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Objective: It has been suggested that adipose-derived cytokines act as insulin sensitizers/insulin-mimet-
ics and some others may induce insulin resistance. In order to elucidate the potential role of novel adi-
pocytokines in the pre-diabetes states, circulating levels of novel adipocytokines were evaluated in
first-degree relatives of subjects with type 2 diabetes mellitus (FDRs).
Method: Serum omentin-1, adiponectin and retinol-binding protein 4 (RBP4) levels were measured in
179 subjects (90 glucose tolerant FDRs and 89 age- and sex-matched healthy controls) using enzyme-
linked immunosorbent assay (ELISA) methods.
Results: There was no significant difference between the two groups regarding serum RBP4 concentrations.
However, serum omentin-1 (median [interquartile range], 6.18 [4.06-11.52] ng/ml versus 10.50 [4.30-
20.60] ng/ml, p=0.004) and adiponectin (mean*SD, 10.07 £4.0 pg/ml versus 20.66 *8.12 ug/ml,
p <0.0001) levels were significantly lower in FDRs when compared with the controls. In multiple logistic
regression analysis, FDRs showed a significant association with lower circulating omentin-1 and adiponec-
tin levels, even after adjustments were made for age, sex, body mass index, blood pressure measures, and
biochemical parameters including glucose status, lipid profile, insulin levels and HOMA-IR (OR = 0.49, CI
[0.30-0.79]; p = 0.004 and OR = 0.74, C1[0.67-0.82]; p < 0.0001, respectively). However, FDRs did not show
a significant association with serum RBP4 levels in different models of regression analyses.
Conclusions: The FDRs showed significant associations with lower omentin-1 and adiponectin levels. A
potential role for these adipokines in the FDRs’ increased risk of diabetes needs to be further elucidated.
© 2012 Elsevier Ltd. All rights reserved.
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1. Introduction Omentin-1 is a novel 34 kDa adipokine that is highly and selec-

tively expressed in visceral adipose tissue compared with subcuta-

It has been suggested that adipose-derived cytokines act as a
potential link between energy homeostasis, immunity, neuroendo-
crine, atherosclerosis, type 2 diabetes, and insulin resistance [1-4].
Several of these bioactive mediators that are collectively called
‘adipocytokines’ may be considered insulin sensitizers/insulin-
mimetics, and some others may induce insulin resistance [5].

Abbreviations: FDRs, first-degree relatives of subjects with type 2 diabetes
mellitus; RBP4, retinol-binding protein 4; ELISA, enzyme-linked immunosorbent
assay; BMI, body mass index; OGTT, oral glucose tolerance test; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; HOMA-IR, homeostasis model of assess-
ment index; CV, coefficient of variance; WHR, waist to hip ratio.
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neous adipose tissue [6,7]. Furthermore, omentin-1 enhances
insulin action and Akt phosphorylation [7]; it is inversely related
to obesity [8] and is down regulated by insulin and glucose [9].

Adiponectin is the most abundant adipocytokine with insulin
sensitizing, anti-inflammatory, and anti-atherogenic effects [1,4].
Adiponectin levels have inverse correlations with dyslipidemia,
atherosclerosis, glucose intolerance, and insulin resistance in
diverse patient populations [1,3]. In fact, hypoadiponectinemia
has been suggested as one of the most important adipocytokines
in the pathogenesis of type 2 diabetes [1].

The serum levels of retinol-binding protein 4 (RBP-4) reflect the
risks of impaired glucose tolerance and type 2 diabetes [10].
The link between elevated RBP-4 levels and impaired insulin secre-
tion has been shown in insulin resistant humans with obesity,
impaired glucose tolerance and type 2 diabetes, and even in lean
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normoglycemic subjects with a strong family history of type 2 dia-
betes [3,4,11,12].

Although adipokines may be involved in the pathogenesis of
diabetes mellitus and insulin resistance, the contributions of indi-
vidual adipokines to the pathophysiological features of insulin
resistance and/or insulin sensitivity must still be fully clarified.

First-degree relatives of subjects with type 2 diabetes mellitus
(FDRs) frequently have insulin resistance [13]. The results of a large
population study [14] showed that B cell impairment exists in the
offspring of type 2 diabetes patients, even in the absence of insulin
resistance. Thus, B cell dysfunction is the outstanding determinant
for the development of diabetes mellitus in this group.

FDRs bear a 40% lifetime risk for developing type 2 diabetes
mellitus [15]. The background of insulin resistance/p cell dysfunc-
tion and glucose metabolism in FDRs used to assess the circulating
levels of novel adipocytokines such as omentin, RBP-4 and adipo-
nectin may be helpful in illustrating some pathophysiological as-
pects of adipose tissue involvement in the development of
insulin resistance in this group. In the present study, we performed
the first evaluation of serum omentin in addition to assessing RBP-
4 and adiponectin levels in FDRs, matching control subjects with-
out a family history of type 2 diabetes mellitus.

2. Methods
2.1. Subjects and physical measurements

Ninety normoglycemic subjects (mean age+SD 40.55+%
9.36 years: 41 men and 49 women) who were first-degree relatives
of patients with type 2 diabetes mellitus (FDRs) and who consecu-
tively visited the Endocrine Clinic at Fatemeh-Zahra University
Hospital were enrolled in this study. The age and sex-matched con-
trols (41.375 £+ 9.47 years: 49 men, 40 women) were selected from
a cohort of healthy subjects recruited by the Persian Gulf Healthy
Heart Study at Bushehr University of Medical Sciences [16] for
evaluation of cardiovascular risk factors in the Persian Gulf region.
The following criteria were used for the healthy controls: (1) they
had no family history of diabetes mellitus, type 2 diabetes or endo-
crine disorders, cardiovascular diseases, or hepatic or renal
dysfunction; (2) they had no history of taking antidiabetic and
antiobesity drugs, glucocorticoids, anti-inflammatory agents,
estrogenic or androgenic medications.

The participants in the control group had anthropometric mea-
surements comparable to those of the FDRs (Table 1). All subjects
were asked to fast and to present to the Persian Gulf Health
Research Center between 7:30 and 9:30 a.m. They underwent a
75-g oral glucose tolerance test (OGTT). The definition of glucose
tolerance was a subject who had a fasting plasma glucose level
lower than 110 mg/dl and a second-hour blood sugar level after
oral glucose load (2 h-OGTT) lower than 140 mg/dl [17].

Blood pressure was assessed twice at the right arm after a
15 min rest in the sitting position, using a standard mercury sphyg-
momanometer. Height and weight were measured using a stadi-
ometer. Heavy outer garments and shoes were removed before
height and weight were measured. Body mass index (BMI) was
calculated. Waist circumference was defined at the midway level
between the costal margins and the iliac crests. Hip circumference
was measured at the level of the greater trochanters. Waist-to-hip
ratio was calculated for all participants.

The study was approved by the Medical Ethics Committee of
Bushehr University of Medical Sciences.

2.2. Laboratory measurements

A fasting blood sample was taken, all samples were promptly
centrifuged, and sera were separated and kept frozen at —70 °C

until they were used. Analyses for biochemical parameters (blood
glucose, triglyceride, and cholesterol levels) were carried out at
the Persian Gulf Health Research Center on the day of blood collec-
tion using a Selectra 2 autoanalyzer (Vital Scientific, Spankeren,
The Netherlands). Glucose was assayed with the enzymatic (glu-
cose oxidase) colorimetric method using a commercial kit (Pars
Azmun Inc., Tehran, Iran). Serum total cholesterol and HDL (high-
density lipoprotein) cholesterol were measured using cholesterol
oxidase phenol aminoantipyrine and triglycerides using the glyc-
erol-3 phosphate oxidase phenol aminoantipyrine enzymatic
method. Serum LDL (low-density lipoprotein) cholesterol was
calculated using the Friedwald formula. LDL cholesterol was not
calculated when the triglycerides concentration was >400 mg/dl.

Insulin was measured using a commercially available enzyme-
linked immunosorbent assay kit (Insulin ELISA, DRG Diagnostics,
Marburg, Germany). The assay sensitivity was 1.76 plU/ml; the in-
tra- and inter-assay coefficients of variance were 1.79-2.6% and
2.88-5.99%, respectively.

Insulin resistance was assessed by calculating the homeostasis
model of assessment index (HOMA-IR) using the following equa-
tion: fasting insulin (uIU/ml) x fasting glucose (mg/dl)/405.

Serum omentin-1 concentrations were measured using manual
omentin-1 (human) detection (ELISA kit [intelectin-1 (human)
ELISA kit, Apotech Corporation, Switzerland]). The detection limit
of the assay was 0.4 ng/ml (range 0.5-32 ng/ml). The mean intra-
assay and inter-assay CVs of the omentin-1 assay were 4.51-7.4%
and 4.19-9.27%, respectively. The antibodies used in this kit are
specific to the measurement of natural and recombinant human
omentin-1.

To detect adiponectin in the serum samples, commercially (Cat.
No. AG-45A-0001EK-KIO1) available enzyme-linked immunosor-
bent assay kits (AdipoGen, Incheon, Korea) were used according
to the manufacturer’s instructions. The limit of detection of the
assay was 100 pg/ml; the intra- and inter-assay coefficients of var-
iance were 2.9-3.8% and 2.8-5.5%, respectively.

For the detection of RBP4 in the serum samples, commercially
available ELISA (AdipoGen, Incheon, Korea) kits were used accord-
ing to the manufacturer’s instructions. The assay sensitivity was

Table 1

The general characteristics, including blood pressure and anthropometric measure-
ments, and the biochemical parameters of first-degree relatives of subjects with type
2 diabetes mellitus (FDRs) and healthy controls.

FDRs (n=90) Control (n=389) p Value
Female/male ratio 49/41 40/49 0.233
Age (years) 40.55 +9.63 41.37 £9.47 0.575
Systolic BP (mmHg) 115+ 13.8 115.82+12.84 0.687
Diastolic BP (mmHg) 74.72 £9.95 74.45 +10.47 0.864
WHR 0.90 £0.14 0.91+£0.17 0.511
BMI (kg/m?) 27.57 +4.25 26.52+4.24 0.104
Fasting glucose (mg/dl)  80.5 +8.56 79.77 £ 10.46 0.612
2 h-OGTT (mg/dl) 92.17 +15.68 92.03 +16.65 0.956
Total cholesterol (mg/dl) 198.54 + 36.85 196.92 +37.24 0.770
Triglyceride (mg/dl) 155.72+82.3 155.52+75 0.279
HDL-cholesterol (mg/dl) 43 +10.38 4544 +11.65 0.140
LDL-cholesterol (mg/dl)  121.01 +31.55 120.04 +£32.44 0.840
Insulin (pIU/ml) 8.75(5.25-16.68) 6.56 (5.03-10.18)" 0.027
HOMA-IR 1.82 (1.05-3.06)  1.29 (0.98-1.93)" 0.010
Omentin-1 (ng/ml) 6.18 (4.06-11.52) 10.50(4.30-20.60)  0.004
RBP4 (pg/ml) 100.0 +42.73 95.28 +55.34 0.535
Adiponectin (pg/ml) 10.07 +4.0 20.66 +8.12 <0.0001

BMI, body mass index; WHR, waist to hip ratio; BP, blood pressure; 2 h-OGTT,
second-hour oral glucose tolerance test; HOMA-IR, homeostasis model of assess-
ment index; RBP4, retinol-binding protein 4.

Data are means (SD), except for insulin and HOMA-IR, and omentin-1 which are
medians (interquartile ranges).

" p values <0.05 (the FDRs in comparison to the controls).
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380 pg/ml; the intra- and inter-assay coefficients of variance were
1.7-3.7% and 5.9-8.8%, respectively.

2.3. Statistical analysis

Normal distribution of the data was controlled with the
Kolmogorov-Smirnov test. Probability values <5% were considered
statistically significant. The significance of the difference in the
results between the two groups was determined with chi-square
analysis using 2 x 2 contingency tables. A two-tailed t-test was used
to compare the values across groups in the presence of a normal dis-
tribution. Significant differences were assessed with the Mann-
Whitney U test in the absence of a normal distribution. Analysis of
variance (ANOVA) was performed to test differences in adipokines
across quartiles of measures of obesity and HOMA-IR.

Because the distributions of serum insulin levels, HOMA-IR and
omentin-1 were skewed, logarithmically transformed values for
HOMA-IR and natural logarithmically transformed values for
omentin-1 were used for statistical analysis.

Multiple linear regression models were used to assess age- and
sex-adjusted associations of serum omentin-I, adiponectin and
RBP4 levels in relation to anthropometric and blood pressure mea-
surements as well as biochemical variables in both the FDRs and
the healthy controls.

Binary logistic regression analysis was used to ascertain the
associations between the presence of FDRs and circulating adipo-
cytokines (omentin-1, adiponectin, and RBP4) levels. In the full
model, the presence of FDRs versus healthy controls was the
dependent variable. Age, sex, BMI, systolic and diastolic blood
pressures, HOMA-IR, fasting glucose, second-hour blood glucose,
insulin, triglyceride, HDL-cholesterol and LDL-cholesterol levels,
and circulating adipocytokines were considered covariates.

All statistical analyses were performed using the PASW Statis-
tics GradPack 18 (SPSS Inc., Chicago, IL).

3. Results

The characteristics of the study participants are shown in
Table 1. There were no significant differences in age, gender, blood
pressure measurements, height, weight, waist and hip circumfer-
ences, waist to hip ratio, and BMI between the FDRs and the con-
trols. There was also no significant difference in the fasting blood
glucose, 2 h-OGTT, and lipid profiles between the two groups.
However, the FDRs had higher HOMA-IR and serum insulin levels
than the control group (p < 0.05, Table 1).

The serum levels of the studied adipocytokines of the FDRs and the
healthy controls are also shown in Table 1. There was no significant dif-
ference between the two groups regarding serum RBP4 concentrations.
However, serum omentin-1 (median [interquartile range], 6.18 [4.06-
11.52] ng/ml versus 10.50 [4.30-20.60] ng/ml, p = 0.004) and adipo-
nectin levels (mean + SD, 10.07 + 4.0 pg/ml versus 20.66 + 8.12 g/
ml, p <0.0001) were significantly lower in the FDRs when compared
with the controls. No gender difference was found for the circulating
omentin-1, adiponectin and RBP4 levels (p > 0.05).

Age- and sex-adjusted serum omentin-1, adiponectin and RBP4
levels had no correlations with anthropometric and blood pressure
measurements, fasting blood glucose, 2 h-OGTT, triglyceride, total
cholesterol, HDL-cholesterol, LDL-cholesterol, insulin, and HOMA-
IR in the FDRs and the healthy controls (p > 0.05, data not shown).
Furthermore, the age- and sex-adjusted adipokines serum levels
showed no linear correlations with each other.

The studied population was divided into quartiles of BMI, WHR,
and HOMA-IR. There were no significant differences across
quartiles of BMI for omentin-1, adiponectin, and RBP4 levels. The
results did not change after stratifying the studied groups by sex.

Table 2

Unadjusted and adjusted odds ratios [OR; 95% confidence interval (CI)] between the
presence of first-degree relatives of subjects with type 2 diabetes mellitus (FDRs) and
circulating adipocytokines (omentin-1, RBP4, and adiponectin) levels.

OR Cl p Value
Omentin-1
Unadjusted 0.50 0.33-0.75 0.001
Adjusted for age + sex 0.49 0.32-0.74 0.001
Adjusted for age + sex + BMI 0.50 0.33-0.77 0.001
Adjusted for age + sex + WHR 0.49 0.32-0.79 0.001
Full model 0.49 0.30-0.79 0.004
RBP4
Unadjusted 1.0 0.99-1.0 0.533
Adjusted for age + sex 1.0 0.99-1.0 0.395
Adjusted for age + sex + BMI 1.0 0.99-1.0 0.450
Adjusted for age + sex + WHR 1.0 0.99-1.0 0.435
Full model 1.0 0.99-1.01 0.561
Adiponectin
Unadjusted 0.77 0.71-0.83 <0.0001
Adjusted for age + sex 0.75 0.69-0.82 <0.0001
Adjusted for age + sex + BMI 0.75 0.69-0.83 <0.0001
Adjusted for age + sex + WHR 0.76 0.69-0.82 <0.0001
Full model 0.74 0.67-0.82 <0.0001

BMI, body mass index; WHR, waist to hip ratio.

Full model included age, sex, BMI, systolic and diastolic blood pressures, HOMA-IR,
fasting glucose, second-hour blood glucose, insulin, triglyceride, HDL-cholesterol,
and LDL-cholesterol levels.

There were no significant differences across quartiles of WHR
for omentin-1, and adiponectin levels. However, circulating RBP4
showed a significant difference across WHR quartiles (p = 0.033).
Compared with subjects in the lowest quartile of WHR, those in
the highest quartile had a significantly higher means of RBP4
(111.61 £49.27 pg/ml versus 79.88 + 50.52 pg/ml, p = 0.007).

Analysis by quartiles of HOMA-IR revealed an inverse signifi-
cant association with serum levels of adiponectin (p = 0.011). Com-
pared with subjects in the lowest quartile of HOMA-IR, those in the
highest quartile had a significantly lower means of serum adipo-
nectin (12.67 +7.77 pg/ml versus 16.85 +9.33 ug/ml, p=0.027).
However, analysis by quartiles of HOMA-IR did not reveal signifi-
cant associations with serum levels of RBP4 and in omentin-1.
The results did not change after stratifying the studied groups by
sex.

Table 2 shows unadjusted and adjusted odds ratios (95% CI) be-
tween the presence of FDRs and circulating adipocytokines levels.
In multiple logistic regression analysis, the FDRs showed a signifi-
cant association with lower circulating omentin-1 and adiponectin
levels, even after adjustments were made for age, sex, BMI, blood
pressure measures and biochemical parameters including glucose
status, lipid profile, insulin levels, and HOMA-IR (OR=0.49, CI
[0.30-0.79]; p=0.004 and OR=0.74, CI [0.67-0.82]; p <0.0001,
respectively). However, the FDRs did not show a significant associ-
ation with serum RBP4 levels in different models of regression
analyses (Table 2).

4. Discussion

In the current study, we found that the FDRs had a significant
association with lower omentin-1 and adiponectin levels, even
after adjusting for age, sex, BMI, and biochemical parameters in
multivariate analyses. However, no significant difference was
found in serum RBP4 concentrations between the FDRs and the
controls.

Omentin-1 is a newly identified depot-specific adipokine in hu-
man adipose tissue that may modulate insulin sensitivity by its
paracrine or endocrine functions [7]. It has been shown that omen-
tin-1 levels were inversely correlated with measures of obesity and
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insulin resistance, and positively correlated with adiponectin lev-
els [8]. Expression of omentin-1 mRNA and protein levels are de-
creased in polycystic ovary syndrome, which is associated with
obesity and insulin resistance [9]. It is interesting that circulating
omentin-1 concentrations increased after weight loss and with
improvement of insulin sensitivity [18]. Aerobic training in over-
weight and obese men was accompanied by increased omentin-1
concentrations [19]. It has been reported that omentin-1 levels
were lower in patients with metabolic syndrome than in the con-
trols [20].

The results of these studies confirm that omentin-1 may con-
tribute to the underlying pathophysiology of insulin resistance.

Impaired glucose metabolism is common in FDRs [13]. They
also have defects in B cell function when they are not hyperglyce-
mic, and this reduction affects insulin and amylin responses to glu-
cose stimulation [21]. Since both insulin sensitivity and B cell
dysfunction predict conversion to diabetes [14,22], FDRs are at in-
creased risk of type 2 diabetes [15]. Therefore, they are very good
available models to study the early development of insulin resis-
tance in a pre-diabetes state.

In the current study, we observed for the first time that circulat-
ing omentin-1 levels were lower in FDRs than the controls. How-
ever, decreased omentin mRNA expression levels were reported
in patients with type 2 diabetes and obesity [23]. In two recent
studies, serum omentin levels were lower in patients with type 2
diabetes and impaired glucose regulation than in the normal glu-
cose tolerance group [24,25].

In the current study, the observed reduced levels of omentin-1
may suggest a potential role for this adipocytokine in the FDRs’ in-
creased risk of type 2 diabetes.

RBP4 is a newly discovered adipokine and was suggested as a
potential link with type 2 diabetes mellitus by Yang et al. [11].
They showed that serum RBP4 levels were elevated in GLUT4 glu-
cose transporter knockout mice and humans with obesity and type
2 diabetes [11]. Currently, increasing evidence denotes an associa-
tion between increased circulating levels of RBP4 with type 2 dia-
betes mellitus and/or insulin resistance states [11,25,12,26-31]. A
pathophysiological link between RBP4 and type 2 diabetes mellitus
may also arise from impaired insulin secretion [3]. By evaluation of
insulin secretion, insulin sensitivity, insulin disposition index and
serum RBP4 in non-diabetic men within a wide range of obesity,
Broch et al. suggested that RBP4 may impact B-cell secretion [32].

Only two studies evaluated circulating RBP4 levels in FDR. In one
of these studies, the authors found that RBP4 correlated inversely
with the rate of glucose disposal and correlated positively with fast-
ing insulin levels among non-obese, normoglycemic subjects with at
least one first-degree relative with type 2 diabetes [12]. In the sec-
ond study, serum RBP4 levels were reported to be significantly ele-
vated in the normoglycemic FDR group compared with the control
group [33]. In contrast to these studies, we found no significant dif-
ference for circulating RBP4 levels between the FDR and the control
group. The discrepancies with these two studies of our obtained re-
sults cannot be explained until the results of larger studies are avail-
able. However, differences in the selection and the characteristics of
the studied populations, including the use of different measuring
systems, may be potential contributing factors.

Reduced adiponectin mRNA in subcutaneous adipose tissue was
reported in FDRs by Lihn et al. [34]. Accordingly, they suggested
that adiponectin gene expression is dysregulated in FDR. Similar
to our finding, Pellme et al. reported that plasma adiponectin levels
were decreased in non-obese but insulin-resistant FDR [35]. Skele-
tal muscle adiponectin receptors gene expression levels, as well as
plasma adiponectin concentration were reported to be lower in
subjects with a family history of type 2 diabetes than in those with
no family history of the disease. In addition, there was a positive
correlation between adiponectin receptors gene expression levels

in skeletal muscles and insulin sensitivity [36]. Reduced circulating
adiponectin levels were also reported in lean and normoglycemic
offspring of type 2 diabetic subjects [37,38]. In a cross-sectional
study among healthy Korean men and women, lower serum adipo-
nectin levels were associated with a family history of diabetes
independently of obesity and insulin resistance [39]. Recently, it
has been shown that the FDR group had lower adiponectin levels
versus the normal group at baseline, and these levels were reduced
in both groups over a five year period [40].

Together these observations support the concept that adiponec-
tin may play a role in the development of insulin resistance in FDR.

Although we found that there were no linear correlations be-
tween these novel adipokines and BMI or WHR, the studied sub-
jects who had the fourth quartile of WHR showed higher RBP4
levels compared with those in the first quartile of WHR. However,
the medical literature is inconsistent in the correlations between
circulating adipokines and obesity measurements. In our study,
the lack of strong linear correlations between the indices of obesity
and these novel adipokines could be caused by the small number of
participants and narrow range of adiposity measures among the
studied population. Furthermore, the subjects of our study were
healthy, except for the positive family history of type 2 diabetes
in the FDR group. However, substantial studies about adipokines
in relationship to obesity were conducted among subjects with
glucose intolerance, type 2 diabetes mellitus, polycystic ovary syn-
drome, non-fatty liver disease or the metabolic syndrome.

Likewise, age- and sex-adjusted omentin-1, RBP4 and adipokine
levels showed no correlations with HOMA-IR in the FDR and con-
trol groups. However, circulating adiponectin levels were lower
in the fourth quartile of HOMA-IR than in the first quartile of
HOMA-IR. Several studies have confirmed correlations between
insulin sensitivity, circulating adiponectin [41,42], RBP4 [2,11],
and omentin-1 [13], but these associations may be more detectable
in clamp-derived indices of insulin sensitivity than HOMA-derives
indices, which are less sensitive [2].

We acknowledge several study limitations. As our data are
cross-sectional, limited inferences can be made regarding tempo-
rality and causation. In the current study, insulin sensitivity with
the gold-standard isoglycaemic-hyperinsulinemic clamp test was
not measured; however, good correlations between HOMA-IR
and insulin resistance assessed by some “gold standard” methods
have been reported [43]. Another limitation of our study includes
the lack of assessment of B cell function. Since we assessed the
investigated adipocytokines with single measurements, the
changes in these adipocytokines over time could not be reflected
in the current study.

In conclusion, FDRs had significantly reduced levels of omentin-
1 and adiponectin levels compared with the control subjects, but
they had similar circulating levels of RBP4. The observed lower lev-
els of omentin-1 and adiponectin in the FDR group were indepen-
dent of metabolic and biochemical variables. The physiologic and
pathophysiologic contribution of these findings remains to be ex-
plained but may indicate a pathophysiological role for omentin-1
and adiponectin in the FDRs who bear a high lifetime risk for devel-
oping type 2 diabetes mellitus.

To clarify the role of circulating adipocytokines in relation to the
worsening of glucose tolerance over time in FDRs, longitudinal
studies with concurrent measurements of additional adipocyto-
kines, inflammatory markers and cytokines would elucidate the
complex system that regulates beta cell function and insulin sensi-
tivity in pre-diabetes states.
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