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National Cholesterol Education Program’s Adult Treat-
ment Panel III guidelines. Multivariable analysis was used 
to assess the prevalence of metabolic risk components. To 
explore the association between metabolic risk factors and 
lifestyle behaviors, students filled out a validated online 
questionnaire related to their eating habits, physical activ-
ity, and sleep patterns. Metabolic syndrome was not prev-
alent in our sample. However, about one-third of the stu-
dents had at least one metabolic abnormality, and 6.0% had 
two metabolic abnormalities. The most common metabolic 
abnormalities were low HDL-cholesterol levels (22.0%) 
and high waist circumference (12.6%), and elevated serum 
triglyceride (5.8%). Adjusting for other factors, excess adi-
posity and high visceral fat scores were associated with 
increased risk of metabolic risk factors, whereas healthy 
lifestyle practices such as daily breakfast consumption, eat-
ing three meals a day, being active, and not smoking were 
associated with lower risks for MetS. Given the adverse 
consequences of undiagnosed metabolic abnormalities, 
efforts to identify and manage MetS among asymptomatic 
college students, particularly women, is essential and war-
rants further research.

Keywords  Obesity · Metabolic syndrome · University 
students · Metabolic risk factors · Lifestyle practices · 
Adiposity

Abbreviations
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National College Health Assessment
CDC	� Centers for Disease Control and 

Prevention

Abstract  Michigan has the 17th highest adult obesity rate 
in the United States. Among college-aged adults between 
18 and 25 years old, the rate of obesity was 11.6%. Obesity 
is a key precedent for the development of metabolic syn-
drome. Accordingly, the purpose of this study was to exam-
ine the prevalence of metabolic syndrome and its individual 
components among a sample of students at Central Michi-
gan University. A cross-sectional survey was conducted 
among 462 students, aged 18–25  years, in Spring 2015 
and Fall/Spring 2016 semesters. Students were recruited 
throughout the campus via flyers, in-class, and Blackboard 
announcements. Biochemical, anthropometric, and blood 
pressure measurements were taken for all students. Preva-
lence of metabolic syndrome was estimated based on the 
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NCEP-ATP	� National Cholesterol Education Pro-
gram’s Adult Treatment Panel

BRFSS	� Behavioral Risk Factor Surveillance 
System

Introduction

According to the American College Health Association-
National College Health Assessment (ACHA-NCHA), a 
nationwide survey conducted in Fall 2015 among 19,861 
university students at 2- and 4-year institutions to assess 
health-related variables, four of ten of the surveyed students 
were either overweight or obese, 96.2% did not consume 
the daily recommended five or more servings of fruits and 
vegetables, and 79.1% did not participate in at least 30 min 
of moderate-intensity activity at least 5 days per week [1]. 
Obesity, unhealthy dietary practices, and physical inactivity 
are risk factors for the development of metabolic syndrome 
(MetS) [2–5], which is considered as a clinical marker to 
identify individuals at high risk for type 2 diabetes and car-
diovascular disease (CVD) [6–11].

MetS prevalence has been documented among college 
students in the range of 0.6–13% [4, 12–17]. Findings from 
the Young Adult Health Risk Screening Initiative study, 
conducted among 2722 college students aged 18–24 years, 
showed that 3% of females and 10% of the male partici-
pants have MetS [14]. The authors also reported that 54% 
of the female participants and 77% of the males had at least 
one risk factor for MetS (low concentrations of HDL-C in 
women and elevated blood pressure in men) [14]. Similarly, 
Huang et al. noted that 26–40% of students at the Univer-
sity of Kansas had at least one metabolic risk factor (low 
concentrations of HDL-C) [4]. These findings are worri-
some since individuals with MetS appear to have a two-fold 
increase in risk for CVD and a four-fold increase risk for 
type 2 diabetes [14]. Thus, efforts for early detection and 
intervention of MetS risk factors among college students 
is essential to prevent or reduce the development of MetS 
and, eventually, cardiovascular health problems later in life 
[18–21].

Michigan currently ranks 17th in adult obesity rate in the 
United States [22]. According to the Centers for Disease 
Control and Prevention (CDC), 30.7% of Michigan adults 
(31.1% female, 31.9% male) were obese in 2014 compared 
to 13.2% in 1990 [23], representing a 132.6% increase 
in the obesity rate. Among young adults between 18 and 
25  years old, the rate of obesity was 11.6% [23]. Given 
the high rate of obesity in Michigan, and the long-term 
health consequences of metabolic abnormalities in young 
adults [24], the need for early screening and management 
of metabolic risk factors among college students has never 
been greater to prevent the development of MetS or halt the 

progression of metabolic risk factors into advanced disease 
later in life [4, 5, 24].

Universities are unique settings for raising awareness 
about obesity’s comorbidities and for identifying stu-
dents who are at risk for developing MetS when appro-
priate intervention strategies to manage MetS risk factors 
can be implemented at an early age [24]. According to the 
Health Belief Model, risk perception is a primary motive 
to change behavior, and the greater the perceived threat, 
the more likely an individual will change his/her behavior 
[25, 26]. Students who are screened and thereby become 
aware of their MetS risk factors are more likely to perceive 
themselves as at risk and take appropriate behavioral life-
style changes to manage their metabolic risk factors [27], 
whereas students who are unaware of their MetS risk fac-
tors (or not screened) may not perceive themselves as at 
risk for this condition and, consequently, may go undi-
agnosed until cardiovascular and diabetes complications 
occur [27]. Therefore, screening students for MetS risk fac-
tors is vital to developing any prevention strategy to reduce 
MetS among college students [28, 29]. Thus, the primary 
objective of this study was to estimate the prevalence of 
MetS among a sample of undergraduate students at Cen-
tral Michigan University (CMU). The secondary objectives 
were to assess which of the MetS criteria are most preva-
lent among these students and to relate the criteria of MetS 
present in students to their body mass index (BMI)/adipos-
ity, eating habits, sleep pattern, and physical activity.

Methods

Design and Sample

This study was a cross-sectional survey conducted in a con-
venience sample of 462 students. Of the 462 students who 
volunteered to participate, 364 students (78.3% females and 
21.7% males) completed all the required study assessments, 
yielding a study completion rate of 78.8%. Students were 
recruited during spring 2015 and fall/spring 2016 semesters 
through invitations the researchers presented in Foods and 
Nutrition classes, via Blackboard announcements, through 
posters displayed in the Foods and Nutrition building, 
and by direct recruitment by a CMU Nutrition and Dietet-
ics faculty member. The Foods and Nutrition classes were 
introductory nutrition classes offered to all undergraduate 
students as University Program (UP)/General Education 
courses. Eligibility criteria were the following: undergradu-
ate student between the age of 18 and 25 years, not taking 
any medications, drugs, or experiencing any illnesses, not 
dieting, and not pregnant. Students voluntarily entered the 
study and were provided adequate information about the 
study’s protocol and methodology. Students agreeing to 
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participate were asked to sign a consent form, in harmony 
with the Helsinki declaration, and then to come to a labo-
ratory for anthropometric measurements and to receive a 
numerical code for completing a self-administered online 
questionnaire. Also, students were asked to report to a local 
hospital for clinical screening, which included measure-
ment of blood pressure and determination of fasting blood 
lipid and glucose concentrations. Students were not offered 
any incentives for their participation. The study protocol 
was approved by the CMU Institutional Review Board 
(IRB) (IRB project ID: 678896-11).

Data Collection

Anthropometric Measurements

Data collection took place in two steps. First, students’ 
anthropometric measurements including height, weight, 
waist circumference, percentage body fat, and visceral fat 
score were measured by a CMU Nutrition and Dietetics 
professor and trained undergraduate senior students, using 
a standardized protocol in accordance with the CDC’s 
Anthropometry Procedures Manual [30]. Weight, percent-
age body fat, visceral fat score, and BMI were measured 
using a Tanita body composition analyzer (SC-331S) (Tan-
ita, Arlington Heights, IL, U.S.). The student’s height, age, 
and gender were entered into the Tanita scale before test-
ing. Then, wearing light clothing (a single layer of cloth-
ing), the student stepped into the Tanita scale footpads with 
bare feet (both feet touching the electrodes). Weight, per-
centage body fat, visceral fat, and BMI were recorded from 
the Tanita body composition analyzer readings. As fluctua-
tions in body hydration status may affect body composition 
results, students were instructed to fast and to refrain from 
any heavy physical activity before Tanita scale measure-
ments were taken in the morning (within 3  h after wak-
ing up). Also, students were asked to wipe off the bottom 
of their feet before stepping onto the measuring platform, 
since unclean foot pads may interfere with conductivity 
[27]. Height was measured to the nearest 0.1  cm using a 
height rod (Seca stadiometer model 217, Quick Medical, 
Issaquah, WA, U.S.). Students were asked to take off their 
shoes for height measurements. BMI was used to assess 
students’ weight status [31]. Weight status was stratified 
into four groups based on the guidelines published by the 
CDC for BMI classifications: underweight (BMI < 18.5 kg/
m2), normal weight (18.5 ≤ BMI < 24.9 kg/m2), overweight 
(25 ≤ BMI < 29.9 kg/m2), and obese (BMI ≥ 30 kg/m2) [32]. 
The healthy range for body fat percentage was considered 
as 8–19% for males and 17–32% for females (Tanita body 
fat ranges for healthy adults). Visceral fat ratings from 1 
to 12 were considered healthy while ratings from 13 to 59 
indicated an excess level of visceral fat (Tanita visceral fat 

ranges for healthy adults). Waist circumference was meas-
ured using a non-stretchable tape (QM2000 Measure Mate, 
Quick Medical, Issaquah, WA, U.S.) in accordance with the 
CDC’s Anthropometry Procedures Manual [30].

Biochemical Tests and Blood Pressure Measurement

Students were provided with a free voucher for blood test-
ing and were asked to report to a local hospital (McLaren-
Central Michigan Hospital, Mount Pleasant, MI, U.S.) to 
have their blood pressure taken and to provide a venous 
blood sample (after an overnight fast of at least 10–12 h) to 
measure their blood lipids (total cholesterol, LDL-choles-
terol, HDL-cholesterol, and serum triglyceride), and fasting 
blood glucose (FBS). The volume of the venous blood sam-
ple that was taken from students was about 8.5 ml. Preva-
lence of metabolic syndrome was estimated based on the 
National Cholesterol Education Program’s Adult Treatment 
Panel (NCEP-ATP) III revised guidelines [33]. MetS was 
identified in students when three or more of the following 
criteria were met: increased waist circumference (>102 cm 
for males and >88 cm for females), elevated blood pressure 
(systolic arterial BP ≥ 130  mmHg and/or diastolic arterial 
BP ≥ 85 mmHg), elevated serum triglyceride (≥150 mg/dl), 
reduced HDL cholesterol (HDL-C) (<40  mg/dl for males 
and <50 mg/dl for females), and elevated FBS (≥100 mg/
dl) [33].

Online Questionnaire

Demographic and Student Characteristics

In the second step, students were asked to complete a 
self-administered online questionnaire consisting of ques-
tions related to age, gender, year-of-study at CMU, major 
of study, living condition (on/off campus), dietary habits, 
physical activity, sleep pattern, smoking status, family his-
tory, and the results of their anthropometric measurements, 
blood pressure, and biochemical tests. The demographic 
and student characteristics questions were adapted from 
Yahia et al. [34]. The dietary habits questions were adopted 
from a previous study by Turconi et al. [35] and were vali-
dated for use among university students in previous studies 
[34, 35].

Physical Activity

Physical activity was assessed using the International 
Physical Activity Questionnaire -short form (IPAQ-S) 
[36]. The IPAQ-S form consists of seven questions that 
assess physical activity at three levels (vigorous-inten-
sity, moderate-intensity, and walking) undertaken by stu-
dents for the last consecutive 7  days across four different 
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physical activity domains (leisure time physical activity, 
domestic and gardening (yard) activities, work-related 
physical activity, and transport-related physical activity). 
Examples of vigorous-intensity activity include aerobics 
or fast bicycling, and moderate-intensity activities include 
bicycling at a regular pace or doubles tennis [36, 37]. The 
IPAQ obtains data about the frequency and the amount of 
time spent across each activity domain. Computation of 
the total score for the weekly physical activity (PA) was 
determined by summation of the duration (in minutes) and 
frequency (days) reported within each activity domain (i.e. 
vigorous-intensity, moderate-intensity and walking) mul-
tiplied by an appropriate Metabolic Equivalent of activ-
ity (MET) assigned to each category as follows: walking 
MET-minutes/week = 3.3 × walking minutes × walking 
days; moderate MET-minutes/week = 4.0 × moderate-
intensity activity minutes × moderate days, and vigorous 
MET-minutes/week = 8.0 × vigorous-intensity activity min-
utes × vigorous-intensity days. The IPAQ assigns individ-
ual MET levels of 8.0, 4.0, and 3.3 to vigorous-intensity, 
moderate-intensity, and walking activities, respectively. 
The overall PA score expressed as MET-minutes/week, 
was determined using the following formula: total physi-
cal activity MET-minutes/week = sum of walking + moder-
ate + vigorous MET-minutes/week scores [36, 37]. Accord-
ing to the IPAQ scoring protocol, students were categorized 
into three groups as follows: low (>600 MET-minutes/
week), moderate (600–1500 MET-minutes/week), and 
high (1500 MET-minutes/week). A detailed description of 
the scoring methodology is available online at http://www.
ipaq.ki.se [37] and discussed in a previous study [38].

Sleep Pattern

Subjects’ sleep patterns were assessed using the Pittsburgh 
Sleep Quality Index (PSQI) [39]. The PSQI is a standard-
ized self-rated questionnaire consisting of 19 questions 
that assess a wide variety of factors related to sleep qual-
ity, including estimates of sleep duration and latency and 
the frequency and severity of specific sleep-related prob-
lems, over a 1-month time interval (for the last 30  days). 
According to the PSQI scoring protocol, the questions 
were grouped into seven component scores; each weighted 
equally on a scale of 0–3. The seven component scores 
were then summed to yield a global PSQI score, which 
ranged between 0 and 21; the higher the score, the worse 
the sleep quality [39]. Approval to use the questionnaire 
was obtained from the author prior to the onset of the study 
[39].

The online questionnaire was available online via Sur-
veyMonkey Pro (SurveyMonkey.com, LLC, Palo Alto, CA) 
for about 10  weeks to accommodate students’ response 
times. Students were given instructions on how to fill out 

the questionnaire completely and were informed that they 
could withdraw from the study at any time. The online 
questionnaire was pilot-tested on a randomly selected 
group of 20 students before its administration.

Data Analysis

Statistical analyses were performed using the SAS (9.3, 
Cary, NC) software. Gender differences for study variables 
were assessed using Student’s independent t test, Wilcoxon 
Rank-Sum test, and Chi-squared test for independence. 
Fisher’s Exact test was used to assess gender differences in 
the prevalence of individual metabolic risk components and 
the Chi-squared test was used to assess gender differences 
in the total number of MetS components, and also the prev-
alence of at least one MetS component. Chi-squared test, 
Fisher Exact test and the Wilcoxon Rank-sum test were 
used to compare life style characteristics between students 
with at least one MetS component compared with students 
with no MetS components, stratified by gender. Results 
are expressed as means ± SD (standard deviation) for con-
tinuous variables and percent frequency for categorical 
variables. All reported p values were made on the basis of 
2-sided tests and compared to significance level of 5%.

Results

Participants’ Characteristics

The demographic characteristics of the study sample are 
presented in Table 1. More than two-thirds of the study par-
ticipants were female with a mean age of 20.52 ± 1.52 years. 
The mean height and weight of the female students were 
164.4 ± 6.66 cm and 64.6 ± 11.23 kg, respectively, whereas 
the mean height of the male students was 178.31 ± 7.32 cm 
and the mean weight was 78.85 ± 13.73  kg (Table  2). Of 
the participating students, 87.4% were white, 3.1% were 
African-American, 2.8% were Asian, and 6.7% reported 
another ethnic origin, reflecting the composition of ethnic 
groups at CMU. A higher percentage of participants were 
in their 1st (23.1%) and 4th  years (25.6%) of academic 
study. Eighty-seven percent of participants (88.6% female, 
79.7% male) reported being non-smokers; 1.4% reported 
current cigarette usage; 3.6% were former smokers; and 
8.3% were occasional smokers. The majority (83.5%) of 
both male (89%) and female students (82%) reported sleep-
ing more than 7 h per night. The mean total PSQI for male 
students was 5.31 ± 2.09 and for females was 5.61 ± 2.66 
(Table  1). Male students reported being more active than 
female students. Vigorous activity was significantly 
more common among male students than female students 
(P < 0.001) (Table 1).

http://www.ipaq.ki.se
http://www.ipaq.ki.se
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Table 1   Characteristics of 
participants

a Chi-squared test
b Fisher’s Exact test
c Student’s independent t test
d Wilcoxon rank sum test
e Male n = 73; female n = 272

Characteristic Males Females Total P value

N (%) 79 285 364
Age, (mean ± SD) 21.00 ± 1.93 20.52 ± 1.52 20.63 ± 1.63 0.045c

Race/ethnicity, n (%) 0.311b

 White 72 (93.5) 240 (85.7) 312 (87.4)
 Black 1 (1.3) 10 (3.6) 11 (3.1)
 Asian 2 (2.6) 8 (2.9) 10 (2.8)
 Other races 2 (2.6) 22 (7.9) 24 (6.7)

Place of residence, n (%) 0.884a

 On-campus 29 (36.7) 101 (35.8) 130 (36.0)
 Off-campus 50 (63.3) 181 (64.2) 231 (64.0)

Major of study, n (%) 0.217a

 Science 50 (63.3) 199 (70.6) 249 (69.0)
 Non-science 29 (36.7) 83 (29.4) 112 (31.0)

Year in school, n (%) 0.267a

 1st-year undergraduate 15 (19.0) 68 (24.2) 83 (23.1)
 2nd-year undergraduate 21 (26.6) 59 (21.0) 80 (22.2)
 3rd-year undergraduate 15 (19.0) 58 (20.6) 73 (20.3)
 4th-year undergraduate 17 (21.5) 75 (26.7) 92 (25.6)
 5th-year undergraduate 11 (13.9) 21 (7.5) 32 (8.9)

BMI category (kg/m2), n (%) 0.001a

 Underweight (BMI < 18.5 kg/m2) 1 (1.3) 16 (5.6) 17 (4.7)
 Healthy (BMI ≥ 18.5–24.9 kg/m2) 41 (51.9) 182 (63.9) 223 (61.3)
 Overweight (BMI ≥ 25–29.9 kg/m2) 35 (44.3) 65 (22.8) 100 (27.5)
 Obese (BMI ≥ 30 kg/m2) 2 (2.5) 22 (7.7) 24 (6.6)

Smoking status, n (%) 0.032b

 Non-smoker 63 (79.7) 249 (88.6) 312 (86.7)
 Current smoker 3 (3.8) 2 (0.7) 5 (1.4)
 Former smoker 2 (2.5) 11 (3.9) 13 (3.6)
 Infrequent smoker 11 (13.9) 19 (6.8) 30 (8.3)

Family history, n (%)
 Heart disease 12 (15.2) 48 (16.8) 60 (16.5) 0.726a

 Type 2 diabetes 11 (13.9) 53 (18.6) 64 (17.6) 0.334a

 Hypertension 16 (20.3) 67 (23.5) 83 (22.8) 0.542a

 Cancer 13 (16.5) 83 (29.1) 96 (26.4) 0.024a

 Others 6 (7.6) 39 (13.7) 45 (12.4) 0.146a

Sleep duration, (mean h ± SD)e 7.20 ± 0.84 7.30 ± 1.02 7.28 ± 0.99 0.435c

Sleep duration, n (%) 0.150a

 <7 h 8 (11.0) 49 (18.0) 57 (16.5)
 ≥7 h 65 (89.0) 223 (82.0) 288 (83.5)

PSQI total, (mean h ± SD) 5.31 ± 2.09 5.61 ± 2.66 5.55 ± 2.55 0.329c

Physical activity, median (25%q, 75%q)
 Walking MET-minutes/week 990 (281, 1386) 693 (248, 1386) 693 (264, 1386) 0.868d

 Moderate MET-minutes/week 480 (0, 1200) 480 (0, 960) 480 (0, 960) 0.998d

 Vigorous MET-minutes/week 2400 (0, 4320) 480 (0, 1920) 720 (0, 2400) <0.001d

Sitting time (h) 4 (3, 6) 5 (4, 7) 5 (3, 7) 0.051d
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Overall, except for sleep pattern, there were no sig-
nificant differences between the characteristics of the 98 
students (74 female and 24 male) who did not complete 
the entire study and those who completed all the study’s 
requirements, as presented in Table 3.

Anthropometric Parameters

Results indicated that 63.9% of the female and 51.9% of 
the male students were within the healthy BMI range, and 
30.5% of females and 46.8% of males were overweight 
or obese (Fig.  1). Obesity was more prevalent in females 
(7.7%) than in males (2.5%), yet more men (44.3%) than 
women (22.8%) were overweight. Overall mean values 
of BMI and percentage body fat were 24.0 ± 3.59 and 
24.9 ± 8.66  kg/m2, respectively (Table  2). Male students 
had a significantly lower percentage of body fat but higher 
waist circumference (14.4 ± 6.49%, 85.3 ± 8.25  cm) than 
female students (27.9 ± 6.68%, 78.9 ± 11.5 cm) (P < 0.001) 
(Table  2). There were no significant differences between 
male and female students regarding visceral fat. How-
ever, women had a lower mean value of visceral body 
(2.1 ± 1.53) than men (2.4 ± 2.27) (Table 2).

Clinical and Biochemical Parameters

Blood pressure and biochemical measurements by gender 
are presented in Table  2. Blood pressure values for male 
and female students were within the normal ranges. How-
ever, women had significantly lower mean values of sys-
tolic blood pressure (113.7 ± 10.91  mmHg) and diastolic 
blood pressure (67.7 ± 7.72 mmHg) (P < 0.0001) than men 
(119.6 ± 11.00 mmHg, 71.4 ± 8.68 mmHg, respectively) 

(Table  2). Values of high-density lipoprotein cholesterol 
were normal for both genders, but values were signifi-
cantly higher for female (60.2 ± 13.26 mg/dl) than for male 
students (50.2 ± 11.77  mg/dl) (P < 0.001) (Table  2). Also, 
female students had higher serum cholesterol levels but 
lower mean values of FBS (84.7 ± 5.81  mg/dl) than male 
students (86.7 ± 5.78 mg/dl) (Table 2).

Metabolic Syndrome Prevalence

Based on the NCEP ATP definition of MetS, MetS was not 
prevalent in our sample (Fig. 2). However, 29.1% of the stu-
dents had at least one MetS abnormality (30.2% of females 
and 25.3 of males), and 6.0% had two metabolic abnormali-
ties (2.5% of males and 7.0% of females) (Fig. 2). The most 
common metabolic abnormalities were low HDL-choles-
terol (defined as <50 mg/dl for women and <40 mg/dl for 
men) (22.0%) (19.0% in males and 22.8% in females) and 
high waist circumference (defined as >88  cm for women 
and >120 cm for men) (12.6%) (2.5% in males and 15.4% 
in females) (Fig. 3). The percentage of female students with 
elevated waist circumference was significantly greater than 
that of males (P = 0.001) (Fig. 3). Elevated blood pressure 
(defined as systolic arterial BP ≥ 130  mmHg and dias-
tolic arterial BP ≥ 85 mmHg) was the least common MetS 
abnormality (0.5%) found among students (1.3% in males 
and 0.4% in females) (Fig. 3).

Metabolic Syndrome Prevalence in Relation to Body 
Fat and Lifestyle Behavioral Practices

In this study, analyses of anthropometric parameters in 
relation to MetS risk factors showed that students with at 

Table 2   Anthropometric, 
clinical, and biochemical 
characteristics of the 
participating students, 
mean ± SD

a Student’s independent t test

Male
(n = 79)

Female
(n = 285)

Total
(n = 364)

P valuea

Anthropometric
 Height (cm) 178.31 ± 7.32 164.41 ± 6.66 167.42 ± 8.90 <0.001
 Weight (kg) 78.85 ± 13.73 64.61 ± 11.23 67.70 ± 13.18 <0.001
 BMI (kg/m2) 24.60 ± 3.11 23.83 ± 3.69 24.00 ± 3.59 0.093
 Body fat (%) 14.36 ± 6.49 27.87 ± 6.68 24.94 ± 8.66 <0.001
 Waist circumference (cm) 85.35 ± 8.25 78.99 ± 11.52 80.37 ± 11.20 <0.001
 Visceral fat score 2.43 ± 2.27 2.11 ± 1.53 2.18 ± 1.72 0.239

Blood pressure
 SBP (mm Hg) 119.59 ± 11.00 113.67 ± 10.91 114.96 ± 11.18 <0.001
 DBP (mm Hg) 71.43 ± 8.68 67.68 ± 7.72 68.49 ± 8.08 <0.001

Biochemical measures
 FBS (mg/dL) 86.73 ± 5.78 84.70 ± 5.81 85.14 ± 5.86 0.006
 HDL-C (mg/dL) 50.24 ± 11.77 60.24 ± 13.26 58.07 ± 13.58 <0.001

Total cholesterol (mg/dl) 153.01 ± 25.22 161.44 ± 28.36 159.61 ± 27.89 0.017
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least one MetS risk factor had significantly higher BMI, 
body fat percentage, and visceral fat scores than students 
with no MetS risk factors, as shown in Table 4.

In addition, results of the association between lifestyle-
related practices and MetS risk factors revealed that a 
higher percentage of students with no MetS risk factors 

Table 3   Comparison of the 
characteristics of students who 
completed the entire study and 
those who did not

Data are reported as number of participants (N) and percentage (%)
a Chi-squared test
b Fisher’s Exact test

Characteristic Levels With blood work No blood work Total P value

Gender 0.5564a

Female 285 (78.3) 74 (75.5) 359 (77.7)
Male 79 (21.7) 24 (24.5) 103 (22.3)

Major of study 0.2835a

Science 249 (69.0) 62 (63.3) 311 (67.8)
Non-science 112 (31.0) 36 (36.7) 148 (32.2)

Race 0.0772b

Asian 10 (2.8) 0 (0.0) 10 (2.2)
Black 11 (3.1) 7 (7.1) 18 (4.0)
Other 24 (6.7) 9 (9.2) 33 (7.3)
White 312 (87.4) 82 (83.7) 394 (86.6)

Place of residence 0.1882a

Off-campus 231 (64.0) 55 (56.7) 286 (62.4)
On campus 130 (36.0) 42 (43.3) 172 (37.6)

Smoking status 0.8976b

Current 5 (1.4) 1 (1.0) 6 (1.3)
Former 13 (3.6) 5 (5.1) 18 (3.9)
Infrequent 30 (8.3) 7 (7.1) 37 (8.1)
Never smoked 312 (86.7) 85 (86.7) 397 (86.7)

BMI kg/m2 0.5951a

Healthy weight 223 (61.3) 6 (85.7) 229 (61.7)
Overweight 100 (27.5) 1 (14.3) 101 (27.2)
Obese 24 (6.6) 0 (0.0) 24 (6.5)
Underweight 17 (4.7) 0 (0.0) 17 (4.6)

Sleep 0.0299b

7–10 h sleep 288 (83.5) 70 (73.7) 358 (81.4)
<6 h sleep 57 (16.5) 25 (26.3) 82 (18.6)
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Fig. 1   BMI category by gender. *Fisher’s Exact test
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reported daily consumption of breakfast intake and three 
meals a day compared to students with at least one meta-
bolic risk factor. Likewise, students with no MetS risk 
factors were more likely to be more active and less likely 
to smoke than students with at least one MetS risk factor 
(Table  5). However, sleep patterns did not differ between 
students with at least one MetS risk and those without 
(Table 5).

Discussion

Despite the high rate of obesity in Michigan [23], there 
have been no published studies on the prevalence of MetS 
among Michigan university students or young adults. In the 
present study, we aimed to assess the prevalence of MetS 
among a sample of Central Michigan University students 
and which criteria of MetS were most prevalent in our par-
ticipants. Also, we tried to evaluate whether there were any 
differences in the number of criteria of MetS found among 

students based on their weight status, eating habits, sleep 
pattern, or physical activity levels.

Using the NCEP-ATP III criteria, the overall preva-
lence of MetS in our sample was 0.3%. This figure is 
lower than that reported in previous studies among col-
lege students in the U.S., where MetS prevalence was in 
the range of 0.6–13% [4, 5, 40–44]. For instance, a study 
by Huang et al. conducted among a sample of 163 under-
graduate students (primarily white), aged 18–24  years, at 
the University of Kansas, reported a prevalence of MetS of 
0.6% [5]. Another study by Fernandes and Lofgren, con-
ducted among 189 first year college students, aged 18–24 
years old, at the University of Rhode Island, reported a 
prevalence of MetS of 3.7% [43]. Likewise, Morrell et al. 
found the prevalence of MetS to be 7.7% in a sample of 
299 undergraduate students aged 18–24  years from three 
geographically diverse universities [40]. Similarly, Keown 
et al. reported a prevalence of MetS of 10% in a sample of 
4192 college students, aged 18–30 years old, at a southeast-
ern university [44]. The variation in the prevalence of MetS 
in these studies could be due to racial/ethnic differences or 

Fig. 3   Prevalence of MetS 
criteria by gender. *Fisher’s 
Exact test
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Table 4   Metabolic 
syndrome by anthropometric 
characteristics, mean ± SD

a At least one MetS criteria
b Student’s independent t test

Variable Male Female

No MetS MetSa P valueb No MetS MetSa P valueb

BMI (kg/m2) 23.92 ± 2.59 26.37 ± 3.67 0.0075 22.50 ± 2.66 26.05 ± 4.10 <0.0001
Body fat (%) 13.05 ± 5.77 17.78 ± 7.12 0.0031 25.94 ± 5.51 31.09 ± 7.22 <0.0001
Visceral fat score 1.84 ± 1.39 3.95 ± 3.27 0.0074 1.55 ± 0.83 3.04 ± 1.93 <0.0001
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to the prevalence of overweight/obesity in the study sam-
ple. Findings from a large national study indicated that 
the prevalence of MetS varies with race and ethnicity, 
and increases with age and BMI, with non-Hispanic black 
males being one-half as likely as non-Hispanic white males 
to have metabolic syndrome, and non-Hispanic black and 
Mexican–American females being 1.5 times as likely as 
non-Hispanic white females to have this condition [45]. In 
our study, the majority of students were white (87.4%) with 
a low rate of obesity (6.6%) [45].

Alarmingly, the prevalence of MetS among college stu-
dents was not only reported in the U.S. but also in other 
countries [9, 15, 46, 47]. For example, Yen et al. reported 
that 4.6% of university freshmen students (mean age 
19.2  years) met the definition of MetS in North Taiwan 
[15]. Cha et al. reported a MetS prevalence of 12% among a 
sample of 73 college students (aged 18–29 years) in Korea 
[46]. Barbosa et al. found a MetS prevalence of 20.5% in a 
sample of 590 university students of São Luís in Brazil [9]. 
Also, in Brazil, de Freitas et al. reported that 1.7% of Bra-
zilian college students (mean age 21.5 years) met the crite-
ria of MetS [47]. Literature indicates that individuals with 
MetS appear to have a two-fold increase in risk for CVD 
and a four-fold increase in risk for type 2 diabetes [19, 20, 
27]. Thus, despite that college students appear to be healthy 
and at lower risk for chronic disease [24, 27, 40], the find-
ings of these studies reveal the need for early screening to 

identify those students who may be at risk for MetS so that 
appropriate intervention strategies can be implemented at 
an early stage. Otherwise, students who may be at risk for 
MetS but unaware of it may go undiagnosed until type 2 
diabetes and, eventually, CVD occur later in their lives.

In the present study, although the prevalence of MetS 
was low, about one-third (29.1%) of our students had at 
least one MetS risk factor. The most prevalent criteria in 
our sample were low HDL-cholesterol levels (22.0%) and 
elevated waist circumference (12.6%). Low HDL-C was 
more common among women than men (22.8% vs. 19.0%, 
respectively). This finding was not expected since young 
women, in general, are believed to have higher HDL lev-
els than men [48, 49]. Research indicates that women with 
low high-density lipoprotein cholesterol levels have higher 
risk than men for CVD later in life [50]. Nevertheless, the 
prevalence of low HDL-cholesterol levels in our study was 
comparable to the 24% reported by Huang et al. [5], pos-
sibly due to similarities in students’ age range and ethnicity, 
but lower than that of Fernandes and Lofgren (20%) [43] 
and Tope et al. (37.3%) [41], while higher than that of Mor-
rell et al. (20.1%) [40].

As for the second prevalent criterion of MetS (elevated 
waist circumference) in our study, central obesity was sig-
nificantly more common in females (15.4%) than in male 
students (2.5%) (P = 0.001). This observation was unex-
pected. Generally, during college years, women are more 

Table 5   Any Mets present by gender by lifestyle choices

a Chi-squared test
b Fisher’s Exact test
c Wilcoxon rank sum test

Variable Male Female

No MetS 1 MetS P value No MetS 1 MetS P value

 Dietary habits 36 (65.5%) 11 (50.0%) 0.209a 123 (72.4%) 58 (54.7%) 0.003a

 Daily breakfast intake 27 (49.1%) 9 (40.9%) 0.515a 113 (66.1%) 68 (64.8%) 0.822a

 ≥2 portions of fruits/vegetables a day 51 (94.4%) 18 (81.8%) 0.084a 143 (83.6%) 87 (82.1%) 0.738a

 ≥1 glass of milk/yogurt a day 38 (69.1%) 14 (63.6%) 0.644a 110 (64.7%) 57 (53.8%) 0.070a

 Eating three meals a day 36 (65.5%) 11 (50.0%) 0.209a 123 (72.4%) 58 (54.7%) 0.003a

Physical activity
 Walking 990 (272, 1386) 841 (330, 2079) 0.875c 693 (198, 1386) 693 (297, 1980) 0.636c

 Moderate 480 (0,1200) 240 (0, 1200) 0.374c 450 (0, 960) 480 (0, 960) 0.757c

 Vigorous 2400 (720, 4320) 480 (0, 4320) 0.204c 440 (0, 1920) 960 (0, 2160) 0.502c

Smoking habit 0.561b 0.215b

 Non-smoker 47 (82.5) 16 (72.7) 159 (90.3) 90 (85.7)
 Current smoker 2 (3.5) 1 (4.5) 2 (1.1) 0 (0.0)
 Former smoker 1 (1.8) 1 (4.5) 7 (4.0) 4 (3.8)
 Infrequent smoker 7 (12.3) 4 (18.2) 8 (4.5) 11 (10.5)

Sleep time 0.281a 0.248a

 <7 h 7 (13.5) 1 (4.8) 34 (20.1) 15 (14.6)
 ≥7 h 45 (86.5) 20 (95.2) 135 (79.9) 88 (85.4)
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likely to be concerned about their body weight and shape 
than men [51–53]. Indeed, among women, central obesity 
is a leading risk factor for MetS and future development of 
cardiovascular disease (2, 47). Similar to this study, pre-
vious research also reported excess adiposity and central 
obesity among students with MetS (43, 44). In fact, in our 
study, students who had at least one metabolic risk factor 
had a significantly higher percentage of body fat and vis-
ceral fat score than students with no metabolic risk factors 
(Table 4).

Concerning gender, a greater percentage of female stu-
dents (37.5%), although not significant, presented with at 
least one MetS abnormality than male students (27.8%). 
Likewise, previous studies have also indicated more MetS 
risk factors in females than males (42, 48). However, some 
studies noted that men had more MetS risk factors than 
women (39, 40, 44). Irrespective of gender, the presence of 
MetS risk factors among students is of concern given the 
future health problems associated with MetS and under-
scores the importance of early screening to identify stu-
dents at risk for MetS, especially since most college stu-
dents are unaware of their risks and perceive themselves as 
healthy [54]. Thus, early identification and management of 
metabolic risk factors are essential to reduce the onset or 
progression of MetS and lifetime CVD risk. Simple pre-
vention strategies such as adherence to lifestyle changes 
involving healthful diet and physical activity can lead to an 
82% reduction in chronic diseases [55]. Accordingly, devel-
oping a primary prevention program with a gender-specific 
approach to lower MetS risk factors among students within 
the university setting would be beneficial.

In this study, the association between lifestyle-related 
practices and MetS risk factors revealed that daily break-
fast consumption and eating three meals a day, in addition 
to physical activity and not smoking, were associated with 
lower metabolic risk factors. This finding was in line with 
previous research [56–58]. Smith et al. found a higher prev-
alence of MetS risk factors among students who reported a 
high consumption of fast food and poor eating habits, and 
low levels of physical activity [59]. Accordingly, the Inter-
national Diabetes Federation (IDF) recommended healthy 
lifestyle practices, such as a healthy diet plan and a mod-
erate increase in physical activity, as primary management 
strategies to combat MetS [60]. Although previous research 
suggested that smoking and exposure to smoke were asso-
ciated with increased risk of MetS [9, 61], in our study, 
smoking did not appear to impact the incidence of meta-
bolic risk factors in part due to the majority of our students 
reported being non-smokers.

Collectively, findings from this study highlight the 
importance of routine screening and early detection of met-
abolic risk factors among college students so that appropri-
ate intervention strategies can be implemented early in life 

to reduce the lifetime risk of developing CVD and type 2 
diabetes.

During college, students establish independence in deci-
sion making and experience more freedom in their lifestyle 
choices [34]. Thus, dietary practices and lifestyle choices 
developed during this transitional stage in life may per-
sist into adulthood and may have long-term influences on 
future health [62]. College life can thus be considered an 
important opportunity for students to adopt healthy eating 
patterns, choose healthier food, get enough sleep, exercise 
regularly, and reduce sedentary time, which all are critical 
factors in preventing the risk of metabolic diseases [63, 64]. 
Adopting a Mediterranean-style diet rich in polyunsatu-
rated fatty acids (25% fat), soluble fiber, flavonoids, and 
antioxidants has been shown to lower metabolic syndrome 
risk factors among obese children and adolescents with 
obesity [63].

Screening students for metabolic risk factors should be 
a priority for college educators and college administrators. 
As seen in the current study, although the prevalence of 
MetS was low in our sample of students, 30.2% of female 
participants and 25.3% of the male participants had at least 
one MetS abnormality. These findings are alarming given 
that the majority of college students consider themselves in 
good health [1] and are unaware of their health risk [65]. 
Thus, there is a need for new approaches to diagnosing 
early stages of metabolic diseases without the evidence 
of visible clinical manifestations. Previous studies have 
indicated that some obese individuals do exhibit a normal 
metabolic profile despite having high BMI values [referred 
to as metabolically healthy obese (MHO)] [66]. However, 
research shows that metabolically healthy obese subjects 
were at higher risk for developing long-term cardiovascular 
complications and all-cause mortality compared to those 
individuals whose BMI was within a healthy weight range 
[67]. It has been suggested that “healthy” obesity is a tran-
sient state that is associated with younger age, lower waist 
circumferences, and a more peripheral fat distribution [67, 
68]. Accordingly, for younger adults who are obese without 
metabolic abnormalities targeted intervention opportunities 
including modifications in diet, physical activity, and modi-
fiable lifestyle factors are recommended to reduce the inci-
dence of type 2 diabetes and CVD later in life.

Limitations

As the first study in Michigan to explore the prevalence of 
MetS in a sample of college students using standardized 
methodologies, the results make a significant contribution 
to the literature. However, the study had limitations. One 
limitation is the cross-sectional design, which does not per-
mit causal inferences. Other limitations are the small sam-
ple size and the fact that the majority of the students were 
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Caucasian, with ethnic minorities underrepresented, mak-
ing it difficult to generalize about all university students. 
Also, more female than male students participated in this 
study despite our attempts to recruit a balanced sample. 
The unequal ratio of female to male participants in this 
study might be due to the nature of the student recruitment 
and student motivation. In this study, student participa-
tion was voluntary and not mandatory. Students were not 
provided with any incentive to participate in this study. 
Further, it is possible that female students may have been 
more interested in research related to health issues than 
male students (given that students voluntarily entered into 
the study) [69]. Another possible factor is the blood testing 
requirement. This study involved a venous blood sampling 
which is not comfortable for many students. Undoubtedly, 
having more men may have allowed for detection of gender 
differences in MetS prevalence. Despite trying to recruit 
students (both male and female) from all majors to reflect 
the student population, few men chose to participate in this 
study. Nevertheless, the dominance of female participants 
reflects the university’s student body data and is consist-
ent with the gender composition of previous studies [1, 40, 
43]. In the American College Health Association-National 
College Health Assessment (ACHA-NCHA) survey con-
ducted among 19,861 university students at 2- and 4-year 
institutions to assess health-related variables, 64.7% of the 
study participants were females and 32.4% were male stu-
dents [1]. The study by Morrell et al. conducted among 360 
undergraduate students from three large universities in the 
U.S. also reported that more than two-thirds (68%) of their 
participants were women [40]. Another study by Fernandez 
and Lofgren indicated that 68% of the study participants 
were female students [43]. Therefore, an important recom-
mendation for future studies is to increase the number of 
males so that gender differences can be detected.

Lastly, a possible additional limitation is the voluntary 
nature of the recruitment (self-selected), which may intro-
duce a sample bias. Students who were interested in health 
or highly motivated to measure their body fat composition 
may have participated in the study more readily, while stu-
dents who were having weight problems or were sensitive 
about their weight may not have chosen to participate in 
this study, leading to underestimation of MetS prevalence 
in our sample. Despite these limitations, baseline data 
about MetS prevalence and the most common MetS criteria 
among students were obtained. Also, this study did not use 
self-reported weight and height; instead, all anthropomet-
ric variables were measured by the same faculty professor 
and well-trained senior students using a standardized pro-
tocol. Unlike in other studies, biochemical measures were 
collected by a venous blood sampling rather than via fin-
gerstick to obtain accurate measurements of FBS and blood 
lipids. Therefore, the study’s results may help researchers 

develop more appropriate prevention strategies tailored 
to students’ risk profile to reduce possible metabolic risk 
factors among students and improve health in the campus 
community.

Conclusion

Findings from this study indicate that despite the low prev-
alence of MetS in our sample, about one-third of the stu-
dents had at least one MetS criterion. Accordingly, these 
findings underscore the need for early screening to iden-
tify those students who are at risk so appropriate preven-
tion strategies can be implemented to reduce or prevent the 
development of MetS and future related co-morbidities. 
Without early screening, metabolic risk factors among stu-
dents may go unrecognized and get worse over time lead-
ing to disease progression. Overall, findings from this study 
may help to inform future longitudinal studies and high-
light the need for early screening for metabolic risk factors 
among college students to reduce the risk of MetS as well 
as related comorbidities later in life.
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