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Abstract
Purpose:
Metabolic syndrome (MetS) is associated with the
development of cardiovascular disease (CVD) and type 2 diabetes.
Decreases in circulating adiponectin and ghrelin have been associated
with MetS. Our primary aim was to evaluate the relationship of MetS
with adiponectin and ghrelin for Cuban Americans with and without
type 2 diabetes.
Methods: Cross-sectional study of 367 adults, self identified as Cuban
extraction and randomly recruited from a mailing list of Broward and
Miami-Dade counties. Fasted whole blood for adiponectin (ADPN)
was collected using K3EDTA tubes and measured by ELISA. Ghrelin
was assayed with fasted blood plasma by Enzyme Immunometric
Assay. MetS and 10-year risk for coronary heart disease (CHD) were
determined using the ATP III criteria.
Results: Adiponectin (F=51.8, R2=0.21 p<0.001) and ghrelin (F=12.77,
R2=0.06, p<0.001) differed by diabetes status (ANOVA) not age and
gender. In stepwise linear regression models triglyceride levels ≥ 150
mg/dL negatively corresponded (coefficient = -0.23) with ghrelin levels
for persons without diabetes (F=7.45, R2=0.053, p=0.007); abdominal
obesity and fasting plasma glucose predicted high sensitivity C-reactive
protein (hs-CRP) for persons with and without diabetes (F=16.3, R2 =
0.144, p <0.001).
Conclusion: Low ghrelin levels were associated with MetS regardless
of diabetes status. High adiponectin levels were related to a low
probability for those without diabetes only. There was a positive
association of hs-CRP with BMI, MetS and number of MetS
components.
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Introduction
It is estimated that 45.5 million Hispanics reside
in the United States, making people of Hispanic
origin the nation’s largest ethnic or race minority
(14.7%) [1]. The percentage of Hispanic-origin
people in households who are Cuban is 3.5% [1].
More than half (68.5%) of the nation’s Cubans
live in Miami-Dade County, Florida [1]. Elderly
[equal or greater than 65 years of age] Cuban
Americans represent the largest segment (21%) of
the elderly population among the US ethnic/racial
groups [2]. Results from HHANES suggest that
in the 45 to 75 year age group, standardized
prevalence of type 2 diabetes mellitus (T2D) was
about 16%; 1.3 times higher than in non-Hispanic
Whites (12%). In general, one in six Cuban
Americans has T2D in the 45 to 74 year age
group [3]. The age-specific rate of T2D in Cuban
Americans is the highest among any US ethnic
group. Risk gradually increases with age among
this population: about 8% in the 45 to 54 age
group, to about 35% in the 65 to 74 age group
[4]. Due to the greater predisposition of Cuban
Americans to T2D, it is worthwhile to look at the
factors associated with diabetes and insulin
resistance.
Accordingly, a variety of peptides referred to as
adipocytokines, secreted by white adipose tissue
have recently shown to potentially impact glucose
and lipid metabolism, consequently contribute to
the pathogenesis of metabolic syndrome MetS
[5]. Reported associations of hypoadiponectinemia with insulin resistance, obesity, coronary
artery disease and dyslipidemia are indicative of
adiponectin as a risk factor and potential marker
for MetS [6]. Adiponectin predicted MetS
independent of insulin sensitivity, body weight,
total fat mass, gender and Tanner stage for a
study population (N=125) of overweight Latino
youths (aged 11.1 ± 1.7 years) with a family
history of T2D [7]. A recent meta-analysis [8] of
thirteen longitudinal studies (N= 14,598) across
ethnicities confirmed the relative risk of T2D
declined as plasma adiponectin levels increased
per unit µ/mL (RR=0.72(0.67-0.78), α=0.05).
Gender and diabetes status were found to be
associated with serum adiponectin levels in a
Caribbean population, where females with

diabetes had significantly lower levels [9]. In an
18 year prospective study of healthy white
middle-aged men (N=1074; 45-65 years), hazard
ratio (95%CI) of developing T2D with low
adiponectin levels and low HDL was 2.63 (1.664.15) [10]. A cohort of 32,826 healthy women
from the Nurses’ Health Study consented and
gave blood samples from 1989-1999 and 1059
developed diabetes [11]. After exclusion for
missing values, N=1038 cases were matched with
1036 controls [11]. Multivariate models of OR
for quintile of adiponectin level and developing
T2D were (highest to lowest) 0.12 (0.08-0.17)
without adjusting for BMI and 0.17 (0.12-0.25)
controlling for BMI (p<0.001) [11].
Another biologically active molecule associated
with risk for MetS is ghrelin. Ghrelin is a peptide
growth hormone synthesized in the stomach and
present in the peripheral blood in the acylated and
non-acylated forms. Low plasma levels of ghrelin
have been associated with MetS and components
of MetS: waist circumference and high
triglyceride for older adults [12-14]. Lee et al
[15] observed an inverse relationship with ghrelin
levels and MetS [N=52] with adults on
hemodialysis. Primarily Caucasian adults
(N=233) ages 23-70, with 5 classes of BMI
measured in kg/m2: underweight to normal
(<24.9); overweight ( 25-29.9); obese I (30-34.9);
obese II (35-39.9); and severely obese (> 40)
randomly selected from the University of Utah
cardiovascular study (N >600,000) were found to
have a positive association of plasma ghrelin and
BMI [16].
Circulating plasma adiponectin [17, 18] and
ghrelin [13] were associated with the
development of MetS and insulin resistance;
research examining the association may provide
insight into the pathways mediating chronic
diseases such as chronic heart disease (CHD) and
T2D. To date, there have been no reported
studies of the association of adiponectin and
ghrelin levels with MetS in Cuban American
adults. Thus, the primary aim of this study was
to determine the association between plasma
adiponectin and ghrelin levels with components
of MetS in Cuban American adults with and
without diabetes. In addition, this study
investigated the relationship of MetS components
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(CHD risk factors) and their association with high
sensitivity C-reactive protein (hs-CRP).

Methods
Study population
The study was conducted with a cross-sectional
design using quantitative methods. The target
population was Cuban American adults in
Broward and Miami-Dade Counties, Florida. The
respondents were randomly recruited from two
mailing lists of Cuban Americans: identified as
those with and without T2D. The address list
was purchased from Knowledge Base Marketing
Inc., Richardson, TX 75081. Throughout a oneyear period, approximately 10,000 letters were
sent by systematic selection from the mailing lists
(5,000 from list of those with T2D and 5,000
from the list of those without diabetes). The
letters described the study in Spanish and
English, and were sent along with an invitation
flyer containing the investigator’s contact
information. Three percent (N=300) of the letters
were returned due to unknown addresses. From
the remaining sent 4% (N=388) responded.
Interested respondents were initially interviewed
via telephone. The trained interviewers explained
the study purpose and inquired preliminary
demographics (age, sex, and ethnicity) of the
respondents.
To ascertain T2D status, each participant was
asked for their age of diagnosis and initial
treatment modalities. Only 18 respondents did not
qualify for the study: two were not of Cuban
origin; nine were less than the required age (< 30
years old); and seven had other chronic illnesses.
If a respondent was determined to be eligible,
their participation was requested at the Human
Nutrition Laboratory at Florida International
University (FIU). Participants were instructed to
refrain from smoking, consumption of any food
and beverages, and any unusual exercise for at
least 8 hours prior to their blood collection.
Qualified respondents without diabetes were
matched for age and gender with participants
with T2D.

Florida International University’s Institutional
Review Board’s approved informed consent was
presented to eligible respondents in either
Spanish or English based on their preference.
Signatures were obtained from all participants
indicating that they read, understood and agreed
to the informed consent form. An additional 19
subjects were excluded due to missing values
needed to determine metabolic syndrome (MetS).
Data were available for analysis of MetS with
adiponectin and ghrelin for 195 participants;
whereas, for analysis of MetS with hs-CRP levels
data were available for 183 participants. Seven
participants reported not having diabetes; but,
were reclassified to the group with T2D
according to American Diabetes Association
(ADA) standards [19]. They were given their
laboratory results and referred to their physicians.
Demographics and biometrics
A
socio-demographic
questionnaire
was
completed by participants, constituting questions
related to age, gender, smoking status, family
history of diabetes and family history of heart
diseases, cholesterol and anti-inflammatory
medication(s). The presence or absence of MetS
(binary variable) was formed based upon the
National Cholesterol Education Program Adult
Treatment Panel III criteria (NCEP-ATP III) [20].
According to NCEP for a classification of MetS
three or more of the following coronary heart
disease risk factors needed to be present:
abdominal obesity (WC > 102 cm for men and >
88 cm for women); hypertension (subjects with
systolic BP of ≥ 130 mm Hg and/or diastolic BP
of ≥ 85 and/or taking antihypertensive
medication); glucose intolerance (fasting plasma
glucose of ≥110 mg/dL); hypertriglyceridemia
(fasting triglycerides of ≥150 mg/dL)and low
high-density lipoprotein cholesterol (<40 mg/dL
for men and <50 mg/dL for women). In addition,
these MetS factors (coronary heart disease risk
factors) were converted to binary variables (based
on their presence or absence) for use in analyses
with adiponectin and ghrelin.
Blood pressure (BP) was measured twice then
averaged in participants at sitting position after a
15-minute rest with a mercury sphygmomanometer and an adult size cuff. Waist
Int J Health Res, June 2010; 3(2): 95
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circumference (WC) was measured at a level
midway between the lower rib margin and the
iliac crest with a non-stretchable tape all around
the body in horizontal position to the nearest 1
cm. Height and weight were measured to the
nearest 0.5 cm and 0.1 kg, respectively. Body
mass index (BMI) was calculated as weight (kg)
divided by height (m) squared. Ten-year risk of
coronary heart disease (CHD) was calculated
using the electronic risk assessment tool for
estimating 10-year risk of developing CHD [20],
where risk factor scores are based upon the
following factors: age; gender; total cholesterol;
HDL cholesterol; systolic blood pressure;
treatment for hypertension; and cigarette
smoking. Participants with multiple risk factors
were assigned to one of three categories
according to 10-year risk stratification for CHD:
>20% (high risk), 10–20% (intermediate risk),
and <10 % (low risk).
Blood collection and analysis
A 20 ml venous blood was collected from each
subject after an overnight fast (at least 8 hours)
by a certified phlebotomist using standard
laboratory techniques.
Blood samples were
collected into a vaccutainer Serum Separator
Tube (SST) for analysis of lipids and glucose.
After complete coagulation (30-45 minutes), the
SST was centrifuged at 2500 RPM for 30
minutes. The serum was transferred from the
spun SST into 3 labeled plastic tubes: the 1st tube
was used for glucose analysis, the 2nd for lipid
panel, and the 3rd tube was stored at -70°C to
determine serum levels of high-sensitivity Creactive protein (hs-CRP) by the Immulite
method at the Vascular Disease Intervention and
Research Laboratory, Edmond, OK. The
Immulite assay is a 2-site chemiluminescent
enzyme immunometric assay with one
monoclonal and one polyclonal anti-CRP
antibody. A 1:100 manual dilution of the
antibody provides a measurable range of 0.1-500
mg/ L [21]. The intra-assay and the inter-assay
coefficients of variation were 3.8% and 7.4%,
respectively, and the lower detection limit was 1
ng/mL
hs-CRP.
Based
on
abundant
epidemiological studies, the Centers for Disease
Control and Prevention (CDC) and the American
Heart Association (AHA), issued guidelines to

use hs-CRP as an adjunct measurement of global
risk assessment for cardiovascular disease. In
addition, the CDC and AHA indicate a cutoff
point of hs-CRP > 3mg/L as a predictor of high
relative risk for CVD [22, 23]. Glucose levels
were measured by hexokinase enzymatic methods
and lipid panel was assayed by enzymatic
methods by Laboratory Corporation of America,
Miami, FL (LabCorp®). Whole blood for
adiponectin was collected into centrifugated tubes
containing
tripotassium
ethylenediamine
tetracetate. Adiponectin was measured in the PI’s
lab using an enzyme-linked immunosorbent assay
(ELISA) (Linco Research Inc). The wells of kit
for human adiponectin were coated with
monoclonal anti-human adiponectin antibodies
which captured adiponectin molecules from the
sample. Concurrently, the sample adiponectin
was bound to the coated antibody sandwiched
between a second monoclonal anti-human
antibody. After unbound materials were washed
from the samples the enzyme streptavindinhorseradish peroxidase conjugate was bound to
the immobilized antibodies. The excess free
enzyme conjugates were washed and the enzyme
activity of horseradish peroxidase in the presence
of the substrate 3, 3’, and 5.5’-tetramethybenzidine was measured spectrophotometrically
by the increased absorbance at 450nm-590 nm
upon product formation. The increase in
absorbance is directly proportional to the sample
adiponectin captured by the assay. Unknown
adiponectin samples were interpolated from a
reference curve of an adiponectin standard
assayed concomitantly. The projected intra-assay
and inter-assay coefficients of variation
were7.4% and 8.4%, respectively; and, the
sensitivity was 0.78 ng/mL.
Whole blood for Ghrelin analyses was collected
in anticoagulant tubes, refrigerator- centrifuged
and the plasma was stored at -70°C. A licensed
medical technologist detected the level of
acylated ghrelin by Enzyme Immunometric
Assay (EIA). The Cayman Chemical Inc. kits’
reaction wells are coated with monoclonal
antibody that is specific to the C-terminal part of
ghrelin. An acetylchlinesterase (AchE) conjugate
is added after the participants sample allowing
the two antibodies to form a sandwich by binding
to the acylated ghrelin. The concentration is
Int J Health Res, June 2010; 3(2): 96
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determined by measuring the enzyme activity
with Ellman’s Reagent by intensity with a
spectrophotometer at 450 mn.
Data Analysis
All analyses used Statistical Package for the
Social Sciences (SPSS) version 17 (SPSS Inc.,
Chicago, IL, USA). Due to the distributional
property of adiponectin a square root
transformation was applied. Ghrelin and hs-CPR
were log transformed to achieve linearity. Means,
standard deviations (SD), frequencies, and
percentages were used to describe the
participants’ characteristics and to assess the
distributional properties of the variables.
Independent samples t-tests and chi-square tests
of independence were conducted to examine
differences between participants included in and
excluded
from the
analyses. Bivariate
associations among the variables were assessed
using Pearson’s correlations, controlling for the
effect of age, gender and BMI. Analysis of
covariance (ANCOVA) was run independently
for ghrelin and adiponectin to determine the
significance of diabetes status, age and gender.
Logistic regression models for adiponectin levels
predicting MetS controlling for age, gender and
BMI were performed with diabetes status.
Mediation and moderation of MetS by diabetes
status and gender were tested by logistic
regression analyses for adiponectin and ghrelin.
The probability of metabolic syndrome was
plotted from predicted residuals for adiponectin
by diabetic status against deciles of adiponectin.
Serum adiponectin levels quartiles by diabetes
status and absence or presence of MetS were
determined. Stepwise multiple linear regression
analyses were performed to determine the
relationship of MetS components with
adiponectin, ghrelin and hs-CRP. At the 95%
confidence interval, two-tailed p-values < 0.05
were considered significant.

Results
Characteristics of the participants were presented
as comparison of means by diabetes status (Table
1). A total of 183 subjects provided complete
data. The average age among participants with

diabetes (n=56) was 60.7±10.8; where the
majority were male (55.4%). A significant
difference was observed (p=0.015) between
calculated BMI of adults with and without
diabetes.
Individuals without diabetes had
significantly higher serum adiponectin (3.4±1.2)
versus (2.1±0.8) and ghrelin levels (1.9±.4)
versus (1.7±.3) than participants with diabetes,
respectively (p<0.001). Adults with diabetes had
significantly higher of the following attributes:
percent of MetS (p=0.001); number of MetS
components (p=0.001); average 10-year risk of
CHD (p=0.022); WC (105.5±12.5 cm, p=0.001);
fasting plasma glucose (166.3±72.0 mg/dL,
p<0.001) and triglycerides (194.3±113.9 mg/dL,
p=0.015) than adults without diabetes.
Table 2 shows the relationships among
demographics, and CHD risk factors. Low levels
of adiponectin and ghrelin were associated with
having T2D. Lower BMI corresponded to higher
ghrelin levels. Adiponectin and ghrelin levels
were independent of age and gender. Analyses of
adiponectin and ghrelin by ANCOVA confirmed
no interaction between gender and diabetes
status. Adiponectin was positively correlated
with the presence of high lipid triglycerides (r =
0.349, p=0.005) for adults with diabetes;
whereas, there was no significant correlation for
those without diabetes (data not shown). Ghrelin
level and WC were negatively associated only in
participants without diabetes.
High sensitivity-CRP was positively associated
with BMI, MetS and number of MetS
components.
To confirm the correlations,
stepwise linear regression analysis of CHD risk
factors (MetS components) was conducted to
predict hs-CRP levels. Obesity and high fasted
plasma glucose explained 14.4% of hs-CRP
levels (adjusted R2 = 0.144) (F=16.3, R2 = 0.144,
p <0.001).
Correlation of ghrelin and adiponectin stratified
by diabetes status (n=62, with diabetes and
n=139, without diabetes) supported the need for
logistic models to determine moderation and or
mediation. Results of logistic regression models
(Table 3) demonstrated that diabetes status
moderates the relationship between adiponectin
and MetS. A sample weight of factor of 2.12 was
Int J Health Res, June 2010; 3(2): 97
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Table 1 Characteristics of the study participants
Variables
Age (years)
Female %
BMI (Kg/m2)
Waist circumference (cm)

Present (n=56)

Absent (n=127)

P Value

60.7±10.8

61.2±11.1

0.780

44.6

65.4

0.010

31.6±5.8

29.6±5.1

0.015

105.5±12.5

98.9±12.1

0.001

Current smoker (%)
Systolic BP (mm Hg)
Diastolic BP (mm Hg)
Fasting plasma glucose (mg/dL)

18

15

0.062

133.3±15.5

131.3±21.0

0.529

81.1±8.6

81.8±10.5

0.631

166.3±72.0

95.8±11.8

<.0,001

Total cholesterol (mg/dL)

198.5±44.7

209.3±44.5

0.133

Triglyceride (mg/dL)

194.3±113.9

152.0±104.4

0.015

48.8±12.5

56.7±13.3

0.001

Sq Rt [Adiponectin (µ/mL)]

2.1±.8

3.4±1.2

<0.001

Log [hs-CRP (ng/mL)]

.53±.5

.38±.5

0.940

Log [Ghrelin (µ/mL)]

1.7±.3

1.9±.4

0.001

Presence of MetS (%)

30.1

21.3

0.001

2.55±1.08

1.66±1.11

<0.001

9.7±7.2

7.1±6.9

0.022

HDL cholesterol (mg/dL)

Number of MetS components
10 year CHD Risk

Data are % or mean ± standard deviation. P <0.05 was considered significant.
BP = blood pressure; HDL= high-density lipoprotein cholesterol; BMI = body mass index; Sq Rt = square
root transformed; hs-CRP = high sensitivity C-reactive protein; MetS = metabolic syndrome; CHD =
coronary heart disease.
Table 2: Pearson’s correlation (rho) of ADPN, ghrelin, MetS, hs-CRP and 10-year risk of CHD of the population
ADPN

Ghrelin

DM

hs-CRP

# MetS

MetS-y

10y

ADPN
Ghrelin
DM
hs-CRP
# MetS

0.132
- 0.451** -0.244**
-0.114
-0.038
-0.078
-0.186*

0.141
0.351*

MetS -y
10 yr
Age

-0.109
-0.070
0.016

-0.142
0.005
-0.089

0.289** 0.221*
0.169* 0.090
-0.021 0.055

0.840**
0.256**
0.007

0.242**
-0.007

0.449**

Sex
BMI

-0.029
-0.054

-0.055
-0.195**

0.194** -0.041
0.180* 0.358**

0.037
0.408**

0.084
0.293**

0.629**
-0.050

Age

Sex

0.299*

-0.014
-0.172* -0.128

* p<0.05 level; ** p<0.01 level; ADPN=plasma adiponectin; DM= diabetes mellitus status; hs-CRP=high
sensitivity C-reactive protein; # MetS = number of MetS components; MetS-y= MetS present; 10yr = 10 year
risk for coronary heart disease; BMI = body mass index. Note: correlations of 15% or greater are
significant. For biomedical associations, r>0.15 and p<0.05 were considered acceptable.
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Table 3: Logistic regression analysis of the presence of MetS regressed into adiponectin, age, gender and BMI
among Cuban American adults with and without diabetes
Independent variables

Beta

SE

P

OR (95% CI)

Adiponectin

0.077

0.030

0.011

1.08 (1.02-1.15)

Diabetes Status (1)*

-0.305

0.528

0.563

0.737 (0.262-2.07)

Adiponectin by Diabetes
Status Interaction

-0.158

0.061

0.010

0.854 (0.758-0.963)

Age

0.001

0.014

0.971

1.00 (0.973-1.03)

Gender

0.393

0.303

0.195

1.48 (0.818-2.68)

BMI

0.121

0.028

<0.001

1.13(1.07-1.19)

*Diabetes status (1) = persons with diabetes.
Notes: χ2 (6 df) = 52.7. Nagelkerke’s Model R2 = 0.251. Model Classification = 70.3%
Table 4: Quartiles of adiponectin levels in study population with or without metabolic syndrome
Quartiles
ADPN

Q1
MetS

Q2

Q3

Q4

%

N

%

N

%

N

%

N

75.0

21

75.6

31

82.8

48

78.7

100

without
T2D

No
Yes

25.0

7

24.4

10

17.2

10

21.3

27

with T2D

No

56.3

18

47.6

10

0.0

0

50.0

28

Yes
43.8
14
52.4
11
100.0
3
50.0
28
Q1, Q2, Q3, Q4 = 1st, 2nd, 3rd and 4th quartile of adiponectin (ADPN). MetS=Metabolic Syndrome.

applied participants with T2D for a logistic
regression analysis. This sample weight was used
to achieve equal groups in order to determine the
probability of MetS associated with adiponectin
for each stratum (with and without diabetes)
Diabetes status was found to be a mediator for
Ghrelin predicting MetS using the four-step proof
by logistic regression models (data not shown).
Individuals without T2D who had MetS had a
greater percentage (25%) in the lowest quartile
for adiponectin (Q1) than those in the highest
quartile (21.3%) (Q4) (Table 4). Fifty percent of
participants with diabetes but without MetS
occupied Q4, while 56.3% occupied Q1.
However, 50% of persons with diabetes and
MetS occupied the highest quartile while 43.8%
occupied Q1.
Figure 1 displays the probability of MetS as a
function of adiponectin levels for participants

with and without diabetes while holding the
remainder of the variables constant at the sample
average. For both groups, adiponectin levels
under the 20th deciles corresponded with a higher
probability of having MetS. Beyond the 20th
deciles, the probability of having MetS greatly
increased for persons with diabetes as adiponectin
levels increased; while, persons without diabetes
showed an increased risk below the 40th decile
and a relatively unchanged risk for higher levels.

Discussion
This study demonstrated the associations of
adiponectin and ghrelin with MetS among Cuban
American adults with and without diabetes. The
relationship among the components of metabolic
syndrome and adiponectin in our study was in
accordance with the literature for the stratum
without diabetes, only. Adiponectin levels have
Int J Health Res, June 2010; 3(2): 99
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Figure 1: Probability of metabolic syndrome as a
function of deciles of serum adiponectin by diabetes
status (Dashed line = respondents with type 2 diabetes;
Solid Line = respondents without type 2 diabetes)

been closely related to different features of MetS
such as high triglycerides [24, 25] low HDL [2426] and decreased insulin sensitivity [18, 27]. The
present study indicated that having high
adiponectin levels and diabetes were associated
with increased risk of MetS. Our results support
earlier findings on the relationship between
adiponectin and MetS in other study populations
such as healthy adults [24; 28-30], elderly [31],
and obese individuals [31, 32] where adiponectin
at high levels has been reported to suppress
inflammation and functions as a protective factor
for obesity, T2D and atherosclerosis.
While some recent studies have determined a
relationship among MetS, adiponectin levels and
diabetes, these studies had smaller sample sizes
than our study, and their results were
inconsistent. Few studies have shown that
hypoadiponectinemia and MetS were associated
with individuals with T2D [18, 33]. Although our
results agreed with the trend that lower
adiponectin levels are associated with diabetes,
there were several notable differences. First, no
significant differences between genders were
found in our study. Second, the persons with
diabetes had an increasing probability of MetS
with higher adiponectin levels; and third, among
persons with (T2D), the diagnosis of MetS is

clinically significant. Previous studies have
demonstrated that patients who have T2D and
also have MetS have a higher risk for CVD than
those without MetS [34, 35]. For those with T2D,
the presence of MetS has been associated with
approximately 5-fold increase in CVD risk.
When T2D is first diagnosed, identifying the
components of MetS may be a useful prognostic
tool for depicting individuals at increased risk for
CVD. Metabolic syndrome is also considered a
proinflammatory state [36, 37] and measurement
of inflammatory markers like hs-CRP and
adiponectin might improve the prediction of
CHD and T2D in patients with MetS [38].
Therefore, this study enhances the relevance of
serum adiponectin as a useful biomarker for the
identification of risk for developing MetS in
individuals with T2D.
Adiponectin exhibits beneficial anti-diabetic and
anti-inflammatory properties by enhancing
insulin’s ability to stimulate glucose uptake and
stimulating anti-atherogenic substances [39, 40].
Hypoadiponectinemia induced by metabolic
disorders that are characteristic of MetS, such as
insulin resistance, may be a factor in vascular
changes [41]. Previous studies have demonstrated
that low levels of adiponectin are associated with
insulin resistance, and reduced insulin resistance
causes adiponectin levels to increase [27, 31].
Thiazolidinediones (TZD) treatment can lead to a
uniform increase in adiponectin for individuals
with type 2 diabetes. Adiponectin may be partly
mediated by TZD-induced changes in insulin
levels, which are secondary to the effect of TZD
to enhance insulin sensitivity. Therefore, insulin
might have an independent effect to modulate
adiponectin production from adipocytes [42]. The
odds of having MetS exponentially decreased for
persons with diabetes as their high serum
adiponectin levels decreased. The results suggest
the abnormally high adiponectin levels in persons
with diabetes may be associated with insulin
resistance and high probability for having MetS.
In contrast, participants without diabetes
followed an approximately 15 degree linear
increase in likelihood of having MetS as serum
adiponectin levels declined which supports the
view of the protective effect of the adipocytokine
against MetS.
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Studies to date regarding ghrelin and MetS have
been single time point and with limited
populations: older adults, adults on hemodialysis
and Caucasian adults. Our results suggested that
ghrelin levels have a limited role in explaining
MetS for persons with diabetes. Diabetes status
was found to be a mediator (intervening variable)
weakening the relationship between ghrelin levels
and MetS. For participants without diabetes, our
findings support the trend of low ghrelin
predicting MetS. Hence, ghrelin may serve as a
biomarker for persons without diabetes who at
risk for developing MetS. Nevertheless, the
dearth of literature regarding ghrelin and MetS,
ethnicity and diabetes status warrant further
investigation.
Some limitations of this study should be
considered. First, insulin resistance was not
measured; therefore, the unusually high
adiponectin levels that were associated with an
increased probability of MetS (for the group with
diabetes) were not directly proven to be
attributable to insulin resistance. Second, our
sample size for the diabetic stratum was weighted
to match the non-diabetic stratum for adiponectin
to assess the interaction between adiponectin
levels and diabetes status with the likelihood of
MetS. Third, even though the participants in the
present study were Cuban American middle-aged
and older adults, they may not represent the target
population of Cuban Americans in South Florida.
Fourth, given the high rate of obesity among the
study participants, a hip to waist ratio may have
been more indicative of abdominal obesity than
WC. Finally, medications reported for
hypertension, T2D or hyperlipidemia were not
used to explore interactions with adiponectin,
ghrelin or hs-CPP. Several medications have
demonstrated to attenuate inflammation-related
markers. More specifically TZD increase
adiponectin [42] and statins and angiontensin II
modulators decrease hs-CRP [43, 44]. However,
these effects would tend to bias the results toward
null. Further studies are needed to assess the
possible interaction T2D medications with
adiponectin and ghrelin pharmacokinetics as well
as its regulatory controls.

Conclusion
Screening for MetS needs to be made available to
the public in order to prevent and manage CHD
and T2D. Secondary screenings for persons
identified with MetS should include testing for
adipocytokines such as ADPN and ghrelin and
inflammatory markers such as hs-CRP. Our
results suggested high ghrelin levels were
protective of MetS (associated with low MetS)
regardless of diabetes status; whereas high
adiponectin was protective of MetS for those
without diabetes only. The results imply these
active peptides may be useful in risk assessment
for developing CHD and that ADPN and ghrelin
may prove important markers for the diagnosis of
MetS for Cuban Americans. Further prospective
studies assessing adiponectin and ghrelin levels
in different populations are warranted to clarify
these findings.
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