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Context: Low adiponectin levels, by regulating insulin resistance
and metabolic profile, may contribute to the markedly increased risk
of atherosclerosis in diabetic subjects.

Objective: The complex interrelationships between adiponectin and
metabolic abnormalities have not yet been fully assessed in diabetic
women.

Design/Setting/Patients: We performed a cross-sectional evalua-
tion of the association between circulating adiponectin and glycemia,
lipid-lipoprotein levels, and inflammatory markers in 925 women
with type 2 diabetes enrolled in the Nurses’ Health Study.

Results: Circulating adiponectin levels were significantly and posi-
tively associated with high-density lipoprotein (HDL) cholesterol and
physical activity levels, and inversely with body mass index and
plasma concentrations of hemoglobin A1c (HgbA1c), triglycerides, non-
HDL cholesterol, apolipoprotein B-100, C-reactive protein, fibrino-

gen, soluble E-selectin, and soluble intercellular adhesion molecule-1.
The above associations were not appreciably altered after adjusting
for lifestyle factors, existing medical conditions, obesity, and body fat
distribution, with the exception of HgbA1c and soluble intercellular
adhesion molecule-1 (which became nonsignificant). Associations be-
tween adiponectin and inflammatory markers persisted after control
for the potential confounding effects of HgbA1C and HDL cholesterol,
suggesting that the antiinflammatory properties of adiponectin are
not mediated by its effect on glycemia and lipidemia. With the ex-
ception of the associations with triglycerides and apolipoprotein B100,
which were significant only in subjects with body mass index less than
30, all other associations observed herein were consistent among
obese and nonobese diabetic women.

Conclusions: In summary, higher adiponectin levels are associated
with better glycemic control, more favorable lipid profile, and reduced
inflammation in diabetic women. (J Clin Endocrinol Metab 90:
4542–4548, 2005)

ADIPONECTIN, AN ADIPOCYTE-derived hormone, is
thought to play an important role in regulating gly-

cemia, lipidemia, endothelial dysfunction, and proinflam-
matory mechanisms in humans, all of which may contribute
to the markedly increased risk of atherosclerosis (1–4). Adi-
ponectin levels circulate in high concentrations (5) and are
inversely associated with obesity, especially central obesity,
as well as with hyperlipidemia and insulin resistance (6, 7).
In addition, adiponectin seems to have substantial antiin-
flammatory properties in vitro and in animal studies in vivo
(4) and has been shown to be a predictor of the development
of type 2 diabetes and cardiovascular events in diabetics
(8–10).

Previous studies have not yet fully evaluated potential

associations between adiponectin levels and circulating in-
flammatory markers and/or lipoprotein abnormalities
among diabetic women. More specifically, previously re-
ported associations with fibrinogen, apolipoprotein B
(apoB100) (11), or TNF-� levels (12) in diabetic men have not
yet been studied in women. It also remains unknown
whether previously reported associations are independent of
potentially confounding lifestyle factors, anthropometric
measures, and glycemia in men and women. Furthermore, it
remains unknown whether adiponectin levels are associated
with soluble E-selectin (sE-selectin) and lipoprotein(a)
[Lp(a)] levels in men or women. Thus, in the context of the
prospective cohort Nurses’ Health Study (NHS), we have
examined potential independent associations between cir-
culating adiponectin levels and hemoglobin A1c (HgbA1c),
blood lipid and lipoprotein levels, as well as several inflam-
matory markers in 925 diabetic women.

Subjects and Methods
Study population

The NHS was initiated in 1976 with the enrollment of 121,700 U.S.
nurses, aged 30–55 yr. This prospective cohort study involves biannu-
ally mailed questionnaires related to lifestyle factors and health out-
comes. In 1989–1990, 32,826 study participants provided blood samples
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by overnight courier. The present study included 925 women with a
confirmed diagnosis of type 2 diabetes and without prevalent or incident
malignancy, 780 of whom did not report a prior diagnosis of myocardial
infarction, coronary revascularization, or stroke at the time of blood
drawing.

Definition of diabetes

Cases of diabetes were reported by the respondents on the biannual
questionnaires. A supplementary questionnaire was mailed to all
women reporting a diagnosis of diabetes to obtain additional informa-
tion about the date of diagnosis, symptoms, diagnostic tests, and treat-
ment. In accordance with the criteria of the National Diabetes Data
Group, confirmation of diabetes required at least one of the following
self-reports on the supplementary questionnaire: 1) an elevated plasma
glucose concentration (fasting plasma glucose �140 mg/dl, random
plasma glucose �200 mg/dl, and/or plasma glucose, �200 mg/dl after
�2 h during an oral glucose tolerance test) plus at least one classic
symptom (excessive thirst, polyuria, weight loss, or hunger); 2) no symp-
toms, but at least two elevated plasma glucose concentrations (by the
above criteria) on different occasions; or 3) treatment with hypoglycemic
medication (insulin or oral hypoglycemic agent). We used the National
Diabetes Data Group criteria to define diabetes because all our subjects
were diagnosed before the American Diabetes Association released their
criteria in 1997. The validity of self-reported diagnosis of type 2 diabetes
by our supplementary questionnaire has been established by a separate
and independent validation study through medical record reviews (13).

Blood collection and processing

Blood was drawn in 1989–1990. Participants were sent a blood-set kit
that included supplies (blood tubes, tourniquet, needles, bandage, and
coolant pack) and instructions. Participants arranged for the blood to be
drawn and sent the samples back by prepaid overnight courier. Most
samples arrived within 24 h of the blood drawing. After arrival in the
laboratory, samples were centrifuged and aliquoted into cryotubes as
plasma, buffy coat, and red blood cells. Cryotubes were stored in liquid-
nitrogen freezers at �130 C or lower.

Adiponectin was assayed by RIA [Linco Research, Inc., St. Charles,
MO; sensitivity, 2 �g/ml; intraassay coefficients of variation (CV), 1.78–
6.21%] as previously described (14). Plasma was assayed for the presence
of soluble TNF-� receptor II (sTNF-�RII) using the human sTNF-�RII
ELISA kit (R&D Systems, Minneapolis, MN). The minimum detectable
range of this assay is 0.6 pg/ml for a sample size of 200 �l (diluted 1:10),
with a range up to 500 pg/ml. Intraassay precision was determined
using three samples of known concentration tested 20 times on one plate;
the CV range was 2.6–4.8%. Interassay precision was determined from
three samples of known concentration tested on 20 separate plates; the
CV range was 3.5–5.1%. Plasma C-reactive protein (CRP) was measured
using the US CRP ELISA kit (Diagnostic Systems Laboratories, Inc.,
Webster, TX) with a CV range of 2.8–5.1%. Because the CRP levels from
the current assay consistently read higher CRP levels compared with an
assay previously used in our studies (15, 16), we performed a cross-
validation study using 204 samples obtained from the diabetic women
cohort, in which the CRP levels were measured by both methods. The
correlation coefficient between the two methods was 0.97, suggesting
that the results reported using this assay should be comparable with
those of assays previously reported. Soluble intercellular adhesion mol-
ecules (sICAM-1) were assayed in plasma using the human sICAM-1
ELISA kit (R&D Systems) with a CV range of 3.3–4.8%. Plasma levels of
sE-selectin were assayed using the human sE-selectin ELISA kit (R&D
Systems) with a CV range of 5.7–8.8%. Concentrations of glycosylated
hemoglobin (HgbA1c) were based on turbidimetric immunoinhibition
with hemolyzed whole blood or packed red cells with a CV of less than
3.0%. Fibrinogen was measured on a Hitachi 911 analyzer (Tokyo, Japan)
using reagents and calibrators from Kamiya Biomedical Co. (Seattle,
WA) with a CV of 1.16%. The concentrations of total cholesterol, high-
density lipoprotein (HDL) cholesterol, and triglycerides were measured
simultaneously on the Hitachi 911 analyzer with reagents and calibra-
tors from Roche (Indianapolis, IN); the CVs for these measurements
were less than 1.8%. Concentrations of low-density lipoprotein (LDL)
cholesterol were measured using a homogenous direct method from
Genzyme (Cambridge, MA) with a CV less than 3.1%. Concentrations of

apoB100 were measured in an immunonephelometric assay using re-
agents and calibrators from Wako Chemicals (Richmond, VA) with a CV
less than 5%.

Assessment of lifestyle exposures

We calculated body mass index (BMI) as the ratio of weight (in
kilograms) to the height squared (in meters squared). Physical activity
was computed as hours per week using the duration of moderate or
vigorous forms of exercise per week (17). History of hypertension and
family history of myocardial infarction were determined from self-re-
ports before blood collection. Alcohol intake was estimated with a di-
etary questionnaire in 1990.

Statistical analysis

Spearman correlations and scatter plots were used to evaluate biva-
riate relationships between plasma levels of adiponectin and levels of
lipoproteins or inflammatory markers. Multivariate linear regression
analyses with robust variance were performed to evaluate the associ-
ations between adiponectin and biomarkers without the need for normal
distribution assumptions (18). We adjusted for age, BMI, physical ac-
tivity (quartiles of metabolic equivalents), smoking (never, past, and
current), aspirin use, history of cardiovascular disease, history of high
blood pressure, history of high blood cholesterol, baseline and fasting
status, alcohol intake (0.0, 0.1–4.9, 5.0–9.9, 10.0–14.9, and �15.0 g/d),
insulin use, postmenopausal status, and hormone use as indicated in
Table 3. In separate models, we also adjusted for waist to hip ratio (WHR;
Table 3; in the 565 women who had WHR measurements) as well as
HgbA1C, triglycerides, and/or HDL as appropriate (data not shown).
We then tested for effect modifications by insulin use or obesity status,
with adjustment for potential confounders. Because fasting triglyceride,
lipid, and leptin levels were available for only 615 subjects, we con-
ducted secondary analyses among these samples. Finally, we performed
separate analyses of the entire sample (n � 925) and of the subgroup of
women free of cardiovascular disease (CVD) at baseline (n � 722) or
nonusers of insulin (n � 631). All statistical analyses were performed
using SAS statistical software version 8 (SAS Institute, Inc., Cary, NC).

Results

In this study of 925 diabetic women enrolled in the NHS,
higher plasma adiponectin levels were associated with lower
BMI and greater physical activity, whereas smoking and
alcohol consumption were not clearly related to adiponectin
levels (Table 1). Women with higher adiponectin levels were
more likely to use insulin and less likely to have a history of
hypertension. Estrogen use tended to be associated with
higher adiponectin levels (P � 0.076). Adiponectin levels
were not associated with LDL or total cholesterol, whereas
they were strongly and positively associated with HDL and
Lp(a) and strongly inversely associated with non-HDL, trig-
lycerides, and apoB100. Adiponectin levels were also in-
versely and strongly associated with fibrinogen, sICAM-1,
sE-selectin, and CRP. Half of the subjects reported aspirin use
and/or a family history of diabetes, and approximately 25%
had a family history of myocardial infarction, but adiponec-
tin levels were not associated with either one by bivariate
analysis. With the exception of nonfasting leptin levels as
well as levels of sTNF-�RII, HgbA1c and LDL, which were
not associated with adiponectin, as well as Lp(a) and sICAM-1,
for which the association was not monotonically increasing,
all other biomarkers increased or decreased monotonically
with increasing adiponectin levels.

To assess the observed associations, we then calculated
Spearman correlation coefficients (Table 2). Adiponectin was
positively and strongly associated with HDL (r � 0.52) and
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inversely with triglycerides (r � �0.30). Inverse associations
were found with CRP (r � �0.32) and sE-selectin (r � �0.28).
Significant and inverse associations were also found with
apoB100, fibrinogen, and sICAM-1, but the corresponding
correlation coefficients were relatively weak (r � �0.20).

Cholesterol fractions and triglyceride levels were signifi-
cantly interrelated, as expected. Both leptin, an indicator of
overall fat mass, and glycemia, as expressed by HgbA1c, were
positively and significantly associated with inflammatory
markers (all r � 0.19, except for sICAM-1 with leptin r � 0.10)

We then used multivariate linear regression to estimate the
changes in blood lipids and inflammatory markers corre-
sponding to a change in adiponectin levels by 10 �g/ml
before and after adjusting for age, physical activity, smoking,
and other covariates, including BMI and/or WHR, as indi-
cated in Table 3. No significant associations with HgbA1c
were detected, whereas a 10 �g/ml increase in adiponectin
levels was associated with a significant decrease in triglyc-
eride levels by 47.4 mg/dl (approximately �25% compared
with the mean level), an 11.4 mg/dl increase in HDL (22%),
and significant reductions in apoB100 (�5.68 mg/dl; 6%),
fibrinogen (�19.4 mg/dl; 5%), sE-selectin (�7.76 ng/ml;
12%), and CRP (�1.02 mg/liter; 20%). These associations
remained essentially unchanged after adjusting for WHR as
an indicator of central obesity. Importantly, the weak but
significant and inverse association between adiponectin lev-
els and HgbA1c in diabetic women revealed by bivariate

analysis became nonsignificant after adjustment for body fat
distribution.

The association between adiponectin and Lp(a) remained
nonsignificant after controlling for all the variables shown in
Table 3 and triglycerides or HDL and HgbA1c, respectively.
Adiponectin remained significantly associated with apoB100,
CRP, fibrinogen, sE-selectin, and sTNF-�RII I after additional
adjustment for triglycerides or HDL and HgbA1c, suggesting
that the associations reported in this study were particularly
robust.

We obtained similar data when we studied all study sub-
jects or only subjects who had fasting triglyceride and leptin
levels (data not shown). We also evaluated whether the ob-
served associations were modified by baseline history of
CVD. We thus repeated the above analysis in women free of
cardiovascular disease at baseline (n � 722) and obtained
similar results (data not shown). Lastly, we studied whether
the reported associations were relatively consistent across
obesity strata, and this was the case for most variables, i.e.
interaction terms were nonsignificant for the following vari-
ables: CRP (P � 0.80), sE-selectin (P � 0.61), sTNF-�RII (P �
0.08), sICAM-1 (P � 0.052), fibrinogen (P � 0.19), Lp(a) (P �
0.61), and HDL (P � 0.057). In contrast, interaction terms
were significant for apoB (P � 0.001) and triglycerides (P �
0.001). More specifically, stratification for BMI less than 30 vs.
BMI of 30 or more revealed that the associations between
adiponectin and both apoB and triglycerides were negative

TABLE 1. Characteristics by quartiles of adiponectin in 925 diabetic women

Variable
Quartiles of adiponectin

P for trendQ1
0.8–3.65

Q2
3.66–5.83

Q3
5.84–9.58

Q4
9.59–42.07

Adiponectin (�g/ml) 2.7 � 0.7 4.7 � 0.6 7.3 � 1.0 16.9 � 7.2
Age (yr) 58.3 � 6.7 60.4 � 5.9 60.3 � 6.5 59.1 � 6.7 0.83
BMI (kg/m2) 31.4 � 6.0 30.9 � 6.0 30.0 � 6.3 26.4 � 5.7 �0.001
Physical activity (h/wk) 1.14 � 1.84 1.55 � 2.59 1.66 � 2.67 2.46 � 3.60 �0.001
Alcohol consumption (g/d) 2.6 � 8.7 2.4 � 7.9 2.1 � 5.6 3.1 � 7.1 0.37
Waist circumference (in) 24.5 � 18.3 25.6 � 17.9 26.6 � 16.7 24.8 � 14.5 0.95
WHR 0.88 � 0.22 0.85 � 0.07 0.85 � 0.10 0.80 � 0.10 �0.001
Current smokers (%) 15.7 14.4 10.3 13.9 0.38
Aspirin use (%) 53.5 47.8 48.0 48.5 0.56
Insulin use (%) 20.8 26.0 32.3 48.1 �0.001
Hormone use in postmenopausal women 23.8 29.0 32.3 36.2 0.076
History of hypertension (%) 74.5 67.1 68.1 54.6 �0.001
Baseline CVDa (%) 19.1 15.6 15.5 12.6 0.30
History of high cholesterol (%) 62.3 60.6 59.5 54.6 0.36
Family history of diabetes (%) 55.4 55.4 58.6 48.9 0.20
Family history of MI (%) 23 28 23 29 0.34
Fasting (%) 68.8 72.7 64.2 60.2 0.03
Total cholesterol (mg/dl) 221.4 � 46.5 232.0 � 42.7 233.8 � 45.0 230.5 � 46.6 0.13
HDL (mg/dl) 42.8 � 10.0 47.2 � 12.1 51.9 � 13.6 64.6 � 17.6 �0.001
LDL (mg/dl) 133.6 � 42.0 143.7 � 36.9 143.9 � 39.3 139.8 � 39.9 0.28
Non-HDL (mg/dl) 178.6 � 46.6 184.8 � 42.2 181.9 � 45.3 166.0 � 47.7 �0.001
Fasting triglycerides (mg/dl) 250.2 � 210.2 228.8 � 183.4 203.4 � 154.3 152.6 � 139.2 �0.001
ApoB100 (mg/dl) 106.0 � 25.0 108.7 � 23.6 105.0 � 24.5 94.3 � 25.8 �0.001
Fibrinogen (mg/dl) 401.7 � 95.8 390.2 � 112.1 378.6 � 101.6 351.2 � 89.8 �0.001
Fasting leptin (ng/ml) 50.0 � 25.4 49.6 � 28.8 50.5 � 30.0 43.3 � 35.7 �0.001
Lp(a) (mg/dl) 17.6 � 23.1 18.2 � 23.3 20.8 � 27.2 19.9 � 25.6 0.02
HgbA1c (%) 7.2 � 1.6 7.2 � 1.7 6.9 � 1.7 7.1 � 1.9 0.08
sICAM-1 (ng/ml) 329.9 � 98.1 322.9 � 117.3 293.9 � 82.9 296.3 � 94.7 �0.001
sTNF-� RII (pg/ml) 2637.4 � 829.8 2625.6 � 789.7 2662.5 � 864.6 2606.9 � 985.0 0.38
sE-Selectin (ng/ml) 77.8 � 39.4 69.3 � 44.5 60.6 � 32.6 54.6 � 34.8 �0.001
CRP (mg/liter) 7.3 � 6.7 5.9 � 5.8 5.4 � 5.0 4.0 � 5.3 �0.001

Values shown are the mean � SD for the respective quartiles (crude values).
a Self-reported CVD at baseline, MI, myocardial infarction.
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and significant only for the BMI less than 30 stratum [quartile
1 (Q1) � 11.96, Q2 � 9.71, Q3 � 7.71, Q4 � 7.80 (P � 0.001);
and Q1 � 12.04, Q2 � 8.56, Q3 � 8.18, Q4 � 5.76 (P � 0.001),
respectively]. In contrast, associations between adiponectin
and apoB or triglycerides were null in the stratum of diabetic

women with BMI of 30 or more. Similar to obesity, stratifi-
cation for insulin use revealed results that were not signif-
icant for CRP (P � 0.24); sTNF-� RII (P � 0.70), sICAM-1 (P �
0.78), sE-selectin (P � 0.53), Lp(a) (P � 0.08), or fibrinogen
(P � 0.21), but were significant for triglycerides (P � 0.008)

TABLE 3. Parameter estimates and P values for a 10 �g/dl increase in adiponectin levels in relation to HgbA1c, blood lipids, and
inflammatory makers in 925 diabetic women

Biomarker
Age adjusted Multivariate adjusteda Multivariateb adjusted

Estimate P Estimate P Estimate P

HgbA1c (%) �0.04 0.68 �0.12 0.14 �0.11 0.22
Total cholesterol 0.04 0.98 5.71 0.015 5.67 0.017
Fasting triglycerides �62.20 �0.001 �47.40 �0.001 �42.50 �0.001
HDL cholesterol 12.80 �0.001 11.40 �0.001 10.90 �0.001
LDL cholesterol �1.81 0.35 2.49 0.24 2.46 0.24
Non-HDL cholesterol �12.80 �0.001 �5.74 0.009 �5.20 0.02
ApoB100 �9.60 �0.001 �5.68 �0.001 �5.14 �0.001
Fibrinogen �30.00 �0.001 �19.40 �0.001 �20.80 �0.001
Fasting leptin �4.82 0.056 2.58 0.23 2.33 0.31
Lp(a) 1.66 0.21 1.12 0.41 1.27 0.37
sICAM-1 �11.00 0.034 �5.03 0.34 �3.46 0.52
sTNF-�RII 23.20 0.61 140.00 0.002 136.10 0.003
sE-Selectin �10.98 �0.001 �7.76 �0.001 �6.13 0.002
CRP �1.88 �0.001 �1.02 �0.001 �1.07 �0.001

a Multivariate adjusted: age at blood draw, BMI at the year of blood draw, smoking status [never smoked, former smoker, or current smoker
(1–14, 15–24, or 25 or more cigarettes/d)], alcohol consumption (none, 0.1–4.9, 5.0–14.9, or 15 g or more/d), postmenopausal status, and hormone
use (never used hormones, used them in past, or use them currently), level of physical activity (four categories), aspirin use at baseline, fasting
status at blood drawing, baseline hypertension, baseline cardiovascular disease, baseline high blood cholesterol, and use of insulin.

b Except for variables in multivariate adjusted model, WHR in quintiles is also included in this model.

TABLE 2. Spearman correlation between adiponectin and blood lipids, HgbA1c, and inflammatory markers in 925 diabetic women

Adiponectin Total
cholesterol

Fasting
triglycerides

HDL
cholesterol

LDL
cholesterol

Non-HDL
cholesterol ApoB100 Fibrinogen

Adiponectin 1 0.07a �0.30a 0.52a 0.045 �0.11a �0.19a �0.20a

Total cholesterol 1 0.36a 0.13a 0.86a 0.92a 0.84a 0.12a

Fasting triglycerides 1 �0.52a 0.16a 0.54a 0.55a 0.17a

HDL cholesterol 1 0.09a �0.20a �0.27a �0.15a

LDL cholesterol 1 0.83a 0.82a 0.10a

Non-HDL cholesterol 1 0.94a 0.17a

ApoB100 1 0.20a

Fibrinogen 1
Fasting leptin
Lp(a)
HgbA1c (%)
sICAM-1
sE-Selectin
sTNF-� RII
CRP

Fasting
leptin Lp(a) HgbA1c

(%) sICAM-1 sE-Selectin sTNF-�
RII CRP

Adiponectin �0.11a 0.09a �0.08a �0.16a �0.28a �0.03 �0.32a

Total cholesterol 0.08 0.06 0.11a �0.087a �0.04 �0.07a 0.05
Fasting triglycerides 0.11a �0.13a 0.19a 0.07 0.18a 0.13 0.26a

HDL cholesterol �0.10a 0.12a �0.13a �0.25a �0.30a �0.22a �0.23a

LDL cholesterol 0.08a 0.13a 0.10a �0.04 �0.02 �0.08a 0.01
Non-HDL cholesterol 0.11a 0.016 0.14a �0.008 0.06 0.008 0.12a

ApoB100 0.11 0.04 0.16a 0.06 0.13a 0.02 0.18a

Fibrinogen 0.24a 0.06 0.18a 0.11a 0.14a 0.22a 0.34a

Fasting leptin 1 �0.025 0.04 0.10a 0.19a 0.30a 0.34a

Lp(a) 1 �0.02 �0.04 �0.07a �0.005 �0.02
HgbA1c (%) 1 0.24a 0.33a 0.19a 0.21a

sICAM-1 1 0.52a 0.38a 0.29a

sE-Selectin 1 0.22a 0.28a

sTNF-� RII 1 0.31a

CRP 1
a P � 0.05.

Mantzoros et al. • Adiponectin in Diabetic Women J Clin Endocrinol Metab, August 2005, 90(8):4542–4548 4545

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/90/8/4542/3058890 by guest on 21 August 2022



and apoB100 levels (P � 0.002). Both triglycerides and apoB100
levels were significantly and inversely associated with adi-
ponectin in analysis stratifying for insulin use, but the in-
verse association was much more pronounced in the group
of insulin users (n � 180).

Discussion

Accumulating evidence from animal and human studies
demonstrates that adiponectin plays an important role in the
pathophysiology of insulin resistance, diabetes (9, 19–22),
lipid metabolism (7, 19), and inflammation (23) and thus
affects risk for cardiovascular disease (23). In this study we
found that, similar to diabetic men (11), adiponectin levels
were strongly and positively associated with HDL, whereas
they were strongly, but inversely, associated with triglycer-
ides, non-HDL, and apoB100 among women with type 2 di-
abetes. We also confirm previously shown inverse associa-
tions with fibrinogen (11), CRP, and sICAM-1 (11, 12) and
demonstrate for the first time a weak, positive association
with Lp(a), which does not persist after multivariate adjust-
ment, an inverse association with sE-selectin, and a null
association with sTNF-�RII. Furthermore, we demonstrate
that the reported associations were independent from the
potential confounding effect of lifestyle factors such as smok-
ing, alcohol consumption, and physical activity as well as
body fat mass and body fat distribution, aspirin or hormone
use, history of hypertension or hypercholesterolemia, or fam-
ily history of myocardial infarction in diabetic women. Im-
portantly, the reported associations with inflammatory
markers were also independent from glycemia and lipi-
demia, as reflected by adjusting for HgbA1c, total cholesterol,
and HDL, suggesting that adiponectin may have direct an-
tiinflammatory effects not mediated by body composition,
glycemia, or lipidemia. Thus, in addition to mediating the
effect of overall and central adiposity, adiponectin may have
direct effects on cardiovascular risk factors.

Adiponectin is an adipocyte-derived protein that has been
closely and inversely associated with obesity, body fat dis-
tribution, insulin resistance, and atherosclerosis (24). Adi-
ponectin knockout mice develop insulin resistance (19, 25).
Low adiponectin levels are associated with insulin resistance
and predict risk for developing diabetes in animal models
(20, 26, 27) and in humans (22), and administration of adi-
ponectin to rodents or of medications that increase adiponec-
tin levels in humans improves insulin sensitivity.

In vitro mechanistic studies have demonstrated that re-
combinant human adiponectin suppresses in a dose-depen-
dent manner endothelial expression of adhesion molecules,
the proliferation of vascular smooth muscle cells, and the
transformation of macrophages to foam cells (28). Moreover,
adiponectin both decreases the attachment of monocytic
THP-1 cells to human aortic endothelial cells and suppresses
the secretion of TNF-� from human monocyte/macrophages
(29) as well as the action of TNF-� (23, 28, 30). In mice,
adiponectin suppresses the expression of adhesion mole-
cules, scavenger receptors, and TNF-� levels (31). Adiponec-
tin may also exert antiinflammatory effects indirectly
through its effects on glycemia, which may affect circulating
cytokine concentrations (32, 33) and lipidemia (11), altering

the expression of adhesion molecules on vascular endothelial
cells (34) and inhibiting platelet aggregation (35). The inde-
pendent association between adiponectin and inflammatory
markers shown herein demonstrates that adiponectin’s ef-
fects on inflammatory markers are independent from the
potential confounding effect of other known cardiovascular
risk factors. The weak and borderline significant (11), or
nonsignificant after multivariate adjustment, association be-
tween adiponectin and sICAM-1 or soluble vascular cell ad-
hesion molecule may indicate that adiponectin plays a less
important role in monocyte adhesion, although its role in
subsequent stages of arteriosclerosis, i.e. macrophage cyto-
kine production and macrophage to foam cell transforma-
tion, is probably more important (4, 11).

Our data also indicate that a decrease in adiponectin levels
by 10 �g/ml corresponds to a decrease in HDL by approx-
imately 25%, an increase in triglycerides by approximately
25% and in non-HDL by about 7%, as well as substantial
increases in apoB100. Similar associations with HDL and tri-
glycerides have been observed by our group and others in
nondiabetic and diabetic (11, 12, 36, 37) subjects. Inverse
associations with apoB100 have been reported in two, but not
a third, study (11, 38). Adiponectin mediates only in part the
effects of body fat distribution on lipids and lipoproteins (6,
36–42), because the associations reported herein weaken, but
remain largely independent from, several other potential
confounders, including overall obesity and central body fat
distribution.

Adiponectin levels have also been associated with glucose
tolerance and plasminogen activator inhibitor-1 indepen-
dently of waist circumference or WHR in women with prior
gestational diabetes mellitus (43). We report for the first time
that adiponectin levels are inversely and significantly asso-
ciated with glycemic control in the diabetic women we stud-
ied, but this association becomes nonsignificant after adjust-
ing for potential confounding variables, including body fat
distribution. Adiponectin increases insulin-induced tyrosine
phosphorylation of the insulin receptor in skeletal muscle to
improve glucose tolerance and also acts directly at the level
of the muscle and the liver to increase free fatty acid oxida-
tion and clearance; it may also affect lipid metabolism
through additional mechanisms, which remain to be fully
elucidated (20, 22, 27).

The strengths of this study include the use of a well-
established cohort, the NHS, and the high power provided
by the large study sample. The limitations of this study
include its cross-sectional nature, which precludes inference
of causality, and the lack of adjustment for a potential effect
of lipid lowering and oral hypoglycemic medications. Non-
differential misclassification due to the lack of collection of
detailed data on medications at the time of blood drawing
could result in depression of effect estimates toward the null
and could thus have potentially only underestimated the
corresponding P values reported. Finally, the associations
reported in this study are consistent with a large and accu-
mulating body of evidence (20, 32, 33) on the role of adi-
ponectin in metabolism and inflammation, but some weak
associations, albeit statistically significant due to the high
power of the study, may not be as clinically important.

In conclusion, circulating adiponectin levels in diabetic
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women are associated with improved glycemia and lipi-
demia as well as a lower inflammatory state. Our findings of
an inverse and weak association between adiponectin levels
and levels of sICAM-1 (11, 12) as well as in inverse and strong
association with CRP and fibrinogen confirm previous re-
ports (11, 12, 36, 39, 42–46) and extend them by indicating the
independence of associations after multivariate adjustments
for many potential confounders, whereas the reported in-
verse association with sE-selectin, the weak association with
Lp(a), which becomes nonsignificant by multivariate adjust-
ment, and the null association with sTNF-� RII are novel.
Importantly, this is also the first time several of these asso-
ciations have been studied in diabetic women and have been
shown to be independent of other known risk factors for
cardiovascular disease. The strong independent associations
with lipoprotein levels and inflammatory markers support
the idea that adiponectin may have a beneficial effect on the
development of atherogenic lesions by exerting direct anti-
inflammatory and antiatherogenic actions. Lifestyle changes
and medications that increase adiponectin levels warrant
additional study, because they may improve the cardiovas-
cular risk profile and decrease cardiovascular morbidity and
mortality in type 2 diabetes.

Acknowledgments

Received February 22, 2005. Accepted May 11, 2005.
Address all correspondence and requests for reprints to: Dr. Christos

S. Mantzoros, Division of Endocrinology, Diabetes, and Metabolism,
Beth Israel Deaconess Medical Center, Harvard Medical School, 330
Brookline Avenue, ST 816, Boston, Massachusetts 02215. E-mail:
cmantzor@bidmc.harvard.edu.

This work was supported by National Institutes of Health Grants
HL-65582, HL-34594, DK-58845, and DK-58785. F.B.H. is the recipient of
the American Heart Association Established Investigator Award. J.B.M.
is supported by an American Diabetes Association Cancer Development
Award.

References

1. Cho E, Rimm EB, Stampfer MJ, Willett WC, Hu FB 2002 The impact of
diabetes mellitus and prior myocardial infarction on mortality from all causes
and from coronary heart disease in men. J Am Coll Cardiol 40:954–960

2. Haffner SM, Lehto S, Ronnemaa T, Pyorala K, Laakso M 1998 Mortality from
coronary heart disease in subjects with type 2 diabetes and in nondiabetic
subjects with and without prior myocardial infarction. N Engl J Med 339:229–
234

3. Nakano Y, Tobe T, Choi-Miura NH, Mazda T, Tomita M 1996 Isolation and
characterization of GBP28, a novel gelatin-binding protein purified from hu-
man plasma. J Biochem 120:803–812

4. Chandran M, Phillips SA, Ciaraldi T, Henry RR 2003 Adiponectin: more than
just another fat cell hormone? Diabetes Care 26:2442–2450

5. Tsao TS, Lodish HF, Fruebis J 2002 ACRP30, a new hormone controlling fat
and glucose metabolism. Eur J Pharmacol 440:213–221

6. Yamamoto Y, Hirose H, Saito I, Tomita M, Taniyama M, Matsubara K,
Okazaki Y, Ishii T, Nishikai K, Saruta T 2002 Correlation of the adipocyte-
derived protein adiponectin with insulin resistance index and serum high-
density lipoprotein-cholesterol, independent of body mass index, in the Jap-
anese population. Clin Sci 103:137–142

7. Matsubara M, Maruoka S, Katayose S 2002 Inverse relationship between
plasma adiponectin and leptin concentrations in normal-weight and obese
women. Eur J Endocrinol 147:173–180

8. Spranger J, Kroke A, Mohlig M, Bergmann MM, Ristow M, Boeing H,
Pfeiffer AF 2003 Adiponectin and protection against type 2 diabetes mellitus.
Lancet 361:226–228

9. Lindsay RS, Funahashi T, Hanson RL, Matsuzawa Y, Tanaka S, Tataranni
PA, Knowler WC, Krakoff J 2002 Adiponectin and development of type 2
diabetes in the Pima Indian population. Lancet 360:57–58

10. Daimon M, Oizumi T, Saitoh T, Kameda W, Hirata A, Yamaguchi H,
Ohnuma H, Igarashi M, Tominaga M, Kato T 2003 Decreased serum levels

of adiponectin are a risk factor for the progression to type 2 diabetes in the
Japanese population: the Funagata study. Diabetes Care 26:2015–2020

11. Schulze MB, Rimm EB, Shai I, Rifai N, Hu FB 2004 Relationship between
adiponectin and glycemic control, blood lipids, and inflammatory markers in
men with type 2 diabetes. Diabetes Care 27:1680–1687

12. Shetty GK, Economides PA, Horton ES, Mantzoros CS, Veves A 2004 Cir-
culating adiponectin and resistin levels in relation to metabolic factors, in-
flammatory markers, and vascular reactivity in diabetic patients and subjects
at risk for diabetes. Diabetes Care 27:2450–2457

13. Manson JE, Colditz GA, Stampfer MJ, Willett WC, Krolewski AS, Rosner B,
Arky RA, Speizer FE, Hennekens CH 1991 A prospective study of maturity-
onset diabetes mellitus and risk of coronary heart disease and stroke in women.
Arch Intern Med 151:1141–1147

14. Gavrila A, Chan JL, Yiannakouris N, Kontogianni M, Miller LC, Orlova C,
Mantzoros CS 2003 Serum adiponectin levels are inversely associated with
overall and central fat distribution but are not directly regulated by acute
fasting or leptin administration in humans: cross-sectional and interventional
studies. J Clin Endocrinol Metab 88:4823–4831

15. Hu FB, Doria A, Li T, Meigs JB, Liu S, Memisoglu A, Hunter D, Manson JE
2004 Genetic variation at the adiponectin locus and risk of type 2 diabetes in
women. Diabetes 53:209–213

16. Lopez-Garcia E, Schulze MB, Fung TT, Meigs JB, Rifai N, Manson JE, Hu
FB 2004 Major dietary patterns are related to plasma concentrations of markers
of inflammation and endothelial dysfunction. Am J Clin Nutr 80:1029–1035

17. Hu FB, Willett WC, Li T, Stampfer MJ, Colditz GA, Manson JE 2004 Adi-
posity as compared with physical activity in predicting mortality among
women. N Engl J Med 351:2694–2703

18. White H 1980 A heteroskedasticity-consistent covariance matrix estimator and
a direct test for heteroskedasticity. Econometrica 48:817–838

19. Kubota N, Terauchi Y, Yamauchi T, Kubota T, Moroi M, Matsui J, Eto K,
Yamashita T, Kamon J, Satoh H, Yano W, Froguel P, Nagai R, Kimura S,
Kadowaki T, Noda T 2002 Disruption of adiponectin causes insulin resistance
and neointimal formation. J Biol Chem 277:25863–25866

20. Yamauchi T, Kamon J, Waki H, Terauchi Y, Kubota N, Hara K, Mori Y, Ide
T, Murakami K, Tsuboyama-Kasaoka N, Ezaki O, Akanuma Y, Gavrilova O,
Vinson C, Reitman ML, Kagechika H, Shudo K, Yoda M, Nakano Y, Tobe
K, Nagai R, Kimura S, Tomita M, Froguel P, Kadowaki T 2001 The fat-derived
hormone adiponectin reverses insulin resistance associated with both lipoat-
rophy and obesity. Nat Med 7:941–946

21. Bluher M, Michael MD, Peroni OD, Ueki K, Carter N, Kahn BB, Kahn CR
2002 Adipose tissue selective insulin receptor knockout protects against obe-
sity and obesity-related glucose intolerance. Dev Cell 3:25–38

22. Stefan N, Vozarova B, Funahashi T, Matsuzawa Y, Weyer C, Lindsay RS,
Youngren JF, Havel PJ, Pratley RE, Bogardus C, Tataranni PA 2002 Plasma
adiponectin concentration is associated with skeletal muscle insulin receptor
tyrosine phosphorylation, and low plasma concentration precedes a decrease
in whole-body insulin sensitivity in humans. Diabetes 51:1884–1888

23. Yokota T, Oritani K, Takahashi I, Ishikawa J, Matsuyama A, Ouchi N, Kihara
S, Funahashi T, Tenner AJ, Tomiyama Y, Matsuzawa Y 2000 Adiponectin, a
new member of the family of soluble defense collagens, negatively regulates
the growth of myelomonocytic progenitors and the functions of macrophages.
Blood 96:1723–1732

24. Sutherland JP, McKinley B, Eckel RH 2004 The metabolic syndrome and
inflammation. Metabolic Syndrome Related Disord 2:82–104

25. Maeda N, Shimomura I, Kishida K, Nishizawa H, Matsuda M, Nagaretani
H, Furuyama N, Kondo H, Takahashi M, Arita Y, Komuro R, Ouchi N, Kihara
S, Tochino Y, Okutomi K, Horie M, Takeda S, Aoyama T, Funahashi T,
Matsuzawa Y 2002 Diet-induced insulin resistance in mice lacking adiponec-
tin/ACRP30. Nat Med 8:731–737

26. Hotta K, Funahashi T, Bodkin NL, Ortmeyer HK, Arita Y, Hansen BC,
Matsuzawa Y 2001 Circulating concentrations of the adipocyte protein adi-
ponectin are decreased in parallel with reduced insulin sensitivity during the
progression to type 2 diabetes in rhesus monkeys. Diabetes 50:1126–1133

27. Berg AH, Combs TP, Du X, Brownlee M, Scherer PE 2001 The adipocyte-
secreted protein Acrp30 enhances hepatic insulin action. Nat Med 7:947–953

28. Ouchi N, Kihara S, Arita Y, Maeda K, Kuriyama H, Okamoto Y, Hotta K,
Nishida M, Takahashi M, Nakamura T, Yamashita S, Funahashi T, Matsu-
zawa Y 1999 Novel modulator for endothelial adhesion molecules: adipocyte-
derived plasma protein adiponectin. Circulation 100:2473–2476

29. Ouchi N, Kihara S, Arita Y, Okamoto Y, Maeda K, Kuriyama H, Hotta K,
Nishida M, Takahashi M, Muraguchi M, Ohmoto Y, Nakamura T, Yamashita
S, Funahashi T, Matsuzawa Y 2000 Adiponectin, an adipocyte-derived plasma
protein, inhibits endothelial NF-�B signaling through a cAMP-dependent
pathway. Circulation 102:1296–1301

30. Matsuda M, Shimomura I, Sata M, Arita Y, Nishida M, Maeda N, Kumada
M, Okamoto Y, Nagaretani H, Nishizawa H, Kishida K, Komuro R, Ouchi
N, Kihara S, Nagai R, Funahashi T, Matsuzawa Y 2002 Role of adiponectin
in preventing vascular stenosis. The missing link of adipo-vascular axis. J Biol
Chem 277:37487–37491

31. Okamoto Y, Kihara S, Ouchi N, Nishida M, Arita Y, Kumada M, Ohashi K,
Sakai N, Shimomura I, Kobayashi H, Terasaka N, Inaba T, Funahashi T,

Mantzoros et al. • Adiponectin in Diabetic Women J Clin Endocrinol Metab, August 2005, 90(8):4542–4548 4547

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/90/8/4542/3058890 by guest on 21 August 2022



Matsuzawa Y 2002 Adiponectin reduces atherosclerosis in apolipoprotein
E-deficient mice. Circulation 106:2767–2770

32. Morohoshi M, Fujisawa K, Uchimura I, Numano F 1996 Glucose-dependent
interleukin 6 and tumor necrosis factor production by human peripheral blood
monocytes in vitro. Diabetes 45:954–959

33. Esposito K, Nappo F, Marfella R, Giugliano G, Giugliano F, Ciotola M,
Quagliaro L, Ceriello A, Giugliano D 2002 Inflammatory cytokine concen-
trations are acutely increased by hyperglycemia in humans: role of oxidative
stress. Circulation 106:2067–2072

34. Garner B, Witting PK, Waldeck AR, Christison JK, Raftery M, Stocker R 1998
Oxidation of high density lipoproteins. I. Formation of methionine sulfoxide
in apolipoproteins AI and AII is an early event that accompanies lipid per-
oxidation and can be enhanced by �-tocopherol. J Biol Chem 273:6080–6087

35. Nofer JR, Walter M, Kehrel B, Wierwille S, Tepel M, Seedorf U, Assmann
G 1998 HDL3-mediated inhibition of thrombin-induced platelet aggregation
and fibrinogen binding occurs via decreased production of phosphoinositide-
derived second messengers 1,2-diacylglycerol and inositol 1,4,5-tris-phos-
phate. Arterioscler Thromb Vasc Biol 18:861–869

36. Zietz B, Herfarth H, Paul G, Ehling A, Muller-Ladner U, Scholmerich J,
Schaffler A 2003 Adiponectin represents an independent cardiovascular risk
factor predicting serum HDL-cholesterol levels in type 2 diabetes. FEBS Lett
545:103–104

37. Valsamakis G, Chetty R, McTernan PG, Al Daghri NM, Barnett AH, Kumar
S 2003 Fasting serum adiponectin concentration is reduced in Indo-Asian
subjects and is related to HDL cholesterol. Diabetes Obes Metab 5:131–135

38. Matsubara M, Maruoka S, Katayose S 2002 Decreased plasma adiponectin
concentrations in women with dyslipidemia. J Clin Endocrinol Metab 87:2764–
2769

39. Cnop M, Havel PJ, Utzschneider KM, Carr DB, Sinha MK, Boyko EJ, Retzlaff
BM, Knopp RH, Brunzell JD, Kahn SE 2003 Relationship of adiponectin to

body fat distribution, insulin sensitivity and plasma lipoproteins: evidence for
independent roles of age and sex. Diabetologia 46:459–469

40. Addy CL, Gavrila A, Tsiodras S, Brodovicz K, Karchmer AW, Mantzoros CS
2003 Hypoadiponectinemia is associated with insulin resistance, hypertriglyc-
eridemia, and fat redistribution in human immunodeficiency virus-infected
patients treated with highly active antiretroviral therapy. J Clin Endocrinol
Metab 88:627–636

41. Shand BI, Scott RS, Elder PA, George PM 2003 Plasma adiponectin in over-
weight, nondiabetic individuals with or without insulin resistance. Diabetes
Obes Metab 5:349–353

42. Tschritter O, Fritsche A, Thamer C, Haap M, Shirkavand F, Rahe S, Staiger
H, Maerker E, Haring H, Stumvoll M 2003 Plasma adiponectin concentrations
predict insulin sensitivity of both glucose and lipid metabolism. Diabetes
52:239–243

43. Winzer C, Wagner O, Festa A, Schneider B, Roden M, Bancher-Todesca D,
Pacini G, Funahashi T, Kautzky-Willer A 2004 Plasma adiponectin, insulin
sensitivity, and subclinical inflammation in women with prior gestational
diabetes mellitus. Diabetes Care 27:1721–1727

44. Krakoff J, Funahashi T, Stehouwer CD, Schalkwijk CG, Tanaka S, Matsu-
zawa Y, Kobes S, Tataranni PA, Hanson RL, Knowler WC, Lindsay RS 2003
Inflammatory markers, adiponectin, and risk of type 2 diabetes in the Pima
Indian. Diabetes Care 26:1745–1751

45. Ouchi N, Kihara S, Funahashi T, Nakamura T, Nishida M, Kumada M,
Okamoto Y, Ohashi K, Nagaretani H, Kishida K, Nishizawa H, Maeda N,
Kobayashi H, Hiraoka H, Matsuzawa Y 2003 Reciprocal association of C-re-
active protein with adiponectin in blood stream and adipose tissue. Circulation
107:671–674

46. Fernandez-Real JM, Lopez-Bermejo A, Casamitjana R, Ricart W 2003 Novel
interactions of adiponectin with the endocrine system and inflammatory pa-
rameters. J Clin Endocrinol Metab 88:2714–2718

JCEM is published monthly by The Endocrine Society (http://www.endo-society.org), the foremost professional society serving the
endocrine community.

4548 J Clin Endocrinol Metab, August 2005, 90(8):4542–4548 Mantzoros et al. • Adiponectin in Diabetic Women

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/90/8/4542/3058890 by guest on 21 August 2022


