Epidemiology/Health Services/Psychosocial Research

ORIGINAL ARTICLE

Inflammatory Markers, Adiponectin, and
Risk of Type 2 Diabetes in the Pima

Savuko Koses, Bs'
P. ANTONIO TATARANNI, mp!

1
ROBERT L. HANSON, MD, MPH
WiLLiam C. KNOWLER, MD, preH’
ROBERT S. LINDSAY, MB, pHD!

JoNATHAN KRAKOFF, Mp*
Tonru FUNAHASHI, MD, PHD
CoOEN D.A. STEHOUWER, MD>
CASPER G. SCHALKWIJK, MD
Sacuiyo TANAKA, BS®

Yuji MATSUZAWA, MD, PHD>

2

OBJECTIVE — To examine the association between adiponectin, a known predictor of dia-
betes in Pima Indians, and markers of inflammation and endothelial function in nondiabetic
subjects and to assess whether these markers predict later diabetes in a case-control study within
a longitudinal health study in Pima Indians.

RESEARCH DESIGN AND METHODS — Participants with normal glucose tolerance
at baseline were selected. Case subjects (who later developed type 2 diabetes), and control
subjects (n = 71 pairs) were matched for BMI, age, and sex. Adiponectin, C-reactive protein
(CRP), interleukin (IL)-6, tumor necrosis factor-a,, phospholipase A2 (sPLA2), soluble E-selectin
(SE-selectin), soluble intracellular adhesion molecule-1, soluble vascular adhesion molecule-1,
and von Willebrand factor (vWF) were measured in baseline samples.

RESULTS — Adiponectin was negatively correlated with CRP (r = —0.25, P < 0.05), IL-6
(r=—0.20, P <0.05), sPLA2 (r = —0.22, P < 0.05), and SE-selectin (r = —0.20, P < 0.05).
CRP and IL-6 did not predict diabetes. Only vWF predicted the development of diabetes (inci-
dence rate ratio 0.67 for a 1-SD difference, 95% CI 0.41-1.00, P = 0.05), but this was not
significant after adjustment for age, glucose, HbA ., waist circumference, and fasting insulin
(hazard rate ratio 0.73, 95% CI1 0.46-1.16, P = 0.18).

CONCLUSIONS — Adiponectin is negatively correlated with markers of inflammation in
vivo. In case and control subjects matched for BMI, with the exception of vWF, none of the
inflammatory markers predicted diabetes. Adiponectin may be the link between adiposity,
inflammation, and type 2 diabetes.
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and insulin resistance are associated with
higher levels of markers of inflammation
and endothelial function (2—6). Recent
prospective studies have shown a rela-

hronic inflammation has been pos-
tulated to play a role in the patho-
genesis of type 2 diabetes (1). Cross-
sectional studies have shown that obesity
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tionship between various inflammatory
markers, specifically sialic acid, orosomu-
coid, C-reactive protein (CRP), and inter-
leukin (IL)-6, and the risk of developing
type 2 diabetes (7-10). In the Pima Indi-
ans of Arizona, elevations in serum im-
munoglobulins and white blood cell
count (WBC) have also been found to pre-
dict diabetes (11,12). Adiponectin is a
244 amino acid adipose-specific protein
(13) that has been shown to downregulate
inflammatory responses in vitro (14,15),
but it also improves glucose tolerance and
insulin resistance in mouse models of di-
abetes (16). Adiponectin is related to in-
sulin resistance and adiposity in humans
(17,18). Recently, we have shown in the
subjects of this report that adiponectin is
protective against later development of
diabetes (19).

We hypothesized that adiponectin
might underpin relationships of markers
of inflammation, endothelial dysfunction,
and obesity and later risk of type 2 diabe-
tes. Therefore, in the same nested case
control study mentioned above (19), we
examined the relationship of adiponectin
to a variety of markers of inflammation
and endothelial dysfunction and assessed
the relationship of these markers to later
incidence of diabetes.

RESEARCH DESIGN AND
METHODS

Subjects

Members of the Gila River Indian Com-
munity are invited to participate in a lon-
gitudinal study of diabetes and its
complications. Every 2 years, residents
aged =5 years are asked to participate re-
gardless of health status. Each participant
undergoes a physical examination includ-
ing measurements of height, weight, and
walist circumference and a 75-g oral glu-
cose tolerance test (OGTT). Participants
were eligible for inclusion in this nested
case-control study if they had a normal
OGTT (defined as fasting plasma glucose
<110 mg/dl and 2-h plasma glucose
<140 mg/dl) (20) between June of 1990
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Inflammation and risk of type 2 diabetes

Table 1—Baseline characteristics for case and control subjects

Case subjects Control subjects Pr > |t
n (women/men) 71 (47/24) 71 (47/24)
Age (years) 32693 32.0 £ 88 0.38
BMI (kg/mz) 3633 £609 36.29 £ 6.9 0.14
Waist (cm) 112.7 £ 169 113.0 £17.3 0.81
FPG (mg/dD) 531 £ 044 529 £ 0.36 0.69
2hPG (mg/dD) 6.07 = 1.01 5.92 = 1.00 0.36
HbA, ., (%) 55+ 0.4 53+ 04 0.005
Fasting insulin (pmol/) 256 (179-338) 265 (179-338) 0.99
2-h insulin (pmol/l) 794 (509-1,167) 937 (517-1,285) 0.82
Follow-up time (years) 46 2.2 6.8+22 <0.0001
Sample storage time (years) 8.7+ 17 87*18 0.94

Data are mean = SD and median (range 25-75%). Follow-up time = last exam or exam at diabetes
diagnosis — data of baseline exam; sample storage time = date samples were thawed and aliquoted for
measurements (1 June 2001) — date of baseline exam. Pr > |t| is the result of the paired t test. 2hPG, 2-h

plasma glucose.

and June of 1997 and if their heritage was
at least one-half Pima or closely related
Tohono O’odham (Papago).

The goal of the present analysis, as a
case-control study nested within a longi-
tudinal study, was to efficiently estimate
the incidence rate ratio (IRR) for diabetes
associated with specific inflammatory
markers, i.e., the same IRRs that would be
obtained in a longitudinal cohort study.
To estimate these parameters without
bias, case and control subjects must be
selected in a specific fashion (21-23). In
essence, case subjects must be incident
case subjects (i.e., free of disease at base-
line), and for each case subject at least one
matched control must be selected from
among those who are at risk for the dis-
ease at the time the case subject developed
the disease (i.e., among those who could
contribute person-time in an incidence
analysis). In the present study, case sub-
jects who developed incident diabetes
according to 1985 World Health Organi-
zation criteria (24) following the baseline
exam were selected. For each case subject,
a control subject (who had not developed
type 2 diabetes at the time of the fol-
low-up of the case) was selected from the
baseline population matched for age
(within 10 years), BMI (within 1 kg/m?),
and sex. Where more than one control
subject fulfilled these criteria, the subject
most closely matched for BMI was chosen.

Because in an incidence analysis
someone without disease at one time
point is still at risk for disease later, they
are included as free of disease at one point
and then as having disease at another
point. Similarly, if they remain without

disease they are counted as not having
disease at all time points for which they
have been followed. Therefore, in keeping
with this in the analogous nested case-
control study, the same control subject
can be matched to more than one case
subject (in the present study eight control
subjects were used twice and one three
times). Control subjects can subsequently
become case subjects themselves (as oc-
curred twice, one subject was selected as a
control twice and then became a case, the
other was a control once and a case).
Thus, the 71 pairs are derived from 129
participants. If case and control subjects
are selected in this manner, the analytic
approach calculates a true IRR (23).

Laboratory methods

Plasma glucose was measured by the po-
tassium ferricyanide method (Technicon)
or after October 1991 by the hexokinase
method (Ciba-Corning). Insulin was
measured by immunoassay using a Con-
cept four analyzer (ICN Pharmaceuticals,
Costa Mesa, CA). Samples from the 2-h
blood draw of the OGTT, stored as EDTA
plasma at —70° centigrade, were batch
analyzed in duplicate as follows. CRP was
measured with a highly sensitive sand-
wich enzyme immunoassay, using rabbit
anti-human CRP immunoglobulin as a
catching and detecting antibody (Dako,
Copenhagen, Denmark) with intra- and
interassay CVs of 4.7 and 2.4%, respec-
tively. IL-6 and tumor necrosis factor-a
(TNF-a) were measured by sandwich en-
zyme immunoassay (Quantikine High
Sensitivity; R&D Systems, Oxon, U.K.).
Intra- and interassay CVs for IL-6 are

<11.1% and 16.5% and for TNF-a
<14.3% and <22.6%, respectively, as re-
ported by the manufacturer. Phospho-
lipase A2 (sPLA2) was measured by
enzyme-linked immunosorbent assay
(ELISA) with inter- and intra-assay CVs of
7.9 and 6.3%. Soluble E-selectin (SE-
selectin), soluble intracellular adhesion
molecule (sICAM)-1, and soluble vascu-
lar adhesion molecule (sVCAM)-1 were
measured by sandwich enzyme immuno-
assay (R&D Systems). Intra- and interas-
say CVs were as follows: SE-selectin 1.3
and 5.5%, sICAM-1 3.5 and 5.1%, and
sVCAM-1 <8.0 and <8.0%, respecitvely.
Plasma von Willebrand factor (vWF) an-
tigen was measured by ELISA using rabbit
anti-vWF antigen IgG as a catching anti-
body and a peroxidase-conjugated rabbit
anti-vWF antigen as a detecting antibody
(Dako, Copenhagen, Denmark). Levels of
vWF are expressed as a percentage of
vWE antigen in normal pooled plasma,
which is defined as 100%. The intra- and
interassay CVs are 2.3 and 3.8%, respec-
tively. Adiponectin was measured using
an ELISA with an adiponectin-specific an-
tibody, as described previously (24). In-
tra- and interassay CVs were 3.3 and
7.4%, respectively.

Statistical analysis

Statistical analysis was performed using
software from the SAS Institute (Cary,
NO). All inflammatory and endothelial
markers and fasting insulin were log
transformed to achieve a normal distribu-
tion. A paired ¢ test was used to compare
baseline metabolic measurements and
levels of markers of inflammation and en-
dothelial dysfunction between case and
control subjects. Spearman correlations
were calculated to examine the relation-
ship between inflammatory and endothe-
lial markers and between baseline
metabolic measurements and these mark-
ers for the 129 individuals in the study (so
each individual was only included once in
this analysis). The IRRs for the develop-
ment of diabetes were calculated by con-
ditional logistic regression, maintaining
the pairwise matching of case and control
subjects. To facilitate comparisons be-
tween measurements, IRRs were calcu-
lated for a 1-SD difference for all variables
except age.
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Table 2—Relationships between inflammatory and endothelial markers

Adiponectin CRP IL-6 TNF-a SsPLA2 sE-selectin SICAM-1 sVCAM-1 vWF
Adiponectin 1.0 —0.257 —0.20* 0.002 —0.22% —0.20% —-0.13 0.02 0.03
CRP 1.0 0.567 0.11 0.437 0.14 0.297 0.16 —0.03
IL-6 1.0 0.14 0.367 0.13 0.22% 0.11 —0.0005
TNF-a 1.0 0.25% 0.16 0.12 0.14 0.05
sPLA2 1.0 0.21% 0.347 0.18* 0.08
sE-selectin 1.0 0.367 0.26% 0.14
sICAM-1 1.0 0.307 0.06
sVCAM-1 1.0 0.527
vWE 1.0

Spearman correlations: *P < 0.05, #P < 0.01, P < 0.001. Spearman r values in bold when P < 0.05. Each individual was included only once, because of missing
values there were 127 individuals with measurements of CRP, TNF-«, sPLA2, sE-selectin, sSICAM-1, sVCAM-1, and vWF; 126 with measurements of IL-6; and 128

with measurements of adiponectin.

RESULTS

Study subjects

Table 1 shows the baseline characteristics
of the case and control subjects. Case and
control subjects had similar age, BMI,
fasting and 2-h glucose, and fasting and
2-h insulin concentrations. Baseline HbA, .
was slightly higher in case compared with
control subjects (5.5 vs. 5.3%, P = 0.005).
The mean follow-up time was longer for
the control subjects, but there was no sys-
tematic difference in sample storage time
between case and control subjects.

Correlations between variables

Relationships between the markers in all
subjects are shown in Table 2. Adiponec-
tin was significantly and negatively corre-
lated with CRP, IL-6, sPLA2, and SE-
selectin (r = —0.25, —0.20, —0.22, and
—0.20, respectively, P < 0.05). CRP was
highly correlated with IL-6 (r = 0.56, P <
0.001), sPLA2 (r = 0.43, P < 0.001) and
was also positively related to sICAM-1
(r=10.29,P < 0.01). IL-6 also positively
correlated with sSICAM-1 (r = 0.22, P <
0.05). SE-selectin was correlated with
SICAM-1 and sVCAM-1 (r = 0.36, P <
0.001 and r = 0.26, P < 0.01, respective-
ly). VWF was strongly associated with
sVCAM-1 (r = 0.52, P < 0.001). Rela-
tionships of these markers to baseline
BMI, waist circumference, and fasting and
2-h glucose and insulin concentrations
are shown in Table 3. BMI and waist cir-
cumference were negatively correlated
with adiponectin and positively corre-
lated with CRP, IL-6, sPLA2, and SE-
selectin. Fasting insulin was negatively
correlated with adiponectin and TNF-a
and positively correlated with SE-selectin.
Partial correlations with adjustments for

the effect of sex or group (whether a sub-
ject was a case or a control) did not alter
the results (data not shown). The effect of
the interaction between group and each
variable was also tested in a general lin-
earized model and was not significant.
Only adiponectin was significantly differ-
ent between case and control subjects at
baseline, i.e., lower in case subjects (Table
4). Correlations between baseline fasting
and 2-h plasma glucose and HbA, . were
also calculated. There was no statistically
significant correlation between these vari-
ables at the baseline exam.

Predictors of diabetes

In a conditional logistic regression analy-
sis of baseline variables (Figs. 1 and 2),
CRP and IL-6 were not predictive of the
development of diabetes in the univariate
model (IRR1.03,95% CI10.68-1.55,P =
0.90and RR0.9195% C10.60-1.38,P =
0.65, respectively), or in the multivariate

model adjusted for age, fasting, and 2-h
glucose, HbA, , waist circumference, and
fasting insulin (IRR 0.96, 95% CI 0.60—
1.55, P = 0.88 and IRR = 0.75 95% CI
0.45-1.30, P = 0.28, respectively). In
comparison, our previously reported
findings in these subjects (18) showed
that adiponectin predicted type 2 diabetes
in both the univariate and multivariate
models (IRR 0.63, 95% CI 0.43-0.92,
P = 0.02 for univariate model and IRR
0.63, 95% CI 0.41-0.98, P = 0.04 for
multivariate model). In the present study,
the IRR is slightly different in the multi-
variate model because of the inclusion of
HbA,.. VWF was marginally protective
for the development of diabetes in the
univariate model (IRR 0.67, 95% CI
0.45-1.00, P = 0.05), and this effect was
attenuated after adjustment for the same
covariates (IRR 0.73, 95% CI 0.46-1.16,
P = 0.19). Although SE-selectin had an
IRR >1.0, it was not significantly predic-

Table 3—Relationships between inflammatory and endothelial markers and baseline mea-

surements

Fasting 2-h

BMI Waist FPG 2hPG HbA, . insulin insulin

Adiponectin = —0.22* —0.18* —-0.16 —-0.20% 0.01 —=0.25% —0.297
CRP 0.53F 0.50% 0.05 0.12 0.12 0.04 0.08
IL-6 0.57F 0.567 0.09 0.07 0.05 0.09 0.14
TNF-a —-0.08 —-0.14 0.03 —-0.11 —0.28% —0.19* —0.06
sPLA2 0.23% 0.20* 0.10 0.02 —-0.05 0.04 0.11
sE-selectin 0.22% 0.24% 0.29F —0.04 —-0.07 0.21% 0.05
SICAM-1 0.17 0.19* 0.16 0.13 —-0.14 0.14 0.17
sVCAM-1 0.21% 0.22% 0.05 0.03 —-0.05 0.09 0.24%
vWF 0.05 0.03 0.08 0.03 —-0.12 —0.03 0.08

Spearman correlations: *P < 0.05, #P < 0.01, ¥P < 0.001. Spearman r values in bold when P < 0.05. 2hPG,
2-h plasma glucose. Each individual was included only once, because of missing values there were 127
individuals with measurements of CRP, TNF-at, SPLA2, sE-selectin, sSICAM-1, sVCAM-1, and vWF; 126 with
measurements of IL-6; and 128 with measurements of adiponectin.
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Table 4—Comparison of inflammatory and endothelial markers between case and control

subjects

Case subjects Control subjects Pr>t|
Adiponectin (pg/ml) 4.3 (3.6-5.8) 5.3(4.3-6.3) 0.01
CRP (mg/) 4.5(2.5-8.3) 4.9 (2.1-8.6) 0.98
IL-6 (pg/ml) 5.2(3.3-6.2) 4.9 (4.0-6.2) 0.86
TNF-a (pg/ml) 322.4-5.2) 3.02.4-4.1D 0.80
sPLA2 (ng/ml) 3.02.2-4.1) 33(2.2-4.5) 0.72
sE-selectin (ng/ml) 75 (66-94) 76 (59-94) 0.68
sICAM-1 (ng/ml) 324 (263-364) 338 (298-385) 0.40
sVCAM-1 (ng/ml) 499 (413-550) 490 (444-562) 0.26
vWEF (%) 92 (65-128) 106 (80-132) 0.17

Data are median = interquartile range. Calculations are from 70 case-control subject pairs for adiponectin
and from 68 case-control subject pairs for all other markers except IL-6, which was calculated for 66

case-control subject pairs.

tive for the development of diabetes in the
univariate and multivariate models (IRR
1.12, 95% CI 0.82-1.55, P = 0.53 and
IRR 1.34 95% CI 0.91-1.99, P = 0.14,
respectively). The protective effect of
adiponectin was not altered by including
CRP, SE-selectin, vWF, or any other
markers to the models either alone or in
combination (data not shown).

CONCLUSIONS — The finding that
low adiponectin level is associated with
increased risk of diabetes in Pimas has
been previously published (18) and re-
cently corroborated in another popula-
tion (25). In the present analysis, we
extend this observation by assessment of
both the correlation of adiponectin to
markers of inflammation and endothelial

Adiponectin
CRP

—_—t

function and the relationship between
these markers and incidence of diabetes.
Despite strong correlations between
many of these markers and the metabolic
measurements at baseline, only adiponec-
tin and vWF were significantly related to
the later development of type 2 diabetes,
and the effect of vWF was attenuated after
controlling for multiple variables. Other
inflammatory markers, most notably CRP
and IL-6, were not related to later diabe-
tes. Furthermore, the relationship be-
tween adiponectin and diabetes incidence
persisted with control for these markers.

The design of the present analysis is a
standard epidemiological design for a
case-control study nested within a longi-
tudinal study. Although certain aspects of
this design may be counterintuitive (in

IL-6

TNF-«

sPLA2

sE-selectin

sICAM-1

sVCAM-1 '
vWF

1 1.5 2
IRR

Figure 1—Prediction of type 2 diabetes by inflammatory markers, univariate model. All markers
were log transformed. IRR was calculated using conditional logistic regression with values stan-

dardized to a mean of 0 and an SD of 1.

that control subjects may be selected at
one time point and then become case sub-
jects at a subsequent time point and also
that control subjects may be selected
more than once), the assumptions in this
design are the same as for a longitudinal
cohort study of disease incidence (21—
23). Because case and control subjects
were selected in this manner, the risk ratio
we calculated is a true unbiased IRR that
takes into account the effect of time (23).
Furthermore, if we ignore the matching
and analyzed each individual in a conven-
tional proportional hazards model, the re-
sults are very similar to those presented
here (data not shown).

Our results provide further in vivo ev-
idence that adiponectin concentrations
correlate with markers of inflammation
and endothelial dysfunction (26). These
correlations are modest but present in
four of the markers measured including
three (CRP, IL-6, and sPLA2) generally
associated with subclinical inflammation.
In vitro, adiponectin modulates the im-
mune system in several ways. Adiponec-
tin is structurally similar to TNF-a (27)
and inhibits TNF-a production by mac-
rophages (14). Adiponectin also inhibits
the expression of sSICAM-1, sVCAM-1,
and SE-selectin in cultured endothelial
cells (15) acting via necrosis factor-kB sig-
naling pathways (28), a pathway crucial
to inflammatory response (29). Thus, the
inverse correlations of adiponectin with
inflammatory markers observed in the
present study support the idea that adipo-
nectin is associated with anti-inflamma-
tory activity.

The other markers in this study were
intercorrelated, with strong relationships
of CRP to IL-6 and between the endothe-
lial markers. Although the CVs for IL-6
and TNF-a were larger than for other
markers, in general, relationships be-
tween markers and metabolic measures
correspond to those previously reported
in other series. In particular, adiponectin
was negatively correlated with BMI and
fasting and 2-h insulin, consistent with
previous observations in the Pima Indians
(17). CRP and IL-6 were positively asso-
ciated with both BMI and waist circum-
ference, and coefficients were similar to
those in other studies (30,31). The excep-
tion to this is TNF-a, which was nega-
tively correlated with fasting insulin.
Although TNF-a has been thought to play
an important role in mediating the insulin
resistance of obesity (32), the in vivo re-
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IRR

Figure 2—Prediction of type 2 diabetes by inflammatory markers, multivariate model. All mark-
ers were log transformed. IRR was calculated using conditional logistic regression with values
standardized to a mean of 0 and an SD of 1. The model was adjusted for age, waist circumference,
fasting and 2-h plasma glucose, HbA, ., and fasting insulin.

lationship of TNF-a to insulin sensitivity
has been less clear. TNF-« is inversely
correlated with insulin sensitivity (33,34)
in some studies (33,34) but not in others
(35,36).

A number of explanations for the re-
lationship of markers of inflammation
with both obesity and insulin resistance
have been proposed. TNF-a has been
proposed as a mediator of obesity-related
insulin resistance (32,37). However,
knockout of TNF-a receptors in mouse
models (38) and investigations using anti-
TNF-a antibodies in humans (39) have
not supported this. More recently, activa-
tion of the IkK kinase B (IkKB) pathway
by inflammation has been found to influ-
ence insulin resistance in mouse models
(40) and via other pathways perhaps me-
diated via TNF-a (32). In our study, de-
spite the correlation between markers and
adiposity and insulin resistance, only low
adiponectin predicted diabetes after ad-
justment for other baseline variables. In
other longitudinal studies, markers of in-
flammation did predict later type 2 diabe-
tes. WBC, sialic acid, and orosomucoid
predicted the development of type 2 dia-
betes in subjects in the Atherosclerosis
Risk in Communities Study (ARIC) (7), as
did CRP in the Cardiovascular Health
Study (9), the Women'’s Health Study (8),
and the West of Scotland Coronary Pre-
vention Study (10). Although these stud-
ies also controlled statistically for the

effects of obesity, there were substantial
baseline differences in the degree of adi-
posity between subjects who developed
diabetes and those who did not.

In contrast, in our study, we closely
matched case and control subjects by BMI
and they did not differ by waist circum-
ference. Having matched for adiposity,
there were no predictive effects for CRP or
IL-6 and diabetes. Taken together, our
findings suggest an alternate hypothesis:
that the relationship of these other mark-
ers of subclinical inflammation to the de-
velopment of type 2 diabetes is mediated
by adiponectin. Adiponectin, while hav-
ing anti-inflammatory activity, may medi-
ate diabetes risk via mechanisms other
than inflammation. If so, given the nega-
tive correlations between adiponectin and
CRP and SE-selectin, the predictive value
of inflammatory markers in other studies
may have been because they are associ-
ated with obesity and were also acting as
surrogate markers of hypoadiponectine-
mia. Thus, they may be only indirectly
associated with the development of
diabetes.

It is possible that an effect of CRP and
SE-selectin on the development of diabe-
tes might have been apparent in a larger
study. The data from the Women'’s Health
Study (8) and the Cardiovascular Health
Study (9) were drawn from larger cohorts,
although the number of subjects who de-
veloped type 2 diabetes was only substan-

Krakoff and Associates

tially higher in the Women’s Health Study
(188 cases of diabetes). This suggests that
the relationship of these markers to the
development of diabetes is relatively weak
and that adiponectin plays a far larger and
potentially biologically important role
than these other markers.

Compared with other populations,
Pima Indians are at very high risk for di-
abetes and obesity. If inflammatory mark-
ers are higher in general, this might
reduce the power of the study to detect an
effect of such a marker. For example, the
levels of CRP at the baseline exams are
higher than in other studies (8,9,41). This
is expected given the higher BMIs in Pi-
mas and the relationship of CRP to adi-
posity. This may limit the generalizability
of our results to other populations. Nev-
ertheless, our data suggest at least within
our population during this follow-up pe-
riod, inflammatory markers such as CRP
and IL-6 are less important than adi-
ponectin. As with any observational
study, the present analysis can determine
to what extent inflammatory markers are
predictive of diabetes in this population,
but the effects of any interventions target-
ing inflammation would need to be as-
sessed by clinical trials.

HbA, was slightly higher in case than
control subjects at baseline, even though
concomitant OGTTs showed both to be
normal glucose tolerant, and there was no
difference in fasting or 2-h glucose. De-
spite this difference, the IRRs did not
change substantially in the models that
included HbA, ..

The higher levels of vWF in control
subjects and its protective effect for the
development of diabetes are at odds with
previous reports. A number of studies
have found that vWF is higher in subjects
with type 2 diabetes (42,43). In the ARIC
study, higher levels of vVWF were predic-
tive for the development of diabetes, par-
ticularly in women, but the effect
decreased substantially after adjusting for
BMI and waist-to-hip ratio (39). A smaller
study in the Pima population found that
VWEF is positively correlated with insulin
resistance, but not correlated with per-
centage body fat (6). Studies in other pop-
ulations have found no difference in vWF
levels between insulin-resistant relatives
of subjects with type 2 diabetes and con-
trol subjects (44). Therefore, the correla-
tion between VWF and adiposity and
insulin resistance, two major risk factors
for type 2 diabetes, is not clear. VWF was
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not strongly correlated with any of the
metabolic measurements in the present
study (Table 3) but was protective for the
development of diabetes. While vWF is a
marker of endothelial dysfunction, it is
elevated in conditions of vascular insult
and exercise to a similar extent (45). Low
levels of physical activity itself are a risk
factor for the development of diabetes
(46). Therefore, subjects who are less
physically active may have lower vWF
levels.

In summary, we have extended our
previous findings on adiponectin, dem-
onstrating that adiponectin is negatively
correlated with markers on inflammation
in vivo. Moreover, once adiposity is taken
into account, these other markers have
little or no predictive value for the devel-
opment of diabetes in Pima Indians. Adi-
ponectin may be an important link
between adiposity and inflammation and
type 2 diabetes.
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