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Abstract

Introduction: There is a paucity of information on the clustering of cardiometabolic risk factors
in young adults and how this clustering may vary based on whether or not they perform sufficient
levels of physical activity.

Methods: We analyzed baseline data from 346 young adults (23.3+4.4 y) participating in the
Healthy Body Healthy U (HBHU) clinical trial from 2015-2018. Cardiometabolic risk factors
were measured according to standard procedures and moderate-to-vigorous intensity physical
activity (MVPA) was determined by accelerometry. A cardiometabolic clustering score (CCS;
ranging from 0 to 5) was created from five biomarkers according to whether or not a standard
clinical risk cut point was exceeded (0=no; 1=yes): abdominal circumference [>102 cm (men) or
>88 cm (women)]; HbAlc (= 5.7%); HDL-C [<40 mg/dL (men) or <50 mg/dL (women)]; SBP (=
130 mmHg); and DBP (=85 mmHg). Cardiometabolic dysregulation (CD) was defined as a CCS >
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3. Multiple logistic regression determined the independent association between level of MVVPA and
CD, while adjusting for sex, race/ethnicity, sedentary time, and smoking,

Results: The prevalence of CD was 18% (22% in men; 17% in women). We observed a non-
linear graded association between MPA and CD. Participants performing 150-300 min/week of
MVPA significantly lowered their odds of CD by 66% (OR=0.34; 95% CI=0.16, 0.75), while
those exceeding 300 min/week lowered their odds by 61% (OR=0.39; 95% CI: 0.18, 0.86),
compared with those performing <150 min/week, independent of obesity and the other
covariables.

Conclusion: Recommended levels of moderate-intensity physical activity is significantly
associated with a lower odds of CD and thus may prevent or diminish the need for expensive
pharmaceutical treatment over the remainder of the lifespan.
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Introduction

Metabolic syndrome is a clustering of biological risk factors comprising excess abdominal
adiposity, dysregulated glucose, triglycerides and high-density lipoprotein cholesterol (HDL-
C) concentrations, and hypertension (1). Between 1988 and 2012 the prevalence of the
metabolic syndrome increased from 25.3% to 34.2% in the United States (US) (2). Several
of the components of the metabolic syndrome are evident in childhood (3) and continue to
increase in prevalence through adulthood (1, 2). National Health and Nutrition Examination
Survey (NHANES) data from 2007-2012 indicate that among non-obese adults, the
prevalence of metabolic syndrome was 23.2% among those 18-29 years of age and
increased to 35.1% in adults 30—49 years old (2). In adult populations, risk factor clustering
contributes to accelerated atherosclerotic processes, type 2 diabetes and cardiovascular
disease (4, 5). There is some evidence, however, that the clustering pattern of these various
components of the metabolic syndrome varies by age (6, 7), with younger adults having a
lower prevalence of HDL-C dysregulation, glucose intolerance, and hypertension compared
with older adults (7). The stability of the metabolic syndrome definition also has been
questioned during the transition period from adolescence to young adulthood, thereby
resulting in the American Academy of Pediatrics calling for a more inclusive approach of
focusing on cardiometabolic risk factor clustering, rather than on the metabolic syndrome
per se (8).

The prevalence of obesity in US adults aged 20-39 years old increased from 31% in 2010 to
36% in 2016 (9), and 2018 National College Health Assessment (NCHA) data indicate that
almost 37% of undergraduates surveyed were overweight or obese (10). Moreover, data from
the Longitudinal Study of Adolescent Health indicate that obesity prevalence doubles
between adolescence and the early 20s, and then doubles again from the early 20s to the
early 30s (11). Cardiometabolic risk factor clustering increases markedly among adolescents
and young adults with overweight (body mass index [BMI] 25-29.9 kg/m?) or obesity (BMI
>30 kg/m?2), compared with those having a healthy (BMI 18.5-24.9 kg/m?) body weight
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(12-15). These parallel increasing trends in metabolic dysregulation and in obesity in young
adults is clinically significant, as these conditions increase the risk of more serious chronic
diseases and premature mortality later in adulthood (16).

Regular physical activity is effective in preventing excessive weight gain and in the
treatment of obesity-related co-morbidities (17, 18). Moreover, recent evidence suggests that
regular physical activity improves cardiometabolic health in adolescents and young adults
independent of their weight status (19, 20). The Physical Activity Guidelines for Americans,
2 Edition recommend that adults achieve 150 min/week of moderate-intensity physical
activity, 75 min/week of vigorous-intensity activity, or a combination of both (18). Despite
the well-known benefits of moderate-to-vigorous intensity physical activity only 21% of US
adults (=18 years) meet these Guidelines (21). In college-aged populations, the prevalence of
physical inactivity (i.e., not meeting the Guidelines) is between 36 and 50% (22).

The transition from adolescence to young adulthood is a pivotal time of major life changes
and time-consuming obligations that often disrupt the ability to be physically active.
Unhealthy behaviors adopted at this time become more difficult to alter through early
adulthood, thus increasing the risk of weight gain and metabolic dysregulation before
middle-age (23, 24). Unfortunately, there is a paucity of information on the clustering of
metabolic risk factors in this age group and how this clustering may vary based on whether
or not young adults perform sufficient levels of physical activity. Although previous cross-
sectional studies have reported that between 20-40% of young adults had at least one
component of the metabolic syndrome (7, 12, 13), none of those studies examined the role
of physical activity in mitigating that risk factor profile. Thus, the purpose of this study was
to determine the association between moderate-to-vigorous intensity physical activity
(MVPA) and cardiometabolic risk factor clustering in young adults enrolled in a weight
management randomized controlled trial. We hypothesized that level of MVPA would be
significantly and inversely associated with the odds of cardiometabolic dysregulation,
independent of weight status.

Study Participants

Study participants (A=460) were enrolled in the Healthy Body Healthy U (HBHU)
randomized controlled trial that tested digital intervention strategies to promote weight loss
and management between 2015 and 2018. Main eligibility criteria were: 1) 18-35 years of
age and enrolled in a college or university in the District of Columbia or Boston area; 2) A
BMI of 25 to 45 kg/m?; 3) an active Facebook user (logged in within the last month) with
regular text message access; and 4) generally healthy enough to participate in physical
activity. For a full list of eligibility criteria, see Napolitano, et al. (25). Participants were
included in these analyses if they had at least at least 4 days with 10 hours of ActiGraph
wear time and complete cardiometabolic risk factor data, leaving a final sample size of 346
participants for the analysis. Study participants provided written informed consent and all
study procedures were approved by the Institutional Review Board of the George
Washington University.
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Clinical Measures

Weight and height were measured in duplicate using a digital scale (Seca Model 769) and
standard portable stadiometers. Weight was recorded to the nearest 0.2 kg, while height was
recorded to the nearest 0.1 cm, and BMI was calculated as [weight (kg)/height (m?)].
Abdominal circumference was measured in triplicate at the level of the umbilicus using a
cloth tape measure. Each measurement was recorded upon exhale, ensuring that the tape
measure remained parallel to the floor and untwisted. Measurements were rounded to the
nearest 0.1 cm and averaged.

Blood pressure measurements were taken in triplicate using a digital blood pressure monitor
(OMRON HEM-907XL), with an appropriately sized cuff (bladder length encircling 80—
100% of participant’s upper arm). Participants sat quietly for five minutes prior to
measurement, and the average systolic (SBP) and diastolic (DBP) blood pressures were
calculated from the three measurements. Capillary blood samples were obtained after an
overnight fast of at least 8 hours for the measurement of fasting glucose (OneTouch®
Ultra® 2) and hemoglobin Alc (HbAlc; AlcNow+, PTS Diagnostics).

A cardiometabolic clustering score (CCS) was created from the variables abdominal
circumference, HbAlc, HDL-C, SBP, and DBP, according to whether a standard clinical risk
cut point was exceeded (0=no; 1=yes). These cut points were: abdominal circumference
[>102 cm (men) or >88 cm (women)]; HbAlc (= 5.7%); HDL-C [<40 mg/dL (men) or <50
mg/dL (women)]; SBP (= 130 mmHg); and DBP (=85 mmHg) (4, 26). Scores for each risk
factor were summed across all five factors to derive the CCS, which ranged from 0 to 5. We
considered a CCS score =3 to be associated with a higher odds of cardiometabolic
dysregulation (CD).

Physical Activity

Prior to study randomization, physical activity was measured objectively by accelerometry
(ActiGraph, wGT3X-BT) for seven consecutive days. Participants were instructed to wear
the accelerometer on the right side of the waist at the tip of the iliac crest. Valid wear time
was defined as =600 min/day (waking hours) for at least four of the seven days (27) and was
validated by the ActiLife software. Non-wear was defined as an interval of at least 60
consecutive minutes of zero activity counts, with allowance for 1-2 minutes of counts
between 0 and 100 counts per minute (cpm). Thresholds of accelerometer counts for adults
were based on established cut-points by Freedson, et a/. (28) to define physical activity
intensity. Sedentary time (min/day) was defined as accelerometer counts <100 cpm, while
MVPA (min/week) was defined as 1952 cpm. Vigorous-intensity physical activity (min/
week) was defined as counts between 5725 and 9498 cpm. To account for variability in
number of wear days, weekly MVPA was calculated by multiplying the average daily total
by seven.

Statistical Analysis

Univariate analyses (means=SD, frequencies (%)) first were generated on all study variables
in order to determine their distributions within the study population. We assessed
collinearity and associations among the study variables using correlation and chi-square

Med Sci Sports Exerc. Author manuscript; available in PMC 2021 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

DiPietro et al.

Results

Page 5

tests. We used logistic regression to evaluate the simple associations of each study variable
and covariable on the odds of CD. Pre-specified multivariable logistic regression models
were then used to determine the independent association between weekly MVPA and the
odds of CD while adjusting for sex, race/ethnicity, self-reported smoking, and sedentary
time. These covariables were chosen because of their demonstrated association with both
MPA and cardiometabolic risk in the literature. We considered MVPA first as a continuous
variable in the modeling and also then categorized it to approximate the Physical Activity
Guidelines for Americans, 2" Edition (<150 min/week; 150—-300 min/week; and >300 min/
week) (18). Odds ratios (OR) and 95% confidence intervals (ClI) are reported from the final
logistic regression models to describe the odds of CD within each level of MVPA, relative to
the referent group (<150 min/week). Analyses were performed in SAS, 9.4 at an alpha level
of p<0.05.

The mean age of the study participants was 23.3+4.4 years. Of the 346 participants, most
were women (78%) and non-smoking (93%). About 49% of the sample identified as Non-
Hispanic White and 40% identified as Non-White. On average, participants spent 309+161
min/week in MVPA, with only 23.6+39.4 min/week being of vigorous intensity. Only 15%
engaged in <150 min/week of MVPA, while 38% performed between 150-300 min/week,
and 47% exceeded 300 min/week. Participants were sedentary for approximately 9.2+1.3 h/
day. Table 1 displays mean risk factor and MVPA levels for women and men separately. As
indicated, both men and women were obese and had excess abdominal adiposity. Women
had significantly higher HbAlc concentrations compared with men, while men had a
significantly higher SBP, DBP, and MVPA levels compared with women.

The prevalence of CD was 18% (22% in men; 17% in women, p=0.32). The majority (89%)
had between one and three risk factors for cardiometabolic disease, while the proportion of
those having four or more was negligible (Figure 1). The most prevalent risk factors were
excess abdominal adiposity (75%), followed by low HDL-C (47%), and HbAlc
concentrations = 5.7% (19%). Approximately 10% of participants had isolated SBP
hypertension, while 11% had isolated diastolic hypertension, and 3% had both. Agreement
between systolic and diastolic hypertension was low (kappa=0.23; p<0.67), suggesting a
distinction between these risk factors in young adults.

The mean BMI in those participants engaging in <150 min/week of MVVPA was 32.6+4.6
kg/mZ; in those performing 150-300 min/week, BMI was 31.0+4.0 kg/m?; and was 30.7+4.6
kg/m? in those performing > 300 min/week of MVPA (p<0.05). Although this latter finding
confirms the inverse-graded association usually observed between level of physical activity
and BMI, it is important to note that in this young adult sample, obesity was present even at
the highest level of MVVPA.

We observed only a marginally significant association between the continuous measure of
MVPA and CD in the multivariable analysis (OR=0.90; 95% CI: 0.80, 1.02), presumably
due to the non-linear nature of this relationship (Table 2). Indeed, the unadjusted graded
curve in Figure 2, indicates a steep drop in risk early on, with some leveling off of benefits at
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higher levels of MVPA. The results of the multivariable logistic regression modeling using
the categorical MVPA measure also are shown in Table 2. Compared with participants who
did not achieve the minimum levels of MVPA (<150 min/week), those who performed 150-
300 min/week had a 66% lower odds of CD (OR=0.34; 95% CI=0.16, 0.75), while those
exceeding 300 min/week lowered their odds by 61% (OR=0.39; 95% CI: 0.18, 0.86).
Participants identifying as Non-White experienced a two-fold higher odds of CD compared
with Non-Hispanic Whites (OR=2.01; 95%CI=1.08, 3.72), and men had a 70% higher odds
of CD compared with women, although this later finding failed to reach statistical
significance (OR=1.74; 95%CI=0.89, 3.42). These results were not influenced by sedentary
time or by smoking.

Discussion

The prevalence of the metabolic syndrome has increased substantially in the United States
(2) and globally (29) over the last several decades, and this increasing trend has become
especially apparent in young adults. Data from the Cardiovascular Risk in Young Finns
Study (29) indicate a significant secular trend in 24 year-old Finns between 1986 and 2001,
with the prevalence of metabolic syndrome increasing from 1.0% to 7.5% (p<0.0001) over
these 15 years. Among the Finnish men in this cohort, there was a six-fold increase in the
prevalence of metabolic syndrome (from 4% to 25.2%; p<0.0001) between the ages of 24—
39 years, with most of the age-related increase in prevalence due to increases in obesity and
serum triglyceride levels.

This current study did not focus on the metabolic syndrome per sg; rather, we captured
cardiometabolic risk by quantifying the clustering of its components (8). The clustering of
risk factors for cardiometabolic conditions across the lifespan has been examined less
frequently than the metabolic syndrome, and there is some evidence that this clustering may
be greater than expected in younger adults (25-44 years) compared with older adults (=65
years) (6), thereby suggesting that metabolic syndrome differs in younger versus older
people. This notion is further supported by data from NHANES indicating a differential
distribution of risk components for young versus older adults (7). We observed that 18% of
this younger adult sample had three or more risk factors related to the metabolic syndrome.
This prevalence of CD is considerably higher than the 5-7% prevalence of metabolic
syndrome reported from a pooled analysis of 26,609 young adults from 17 countries (30).
This discrepancy is likely because the analysis by Nolan and colleagues (30) used the
standard biomarkers for defining metabolic syndrome (waist circumference, fasting glucose,
triglyceride, and HDL-C concentrations, and hypertension) and we did not. Moreover, our
study subjects all had prevailing overweight or obesity at baseline, thereby making them
more susceptible to multiple other cardiometabolic risk factors. Also, data from the National
Health and Nutrition Examination Survey indicate that isolated diastolic hypertension is the
most common hypertension subtype among young adults (31). Therefore, we were interested
in the isolated contribution of diastolic (from systolic) hypertension on the cardiometabolic
clustering score and did not combine these two blood pressure variables.

The overwhelming contributor to CD in our population was excess abdominal adiposity
(75%), which is consistent with what has been observed in obese medical school students
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living in India (59%)(32), in 25-44 year old adults living in Australia (58%)(6), and 18-29
year old adults in the US (86%)(7). Excess overall and abdominal adiposity, especially in the
visceral depot, secretes various pro-inflammatory factors (e.g., cytokines and adipokines)
that are linked to the pathophysiology of cardiovascular disease. Chronic, low grade
inflammation leads to hyperglycemia, dyslipidemia, hypertension, and insulin resistance,
thus initiating the metabolic syndrome (33). That this potent risk factor for cardiometabolic
disease was observed at such a young age in our study sample is cause for concern due to the
relation of chronic inflammation and cardiometabolic dysregulation to early mortality (34).

We observed a non-linear graded association between level of MVVPA and the likelihood of
having CD among young adults with prevailing obesity. A longitudinal analysis over 20
years among young adults in the Coronary Artery Risk Development in Young Adults
(CARDIA) study (35) indicated that physical fitness was inversely associated with the
development of metabolic syndrome. Similar to studies linking MVPA or cardiorespiratory
fitness to all-cause mortality (17, 36), the largest drop in the odds of CD in our study was
observed between those engaging in <150 min/week of MVPA and those achieving 150-300
min/week, with a leveling off of benefits at higher levels of MVVPA. Indeed, over 60% of the
benefits of MVPA to cardiometabolic health were observed within a volume that
approximates the target range 150-300 min/week of moderate-intensity activity from the
Physical Activity Guidelines for Americans, 2™ Edition (18). Since our participants engaged
in an average of only about 24 min/week of vigorous-intensity physical activity, we feel
confident about reporting our results within the framework of the moderate-intensity
physical activity cut-points used in the national guidelines.

Findings from other countries (6, 28) indicate a higher prevalence of metabolic syndrome in
men, compared with women, with the exception of the 24 year old age group in the Finnish
cohort, in which the prevalence of metabolic syndrome was higher in women (29). In
contrast, NHANES data from 1988 to 2012 indicate a similar prevalence for men and
women (2). We observed a slightly higher prevalence of CD in men compared with women;
however, this difference was not statistically significant in the presence of race, sedentary
time, and cigarette smoking. We observed a higher prevalence of CD in non-white versus
white participants, and this is consistent with data from both NHANES (2) and CARDIA
(35). Moore and colleagues (2) report that the greatest increase in prevalence of metabolic
syndrome between 1988 and 2012 was observed in non-Hispanic black men (55%), whereas
the increase was 31% in non-Hispanic white men. Collectively, these findings underscore the
importance of surveillance within various at-risk demographic subgroups in order to
improve preventive, management, and treatment approaches to cardiometabolic disease.

We note the limitations to our study. The cross-sectional nature of these baseline data limit
our ability to establish temporality between MVPA and cardiometabolic risk and thus, our
ability to make causal inferences is compromised. Even though MVPA was objectively
measured using accelerometry, some of the higher values may not represent regular MVPA
habits; however, we do not expect that any potentially-inflated MVPA behavior to be
differential by weight status or by CD level. Also, we used the abdominal (rather than the
waist) circumference as a marker for excess abdominal adiposity and this may explain our
higher prevalence of elevated abdominal circumference compared with others (6, 32). We
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previously have observed a strong correlation (r = 0.80-0.83; p< 0.001) between the
abdominal circumference and the visceral fat area measured by computed tomography (37).
Finally, our study population comprised a self-selected cohort of college students, who may
not represent the general population of younger adults. Although this self-selection may
compromise the generalizability of the findings, we propose that the benefits of MVVPA to
cardiometabolic risk may be even greater in less robust younger people with lower
educational attainment and socioeconomic status and higher levels of obesity.

Findings from this study, coupled with larger observational studies indicate an increasing
prevalence of cardiometabolic risk factors among young adults. Many young adults may not
be aware of their cardiometabolic risk status (38) or may think they are less susceptible to
cardiometabolic disease due to their age (39). This highlights the need for targeted risk
communication to young adults, as well as to providers treating this population. Our data
also suggest that MVVPA may be an effective strategy to reverse or delay the onset of
cardiometabolic disease — even in young people with obesity. Moreover, MVPA may prevent
or diminish the need for expensive pharmaceutical treatment of cardiometabolic disease over
the lifespan. Given the growing prevalence of metabolic syndrome at younger and younger
ages, any effort to avoid drug therapies for as long as possible into middle- and older-age has
substantial economic and public health implications.
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Figure 1.
Clustering of Cardiometabolic Risk Factors in the HBHU Cohort (N=346).
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The Smoothed Dose-Response Association between MVPA and Cardiometabolic Risk. The
curve is derived from the unadjusted logistic regression model using a penalized b-spline
curve. MVPA=moderate-to-vigorous intensity physical activity.
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Table 1 -

Levels of cardiometabolic risk factors and weekly MVPA for women and men (n=346)

Risk Factor Women (n=269) Men (n=77) .yalue’
BMI (kg/m?) 31.0+4.4 31.3+4.6 0.56
Abdominal Circ (cm) 97.6x11.2 104.5+12.3  <0.0001
HbAlc (%) 5.3+0.43 5.2+0.45 0.03
SBP (mmHg) 112+10 125411 <0.0001
DBP (mmHg) 739 75+9 0.03
HDL-C (mg/dl) 50.5+11.1 415491  <0.0001
MVPA (min/week) 297+159 350+165 0.01

Data are mean (+SD); MVPA=moderate-to-vigorous intensity physical activity;

*
Sex-differences determined by independent t-tests.
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Table 2.

Logistic regression models predicting cardiometabolic risk (N=346).

Variable Model 12 Model 2°© Model 3% ©
OR 95% CI aORd 95% ClI aORd 95% CI

MVPA (continuous; hrs/week) 090 0.80,1.00 090 0.80,1.02 - --
MVPA (category)

<150 min/week (n=51) REF REF

150-300 min/week (n=132) 041 0.20,0.88 0.34  0.16,0.75

>300 min/week (n=163) 042 0.20,0.86 0.39  0.18,0.86
Sedentary Time (hrs/week) 1.18 0.96, 1.46 1.10 0.88, 1.37 1.14 0.91,1.44
Race/Ethnicity

Non-Hispanic White (n=168) REF REF REF

Non-White (n=137) 208 116,374 196 1.06,361 201 1.08,3.72

Unknown (n=41) 1.08 0.41,2.86 1.02 0.38,2.78 0.90 0.32,2.48
Sex

Female (n=269) REF REF REF

Male (n=77) 137 0.74,2.57 1.74 0.90, 3.38 1.74 0.89, 3.42
Regular smoker®

No (n=320) REF REF REF

Yes (n=23) 040 009,178 039 0.09,1.76 036 0.08, 1.67

a . . .
Model 1: Unadjusted; each predictor entered into a separate model
b . . . .
Model 2: All covariates entered simultaneously; MVPA entered as a continuous variable
C . . . .
Model 3: All covariates entered simultaneously; MVPA entered as a categorical variable
a . .
aOR: adjusted odds ratio

61n=343 because of 3 participants with missing smoking history
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