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Abstract
Background: There are limited data on the prevalence rate of Metabolic Syndrome (MetS) among college students
attending any Historically Black College and University (HBCU), which are mostly attended by young African
Americans (AA). We report the prevalence and gender differences in the components of MetS in a sample
population from an HBCU campus.
Methods: Three hundred and seventy six (218 females and 158 males) first year college students (average age 19.8
years), attending Kentucky State University, Frankfort with no prior diagnosis of illness participated in the cross
sectional study. Anthropometric screenings included measurement of height, weight, waist circumference and body
mass index (BMI). The clinical screenings included measurement of blood pressure and determination of fasting
lipid and glucose concentrations. The National Cholesterol Education Program’s Adult Treatment Panel III (NCEP ATP
III) and International Diabetes Federation (IDF) definitions for MetS were applied. Statistics: Analysis of variance
(ANOVA) scores on the Means procedure were used to examine differences between genders for all
anthropometric, clinical and biochemical parameters. Fisher’s exact chi-square tests were used to analyze the
prevalence of MetS criteria per gender, the number of MetS criteria per BMI category and the prevalence of MetS
criteria. Significance was set at p ≤ 0.05 for all tests.
Results: Prevalence rates for MetS criteria varied depending on the definition used. According to the NCEP ATP
definition, 31.4% of the sample population had at least 1 criterion for MetS, while 20.7% had 2 criteria. When IDF
definition was applied, 21.3% sample population had 1 criterion and 17.5% had at least two criteria. Prevalence was
highest for low levels of high-density lipoprotein cholesterol (37.3%) and elevated fasting glucose (22.1%). On the
basis of the NCEP ATP and IDF definitions, overall prevalence of MetS in the total sample was 12%, and 9.3%
respectively.
Conclusions: HBCUs offer a unique opportunity to monitor and address the risk factors of MetS in a predominantly
young AA population. There is a higher prevalence of MetS in this study population than any other reports on
college students.
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Background
Metabolic Syndrome (MetS) is a cluster of interrelated
cardio-metabolic risk factors that include insulin resistance, lipid imbalance and hypertension [1-4]. It is
considered to be a precursor of coronary heart disease
(CHD) and diabetes [5,6]. It is associated with morbidity
and all causes of mortality [7,8]. In the United States
(US) CHD is the second leading cause of all natural
deaths in young adults ages 18–24 [9]. However, it is
‘the leading’ cause of all natural deaths in non-Hispanic
AA in this age group [10]. According to the 2003–2006
National Health and Nutrition Examination Survey
(NHANES) in the US population, the prevalence of
MetS in males and females, ages 20–39 years was 20.3%
and 15.5% respectively [7]. Although its prevalence
increases with age and Body Mass Index (BMI), the individual risk factors also vary between races and ethnicities. Its overall prevalence is particularly high among AA
and Hispanic females [7]. The two most frequently used
definitions for MetS are from the National Cholesterol
Education Programs Adult Treatment Panel III (NCEP
ATP III) and the International Diabetes Federation
(IDF). According to the NCEP ATP III MetS is defined
as the presence of three or more of any of the following
criteria in an individual: high waist circumference (WC),
elevated fasting glucose (GLU), low high-density lipoprotein cholesterol (HDL-C), elevated triglycerides (TG)
and elevated blood pressure (BP) [3]. The International
Diabetes Federation (IDF) requires central obesity as a
mandatory component. The IDF defines MetS as high
WC accompanied by any two of the four additional risk
factors: elevated GLU, decreased HDL-C, elevated TG
and elevated BP [11,12].
In the last decade the rates for obesity among the
18–29 year old population with some college education
have increased significantly [13,14]. Further, there are
ethnic disparities in the prevalence of obesity and obesity
related risk for chronic diseases even in young adults
[15]. Estimation of the rate of prevalence of MetS in
young adults across all ethnicities indicates a range from
0.6-13% [16-21].
Young adults entering college are in a critical transition. It is well documented that first year college students experience weight gain faster than an average
adult [22,23]. Various studies have indicated the poor
health and lifestyle choices of college students, such as
unhealthy diets, lack of physical activity and regular
exercise, use of tobacco, and alcohol consumption. Many
of these factors have been shown to contribute toward
increasing the risks for MetS [24,25]. However, college
students are an understudied population despite the
reports of substantial risk for obesity and related chronic
diseases [18,20]. A few studies focusing on young adults
attending college at various locations in the US have
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reported prevalence rates for MetS ranging from 1.3% to
6.8% [17,18,21,23]. Most of these studies had predominantly Caucasian participants, [17,18,20,21,24,25]. Further, there are very few studies that have focused on the
evaluation of risk for MetS in college students attending
HBCUs which are mostly attended by AA young
adults [26].
According to the 2010 census, more than 12 million
young adults aged 18–24 were enrolled in colleges and
universities in the United States [27]. About 16% of all
AA higher education students in the nation are enrolled
in the HBCUs, which comprise 3% of all colleges and
universities nation-wide. Typically, most of the HBCUs
have an enrollment of about 3,000 undergraduate students who are predominantly AAs [28]. The primary objective of the study was to evaluate the prevalence of
MetS using the NCEP ATP III as well as the IDF definitions in a predominantly AA student population. The
secondary objective was to evaluate which of the MetS
criteria were most prevalent among this population,
their distribution on the basis of the BMI status and
assess the gender differences. The present study includes
a comprehensive investigation of anthropometric, clinical and life style related aspects in first year students
attending an HBCU.

Methods
Subjects

Undergraduate students aged 18–24 years were recruited
through the ‘Student Health Awareness and Prevention
Evaluation: an Undergraduate Program at Kentucky State
University (SHAPE UP KSU), launched in the fall of 2009
to date. The design and the proposed protocols for the
SHAPE UP KSU Program were approved by Kentucky
State University’s Institutional Review Board. Each fall
since 2009, freshmen students were recruited through
various on campus avenues, primarily from Freshmen
Orientation Program and various sections of the University Orientation Class (UNV101) and Health Fairs. Students were addressed in their classrooms regarding the
features of the SHAPE UP KSU Program and invited to
participate. Students were informed about the participation being voluntary, available to 18–24 years old and
ineligible if pregnant or lactating. Willing students signed
a written consent to participate. Participants were also
informed that they could withdraw at any time during the
course of the evaluations without any adverse consequences. Participant identifications were coded and
records were maintained in a designated locked facility. In
the three years of the study, 812 students offered their
consent to participate, while 376 (92%AA) students consisting of 158 males (42%) and 218 females (58%) completed all the required assessments.
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participant within a week’s time. Mean values of the two
readings were recorded. The participating students were
given a copy of their results and if values were found outside the normal range, they were strongly encouraged to
follow up with their health care provider.

All measurements were performed by one well trained
registered nurse in a private setting and obtained following a 12 hour minimum fast, wearing light clothing
without shoes and/or socks. Each measurement was
conducted in duplicate unless variance between the
measurements exceeded the standards, in which case,
the measurement was repeated. The average of two
readings was recorded. Height was recorded to the nearest 0.1 cm using a Seca Rod 220 stadiometer (Seca,
Hamburg, Germany). Weight was recorded using a calibrated TANITA, (TANITA, Arlington Heights, Il.) scale
to the nearest 0.1kg. BMI was calculated using the formula: weight in kilograms/height in meters2 (kg/m2).
BMI classifications used were underweight (<18.5 kg/m2),
normal (18.5-24.9 kg/m2), overweight (25–29.9 kg/m2),
and obese (≥30.0 kg/m2). Subject’s waist circumference
(WC) was measured at the top of the iliac crest upon exhalation to the nearest 0.1 cm using Gulick fiberglass,
non-stretchable tape measure with a tensometer (average
of three measures) (Patterson Medical, Mount Joy, PA).
The North American WC cutoffs for all the participants
were used.

The following NCEP ATP III criteria for MetS were used
[3,4]. Increased abdominal fat WC (>102 cm for males
and > 88 cm for females), elevated TG (≥ 150 mg/dL),
low HDL-C (< 40 mg/dL for males and <50 mg/dL for
females), elevated fasting GLU (≥ 100 mg/dL), and systolic arterial BP ≥ 130 mmHg and/or diastolic arterial
BP ≥ 85 mmHg. Individuals with 3 or more of the criteria were classified with MetS. The following IDF definition for MetS was used. Individuals with increased
abdominal fat WC (>102 cm for males and > 88 cm for
females), and any of two or more of the following criteria such as elevated TG (≥ 150 mg/dL), low HDL-C
(< 40 mg/dL for males and <50 mg/dL for females), elevated fasting GLU (≥ 100 mg/dL), and systolic arterial
BP ≥ 130 mmHg and/or diastolic arterial BP ≥ 85
mmHg were classified with MetS.

Biochemical and clinical assessments

Statistical analysis

All measurements were performed by one well trained
registered nurse. After a 12 hour minimum fast, students
reported to the pre-assigned, clinical setting in their
respective residence hall for a pre-scheduled 15 minute
screening appointment. On arrival, the participant was
seated and offered a health risk survey/questionnaire.
After a five minute resting phase, systolic and diastolic
blood pressure was recorded using an automated monitor
(HEM 757, Omron Health Care Inc, Bannockburn, IL).
Blood pressure measurements were performed in sitting
position, recorded in duplicate, 5 minutes apart. If variance between the two measurements exceeded the standard of 2 mmHg, the measurement was repeated. Mean
values of the two readings were recorded. For biochemical
tests, 12 hour fasting blood samples were assayed by
standard methods for GLU, TC, HDL-C and TG, using
an automated point-of-care desktop portable analyzer
(Cholestech LDX, Hayward, CA). Using a combination of
enzymatic methodology and solid phase technology, the
analyzer measures a complete lipid and glucose profile in
the blood sample within 5 minutes. The instrument was
calibrated before every use. The method is certified by the
Centers for Disease Control and Prevention’s (CDC) Cholesterol Reference Method Laboratory Network (CRMLN)
and CDC’s Lipid Standardization Program (LSP) [29,30].
LDL-C was calculated by the Friedewald equation, excluding samples with triglyceride values > 400 mg/dL [31]. If
the values of any of the tested parameters were found
abnormal, another sample was drawn from the same

SPSS software version 19.0 (SPSS, Chicago, IL) was used
for analysis. Demographics were calculated using means
and frequencies. Analysis of variance (ANOVA) scores
on the Means procedure were used to examine differences between genders for all anthropometric, clinical
and biochemical parameters. The cross tab procedure
and Pearson’s chi-square tests and non-parametric independent t-test were used to analyze the prevalence of
MetS criteria per gender, the number of MetS criteria
per BMI and prevalence of MetS criteria per BMI category. Significance was set at p ≤ 0.05 for all tests.

Metabolic syndrome criteria

Results
Participant demographics and individual MetS criteria
along with the differences in the anthropometric, clinical
and biochemical parameters between males and females
participating in the study are shown in Table 1. The
majority of the participating subjects were AA (91.2%),
followed by Caucasians (5.6%), and others (3.2%), with
mean age of 19.88 years. Approximately 58% were
females (n=218) and 42% were males (n=158). More
than 85% of the participants resided in the residence
halls that were not equipped with in room kitchen facilities, while the remaining resided in private housing.
Although approximately 46.2% (n=174) of the participants were in the normal BMI range, 26.3%, (n=99) were
in the overweight range, while 25% (n=94) were obese.
The remaining 2.5% (n=9) were underweight. The Mean
BMI was in the overweight range (26.94±6.9 kg/m2).
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Table 1 Anthropometric, clinical, and biochemical
description of the subjects
Characteristics
Age (years)
2

Total (n = 376)

Female (n = 218)

Male (n = 158)

Mean ± SD

Mean ± SD

Mean ± SD

19.9±3.6

19.9±3.6

19.9±3.6

BMI (kg/m )

26.9±6.9

27.8±7.5

25.7±5.8**

WC (cm)

81.5±15.5

81.7±16.2

81.2±14.4

SBP (mm Hg)

120.8±14.3

115.5±11.7

128.1±14.3**

DBP (mm Hg)

74.1±10.2

73.6±9.7

74.8±10.9

TC (mg/dL)

154.0±30.7

156.0±31.6

151.3±29.4

LDL-C (mg/dL)

89.2±28.0

89.6±27.8

88.7±28.2

HDL-C (mg/dL)

50.0±14.3

52.8±14.2

46.1±13.5**

TG (mg/dL)

87.3±47.4

81.6±45.0

95.1±49.7**

GLU (mg/dL)

93.4±12.6

91.8±11.3

95.6±13.8**

SD = Standard Deviation; BMI = body mass index; WC = waist circumference;
SBP = systolic blood pressure; DBP = diastolic blood pressure; TC = total
cholesterol; LDL-C = low-density lipoprotein cholesterol; HDL-C = high-density
lipoprotein cholesterol; TG = triglycerides; GLU = glucose.
Data analyzed using ANOVA tests to determine gender differences.
**p < 0.01 indicates differences between males and females.

Figure 1 shows the most prevalent MetS parameters in
the total sample, which were low HDL-C (37.3%), high
GLU (22.1%), high BP, large WC and high TG. It is interesting to note that despite the higher prevalence, no
statistical difference was observed between males and
females for HDL-C values. However, statistical significance was observed between the genders for the distribution of other three parameters. More males than
females had elevated fasting GLU and elevated blood
pressure, while more females had high WC than males.
Based on NCEP ATP III definition, the prevalence of
MetS in the total sample was 12%, with 11.5% of females
and 12.7% males having MetS (Figure 2a). A total of
31.4% ( n=118) of the sample had at least one metabolic
dysfunction and 20.7% (n=75) of the sample had at least
two metabolic dysfunctions. Approximately 3% of the
total population (n=11) had four MetS criteria present,
while 1% (n=4) had all five criteria present.
Based on IDF definition, the prevalence of MetS in the
total sample was 9.3% with 11% females and 7% males
having MetS (Figure 2b). A total of 21.3% of the sample
(n=80) had the definitive metabolic dysfunction (large
WC) and 9.3% of the total sample had two metabolic
dysfunctions (n=35).
Individual’s BMI status played a significant role in predicting the risk for MetS, as 48% of the subjects with
normal BMI (<25 kg/m2) had no criteria for MetS, and
41.4% overweight subjects (BMI > 25–30 kg/m2) had no
criteria for MetS. However, only 6.4% obese subjects
(BMI≥ of 30 kg/m2) indicated no criteria for MetS.
Approximately 40% of obese subjects had three or more
criteria for MetS, a much higher prevalence than found
among subjects in the normal or overweight categories
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(2.7% and 2% respectively) (Figure 3). As expected, the
obese group had the highest prevalence of elevated WC
(77%), low fasting HDL-C (67%), elevated blood pressure
(34.5%) and elevated fasting GLU (30.9%) compared to
those in underweight, normal and overweight categories
(Figure 4). However, not limited to the obese group, a
statistically higher risk for elevated fasting GLU was
observed even in the overweight subjects.

Discussion
According to the CDC’s 2011Youth Risk Behavior
Surveillance data on adolescent high school students,
AA females were found to be 1.4 times more likely to be
overweight and 2.4 times more likely to be obese than
Caucasian females. Similarly, AA males were 1.6 times
more likely to be obese than Caucasian males [32]. However, there are relatively few similar studies in college
students in general, especially AA college students. This
is one of the first comprehensive studies with the largest
sample size among any studies evaluating the prevalence
of MetS among college students and reporting the
prevalence of metabolic risks integrating anthropometric, clinical and biochemical parameters in a predominantly AA student population attending an HBCU.
Using the NCEP ATP III criteria, the overall prevalence of MetS in the sample was 12%. When the IDF
definition was applied, the overall prevalence of MetS in
the sample was 9.3%. Irrespective of the definition used,
the overall prevalence of MetS in this sample population
located in the South/South-east is significantly higher
than any other college based study.
Unlike other reports on college student population, majority (51.3%) of the sample population in the current study
was overweight (26.3%) with more females than males
being overweight and/or obese (25%) [17,18,20,21,23-25].
The most prevalent criterion in this sample was low
HDL-C (37.3%), which is quite common in college students. Dalleck and Kjelland have reported an occurrence
rate of 47.3% for low HDL-C in their study sample [21].
Though the reference values for HDL-C being different for
males and females, the difference in the MetS prevalence
between the genders was not as large as found in the
NHANES 2003–2006 report [7]. To the best of our knowledge, again, this is also the first study to report the highest
occurrence rate (22%) for pre-diabetes (elevated GLU)
among studies on college students [17,18,20,21,23,24]. The
prevalence of individuals with one (NCEP 31.4% and IDF21.3%) and two (NCEP 20.7% and IDF 8.75%) MetS components in the present study are considerably higher than
previously reported. Using NCEP criteria, Huang et al.
have found lower occurrences of MetS risk factors in a primarily white college student population, with 25.2% and
1.2% possessing 1 and 2 MetS components respectively,
while Fernandes and Lofgren reported a prevalence of
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Figure 1 Percentage of NCEP-ATP MetS criteria by gender. Data analyzed using Crosstabs Procedure, Pearson Chi-Square test for significance,
non-Parametric Independent t-test. Female n=218; Male n=158. *p ≤ 0.05.

Percent of Sample by Gender
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Figure 2 (a) Prevalence of NCEP ATP MetS criteria by gender. Data analyzed using Crosstabs Procedure, Pearson Chi-Square test for
significance, non-Parametric Independent t-test. Female n=218; Male n=158. (b) Prevalence of IDF MetS criteria by gender. Data analyzed using
Crosstabs Procedure, Pearson Chi-Square test for significance, non-Parametric Independent t-test. Female n=218; Male n=158.
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Figure 3 Number of MetS criteria per BMI category. Data analyzed using Crosstabs Procedure, Pearson Chi-Square test for overall significance,
ONEWAY POSTHOC=TUKEY SCHEFFE LSD (p≤0.05) (independently) Non-Parametric Independent t-test (independently). a= Difference in the
values of the variables not statistically different, b=Difference in the values of the variables are statistically significant.

concentrated in the South and Southeast of the US and
severely impact AAs, including young adults [7].
Though the national data from NHANES (2003–2006)
reported elevated WC and elevated BP as the most prevalent risk factors in population in this age group, most studies in young adults have reported greater occurrence of low
HDL-C and elevated TG [17,18,20,21,23,24]. Further it is
important to note that the same NHANES study also
demonstrated racial differences in the WC cut points that
correspond to increased risk for Mets (BMI of 25 kg/m2).
In AAs the WC corresponding to a BMI of 25 kg/m2 were
86.4 cm in men and 83.5 cm in women compared with
91.3 cm and 83.4 cm in Caucasian American men and
women respectively [33]. The IDF attempts to define MetS
in younger populations worldwide [34]. When we applied

Percent of Sample by BMI Category

individuals with either one or two of the MetS criteria to
be 28% and 7.7% respectively in their sample of college students in the North-east [18,25]. Dalleck and Kjelland
reported a prevalence of individuals with either one or two
of the MetS criteria of 47.2% and 13.0% respectively, from
a college in the Midwest region of the US which was the
highest so far [21]. Further, significant differences on
the basis of BMI were found in the sample, with those
in the obese category reporting overall worse outcomes.
The current study offers the evidence of ethnic differences in the distribution of individual risk factors in the
overall prevalence of MetS and its individual criteria in
college student populations along ethnic and geographical
lines. The trends typified the distribution of obesity and
diabetes as these health conditions, which are more
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Figure 4 Prevalence of MetS criteria per BMI category. Individual MetS Criteria by BMI Status were analyzed using Crosstabs Procedure,
Pearson Chi-Square test for overall significance ONEWAY POSTHOC=TUKEY SCHEFFE LSD (p≤0.05) (independently). Non-Parametric Independent
t-test independently). a= Difference in the values of the variables not statistically different, b=Difference in the values of the variables are
statistically significant.
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these cut off values for WC to AA and Caucasian
participants in our sample population, more overweight and obese individuals were identified than
previously (approximately 14.5% overweight and 19%
obese). On applying the IDF definition, incorporating
these racial differential values for WC, the total
prevalence of MetS in the student population rose to
11.7% from 9.3%. Thus, it is important to identify
the racial differences in the WC that confer
additional risk in young adults in this age group. In
order to better identify those with risk for MetS, our
data suggest the need for setting age appropriate cut
off points in young AA populations rather than
those that are currently in use.
Overall, our study corroborates the evidence of
occurrence of metabolic precursors of CHD in this
young a population. It is disturbing to observe such
high rates of pre-diabetes in very young adults which
represents a serious public health concern. According
to the American Heart Association, adults with diabetes
alone are two to four times more likely to have heart
disease or a stroke [35].
Although college years lay the foundation for future
health behaviors and health status, and are the years in
life when health education and preventive care may
arguably have their greatest impact, typically college
aged students perceive themselves to be ‘invincible’. Further, they do not always fully comprehend the seriousness of the prevailing risk factors such as diabetes and
its associated risks for debilitating quality of life and
chronic health conditions. It has been estimated that the
average annual medical cost of treating an adult with
risk factors for CHD is approximately $5500 annually
[36]. The findings of the current study reveal the need
for additional screening of college students, especially
those with family history of CHD that can provide more
information so as to better design well targeted interventions to decrease the risk of MetS and eventual, yet an
early onset of CHD. The data from the current and
other studies indicate that it is necessary to design prevention and early intervention programs primarily targeting risk factors such as low HDL, elevated TG and
high WC, and also focus on better pre-diabetes and diabetes self-management. MetS being a cluster of criteria,
there is a significant likelihood that additional criteria
will develop later in life if they are not addressed in time
with due modifications in lifestyles [4,17,18].
There are several limitations to this study. Some inherent selection bias among the participant was unavoidable due to the following factors; Student motivation/
participation rate: Those who volunteered carried a positive perception of body image, while those who knew
they were either overweight or obese, opted not to participate. Retention Rate: On an average, almost 50% of
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the freshmen class would sign up to participate every
year, while less than half of those completed all the
screening procedures. A few identified reasons behind
this phenomenon are: 1. Participation being voluntary
and not mandatory, 2. Poor retention rates at the school
level (44%), 3. Not all instructors of the University
Orientation Class (UNV101) offered extra points for students’ participation, and 4. As mentioned earlier, those
who knew they were either overweight or obese opted
not to participate.

Conclusions
The prevalence of MetS among this predominantly AA
college student population is significantly high and the
undiagnosed rates can be alarming. Lifestyle choices and
modifications such as increased physical activity and
dietary changes can improve HDL-C, TG and GLU concentrations in this population. However, currently there
is no practice of screening college students for chronic
diseases. In order to fill the current void, there is a critical need for colleges in general, especially HBCUs and
other minority serving institutions, to implement health
screenings and educational initiatives. Colleges that have
dropped the pre-admission physical examination requirement may want to re-establish screening programs
to identify at risk students at the beginning of the academic years. Such screening programs especially across
the HBCU system will help in designing of more effective prevention and early intervention strategies with a
focus on achieving health goals.
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