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Abstract

The aim of the study was to describe serum adiponectin levels in a population-based sample of women with different degrees of glucose
tolerance and to examine if the variability in serum adiponectin was explained by family history of diabetes, obesity, insulin resistance,
glycemia, and inflammation. Repeated oral glucose tolerance tests were used in a screening procedure of a cohort of 64-year-old women to
identify those with diabetes mellitus n = 210) and impaired glucose tolerance (n = 201). A random sample of women with normal glucose
tolerance (NGT, n = 186) was also included. The examination included history of first-degree relatives with diabetes, anthropometry,
measurement of circulating adiponectin, glutamic acid decarboxylase antibodies, blood glucose, HbA ., insulin, proinsulin, C-peptide, high-
sensitivity C-reactive protein, and homeostasis model assessment. Serum adiponectin concentration was lowest among diabetic women,
highest in the random-sample NGT group, and intermediate in the impaired glucose tolerance group. This difference was partly explained by
homeostasis model assessment, C-peptide, family history, and high-sensitivity C-reactive protein (R* = 0.33, P < .001), but obesity and
glycemia did not contribute to this variability in serum adiponectin. A family history of diabetes was associated with low serum adiponectin
concentration independently of obesity, glycemia, or insulin sensitivity (P = .002). Glutamic acid decarboxylase—positive diabetic women
(n = 17) had similar serum adiponectin as the NGT group in spite of hyperglycemia. In conclusion, serum adiponectin was lowered in
women with type 2 diabetes mellitus, and this difference could only be partly explained by insulin resistance, insulin secretion, family history
of diabetes, and inflammation. Family history of diabetes was independently associated with hypoadiponectinemia. Autoimmune diabetic
women did not have low adiponectin levels.
© 2006 Elsevier Inc. All rights reserved.

1. Introduction vascular diseases [14]. Adiponectin knockout mice exhibit
severe diet-induced insulin resistance [15,16], and recom-
binant adiponectin administered to lipoatrophic and obese
rodents is followed by improvement of insulin sensitivity
and glycemia [17]. This is related to a stimulatory effect of
adiponectin on lipid oxidation and muscle [18] and hepatic
insulin signaling [19]. In Asian Indians, low adiponectin
levels were a strong predictor of the future development of
diabetes [10]. In Pima Indians as well as in a Japanese
population, a high serum concentration predicted a lower
incidence of T2DM independent of obesity, and this seemed
to be secondary to the association between low adiponectin

Adiponectin, one of the more recently described secre-
tory proteins, is uniquely and abundantly expressed in the
white adipose tissue. However, it has been shown that obese
subjects have lower serum adiponectin levels than nonobese
subjects [1]. This protein has important anti-inflammatory
[2-4] and metabolic [5,6] effects. High serum adiponectin
levels appear to play protective role in the development of
the metabolic syndrome [7], type 2 diabetes mellitus
(T2DM) [8-10], and cardiovascular [11-13] and cerebro-
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and insulin resistance [20,21]. In a cross-sectional study of
white men and women, it was concluded that adiponectin
predicted increased insulin sensitivity [6]. Hence, it has been
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suggested that the reverse association between adiponectin
and obesity, T2DM, or impaired glucose tolerance (IGT)
may to a large extent be explained by the parallel occurrence
of insulin resistance [6,22].

An alternative or additional explanation is that obesity is
associated with an increased secretion of proinflammatory
cytokines, which may reduce the production of adiponectin
[23]. As we have previously shown, adiponectin and tumor
necrosis factor o also have antagonistic associations with
insulin sensitivity [24]. Thus, endogenous cytokines asso-
ciated with diabetes may inhibit adiponectin synthesis and
contribute to impaired insulin action. Family history of
diabetes is associated with hypoadiponectinemia in some
[25], but not all studies [6].

Taken together, it seems as if adiponectin may play an
important role in the pandemic of the metabolic syndrome
and T2DM. To our knowledge, there is a paucity of data
regarding adiponectin levels in groups with different
degrees of glucose tolerance in the general white population
and relations to different types of diabetes, family history
of diabetes, inflammation, and insulin peptides such as
C-peptide. Women are of a particular interest as DM in
women is associated with a higher relative risk for
cardiovascular disease than for men [26].

Accordingly, the present study was undertaken in a
population-based sample of middle-aged women to describe
serum adiponectin levels in those with and without
autoimmune diabetes, IGT, and normal glucose tolerance
(NGT) and to examine to what degree the variability in
adiponectin concentrations could be explained by family
history of obesity or diabetes and measures of obesity,
glycemia, insulin resistance, insulin secretion as assessed by
C-peptide levels, and inflammation.

2. Subjects and methods

The Diabetes, Impaired Glucose Tolerance in Women
and Atherosclerosis study was designed to examine
subclinical atherosclerosis in the carotid and femoral arteries
in a population sample of 64-year-old women. Briefly, 2602
women identified through the County Register were
contacted and screened with a questionnaire, measurement
of weight, height, waist, hip circumference, and an oral
glucose tolerance test (OGTT). DM, IGT, and NGT were
defined according to the World Health Organization (WHO)
[27] classification. The diabetes and IGT diagnoses were
confirmed with repeated testing. The diagnosis of IGT was
based on 2 OGTTs fulfilling the IGT criteria. Women who
had findings corresponding to IGT at the first OGTT and
NGT at the second test were excluded from the present
analysis. The aim was to compare strictly defined groups
with diabetes (n = 210), IGT (n = 201), and NGT. The
latter group consisted of such a large group of women that a
random sample was drawn (NGTr, n = 101). A group of
women with NGT but who were body mass index (BMI)—
and waist-to-hip ratio (WHR)-matched to the IGT group

were also recruited (NGTm, n = 97). Twelve women were
included in both NGT groups. These women were placed in
the NGTm group in comparisons, including all groups. The
rationale for including an NGT group that was BMI- and
WHR-matched to the IGT group was the possibility to
compare the groups without the confounding effect of
general or abdominal obesity.

The exclusion criteria were for all subjects malignant or
inflammatory disease, high-sensitivity C-reactive protein
(hsCRP) of 10 mg/L or higher, severe psychiatric disorders,
or other circumstances making participation not feasible.
For subjects with NGT, additional exclusion criteria were
coronary heart disease, intermittent claudication, previous
stroke or transient ischemic attack, treatment or need
of treatment of hypertension, and dyslipidemia. Women
with inflammatory disease were excluded as this may
have confounded any association between insulin sensitivity
and adiponectin.

The subjects were first invited to a screening examination
with an OGTT, which was repeated within 2 weeks if IGT or
diabetes were found. The included women participated in
a baseline examination as described below.

The subjects received both written and oral information
before they gave their consent to participate. The study
was approved by the ethics committee at the Sahlgrenska
University Hospital.

2.1. Measurements

A questionnaire was used to obtain information on
previous and present diseases, smoking, medication, family
history of DM, or obesity. Body weight was measured with
the subject dressed in underwear at screening and after
inclusion by using a balance scale, and height was measured
at the screening examination. Body mass index was
calculated for the 2 separate visits, and the mean value of
these examinations was used. Waist and hip circumferences
were also measured twice, and the mean values were used in
the analyses. Systolic and diastolic blood pressures were
assessed in duplicate after 5 minutes of supine rest. The
mean values were used in the analysis.

At screening, capillary blood glucose was measured
without delay with the glucose oxidase technique. At the
examination after inclusion, venous blood samples were
drawn, and serum and plasma were frozen in aliquots at
—70°C within 4 hours. We determined HbA . with high-
performance liquid chromatography on a Mono S HR
5/5 column (Amersham Biosciences, Piscataway, NIJ).
hsCRP was measured by an ultrasensitive method using
particle-enhanced immunoturbidimetry (Orion Diagnostica,
Espoo, Finland) [28]. All analyses were performed on a
Konelab 20 autoanalyzer (Thermo Clinical Labsystems,
Espoo, Finland). Serum levels of adiponectin were deter-
mined by an enzyme-linked immunosorbent assay kit (R&D
Systems Europe, Abingdon, UK). The analyses were
performed at the Wallenberg Laboratory. Cholesterol and
triglyceride levels were determined by fully enzymatic
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techniques (Thermo Clinical Labsystems). High-density
lipoprotein (HDL) was determined after precipitation of
apolipoprotein B—containing lipoproteins with magnesium
sulfate and dextran sulfate (Thermo Clinical Labsystems).
Low-density lipoprotein (LDL) cholesterol was calculated as
described by Friedewald et al [29]. Insulin, intact proinsulin,
and C-peptide were assayed at the Department of Clinical
Biochemistry, Addenbrookes NHS Trust, Cambridge, UK,
on a 1235 AutoDELFIA automatic immunoassay system
using a 2-step time-resolved fluorometric assay. The kits for
the insulin and C-peptide assays were manufactured for
Wallac Oy, Turku, Finland, by DAKO, Ely, Cambridgeshire,
UK. For the insulin assay, the calibrators are referenced to
WHO First IRP 66/304. The labeled antibodies for intact
proinsulin were those previously described [30].

Antibodies against glutamic acid decarboxylase (GAD)
were measured by an autoantibody enzyme-linked immu-
nosorbent assay kit (RSR, Cardiff, UK) according to WHO
standard [31].

2.2. Definitions and derived variables

At the screening examinations, glucose tolerance was
assessed according to the revised WHO and American
Diabetes Association criteria [27]. DM was diagnosed as
either or both fasting blood glucose (FBG) of 6.1 mmol/L or
higher or 2-hour blood glucose of 10 mmol/L or higher
during an OGTT observed at 2 separate occasions. IGT was
defined as blood glucose of less than 6.1 mmol/L and 2-hour
blood glucose of 6.7 to less than 10.0 mmol/L after an oral
glucose load at 2 occasions 1 to 2 weeks apart. Subjects
with FBG of less than 5.5 mmol/L and 2-hour blood glucose
of less than 6.7 mmol/L were considered having an NGT.

2.3. Statistical analysis

All statistics were analyzed using SPSS for Windows
11.0 (Chicago, IL). The results are presented as mean (SD)
and numbers (percentages), if nothing else is indicated.
Skewed variables are presented as geometric mean (SD) and
were log transformed before parametric analyses. Unpaired

Table 1
Characteristics of the population sample

Student ¢ tests were used for comparison of continuous
variables. Pearson correlation coefficient was calculated in
the univariate correlation analyses. Multiple regression was
used in a covariate analysis exploring whether the associ-
ation between the glucose tolerance groups and adiponectin
concentrations was independent of other covariates, that is,
measures of insulin secretion and sensitivity (C-peptide,
homeostasis model assessment [HOMA]), glycemia
(HbA,,), obesity (BMI, WHR), family history of diabetes,
and inflammation (CRP). The glucose tolerance groups
were entered as categorical variables (1 = yes, 0 = no):
diabetes, IGT, and NGTm, with NGTr as reference group. In
another approach, stepwise multiple regression was used to
examine independent covariates to log adiponectin in the
diabetes, IGT, and NGTr groups taken together with blood
glucose as measure of glycemia. Confidence intervals (95%)
were calculated, and 2-sided P < .05 was considered
statistically significant.

3. Results

As shown in Table 1, there was a statistically significant
trend in all measured variables between women with DM,
IGT, NGTm, and NGTr groups. Thus, the diabetic women
were most obese, had the highest serum triglyceride, FBG,
HbA,., plasma insulin, proinsulin, C-peptide, HOMA
index, and hsCRP concentrations, whereas HDL and LDL
cholesterol were lowest. Hence, mean adiponectin concen-
tration was lowest among diabetic women and highest in
the randomly selected NGT group.

The NGTm group was well matched to the IGT group
regarding BMI and WHR (Table 1). However, adiponectin
was lower in the IGT group (Table 1, P < .002), whereas
C-peptide and HOMA were higher than in the NGTm group
(Table 1 and P < .001 for both analyses).

3.1. Family history of DM or obesity

History of DM in a first-degree relative was found in
169 women (29%). In comparison to those with no such

Diabetes (n = 210) IGT (n = 201) NGTm (n = 97) NGTr (n = 89) P (for trend)
BMI (kg/m?) 292 £ 48 27.6 £ 49 275 £ 2.7 24.7 + 3.1 <.001
WHR 0.91 + 0.064 0.87 + 0.059 0.87 + 0.035 0.84 + 0.068 <.001
HDL (mmol/L) 1.53 £ 0.42 1.62 £ 0.42 1.74 £ 0.39 1.84 £ 043 <.001
LDL (mmol/L) 3.17 £ 1.05 3.66 + 0.89 3.80 + 0.86 3.67 + 0.98 <.001
Triglyceride (mmol/L)? 1.52 £ 1.0 1.35 £ 0.73 1.18 + 0.50 1.14 + 0.64 <.001
Fasting glucose (mmol/L)" 7.43 £ 2.7 5.02 £ 0.62 4.77 £ 0.51 4.6 £ 0.57 <.001
HbA . (%) 5.78 £ 1.39 4.65 £ 0.36 447 £ 031 447 £ 0.26 <.001
P-insulin (pmol/L)* 64.8 + 67.0 44.6 £ 34.0 35.6 £ 17.6 314 + 18.0 <.001
P-proinsulin (pmol/L)* 6.30 + 8.24 391 £ 425 330 + 1.84 2.73 £ 1.99 <.001
P—C-peptide (pmol/L)* 672 + 440 671 + 307 560 + 207 499 + 225 <.001
hsCRP (mg/L)* 1.50 £ 1.97 1.16 + 1.81 1.43 + 1.67 0.96 + 1.61 .005
Serum adiponectin (ug/mL)* 10.8 £ 8.0 129 + 6.6 15.1 £ 6.3 18.1 £ 7.9 <.001
HOMA index® 292 + 447 1.42 + 1.18 1.06 + 0.59 091 + 0.57 <.001

Values are presented as mean + SD (geometric mean for skewed variables).

% Skewed variables.
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family history (n = 408), mean adiponectin was lower
(114 + 7.3 vs 13.9 £ 7.5, P < .001), whereas blood
glucose, plasma insulin, and HOMA were higher (data not
shown). There were no statistically significant differences in
BMI, WHR, total body fat, serum hsCRP, plasma C-peptide,
or proinsulin between women with and without family
history (data not shown). As shown in the covariance and
multiple regression analyses below, the statistically signif-
icant difference in adiponectin concentration between those
with and without family history of diabetes remained after
adjustment for BMI, WHR, C-peptide, HOMA, CRP, and
glycemia. Family history of diabetes was found in 37% of
those with diabetes, in 32% in the IGT group, 33% in the
NGTr group, and in 6% among the NGTm women who
consisted of a selected group (P < .01).

Obesity in a first-degree relative was not associated
with different serum adiponectin levels in comparison with
the group of women with no such family history (data
not shown).

3.2. Adiponectin by glucose tolerance group in
covariance analysis

A covariance analysis was performed with log serum
adiponectin as dependent variable and glucose tolerance
groups, family history of diabetes, BMI, WHR, log HOMA,
log C-peptide, HbA ., and log hsCRP as covariates. All
these variables, except BMI, WHR, and HbA ., contributed
with statistical significance to the total variability in log
adiponectin (R* = 0.33, P < .001). As shown in Fig. 1, the
diabetes, IGT, and NGTm groups had lower log adiponectin
values than the NGTr group independently of all the other
covariates in the model. These findings remained when
women with previous myocardial infarction were excluded
(data not shown).

3.3. Covariates to adiponectin
In this analysis, covariates to adiponectin were examined

in the groups with diabetes, IGT, and NGTr taken together.

Lower | Higher

Diabetes —+—

IGT —+—

NGTm +H—+—

| | J
-0.2 -0.1 0 0.1

Difference from NGTr in
log serum adiponectin

Fig. 1. Differences in log serum adiponectin concentrations in women
with diabetes, IGT, or NGT who were BMI-matched to the IGT group
(NGTm), in comparison with randomly selected healthy women with NGT
(NGTr) (mean and 95% CI). Adjustments were made for history of first-
degree relative with diabetes, body fat mass, WHR, log HOMA, log
C-peptide, and log hsCRP.

Table 2
GAD-positive diabetic women and BMI-matched GAD-negative diabetic
control women

GAD-negative GAD-positive

diabetic patients diabetic patients

(n = 36) (n = 18)
BMI (kg/m?) 259 + 4.0 26.1 + 5.1
WHR 0.88 + 0.04 0.88 + 0.06
HDL (mmol/L) 1.56 £ 0.37 1.86 + 0.57
LDL (mmol/L) 3.18 £ 1.04 2.93 + 0.88
TG (mmol/L)* 1.41 £ 0.95 1.15 £ 0.57
Serum adiponectin (xg/mL)* 11.7 £ 5.1 17.3 £ 15.2*
hsCRP (mg/L)* 1.70 + 1.94 1.46 + 2.48
HbA. (%) 5.53 £ 1.09 6.69 + 1.55%
Fasting glucose (mmol/L) 6.85 + 2.16 9.14 £ 442
P-insulin (pmol/L)* 56.1 £ 74.2 62.6 + 114.6
P-proinsulin (pmol/L)* 5.72 £ 9.98 393 + 422
P—C-peptide (pmol/L)* 745 £ 407 148 + 445%*
HOMA 228 + 4.19 3.22 £ 6.88

Values are presented as mean + SD. Geometric means + SD are shown for
skewed variables.

* Skewed variables.

* P < .05 when the GAD-positive DM group is compared with the
GAD-negative DM group.

The NGTm group was excluded in this analysis because it
did not represent a random sample of NGT women.
Adiponectin correlated negatively to BMI (r = —0.33),
WHR (r = —0.34), blood glucose (r = —0.34), HbA,,
(r = —0.17), insulin (r = —0.47), proinsulin (» = —0.46),
C-peptide (r = —0.41), HOMA (r = —0.46), and family
history of diabetes (r = —0.16) (all P < .01). Similar
correlations were observed within each glucose tolerance
group with the exceptions of blood glucose and HbA,,
which showed no consistent correlations to adiponectin.

A forward stepwise multiple regression model with log
adiponectin as dependent variable was performed. Indepen-
dent variables were WHR, BMI, log C-peptide, log HOMA,
log hsCRP, family history of diabetes, and log blood
glucose. All these variables except BMI, WHR, and
log blood glucose were included in the model (R* = 0.34,

24 - : P> 50

194

14+

Adiponectin, pg/ml

DM GAD+

DM GAD- NGTr

Fig. 2. Comparison of circulating adiponectin concentrations (geometric
mean + SEM) between women with GAD-positive diabetes (DM GAD+,
n = 17), BMI-matched women with GAD-negative diabetes (DM GAD—,
n = 34), and randomly selected healthy women with NGT (NGTr, n = 89).
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P < .001). The statistically significant partial correlation
coefficients were highest for log C-peptide (rpae = —0.35)
and log HOMA (rp. = —0.34), whereas CRP and family
history of diabetes were lower (7, = —0.12 for both).

3.4. GAD-positive vs GAD-negative diabetes

The GAD-positive diabetic women (n = 17) were
compared with a group of GAD-negative women with
diabetes who were matched for BMI (n = 34). The former
group showed similar WHR as the BMI-matched GAD-
negative women (Table 2). The women with GAD-positive
diabetes, in comparison with those without antibodies, had
higher HbA, lower C-peptide, but there was no statistical
difference in HOMA, insulin, proinsulin, HDL cholesterol,
triglycerides, or hsCRP. As shown in Fig. 2, mean
adiponectin concentration in the GAD-positive group was
higher than that in the GAD-negative group and comparable
to the mean concentration in the NGTr group.

4. Discussion

We have shown in this population sample of 64-year-old
Swedish women that serum adiponectin concentrations were
as expected lowest among diabetic women, highest in the
NGT group, and intermediate in the IGT group. This
variability in adiponectin concentrations could partly be
explained by insulin sensitivity as assessed by HOMA,
C-peptide, hsCRP, and family history of diabetes in a first-
degree relative, whereas the degree of obesity and glycemia
measured as HbA ;. had no impact. Still, and in contrast to
other findings in Pima Indians [22], a difference in
adiponectin concentrations between the glucose tolerance
groups remained after adjustment for insulin sensitivity and
the other covariates, indicating other mechanisms related to
adiponectin secretion or turnover. The strongest independent
covariates to adiponectin levels in multivariate analyses
were HOMA and C-peptide, representing both insulin
sensitivity and insulin secretion. To our knowledge, the
association between C-peptide and adiponectin has not been
described before. Several observations indicated that the
degree of glycemia did not seem to affect circulating
adiponectin levels. First, in the covariance analysis, HbA
was not related to the difference in adiponectin levels
between the glucose tolerance groups independently of
insulin sensitivity. Second, in the multiple regression
analysis of diabetes, in IGT and NGTr groups taken
together, blood glucose was not associated with adiponectin
after adjustment for other variables. Third, GAD-positive
diabetic women had hyperglycemia, but similar adiponectin
concentrations as the randomly selected women with NGT.
In addition, although the glucose control was worse in the
GAD-positive group in comparison with the BMI-matched
GAD-negative diabetic women, still the latter group had the
lowest serum adiponectin concentrations. GAD-positive
diabetic women had lower C-peptide concentrations, which
may be related to the adiponectin levels. We measured

C-peptide that is co-secreted with insulin, but has a
negligible hepatic removal, and thus can be used as a
measure of insulin secretion [32]. Peripheral insulin
measurements are not accurate indicators of insulin produc-
tion because varying proportions are removed in the liver
during the first pass through the portal circulation. In
addition, this removal varies with the degree of obesity and
insulin resistance [33]. We observed that HOMA, as a
measure of insulin sensitivity, and C-peptide, as indicator of
insulin secretion, were independently associated with the
adiponectin concentration. Previous studies have shown that
adiponectin may have multiple effects on insulin signaling
in muscle and liver and on lipid oxidation [18,19]. The
association with C-peptide is more unclear. It is not known
whether C-peptide has any direct effect on the adipocyte
production of adiponectin. One interesting observation is
that adiponectin was associated with C-peptide and/or
HOMA in all glucose tolerance groups, for example, both
in the diabetes and NGT groups. This indicates that there
might be a normal physiological mechanism linking
adiponectin to insulin action, operating both in healthy
individuals and in diabetic patients. Insulin has been
reported to inhibit adiponectin secretion by some authors
[34,35] and to stimulate according to others [36].

Adiponectin is known to form multimers, from trimers to
low-molecular-weight hexamers and high-molecular-weight
multimers. There are mutations related to diabetes and
hypoadiponectinemia that are associated with impaired
multimerization [37]. High-molecular-weight concentration
is reported to be lowered by insulin [38] and increased by
weight loss [39]. The biological effect of different multimers
is controversial. Data indicate, however, that the ratio
between the low- and high-molecular-weight forms, not
the absolute amounts of adiponectin, is critical in determin-
ing insulin sensitivity [40]. Taken together, these aspects
also have to be considered in the evaluation of the
mechanisms relating adiponectin to insulin resistance and
diabetes. There is yet no easily available method to measure
the different multimers.

Similar with another report we observed that adiponectin
was associated with hsCRP [41], and this remained after
adjustment for body fat mass, glucose tolerance, and insulin
sensitivity. There are data supporting the concept that
adipocytes secrete proinflammatory cytokines that may
inhibit adiponectin production [41,42].

We observed that a family history of diabetes in a first-
degree relative was associated with adiponectin concen-
trations independently of other covariates to adiponectin
such as obesity, insulin resistance, or inflammation. One
may speculate that heredity for T2DM may be related to
adiponectin and associated mechanisms. Single nucleotide
polymorphisms (SNPs) in the adiponectin gene have been
associated with IGT and decreased serum levels of
adiponectin [43]. An association to SNPs has also been
seen in coronary artery disease in T2DM (SNP +45) [44] in
the Japanese population and in younger subjects (SNP
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+276) [45]. According to a recent study by Ohashi et al
[46], the 1164T mutation in the adiponectin gene was a
common genetic background associated with the metabolic
syndrome and coronary artery disease in the Japanese
subjects. Thus, SNPs could, at least partly, be an explanation
of the variability in adiponectin concentrations seen in
subjects with a family history of diabetes in this study.
However, Salmenniemi et al [47] did not see any association
of SNP +45 or SNP +76 with the lower adiponectin levels
seen in offspring of patients with T2DM.

Coronary heart disease has been reported to be associated
with lower adiponectin levels in diabetic patients [11]. In the
present study, there was no indication that this confounded
our findings.

The limitation of the present study is that only 64-year-
old women were examined. However, the advantage was
that confounders such as sex and age [48] could be
minimized. Furthermore, this study is cross-sectional and
cannot be used to show causality. However, population-
based epidemiological studies are important to investigate
the associations between different metabolic variables in
well-defined populations, in this case, women with different
stages of glucose tolerance.

In conclusion, among population-representative 64 -year-
old women, serum adiponectin concentration was as expected
lowest in those with diabetes and gradually increased in
parallel with improving glucose tolerance. The difference in
adiponectin concentration was only partly explained by a
history of a first-degree relative with diabetes, insulin
sensitivity, insulin secretion as measured by C-peptide, and
inflammation. The association between adiponectin and
C-peptide or insulin sensitivity was observed within all
glucose tolerance groups. Autoimmune diabetes did not show
reduced adiponectin levels. Family history of diabetes was
independently associated with hypoadiponectinemia.
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