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OBJECTIVEdThe role of adiponectin in the natural history of diabetes is not well character-
ized. We set out to characterize prediagnosis trajectories of adiponectin in individuals who
develop type 2 diabetes.

RESEARCH DESIGN AND METHODSdIn a case-cohort study (335 incident diabetes
case and 2,474 noncase subjects) nested in the Whitehall II study, serum adiponectin was
measured up to three times per participant (1991–1993, 1997–1999, and 2003–2004).
Multilevel models adjusted for age and ethnicity were fitted to assess 13-year trajectories of
log-transformed adiponectin preceding diabetes diagnosis or a randomly selected time point
during follow-up (year0) based on 755/5,095 (case/noncase) person-examinations.

RESULTSdAdiponectin levels were lower in diabetes case than in noncase subjects (median
7,141 [interquartile range 5,187–10,304] vs. 8,818 [6,535–12,369] ng/mL at baseline,
P , 0.0001). Control subjects showed a modest decline in adiponectin throughout follow-up
(0.3%per year,P,0.0001) at higher levels inwomen than inmen (difference at year0: 5,358 ng/mL,
P, 0.0001). Female case and early-onset case (age at diagnosis,52 years) subjects had a steeper
decline than control subjects (slope difference21.1% per year, P = 0.001 in females,21.6% per
year in early-onset case subjects, P = 0.034). In men, adiponectin slopes for case and noncase
subjects were parallel. The slope differences by diabetes onset were largely attenuated after
adjustment for changes in obesity, whereas the sex-specific slope differences were independent
of obesity.

CONCLUSIONSdLower adiponectin levels were observed already a decade before the di-
agnosis of diabetes. The marked sex difference in trajectories suggests that sex-specific mecha-
nisms affect the association between adiponectin levels and diabetes development.
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Adiponectin is an adipose tissue–
derived insulin sensitizer. Adiponec-
tin modifies glucose homeostasis

and exhibits anti-inflammatory and antia-
therogenic effects (1,2). Epidemiological
data link lower adiponectin levels to dis-
ease states including type 2 diabetes,

metabolic syndrome, hypertension, car-
diovascular disease, and cancer (3).

Insulin resistance is one of the major
pathophysiological factors of diabetes,
and adiponectin, given its strong associ-
ation with insulin sensitivity, may be
centrally involved in the events leading

to diabetes (3–5). This is supported by the
fact that adiponectin has independently
predicted diabetes in longitudinal studies
(6–15).

Time-to-event analysis based on sin-
gle biomarker measurements is essential
for individual risk prediction and public
health planning but gives limited infor-
mation on the natural history of a given
disease. To provide new insights into the
series of events leading to diabetes onset,
we used repeated measures of diabetes-
related variables and described trajecto-
ries of glycemia and interleukin-1
receptor antagonist before diabetes di-
agnosis (5,16). However, studies with
repeat data on adiponectin in relation
to diabetes development are scarce
(10,17–22). In spontaneously diabetic
Rhesus monkeys, adiponectin trajecto-
ries until diabetes manifestation were de-
clining (21). Human studies (based on
two measurement points per individual)
have suggested decreasing adiponectin
to be associated with an increase in
insulin resistance or obesity (20,22).
Diabetes prevention trials reported in-
creasing adiponectin levels in inter-
vention groups with parallel weight loss
(10,17).

To overcome the limitations of the
previous studies (i.e., lack of well-defined
incident diabetic and control groups and
insufficient number of repeat measures),
we conducted up to three clinical exami-
nations per individual to investigate
adiponectin trajectories in a middle-aged
British population separately among per-
sons who developed incident diabetes
and those who remained normoglycemic
during follow-up. In addition to adjust-
ments for age and ethnicity, we took into
account factors related to insulin resis-
tance, such as sex, age at onset of diabetes,
and obesity.

RESEARCH DESIGN AND
METHODSdWe present results from
a nested case-cohort study within the
Whitehall II prospective cohort. The co-
hort was established between 1985 and
1988 (phase 1) and included 10,308
(6,895 men) nonindustrial British civil
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servants aged 35–55 years working in
London offices of 20 departments (23).
Study phase 3 (1991–1993) when
glucose tolerance was first assessed by a
75-g oral glucose tolerance test (OGTT)
serves as the baseline for the current anal-
ysis (men/women: n = 6,058/2,758). Par-
ticipants were followed through postal
questionnaires at approximately 2.5-year
intervals (phases 4–8), and further clini-
cal examinations (including an OGTT)
were performed in 1997–1999 (phase 5:
n = 5,444/2,358) and 2003–2004 (phase
7: n = 4,894/2,074) (23). The study was
approved by the University College Lon-
don Medical School Committee on the
Ethics of Human Research. Informed
consent was obtained at baseline and
renewed at each contact.

The present case-cohort study is
based on a random sample from the
source population who attended the
phase 3 examination and were followed
up to phase 7 (n = 8,816) (16). We ex-
cluded participants with prevalent dia-
betes at baseline (n = 42), missing
follow-up data on diabetes (n = 552),
and missing data for key variables
(weight, waist circumference, choles-
terol, triglycerides, fasting glucose, fast-
ing insulin, and C-reactive protein
[additionally limited to subjects with
C-reactive protein ,10 mg/L]) at base-
line (n = 2,018) or during follow-up
(phases 5 and 7; n = 3,049), leading
to a case-cohort population of 2,810
subjects (335 with incident type 2 diabe-
tes and 2,475 without diabetes).

Measurements
Adiponectin. Adiponectin serum con-
centrations were measured with the
Quantikine ELISA kit (R&D Systems,
Wiesbaden, Germany). Blood collection,
processing, and storage followed the
same standard operating procedures dur-
ing all study phases. Venous samples
were taken into native tubes in the fasting
state ($5 h of fasting) before a standard
2-h OGTT. Samples were centrifuged on-
site within an hour. Serum was immedi-
ately removed from the monovette tubes
into microtubes and stored at2808C. All
assays were performed consecutively in
the same laboratory (German Diabetes
Center), and samples from different
study phases of the same participant
were measured using the same ELISA
plate in order to minimize assay impreci-
sion.Mean intra- and interassay CVs were
3.3–5.1 and 12.8–13.8%, respectively.
The limit of detection was 3.9 ng/mL.

All samples gave values above the limit
of detection.
Blood glucose and diabetes. Venous
samples for glucose determination were
taken into fluoride monovette tubes. Blood
glucose was measured using glucose oxi-
dase method (5). Diabetes was defined
by a fasting glucose $7.0 mmol/L or
a 2-h postload glucose $11.1 mmol/L
using a 75-g OGTT (4). Participants re-
porting doctor-diagnosed diabetes
(13.1% of incident case subjects) or use
of glucose-lowering medication (30.4%)
were classified as having diabetes regard-
less of OGTT results. The date of diagnosis
was assigned according to the interval
method as the midpoint between the first
visit with a diabetes diagnosis and the last
visit without diabetes.
Other covariates. The following varia-
bles were included as time-invariant co-
variates: sex, ethnicity (white vs.
nonwhite), early-onset diabetes (,52
years of age at the time of diagnosis:
yes/no), and age at the end of follow-
up. BMI, waist circumference (both as-
sessed at each clinical examination
contemporaneously with blood draws),
and fasting serum insulin (measured by
human insulin radioimmunoassay at
phase 3 and by insulin ELISA [Dako] at
later phases) (5) were included as time-
varying covariates.

Statistical analysis
Statistical analyses were undertaken using
SPSS 14.0 statistical software (SPSS, Chi-
cago, IL), and statistical significance was
inferred at a two-tailed P , 0.05. Owing
to the skewed distribution of adiponectin
values, all analyses use log2-transformed
adiponectin. We compared the character-
istics of case subjects (those who devel-
oped type 2 diabetes) and noncase
subjects (those who did not develop
diabetes) using t tests and x2 tests as
appropriate.

For the subsequent longitudinal
analysis, we centered time around the
date of diabetes diagnosis for case subjects
and at a randomly selected time point for
noncase subjects to approximate the fol-
low-up time distribution of case subjects
(i.e., year0) (16). Participants were then
tracked backward (retrospectively) to the
first clinical screening when adiponectin
measurement was obtained (phase 3 [the
baseline]). For example, a participant who
reported diagnosed diabetes at phase 6 has
his time 0 at the midpoint of phases 5 and
6 (estimated time of diagnosis) and has
two adiponectin measurements: one at

phase 5, ~1 year prior to the diagnosis,
and another at phase 3, ~6 years prior to
the diagnosis. Of a total of 8,233 measure-
ments (964 in case and 7,269 in control
subjects), 2,383measurements were taken
after year0 andwere excluded from further
analysis. The analysis was based on 755
measurements in 335 case subjects (136
with 3, 148with 2, and 51with 1measure-
ment point) and 5,095 measurements in
2,474 control subjects (743 with 3, 1,135
with 2, and 596 with 1 measurement
point). As indicated in the table associated
in Fig. 1, adiponectin measurements were
well distributed throughout the 13-year
time window of the study.

We used multilevel longitudinal
modeling to estimate 13-year adiponectin
trajectories before diabetes onset or until
year0 (5). Data were structured so that
the repeated measurements (person-
observations) of adiponectin were nested
within subjects and the nonindependence
of the person-observations (the same indi-
viduals contributing to more than one ob-
servation in the dataset) was taken into
account in estimating SEs. Differences in
adiponectin trajectories between case and
noncase subjects were modeled using a
popular form of multilevel model, i.e., lin-
ear growth curves adjusted for age at year0
and ethnicity (both time-invarying covari-
ates). Estimatedmarginal means predicted
by these linear growth models were used
for graphical representation of adiponec-
tin trajectories.

Nonlinearity in adiponectin trajec-
tories was checked by adding quadratic
and cubic terms of time-by-caseness in-
teraction to the models; they were all
nonsignificant (P . 0.1); thus, we de-
scribe trajectories only with linear time
terms. This is also in agreement with lo-
cally weighted scatterplot smoothers
displaying unadjusted associations with-
out making assumptions as to the func-
tional form of the association (data not
shown).

We investigated the effects of sex and
onset of diabetes (early versus late), first
separately and then together, on the
trajectories by adding their main effects
and time interactions to the model. The
terms in the upper part of Table 3 (inci-
dent diabetes, early-onset diabetes, late-
onset diabetes, female, and diabetes 3
female) refer to the intercept differences
between the groups described by the term
and their respective control subjects at
year0. The terms that include time (or 3
time) refer to slopes (and slope differences
between the above-described groups).
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The terms for BMI and waist represent the
cross-sectional associations between adi-
ponectin and the given obesity measure.
Finally, we further added the main effect
of BMI (and in a separate model, waist

circumference) to the model as time-vary-
ing covariate.

Since large ethnic differences were
previously described in adiponectin levels
(10) and ethnicity may bias our results,

we ran a sensitivity analysis restricted to
white participants (n = 270 incident case
and n = 2,299 control subjects). A further
sensitivity analysis was done investigating
whether the adjustment for fasting insulin

Figure 1dModel-predicted log-transformed adiponectin trajectories before the diagnosis of diabetes or end of follow-up in 335 incident diabetes
case and 2,475 control subjects.A: Adiponectin trajectories by sex and incident diabetes status. B: Adiponectin trajectories by incident diabetes status
in case subjects with early-onset diabetes. C: Adiponectin trajectories by incident diabetes status in case subjects with late-onset diabetes.
D: Adiponectin trajectories by sex and incident diabetes status in case subjects with early-onset diabetes. E: Adiponectin trajectories by sex and
incident diabetes status in case subjects with late-onset diabetes. Multilevel longitudinal modeling using linear growth models. All models are
adjusted for age at the end of follow-up and for ethnicity (white/nonwhite). A shows a model additionally adjusted for sex, B and C are additionally
adjusted for age at onset (early onset: ,52 years of age at diagnosis), and D and E are adjusted for both sex and age at onset. Estimated for
a hypothetical subject population 72%male, 92%white, and aged 63 years (A,C, and E) or 50 years (B andD) at year0. Error bars show 95%CIs for
the fixed effects. The tables show the number of measurements for each year at and before diabetes diagnosis and end of follow-up.
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levels (as a time-varying covariate) would
abolish the effect of sex or onset of diabe-
tes on adiponectin trajectories.

RESULTSdParticipants excluded from
analysis (n = 6,006) were generally youn-
ger; had a smaller waist circumference;
had higher systolic blood pressure and
fasting and postload blood glucose; and
were more likely to be female, of lower
socioeconomic position, and current
smokers at baseline (Table 1).

Incident case subjects (n = 335) were
older and more obese, had higher blood
pressure and fasting and postload glu-
cose, and had lower adiponectin levels
than noncase subjects (n = 2,475). Case
subjects were less frequently white and
more frequently of lower socioeconomic
status and smokers (Table 2).

Adiponectin trajectories by sex
Noncase subjects had a slight decrease in
adiponectin levels over time (20.34% per
year) without significant sex differences
(P = 0.658). However, males had
substantially lower adiponectin levels
than women (mean difference: 5,358 ng/
mL at year0, P , 0.0001) (Fig. 1A and
Table 3).

Both male and female diabetic case
subjects had lower adiponectin levels
than their same-sex control subjects
throughout follow-up. At diagnosis, the
difference was 1,131 ng/mL in male and
3,181 ng/mL in female subjects (both
P , 0.0001). While trajectories in case
and control subjects were parallel in
males (P = 0.84), female case subjects

had a steeper decline than female control
subjects (slope difference 21.1% per
year, P = 0.004), resulting in diverging
adiponectin trajectories between case
and noncase subjects over time (Fig. 1A
and Table 3).

Adiponectin trajectories by age
at diabetes onset
Both early-onset (,52 years of age) and
late-onset ($52 years of age) diabetes case
subjects had lower adiponectin levels at
diagnosis compared with control subjects
(difference 1,907 ng/mL, P = 0.001, and
1,486 ng/mL, P , 0.0001, respectively).
In addition, early-onset case subjects
had a steeper decline of adiponectin levels
than control subjects (slope difference:
21.78% per year, P = 0.016), while late-
onset case subjects had a slope parallel
that of control subjects (P = 0.13 for
case-by-time interaction) (Fig. 1B and C
and Table 3).

Adiponectin trajectories by sex
and age at onset
The contemporaneous adjustment for sex
and age at onset provided similar results.
Male and female control subjects had similar
(P = 0.66) modest decline in adiponectin
over time (20.34% per year, P , 0.0001).
Male control subjects had lower adiponectin
levels compared with female control sub-
jects throughout follow-up (difference at
year0: 5,355 ng/mL, P , 0.0001) (Fig. 1D
and E and Table 3).

All incident diabetes case subjects had
lower adiponectin levels than control
subjects throughout follow-up. At year0,

this difference between case and control
subjects was 1,121 ng/mL for late-onset
males (P , 0.0001), 1,295 ng/mL for
early-onset males (P = 0.005), 3,146 ng/
mL for late-onset females (P , 0.0001),
and 3,284 ng/mL for early-onset females
(P, 0.0001) (Fig. 1D and E and Table 3).

Adiponectin trajectories were parallel
for late-onset male case and control sub-
jects (P = 0.87). In contrast, late-onset
female case subjects showed a steeper de-
cline compared with control subjects
(slope difference: 21.07% per year,
P = 0.001) (Fig. 1E and Table 3). Early-
onset case subjects of both sexes had
steeper declines compared with control
subjects and the respective late-onset
case subjects (21.58% per year,
P = 0.034) (Fig. 1D and Table 3).

Adjustment for BMI and waist
circumference
The downward slope of the adiponectin
trajectory in control subjects was attenu-
ated to nonsignificance after adjustment
for BMI, although the sex difference
remained almost the same (5,537 ng/mL
at year0, P , 0.0001). Adjustment for
waist circumference in a separate model
changed the slope from amodest decrease
to a slight increase (0.38% per year,
P , 0.0001) in control subjects, and the
sex difference was somewhat attenuated
(4,107 ng/mL at year0, P , 0.0001)
(Table 3).

Adjustment for obesity measures at-
tenuated the difference in adiponectin
levels between case and control subjects
at year0. In early-onset males, the attenu-
ation was substantial with adjustment for
BMI or waist circumference (from a
difference of 18.8% to 10.5 and 11.1%,
respectively); neither of the adjusted dif-
ferences were statistically significant. In
late-onset males, the attenuations were
also substantial (from 14.7% to 7.3 and
7.3%, respectively); however, the differ-
ences remained statistically significant.
The differences also remained significant
for women with early- and late-onset
diabetes. This was explained by the gen-
erally larger difference in adiposity be-
tween female case and control subjects
(diabetes3 female interaction) compared
with male case and control subjects and
not by differential adiposity trajectories
between women and men (Table 3).

After adjustment for either BMI or
waist, the slope difference between early-
onset male case and control subjects was
attenuated to nonsignificant (P . 0.1),
while the steeper decline among female

Table 1dCharacteristics of participants excluded and included in the current analysis
at study baseline

Nonparticipants Participants P

N 6,006 2,810
Age (years) 50.7 6 6.1 49.3 6 5.9 ,0.0001
BMI (kg/m2) 25.3 6 3.8 25.3 6 3.5 0.328
Waist circumference (cm) 83.6 6 11.7 84.2 6 11.2 0.041
Systolic blood pressure (mmHg) 121 6 14 120 6 10 0.001
Diastolic blood pressure (mmHg) 80 6 10 80 6 9 0.525
Fasting blood glucose (mmol/L) 5.3 6 0.8 5.2 6 0.5 0.001
2-h blood glucose (mmol/L) 5.7 6 2.2 5.5 6 1.5 ,0.0001
Male 4,011 (66.8) 2,047 (72.8) ,0.0001
White 5,386 (90.3) 2,659 (91.5) 0.084
Social grade ,0.0001
Administrative 2,020 (36.7) 1,152 (41.1)
Executive 2,440 (44.3) 1,303 (46.5)
Support 1,049 (19.0) 348 (12.4)

Smoker 827 (15.0) 318 (11.3) ,0.0001
Data are means 6 SD, or n (%).
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case subjects compared with control sub-
jects remained almost the same (20.95%
per year for BMI and20.92% per year for
waist adjustment) (Table 3).

Sensitivity analysis
Our sensitivity analysis restricted to white
case and control subjects largely confirmed
the findings in our main analysis, suggest-
ing that ethnicity did not confound our
findings (Supplementary Table 1). The
model adjusted for time-varying insulin
level showed results similar to those after
adjustment for obesity measures: the slope
difference between early-onset case and

control subjects was attenuated to nonsig-
nificant (Supplementary Table 2).

CONCLUSIONSdIn this 13-year
longitudinal study of middle-aged
British civil servants, we found higher
adiponectin levels in females compared
with males. In people who remained free
of diabetes during the study, amodest age-
adjusted decrease in adiponectin levels
was largely accounted for by increases in
obesity. For diabetes case subjects, the
estimated adiponectin levels at diagnosis
were lower compared with those in sex-
specific controls. This difference was

partly explained by obesity. Early-onset
diabetes case subjects of both sexes and
late-onset female case subjects had a
steeper decline in prediagnosis adiponec-
tin levels compared with sex-specific con-
trol subjects, while parallel declines were
observed for males with late-onset diabe-
tes and control subjects. The slope differ-
ence in early-onset diabetes compared
with control and late-onset case subjects
was largely explained by changes in obe-
sity, whereas the sex-specific slope differ-
ences were independent of obesity.

While it is widely accepted that adi-
ponectin is an independent predictor of
type 2 diabetes (13), the actual changes in
adiponectin levels are not well described in
humans. A study in spontaneously diabetic
Rhesus monkeys described trajectories of
obesity and adipokines using several repeat
measures (21), but that study lacked non-
diabetic control subjects. In agreement
with our findings, a decreasing linear tra-
jectory in adiponectin was observed in this
animal model in relation to the develop-
ment of obesity and diabetes. Among Rhe-
sus monkeys, the changes in adiponectin
and insulin sensitivity were parallel and the
observed cross-sectional covariates of adi-
ponectin were insulin sensitivity, weight,
fat weight, and plasma insulin. Adiponec-
tin was not related to age or insulin secre-
tion (21). Our findings suggesting a
modest decrease in adiponectin levels
with age and that obesity explained part
of the cross-sectional differences between
case and control subjects are in line with
the study in monkeys.

Table 2dBaseline characteristics of incident diabetes case and noncase subjects

Noncase subjects Case subjects P

N 2,475 335
Age (years) 49.1 6 5.8 51.0 6 6.1 ,0.0001
BMI (kg/m2) 25.0 6 3.3 27.1 6 4.2 ,0.0001
Waist circumference (cm) 83.5 6 10.8 89.2 6 12.2 ,0.0001
Systolic blood pressure (mmHg) 119 6 13 124 6 14 ,0.0001
Diastolic blood pressure (mmHg) 79 6 9 82 6 10 ,0.0001
Fasting blood glucose (mmol/L) 5.2 6 0.4 5.5 6 0.5 ,0.0001
2-h blood glucose (mmol/L) 5.3 6 1.4 6.7 6 1.9 ,0.0001
Male 1,813 (73.3) 234 (69.9) 0.19
White 2,299 (92.9) 270 (80.6) ,0.0001
Social grade ,0.0001
Administrative 1,066 (43.1) 86 (25.9)
Executive 1,127 (45.6) 176 (53.0)
Support 278 (11.3) 70 (21.1)

Smoker 262 (10.6) 56 (16.9) 0.001
Early-onset (,52 years of age) diabetes NA 52 (15.5)

Adiponectin (ng/mL)
8,817

(6,534–12,369)
7,140

(5,187–10,304) ,0.0001
Data are means 6 SD, median (interquartile range), or n (%).

Table 3dFixed effects for multilevel models of change over time of log2(adiponectin) concentrations before diabetes diagnosis or end
of follow-up

Model 1 (Fig. 1A) Model 2 (Fig. 1B and C) Model 3 (Fig. 1D and E) Model 4 Model 5

Incident diabetes 20.23 (0.05)*
Early-onset diabetes 20.40 (0.12)† 20.30 (0.11)‡ NS NS
Late-onset diabetes 20.27 (0.05)* 20.23 (0.05)* 20.11 (0.05)x 20.11 (0.05)x
Female 0.77 (0.03)* 0.77 (0.03)* 0.78 (0.03)* 0.59 (0.03)*
Diabetes 3 female 20.17 (0.09)x 20.17 (0.09)x 20.17 (0.08)x 20.17 (0.08)x
Time (per year) 20.005 (0.001)* 20.012 (0.003)* 20.005 (0.001)* NS 0.006 (0.001)*
Female 3 time NS NS NS NS
Diabetes 3 time NS NS NS NS NS
Early-onset diabetes 3 time 20.026 (0.011)x 20.023 (0.011)x NS NS
Diabetes 3 female 3 time 20.016 (0.006)‡ 20.016 (0.005)† 20.014 (0.005)‡ 20.013 (0.005)‡
BMI (per 1 kg/m2) 20.048 (0.002)*
Waist (per cm) 20.016 (0.001)*

Data are regression coefficients (SE). All models were adjusted for age at the end of follow-up and for ethnicity (white/nonwhite). Model 1, also adjusted for sex; model
2, early-onset diabetes (,52 years of age at diabetes diagnosis); model 3, sex and early-onset diabetes; model 4, adjustments made for model 3 plus BMI; and model 5,
adjustments made for model 3 plus waist circumference. Trajectories in 335 incident diabetes case and 2,475 control subjects. Models with the lowest information
criteria are shown. NS, not significant (P . 0.05); term dropped from the final model. *P , 0.0001. †P , 0.001. ‡P , 0.01. xP , 0.05.
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Previous human reports on adipo-
nectin changes were based only on two
time points and thus unable to investigate
adiponectin trajectories (20,22). Reports
from population-based cohorts found
changes in adiponectin to be inversely as-
sociated with weight and postprandial
glucose and positively associated with
change in HDL cholesterol (20,22). How-
ever, these studies did not investigate the
changes separately for diabetes case and
control subjects. Our finding that the
slope differences between early- and
late-onset diabetes case subjects are par-
tially explained by changes in BMI and
waist circumference supports an inverse
association between changes in obesity
and adiponectin levels.

Reports from randomized trials also
suggest that changes in adiponectin levels
are related to weight changes (10,17). Af-
ter 2 years of lifestyle intervention, in-
creasing adiponectin levels were found
with a decrease in BMI and inflammatory
markers (17). In the Diabetes Prevention
Program, intensive lifestyle intervention
resulted in an increase in adiponectin lev-
els comparedwith themetformin and pla-
cebo groups. Both baseline level and
change in weight predicted adiponectin
at the end of the follow-up. Higher base-
line adiponectin levels (such as those in
females) were associated with larger de-
creases (steeper declines) in adiponectin,
corresponding with the observations in
our study (10).

The larger separation between inci-
dent case and noncase subjects among
women compared with men during the
13-year follow-up of our study is in
agreement with the sex-by-adiponectin
interaction observed in some studies in-
vestigating the risk of diabetes during a
similar or shorter follow-up (8,11).
However, several investigators have not
reported (or tested) such interaction ef-
fects (6,9,12,14,15). Furthermore, our
findings suggest that women go through
a larger deterioration in adiponectin levels
than men preceding diabetes onset, and
this is not explained by sex-specific obe-
sity trajectories. Our finding is in line with
observations that suggest greater relative
excess of CVD risk factors among diabetic
women compared with diabetic men
(24).

That the slope differences in adipo-
nectin trajectories between early-onset
versus late-onset case and control sub-
jects were largely explained by changes in
obesity means that people with early-
onset diabetes are more obese and

have a steeper increase in their obesity
compared with later-onset case and con-
trol subjects. Several studies have shown
that early-onset diabetes case subjects are
more obese (25,26), and some have sug-
gested an inverse association between age
at onset and BMI at the time of diabetes
diagnosis (27–29). Similarly, fasting insu-
lin also explained most of the slope differ-
ences between early- and late-onset
diabetes case subjects, although the direc-
tion of the relationship between adipo-
nectin and insulin levels is not yet
characterized. Thus, it is not known
whether insulin sensitivity is a confound-
ing factor or a mediator.

The finding that adiponectin trajec-
tories preceding diabetes had different
slopes in males and females although they
were parallel in male and female control
subjects suggests that adiponectin may
have different regulation in high-risk
male and female subjects. This is unlikely
to be related to the adiponectin gene
(ADIPOQ) that explains;7% of the phe-
notypic variation because the gene is
unlikely to cause sex differences in
adiponectin levels (30). A potential expla-
nation could involve sex hormone levels.
Adiponectin and sex hormone–binding
globulin (SHBG) levels have similar bidi-
rectional associations with insulin sensi-
tivity, and both are independent
predictors of type 2 diabetes. SHBG is in-
volved in sexual dimorphism (31), and
some (32) but not all (33,34) studies
have suggested that SHBG is more
strongly related to diabetes development
in women.

Our results confirm previously ob-
served associations between adiponectin
and sex (35–37), obesity (6–8,35–39),
and diabetes (13). Because of the low
number of nonwhite participants, we
were unable to explore the previously de-
scribed ethnic variation in adiponectin
levels (36–38), but the potential ethnic
differences were controlled for in our
analysis. Several cross-sectional studies
report age to be positively associated
with adiponectin levels in unadjusted
analysis (7,37,40) and even after adjust-
ment for blood glucose or obesity mea-
sures (35). Longitudinal studies using
repeat measures of adiponectin, however,
show no consistent association between
age and adiponectin levels: one study sug-
gests increasing levels with age and
weight loss (22), some report no signifi-
cant changes in adiponectin levels over
time (10,19), and one study among males
reports that adiponectin levels decrease

with age (18). The contradictory findings
in cross-sectional and longitudinal stud-
ies suggest that healthy selection may bias
cross-sectional findings. Our longitudinal
results are also consistent with the above
findings and also suggest that changes in
obesity over time could also effect the
direction of the age-adiponectin associa-
tion.

The current study has several limita-
tions. First, the retrospective nature of our
analysis does not allow us to draw con-
clusions about the pathophysiological
role of adiponectin in diabetes develop-
ment. Rather, our estimated trajectories
help to describe the natural history of
diabetes development. Second, some re-
ports suggest that high–molecular weight
adiponectin might be more strongly re-
lated to the development of type 2 diabe-
tes (12,13,35), but we were unable to
measure adiponectin isoforms in our
cohort. Third, it is possible that different
adipose tissue compartments are more
strongly related to adiponectin levels
than BMI or waist circumference (7,39).
Thus, controlling for additional time-
varying measures of adiposity might
have attenuated the sex differences even
further, but we believe that our converg-
ing results using two measures of obesity
validate our findings. Fourth,Whitehall II
is an occupational cohort, so our findings
may not be generalizable to the general
population. Furthermore, the partici-
pants of this case-cohort study were
somewhat healthier compared with the
original Whitehall sample; however, this
is unlikely to bias the differences between
subgroups.

Our study benefits from the use of a
well-characterized cohort, the use of a
widely accepted method of diabetes di-
agnosis, and the up to three times re-
peated measures of risk factors preceding
diabetes diagnosis (4,23). We applied a
sophisticated method to data analysis
that accounts for the interrelationship
between within-individual repeated
measures. The fact that we were unable
to prove any nonlinearity of adiponectin
development, although we reported non-
linear trajectories of glycemic measures
and interleukin-1 receptor antagonist in
this dataset, suggests that adiponectin in-
deed decreases linearly before diabetes
diagnosis (5,16). Similar findings in
the main and sensitivity analyses further
confirm that the estimated trajectories
are likely to describe real changes in adi-
ponectin levels in the investigated popu-
lation.
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In conclusion, we described adipo-
nectin trajectories preceding the diagnosis
of type 2 diabetes and compared them
with the corresponding trajectories in
control participants in a middle-aged co-
hort of British civil servants. We found
significantly lower adiponectin levels in
males than females and in participants
who developed diabetes compared with
those who did not. Adiponectin levels
showed a faster decline prior to diabetes in
participants with early-onset diabetes and
in female case subjects. While the first was
explained by a faster increase in adiposity,
the latter may be related to sex-specific
mechanisms that relate to both diabetes
risk and adiponectin levels.
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