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OBJECTIVE — Adiponectin, synthesized in the adipose tissue, appears to play an important
role in hyperglycemia and dyslipidemia, as well as in inflammatory mechanisms, which lead to
a markedly increased atherosclerotic risk in diabetic subjects. However, previous studies did not
evaluate the complex relationships between adiponectin and the array of metabolic abnormali-
ties commonly observed in diabetes.

RESEARCHDESIGNANDMETHODS — To examine the associations between plasma
levels of adiponectin and HbA1c, blood lipids, and inflammatory markers, we obtained blood
samples from 741 participants in the Health Professionals Follow-up Study with a diagnosis of
type 2 diabetes.

RESULTS — Plasma adiponectin levels were positively correlated with HDL cholesterol and
negatively correlated with triglycerides, apolipoprotein B-100 (apoB100), C-reactive protein
(CRP), and fibrinogen. These associations were not appreciably altered after controlling for
lifestyle exposures, medical conditions, and obesity-associated variables. A 10-�g/ml higher
level of plasma adiponectin was associated with lower HbA1c (�0.21% points, P � 0.001),
triglycerides (�0.39 mmol/l, P � 0.001), apoB100 (�0.04 g/l, P � 0.001), CRP (�0.51 mg/l, P �
0.003), and fibrinogen (�0.53 �mol/l, P � 0.001) and higher HDL cholesterol (0.13 mmol/l,
P � 0.001). Associations between adiponectin and inflammatory markers were furthermore
independent of HbA1c and HDL cholesterol, suggesting that the anti-inflammatory properties of
adiponectin are not mediated by potential effects on glycemic control and blood lipids. Our
results were consistent among obese and nonobese men.

CONCLUSIONS — Our study supports the hypothesis that increased adiponectin levels
might be associated with better glycemic control, better lipid profile, and reduced inflammation
in diabetic subjects. Measures that increase adiponectin levels might be valuable targets for
decreasing the atherosclerotic risk present in diabetes.
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P atients with type 2 diabetes have a
markedly increased atherosclerotic
risk. The risk of fatal coronary heart

disease among diabetic subjects is compa-
rable with that observed in subjects who
have had a previous myocardial infarction
(1,2). This increased risk has been mainly
attributed to hyperglycemia, dyslipide-
mia, and inflammatory mechanisms (3).
Adiponectin, which is solely synthesized
in the adipose tissue, appears to play an
important role in all of these pathways
(4). It has been found to be a major mod-
ulator of insulin action and resistance (5)
and to predict the development of type 2
diabetes (6–8). Furthermore, it seems to
have substantial anti-inflammatory prop-
erties (4). Adiponectin is also related to
lipid metabolism, particularly higher lev-
els of HDL cholesterol, and lower levels of
triglycerides (9). However, previous stud-
ies did not evaluate the complex relation-
ships between adiponectin and the array
of metabolic abnormalities commonly ob-
served in diabetes. In particular, it re-
mains unresolved whether the potential
anti-inflammatory properties of adi-
ponectin are apparent among diabetic
subjects and whether effects on glycemia
and blood lipids largely mediate them.
We therefore examined the relationship
between adiponectin levels and HbA1c,
blood lipids (HDL, LDL, and non-HDL
cholesterol and apolipoprotein B-100
[apoB100]), C-reactive protein (CRP), fi-
brinogen, and other inflammatory mark-
ers in diabetic men.

RESEARCH DESIGN AND
METHODS — The Health Profession-
als Follow-up Study is a prospective co-
hort study of 51,529 U.S. male health
professionals (dentists, veterinarians,
pharmacists, optometrists, osteopathic
physicians, and podiatrists) aged 40–75
years at study initiation in 1986. This co-
hort is followed through biennially
mailed questionnaires focusing on differ-
ent lifestyle factors and health outcomes.
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In addition, between 1993 and 1994,
18,159 study participants provided blood
samples by overnight courier. Among
participants who returned blood samples,
741 had a diagnosis of type 2 diabetes at
the time of blood draw and reported their
weight on the preceding questionnaire.
The study was approved by the institu-
tional review boards at the Harvard
School of Public Health and the Brigham
and Women’s Hospital. Completion of
the self-administered questionnaire was
considered to imply informed consent.

Diabetes confirmation
We sent supplementary questionnaires to
all men who reported a diagnosis of dia-
betes on any of the regular biennial ques-
tionnaires to confirm this self-report. In
accordance with the criteria of the Na-
tional Diabetes Data Group (10), confir-
mation of diabetes required at least one of
the following: 1) an elevated plasma glu-
cose concentration (fasting plasma glu-
cose �7.8 mmol/l, random plasma
glucose �11.1 mmol/l, and/or plasma
glucose �11.1 mmol/l after �2 h during
an oral glucose tolerance test) plus at least
one classic symptom (excessive thirst,
polyuria, weight loss, or hunger); 2) no
symptoms, but at least two elevated
plasma glucose concentrations (by the
above criteria) on different occasions; or
3) treatment with hypoglycemic medica-
tion (insulin or oral hypoglycemic agent).
We used the National Diabetes Data
Group criteria to define diabetes because
the majority of our subjects were diag-
nosed before the release of the American
Diabetes Association criteria in 1997
(11). The validity of self-reported diabe-
tes using the supplementary question-
naire has been documented in a
subsample of 71 men from the Health
Professionals Follow-up Study cohort. Of
these, 12 had incomplete medical
records, whereas the diagnosis of type 2
diabetes was confirmed in 57 (97%) of the
remaining 59 men (12).

Assessment of anthropometric and
lifestyle exposures
Participants provided information on
their age, weight, smoking status, aspirin
use, and physical activity. If the weight
was missing, we used the weight reported
on the preceding questionnaire instead.
We calculated BMI as the ratio of weight
(in kilograms) to height (in meters
squared). Self-reports of body weight

have been shown (13) to be highly corre-
lated with technician-measured weights
(r � 0.97) in this cohort. Physical activity
was computed as metabolic equivalents
per week using the duration per week of
various forms of exercise, weighting each
activity by its intensity level (14). History
of cardiovascular disease (angina pecto-
ris, myocardial infarction, coronary by-
pass surgery or coronary angioplasty, and
stroke), high blood pressure, high blood
cholesterol, and cancer were determined
from self-reports preceding the blood col-
lection. Alcohol intake was estimated
with a dietary questionnaire in 1994.

Biochemical analysis
Each interested participant was sent a
blood collection kit containing instruc-
tions and needed supplies (blood tubes,
tourniquet, gauze, Band-Aids, and nee-
dles). The participants made arrange-
ments for the blood to be drawn. Blood
samples were collected in three 10-ml liq-
uid EDTA blood tubes, placed on ice
packs stored in Styrofoam containers, and
returned to our laboratory via overnight
courier. Over 95% of the samples arrived
within 24 h. After receipt, the chilled
blood was centrifuged, aliquoted into
plasma, erythrocytes, and buffy coat, and
stored in continuously monitored nitro-
gen freezers at a temperature not higher
than �130°C. We requested information
on the date and time of the blood sample
drawing and the time elapsed since the
preceding meal to identify nonfasting
(�8 h) subjects.

All biomarker assays were carried out
on a Hitachi 911 analyzer (Roche Diag-
nostics, Indianapolis, IN). Adiponectin
was measured by a competitive radioim-
munoassay using a commercial reagent
set from Linco Research (St. Louis, MO)
with a day-to-day variability at adiponec-
tin concentrations of 3, 6, and 15 ng/ml of
9.2, 6.9, and 9.2%, respectively. HbA1c
determination was based on turbidimet-
ric immunoinhibition using hemolyzed
whole blood or packed red cells. The day-
to-day variability at HbA1c concentrations
of 5.5 and 9.1% was 1.9 and 3.0%, re-
spectively. The determination of total
cholesterol, triglycerides, and HDL cho-
lesterol concentrations was simulta-
neously performed using reagents and
calibrators from Roche Diagnostics (Indi-
anapolis, IN); coefficients of variation for
these measurements were �1.8%. LDL
cholesterol was measured by a homoge-

nous direct method from Genzyme (Cam-
bridge, MA). The day-to-day variability at
LDL cholesterol concentrations of 2.33,
2.74, and 3.34 mmol/l was �3.1%. Mea-
surement of apoB100 was based on the im-
munonephelometric assay using reagents
and calibrators from Wako Chemicals
(Richmond, VA), with a day-to-day vari-
ability of �5%. We calculated non-HDL
cholesterol as the difference between total
and HDL cholesterol. CRP was measured
via an immunoturbidimetric assay using
reagents and calibrators from Denka
Seiken (Niigata, Japan). The day-to-day
variability of the assay at concentrations
of 0.91, 3.07, and 13.38 mg/l were 2.8,
1.6, and 1.1%, respectively. Fibrinogen
was measured with an immunoturbidi-
metric assay using reagents and calibra-
tors from Kamiya Biomedical (Seattle,
WA). The day-to-day variability of the as-
say at concentrations of 4.92, 9.51, and
16.29 �mol/l was 0.9, 1.1, and 1.5%, re-
spectively. Soluble intracellular cell adhe-
sion molecules (sICAMs), soluble
vascular cell adhesion molecules (sV-
CAMs), and plasma soluble fractions of
tumor necrosis factor (TNF)-� receptor 2
(sTNFR2s) were measured by enzyme-
linked immunosorbent assay from R&D
Systems (Minneapolis, MN). The day-to-
day variabilities of the assays at concen-
trations of 64.2, 117, 290, and 453 ng/ml
sICAM and at concentrations of 9.8, 24.9,
and 49.6 ng/ml sVCAM were 10.1, 7.4,
6.0, and 6.1% and 10.2, 8.5, and 8.9%,
respectively. The day-to-day variability of
the sTNFR2 assay at concentrations of
89.9, 197, and 444 pg/ml was 5.1, 3.5,
and 3.6%, respectively.

Statistical analysis
Spearman correlations and scatter plots
were used to evaluate bivariate relation-
ships between plasma levels of adiponec-
tin and of lipids and inflammatory
markers. Multivariate linear regression
analyses with robust variance were per-
formed to evaluate the association be-
tween adiponectin and biomarkers
without the need of normal distribution
assumptions (15). We adjusted for age,
BMI, activity (quartiles of metabolic
equivalents), smoking (never, past, and
current), aspirin use, history of cardiovas-
cular disease, history of high blood pres-
sure, history of high blood cholesterol,
history of cancer, fasting status, alcohol
intake (0.0, 0.1– 4.9, 5.0 –9.9, 10.0 –
14.9, and �15.0 g/day), and insulin use.
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We furthermore tested for effect modifi-
cations by obesity status, with adjustment
for potential confounders. All statistical
analyses were performed using SAS statis-
tical software version 8 (SAS Institute,
Cary, NC).

RESULTS — Among the study popula-
tion of 741 diabetic men, higher plasma
adiponectin levels were associated with
higher age, higher physical activity,
higher alcohol consumption, and lower
BMI (Table 1). Furthermore, men with
relatively high adiponectin levels were
more likely to use insulin and were less
likely to have a history of high blood cho-
lesterol. Although HDL and LDL choles-
terol were positively associated with
adiponectin levels, the opposite was ob-
served for HbA1c, triglycerides, non-HDL
cholesterol, apoB100, CRP, and fibrino-
gen. Adiponectin levels were not signifi-
cantly associated with creatinine levels.
One hundred twenty-three subjects
(26%) had a history of cardiovascular dis-
ease. One-half of the subjects reported as-

pirin use, and 31% used at least six aspirin
tablets per week. We calculated Spear-
man correlation coefficients to further
elucidate the associations between adi-
ponectin and blood lipids and inflamma-
tory markers (Table 2). Adiponectin was
positively correlated with HDL choles-
terol (r � 0.42) and negatively correlated
with triglycerides (r � �0.38). Signifi-
cant correlations (at P � 0.01) were also
found between adiponectin and HbA1c,
apoB100, CRP, and fibrinogen, although
correlation coefficients were relatively
weak (�0.20).

Figure 1 presents scatter plots be-
tween log-transformed adiponectin and
HDL cholesterol, triglycerides, apoB100,
HbA1c, CRP, and fibrinogen levels. We
observed a positive association between
adiponectin and HDL cholesterol and a
negative association between adiponectin
and triglycerides, apoB100, HbA1c, CRP,
and fibrinogen. All biomarkers monoton-
ically increased or decreased with increas-
ing adiponectin, thus no indications for

nonmonotonic associations between
these variables were present.

We used multivariate linear regres-
sion to estimate the change in blood lipids
and inflammatory markers required for
an increase in adiponectin by 10 �g/ml
(61% compared with the mean level of
16.5 �g/ml), adjusting for age, physical
activity, smoking, and other covariates,
including BMI (Table 3). A 10-�g/ml in-
crease in plasma adiponectin was associ-
ated with a 0.21% point decrease in
HbA1c, a 0.39-mmol/l decrease in triglyc-
erides (�18% as compared with the mean
level), a 0.13-mmol/l increase in HDL
cholesterol (14%), and significant reduc-
tions in apoB100 (�0.04 g/l, �4%), CRP
(�0.51 mg/l, �15%), fibrinogen (�0.53
�mol/l, �4%), and sICAM (�7.56 ng/
ml, �2%). These associations remained
significant after further adjustment for the
waist-to-hip ratio in a subset of men who
reported their waist and hip circumfer-
ences in 1996 (n � 667), except in the
case for sICAM. Furthermore, adjustment
for HDL cholesterol, CRP, and fibrinogen

Table 1 —Characteristics by quartiles of adiponectin in 741 diabetic men

Variable

Quartiles of adiponectin

P for trend*1 2 3 4

Adiponectin (�g/ml) 7.82 (1.40–10.54) 12.69 (10.55–14.78) 17.54 (14.79–20.49) 27.83 (20.50–63.78) —
Age (years) 64.1 64.5 65.5 66.1 0.009
BMI (kg/m2) 28.6 28.0 27.0 25.9 �0.001
Physical activity (MET/week)† 26.1 29.1 31.9 30.4 0.202
Alcohol intake (g/day)‡ 8.3 7.0 10.3 11.1 0.014
Currently smoking (%) 5.4 9.2 3.2 7.6 0.866
Aspirin use (%) 47.0 48.1 46.8 52.4 0.319
Insulin use (%) 20.0 22.2 25.3 34.6 0.001
History of CVD (%) 24.3 27.0 29.0 23.8 0.882
History of hypertension (%) 52.4 54.6 54.4 43.2 0.059
History of high blood cholesterol (%) 56.8 48.1 53.2 42.2 0.015
Fasting (%) 56.2 50.8 53.2 55.1 0.950
HbA1c (%)* 7.5 7.5 7.3 7.1 0.008
Total cholesterol (mmol/l)* 5.22 5.39 5.40 5.33 0.447
Triglycerides (mmol/l)*§ 2.20 1.93 1.65 1.28 �0.001
LDL cholesterol (mmol/l)* 2.91 3.21 3.25 3.17 0.020
HDL cholesterol (mmol/l)* 0.89 0.99 1.05 1.20 �0.001
Non-HDL cholesterol (mmol/l)* 4.29 4.36 4.30 4.07 0.012
ApoB100 (g/l)* 1.06 1.05 1.01 0.94 �0.001
CRP (mg/l)* 2.35 1.93 1.58 1.34 �0.001
Fibrinogen (�mol/l)* 14.64 13.70 13.11 12.98 �0.001
sTNFR2 (pg/ml)* 2,861.8 2,935.7 2,891.4 2,992.9 0.206
sICAM-1 (ng/ml)* 357.97 340.10 345.20 340.57 0.128
sVCAM-1 (ng/ml)* 1,366.45 1,379.03 1,345.56 1,378.88 0.912
Creatinine (�mol/l)* 92.33 92.05 89.69 93.04 0.147

Data are mean and mean (range), unless indicated otherwise. *Biomarkers were log transformed; †644 subjects due to missing values; ‡694 subjects due to missing
values; §fasting samples only (n � 399). CVD, cardiovascular disease; MET, metabolic equivalent.
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only slightly attenuated the association
for triglycerides (� � �0.22, P � 0.001).
Adiponectin remained positively associ-
ated with HDL cholesterol after additional
adjustment for CRP and fibrinogen (� �
0.13, P � 0.001). The association be-
tween adiponectin and apoB100 was only
slightly attenuated after controlling for
HDL cholesterol (� � 0.04, P � 0.001).
Similarly, adiponectin remained signifi-
cantly associated with CRP and fibrino-
gen, controlling for HDL cholesterol and
HbA1c. Regression parameter estimates
(�) for an increase in adiponectin of 10
�g/ml predicting CRP and fibrinogen
were �0.42 (P � 0.019) and �0.36 (P �
0.035), respectively.

We further evaluated whether the ob-
served associations were modified by obe-
sity status. The associations were
relatively consistent across obesity strata,
and interaction terms were all nonsignif-
icant (CRP, P � 0.191; fibrinogen, P �
0.657; triglycerides, P � 0.966; apoB100,
P � 0.221; and HDL cholesterol, P �
0.999).

CONCLUSIONS — We found that
among men with type 2 diabetes, high
plasma levels of adiponectin were posi-
tively associated with HDL cholesterol
and inversely associated with HbA1c, trig-
lycerides, apoB100, CRP, and fibrinogen.
These associations were independent of
lifestyle factors and of anthropometric

characteristics. Associations between adi-
ponectin and CRP as well as fibrinogen
were furthermore independent of HbA1c
and HDL cholesterol, which suggests that
adiponectin may have anti-inflammatory
properties in diabetic subjects that are not
mediated by its potential effects on glyce-
mic control and blood lipids.

Our observation that adiponectin lev-
els may be associated with the status of
glycemic control among diabetic men is
supported by previous studies that found
adiponectin to be a major modulator of
insulin action and resistance. Plasma lev-
els of adiponectin are significantly lower
in humans with insulin resistance or type
2 diabetes (5) and predict the develop-
ment of type 2 diabetes (6–8). Strong
correlations between adiponectin and
measures of insulin sensitivity have been
well established in humans (4). The con-
nection between adiponectin levels and
insulin resistance have been furthermore
confirmed by data obtained from animal
models, wherein adiponectin treatment
reversed insulin resistance in lipoatrophic
mice (16), increased hepatic glucose up-
take (17), and stimulated muscular fatty
acid oxidation (18). Furthermore, thiazo-
lidinedione treatment increased plasma
adiponectin levels in normal and diabetic
subjects (19 –22), which supports the
thought that adiponectin plays a role in
the systemic insulin-sensitizing and anti-
inflammatory properties of the thiazo-

lidinediones. Similarly, increased plasma
adiponectin may underlie the improve-
ment of insulin resistance with sulfonyl-
ureas (23).

Our data suggest that decreased adi-
ponectin levels may be associated with an
atherogenic lipoprotein profile. A 10-
�g/ml increase in adiponectin was associ-
ated with substantially higher HDL
cholesterol and lower triglycerides and
apoB100. Similar associations between
adiponectin and HDL and triglycerides
were observed among nondiabetic (24–
31) and diabetic (32,33) subjects. Inverse
associations between adiponectin and
apoB100 were also observed in one (24)
but not in another (25) study. The mech-
anisms by which adiponectin may affect
blood lipids are largely unknown. Effects
of adiponectin on hepatic lipase activity,
which is increased in central obesity and
insulin resistance, are suspected (25).
However, our observed associations were
largely independent from BMI and waist-
to-hip ratio. Similarly, adiponectin was
found to be associated with HDL choles-
terol and triglycerides independent from
abdominal fat area measured by com-
puted tomography scan (25), visceral and
extremity fat (26), BMI and body fat mass
(24,29–32), or waist circumference (33).
This suggests that although adiponectin
might in part mediate effects of body fat
on lipoproteins, other unrecognized
pathways controlling its production

Table 2—Spearman correlation between adiponectin and blood lipids, HbA1c, and inflammatory markers in 741 diabetic men

Adiponectin
Total

cholesterol Triglycerides*
HDL

cholesterol
LDL

cholesterol
Non-HDL
cholesterol ApoB100

Adiponectin 1 0.04 �0.38 0.42 0.09 �0.08 �0.19
Total cholesterol — 1 0.21 0.30 0.87 0.95 0.86
Triglycerides* — — 1 �0.52 �0.05 0.37 0.43
HDL cholesterol — — — 1 0.29 0.03 �0.09
LDL cholesterol — — — — 1 0.84 0.77
Non-HDL cholesterol — — — — — 1 0.94
ApoB100 — — — — — — 1

Adiponectin HbA1c CRP Fibrinogen sTNFR2 sICAM-1 sVCAM-1

Adiponectin 1 �0.09 �0.18 �0.18 0.03 �0.10 �0.01
HbA1c — 1 0.12 0.09 �0.01 0.12 �0.03
CRP — — 1 0.45 0.30 0.31 0.09
Fibrinogen — — — 1 0.25 0.15 0.11
sTNFR2 — — — — 1 0.44 0.58
sICAM-1 — — — — — 1 0.50
sVCAM-1 — — — — — — 1

Values at P � 0.01 are in boldface. *Fasting samples only (n � 399).
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might be important as well. Furthermore,
the associations were largely independent
of fasting insulin concentration (32,33)
and indexes of insulin resistance assessed
by the homeostasis model assessment
(29,31), the euglycemic-hyperinsuline-
mic clamp, and the oral glucose tolerance
test (30). This suggests that mechanisms
other than effects on insulin resistance
and hepatic lipase activity most likely me-
diate the association between adiponectin
and blood lipids.

Our finding that plasma adiponectin

levels may be negatively associated with
levels of CRP and fibrinogen is supported
by previous reports (28,29,34–37) that
indicate potential anti-inflammatory
properties of adiponectin. Anti-inflam-
matory effects of adiponectin might be
mediated indirectly by its effects on gly-
cemic control and blood lipids. Hypergly-
cemia acutely increases circulating
cytokine concentrations (38,39). HDL
cholesterol downregulates expression of
adhesive molecules on the surface of vas-
cular endothelium (40) and inhibits

platelet aggregation (41) and thus has an-
ti-inflammatory and antithrombotic
properties. However, adjustment for HDL
cholesterol and HbA1c in our study only
slightly attenuated the association be-
tween adiponectin and CRP and fibrino-
gen. In vitro studies suggest several other
mechanisms, which might explain the ob-
served associations. Adiponectin was
found to affect monocyte adhesion to the
endothelium (42) and to suppress mac-
rophage-to-foam cell transformation
(43). Furthermore, adiponectin inhibits

Figure 1— Relationship between log-transformed plasma adiponectin levels and plasma lipids and inflammatory markers as determined by linear
regression.
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the production and action of TNF-�
(42,44,45), which may influence inter-
leukin-6 and CRP production. Therefore,
adiponectin may affect CRP levels in
plasma and adipose tissue through mod-
ulating the inflammatory cascades (35).
Interestingly, adiponectin was not associ-
ated with sTNFR2 levels in our study.
Similarly, in a previous study (36), adi-
ponectin was associated with CRP and in-
terleukin-6, but no association with
TNF-� was observed. It has also been sug-
gested (37) that the association between
adiponectin and TNF-� may not be dose
dependent, but may rather involve a
threshold effect; however, our data do not
support this hypothesis. The lack of asso-
ciation between adiponectin and sICAM
and sVCAM in our study suggests that
adiponectin may play a less important
role in monocyte adhesion, although it is
critical in subsequent stages of atheroscle-
rosis, e.g., macrophage cytokine produc-
tion and macrophage-to-foam cell
transformation (4).

A major limitation of our study is its
cross-sectional nature, which does not al-
low for inferring causality from our re-
sults. In particular, although our results
are suggestive of a role of adiponectin in
carbohydrate and lipid metabolism and
inflammatory processes, we were not able
to determine whether decreased adi-
ponectin levels are a cause or an effect of
the metabolic state of high glycemia, dys-
lipidemia, and inflammation. However,

these relationships are consistent with a
large body of experimental evidence
(16,38,39) on the role of adiponectin in
glucose metabolism and inflammation.

Although associations between adi-
ponectin and metabolic markers may be
modified by the presence and type of cho-
lesterol-lowering and diabetes medica-
tions, we did not collect detailed
medication data at the time of blood draw
in our cohort and were therefore unable
to evaluate this. The cross-sectional study
design would, however, complicate the
interpretation of such an analysis with re-
spect to causality.

In conclusion, our study supports the
hypothesis that increased adiponectin levels
may be associated with lower hyperglyce-
mia and dyslipidemia, as well as with a
lower inflammatory state in diabetic sub-
jects. Lifestyle and pharmaceutical ap-
proaches that increase adiponectin levels
might be valuable in decreasing the athero-
sclerotic risk present in type 2 diabetes.
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