, and nativity status, smoking, alcohol
consumption, health insurance status, healthcare utilization, self-reported health, diet quality (all assessed at baseline), change in health insurance coverage, BMI
and waist-to-hip ratio. Significant findings p < 0.05 bolded
bMeeting 2018 physical activity guidelines defined using measured activity scaled to 7 days of accelerometer wear as 150 minutes/week moderate intensity
physical activity, 75 minutes/week vigorous intensity activity, or an equivalent combination of both
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over a week to limit participant burden. An additional
study limitation is that while we had a diverse cohort,
sample sizes for some subgroups were not large. The
finding that the Dominican group derived particular
MVPA related benefits by lower increases in levels of
fasting insulin and HOMA-IR and that they might be
different from other Hispanics/Latinos in this regard,
needs replication. With respect to the magnitude of the
effects observed, while relatively small (e.g. mean in-
crease of 3.46 mg/dl of fasting glucose for all adults
meeting MVPA guidelines) over the life course the
cumulative effects of small changes in lifestyle could
have substantial downstream effects on risks for cardio-
metabolic diseases.

Conclusion
In conclusion, this study highlights the importance of
MVPA in a diverse group of Hispanics/Latinos. Findings
were especially strong among women, and although we
were unable to explain this finding, it raises hypotheses
about biological differences in metabolism, and response
to exercise, or lifestyle patterns between men and
women. The most marked benefits from an active life-
style were found in relation to fasting insulin and
HOMA-IR and highlight the potential of behavioral
intervention to prevent development and worsening of
insulin resistance. Low levels of sedentary behavior, on
the other hand, were associated with health benefits es-
pecially for individuals free of cardiometabolic disease.
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