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Abstract
Aims/hypothesis We determined the longitudinal relation-
ship between adiponectin levels and the development of
microalbuminuria in an inception cohort of children with
type 1 diabetes.
Methods Blood samples collected annually over a median
of 9.0 (range 1.3–14.9) years were assayed for adiponectin
and HbA1c in 55 children (36 girls) with type 1 diabetes
and microalbuminuria whose age of onset of diabetes was
9.4 years (range 2.2–15.4). Samples were also assayed from
normoalbuminuric children (controls) matched for age, sex
and duration of diabetes.
Results Overall, adiponectin levels were higher in girls than
in boys, but only after 11 years of age (median [range]: 15.3
[5.8–124.4] vs 11.6 [4.1–26.5] mg/l, p<0.001). Further-
more, adiponectin levels were higher in girls with micro-

albuminuria than in control girls, but this was only apparent
after the onset of microalbuminuria (p=0.001, adjusted for
BMI, daily insulin dose, HbA1c and age). In boys,
adiponectin levels did not differ between those with
microalbuminuria and controls. Further sex-related discor-
dant associations with adiponectin levels were observed; in
girls, adiponectin levels were positively related to HbA1c

levels (r=0.2, p=0.05) and urine albumin excretion (r=0.3,
p<0.05) and inversely related to BMI (r=−0.2, p<0.05).
These associations were absent in boys.
Conclusions/interpretation In adolescent girls with type 1
diabetes but not in boys, adiponectin levels increase with
increasing urine albumin excretion and onset of micro-
albuminuria. Although causal links cannot be inferred, this
sexual dimorphism may reflect interactive effects of hyper-
glycaemia and sex steroids on risk of complications and
adiponectin production.
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Introduction

In the general population, the adipocytokine adiponectin is
negatively associated with visceral adiposity, fasting glu-
cose levels and insulin resistance [1–3]. Low levels precede
a decrease in insulin sensitivity [4] and are associated with
obesity and the development of type 2 diabetes and
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cardiovascular disease [5]. Weight loss is associated with
increased adiponectin levels [6], which subsequently
predict improvements in insulin sensitivity [7] and reduced
risk of type 2 diabetes [8] and cardiovascular disease [9].
Collectively these data suggest a role for adiponectin as an
endogenous insulin sensitiser and in the development of
insulin resistance.

In adults with type 1 diabetes, higher adiponectin levels
have been observed compared with controls [10], which,
paradoxically, may be associated with microalbuminuria
[11, 12], reduced glomerular filtration rate [11, 12], overt
nephropathy and retinopathy [13]. Such observations
conflict with data showing associations between insulin
resistance and risk of microvascular complications in type 1
diabetes [14]. It is possible that adiponectin levels may not
simply reflect levels of insulin resistance in type 1 diabetes.
Complex changes in adiponectin levels are seen during
childhood, as levels are higher in the newborn period [15]
and fall through puberty [16]. Clear sex-related differences
have been identified, with higher levels in girls than in boys
during early childhood [17] and puberty [18]. These age
and sex-related differences are particularly pertinent to
associations with microalbuminuria risk during adoles-
cence, which is increased in relation to diabetes duration,
pubertal onset and female sex [19].

In the present study, we examined longitudinal changes
in adiponectin levels in relation to the development of
microalbuminuria in a cohort of children recruited at
diagnosis of type 1 diabetes and followed through puberty,
in comparison with age-, sex- and diabetes duration-
matched diabetic controls without microalbuminuria.

Methods

Participants The Oxford Regional Prospective Study
(ORPS) was established in 1985 [19]. The study recruited
494 children diagnosed with type 1 diabetes at <16 years of
age in the geographically defined region of Oxford Health
Authority between 1986 and 1996; recruitment was within
3 months of diagnosis. These participants were assessed at
the end of the first year from diagnosis and annually
thereafter with measurements of height, weight and urine
albumin/creatinine ratio (ACR) from three consecutive
early morning, first-void urine specimens. Blood samples
were collected for central measurement of HbA1c. Ethical
approval was obtained from the district ethics committees
in the region with written consent from the parents.
Children were asked to assent before entering the study
and to provide consent at age 16 years.

Microalbuminuria was defined as ACR>3.5 mg/mmol
in boys and >4.0 mg/mmol in girls and <35 mg/mmol in
two out of three consecutive early morning urine collec-

tions [19]. Between 1998 and 2001, 55 (36 girls) of the
494 participants recruited into ORPS had an ACR that fell
within our definition of microalbuminuria and these were
designated as the microalbuminuria group. Controls were
selected from the remaining 431 participants who had not
developed microalbuminuria by 2001. Microalbuminuria
cases were matched 1:1 with controls by age (within
1 year), sex and duration of diabetes. For each participant,
annual non-fasting blood samples were collected and
stored for a median of 9.0 (range 1.3–14.9) years until
September 2001. All available blood samples were ana-
lysed for adiponectin levels and HbA1c (median number
of samples per patient 6 [range 2–12, interquartile range
4–9]).

Auxology Height was measured on wall-mounted stadio-
meters and weight measured on electronic scales. BMI was
reported as kg/m2.

Albumin assay Until 1994 urine samples were stored
at −20°C. After this time urine was stored at −70°C in
response to reports of the detrimental effects of storage
at −20°C. Albumin was measured centrally by a double
antibody ELISA method described previously [19]. The
within- and between-assay CVs were 6% and 12%
respectively.

Creatinine Creatinine was measured using a modified Jaffe
method (Unimate 7; Roche Diagnostic Systems, Basel,
Switzerland) on an automated spectrophotometer (Cobas
Mira; Roche Diagnostic Systems). The CV was 2% at
2.2 mmol/l.

HbA1c Glycated haemoglobin was measured centrally,
initially by an electrophoretic method (Ciba Corning
Diagnostics, Halstead, UK), which was replaced by HPLC
(Diamat; Bio-Rad, Hemel Hempstead, UK) in 1992. The
relationship between the two methods was carefully
evaluated and has been described previously [19]. The
within-batch CV for the HPLC method was 2.2% and 1.3%
at a level of 9.8% and 10.1%, respectively. The between-
batch CV was 3.5% and 2.2% at 5.6% and 10.1%,
respectively.

Adiponectin Serum adiponectin was analysed with an in-
house time-resolved immunofluorometric assay based on
commercial reagents (R & D Systems, Abingdon, UK) as
recently described [13]. All samples were analysed in
duplicates in a final dilution of 1:206. Within-assay CVs of
standards and unknown samples averaged less than 5%.
Between-assay CVs were estimated by repetitive analysis
of a control sample diluted 1:2,500, 1:500 and 1:50,
respectively. After 111 setups, between-assay CVs averaged
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5.9% at 4.8 µg/l (final dilution 1:2500), 3.6% at 23 μg/l (final
dilution 1:500) and 2.7% at 234 μg/l (final dilution 1:50).
The recovery of exogenously added adiponectin to serum
was 101±1% (means±SEM based on ten samples). Repet-
itive thawing and freezing of serum for up to seven cycles
did not significantly alter the immunoreactive levels of
adiponectin (data not shown).

Statistical methods BMI standard deviation scores (SDS)
were calculated by comparison with the British 1990
Growth Reference and Cole’s LMS method [20]. As
excretion of urinary albumin varies greatly within individ-
uals and tends not to be normally distributed, we averaged
three results from each participant with the geometric mean.
The distributions of these yearly geometric means for the
whole cohort were not normally distributed and were log
transformed and analysed on this scale. Adiponectin levels
were also log transformed to allow parametric analysis.
Other variables were normally distributed. Data were
summarised as means for each patient and compared using
an ANOVA model in a case–control design. Correlation
between variables was measured by Pearson’s correlation
coefficient. Analysis of covariance was used to test
interactions with sex on the relationship between adipo-
nectin and other covariates. Linear regression analysis was
used to assess associations of covariates with the log of
urine ACR.

To display longitudinal changes in adiponectin levels,
we used multilevel modelling software (MLwiN version 1.0
beta; Institute of Education, London, UK). This is a
hierarchical regression model, allowing consideration of
an individual’s longitudinal data and summation by
predefined groups. Variance in adiponectin levels was
modelled against age or years relative to onset of micro-
albuminuria. Three patients had data from only two time
points and this would have generated straight lines during
the creation of the model. Therefore data from these three
patients were omitted from the dataset during analyses on
MlwiN. To recognise longitudinal adiponectin levels for
each child, two levels of hierarchy in the data were used:
level 1 consisting of all measurement points, and level 2
consisting of unique codes for each child. Models with
the categorical explanatory variable (microalbuminuria
status or sex) were built separately and graphs of the
predicted values drawn from these models. Separate
models were estimated for the microalbuminuria and
control groups and for sex; from these we obtained a
graph of the curves of mean predicted values over time
in each group and SEMs. Each model was a hierarchical
random-effects model, with level 1 of the data hierarchy
being the measurement points nested within child as
level 2, thereby allowing for repeated measurements per
child. Adiponectin levels were modelled against time

using linear, quadratic and cubic terms. From these
parameters we drew graphs of the mean (±SE) predicted
values over time in each group. MlwiN was not used for
other analyses of the data set, which was done using
other statistical methods with SPSS version 11.5 (SPSS,
Chicago, IL, USA).

Time variables, adiponectin levels and urine ACR were
reported as median (range). All other data are presented as
mean (SD), unless otherwise stated. A p value of <0.05 was
considered significant.

Results

Cohort characteristics In patients with microalbuminuria
compared with controls, there were no differences in age at
diagnosis of diabetes (9.4 [2.2–15.4] vs 9.8 [2.4–16.3]
years, p=0.8) or duration of diabetes (8.5 [1.1–15.5] vs 8.3
[1.1–14.4] years, p=0.9). Additional comparisons are
summarised in Table 1.

Adiponectin levels in relation to age For the whole cohort,
adiponectin levels fell with age (r=−0.2, p<0.001;
Fig. 1a). As no Tanner pubertal staging was available,
age >11 years was taken as a surrogate marker for onset of
puberty. Adiponectin levels were higher at ages <11 years
(17.5 [12.5–74.5] mg/l) than after age 11 years (13.9 [5.2–
100.5]; p<0.001). The higher adiponectin levels in
participants with microalbuminuria compared with controls
became more apparent with chronological age (Fig. 1b,c)
and were only apparent after the onset of microalbuminuria
(Fig. 2).

Modification of adiponectin associations by sex Adiponec-
tin levels were higher in girls than boys, but only after
age 11 years (15.3 [5.8–124.4] vs 11.6 [4.1–26.5] mg/l,
p<0.001; Fig. 1a). Girls also had slightly higher BMI SDS
than boys (0.7 [0.9] vs 0.6 [0.9], p=0.05), but the
differences in adiponectin persisted after further adjustment
for BMI SDS (p<0.001).

The higher adiponectin levels in participants with
microalbuminuria compared with controls was more clearly
evident in girls (p<0.001) than in boys (p=0.02; Table 1,
Fig. 1b,c). Similarly, adiponectin levels were positively
related to urine ACR in girls (p<0.05), but not in boys (p=
0.71, p=0.02 for interaction with sex; Table 2). Further
associations with adiponectin levels were significantly
discordant between sexes (Table 2); in girls, but not in
boys, adiponectin levels were positively related to HbA1c

levels (Fig. 3) and were inversely related to BMI SDS.
However, no discordant correlation with daily insulin dose
was seen in either of the sexes (p=0.5 for interaction with
sex; Table 2).
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Adiponectin levels in relation to microalbuminuria sta-
tus In participants with microalbuminuria compared with
controls, mean HbA1c levels were higher (Table 1). As
microalbuminuria cases were matched to controls by age
and duration of diabetes, adiponectin levels in controls were
related to the timing of development of microalbuminuria
in each matched case and analysed by years relative to
onset of microalbuminuria. Adiponectin levels were higher
in participants with microalbuminuria than in controls, but
this was apparent only after the appearance of micro-
albuminuria (16.4 [5.7–100.7] vs 12.1 [5.8–34.0] mg/l, p=
0.008; Fig. 2). These differences were not confounded by
BMI SDS or daily insulin dose.

Girls with microalbuminuria had significantly higher
adiponectin levels than control girls (Table 1, Fig. 1b), but
this difference was not observed in boys (Table 1, Fig. 1c).
Analysis by interaction with sex further confirmed the
difference between the sexes (p<0.001 for interaction with
sex). In girls this observed difference in adiponectin levels
persisted after adjustment for BMI SDS, daily insulin dose,
HbA1c and age (F=11.9, p=0.001).

Regression analysis revealed that in girls only increasing
urine ACR was weakly associated with higher (log)
adiponectin levels (F=3.3, p=0.07), after adjustment for
BMI SDS, daily insulin dose, HbA1c and age. These
associations were not observed in boys.

Discussion

We provide the first description of longitudinal changes in
adiponectin levels in an inception cohort of children with

type 1 diabetes in relation to the development of micro-
albuminuria. Earlier studies have shown higher adiponectin
levels in adolescents with type 1 diabetes than in non-
diabetic control participants, as well as a link between
increased adiponectin levels and microalbuminuria [10].
Our study shows that these observations are modified by
sex and age. Adiponectin levels were higher overall in
participants with microalbuminuria compared with controls,
but this difference was only apparent in girls and only
became evident after the onset of microalbuminuria.

Increased adiponectin levels predict improvements in
insulin sensitivity [7], suggesting a role for adiponectin as
an endogenous insulin sensitiser. Observations of raised
adiponectin levels in relation to increased urine albumin
excretion in girls but not in boys in our study may be
important as, in addition to insulin resistance, factors
influencing adiponectin levels such as age [15, 16], sex
[17] and puberty [18] are also associated with risk of
microalbuminuria during adolescence [19].

Previous cross-sectional studies in adults with type 1
diabetes have shown a variable relationship between adipo-
nectin levels and glycaemic control, with a negative [1], a
positive [11] or no correlation at all [13]. In these studies,
differences between the sexes were either not found or not
reported. Our study is the first to show a sexual dimorphism
in the relationship of adiponectin and HbA1c levels in type 1
diabetes. The sex-related difference may be relevant to risk
of microalbuminuria, as this is strongly associated with poor
glycaemic control, with female adolescents generally having
higher HbA1c levels than males [19]. Although the mecha-
nism is unknown, experimental data have shown that
exposure of adipocytes to hyperglycaemia results in post-

Table 1 Comparison of data
for participants with microal-
buminuria (MA) vs controls for
the whole cohort (overall), and
for girls and boys considered
separately

Values are median (range)
(urine ACR and adiponectin)
or mean (SD)

Variable MA No MA p value

Overall n = 55 n = 55
BMI SDS 0.6 (0.9) 0.7 (1.0) 0.7
Insulin dose (U kg−1 day−1) 0.9 (0.3) 0.9 (0.3) 0.8
Mean HbA1c (%) 10.8 (2.1) 9.9 (1.8) <0.001
Mean urine ACR (mg/mmol) 9.1 (3.3–160.7) 0.8 (0.1–3.3) <0.001
Mean adiponectin (mg/l) 14.9 (4.1–129.4) 13.2 (6.5–34.0) <0.001
Girls n = 36 n = 36
BMI SDS 0.7 (1.0) 0.8 (0.8) 0.2
Insulin dose (U kg−1 day−1) 0.9 (0.2) 0.9 (0.3) 0.7
Mean HbA1c (%) 10.9 (0.2) 10.0 (0.2) <0.001
Mean urine ACR (mg/mmol) 3.6 (3.5–161.8) 0.9 (0.1–3.4) <0.001
Mean adiponectin (mg/l) 17.5 (7.0–124.4) 14.5 (6.1–34.6) 0.006
Boys n = 19 n = 19
BMI SDS 0.6 (1.0) 0.6 (0.9) 0.9
Insulin dose (U kg−1 day−1) 0.9 (0.3) 0.8 (0.3) 0.5
Mean HbA1c (%) 10.6 (0.2) 9.9 (0.1) 0.005
Mean urine ACR (mg/mmol) 3.7 (3.5–106.6) 0.7 (0.2–3.1) <0.001
Mean adiponectin (mg/l) 12.6 (4.4–28.0) 11.4 (6.7–23.2) 0.2
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translational modification of adiponectin [21], which may
decrease its action in the liver [22]. Therefore, it is possible
that the higher adiponectin levels in female participants with
microalbuminuria reflect a compensatory increase in secre-
tion of adiponectin due to chronic hyperglyceamic exposure
and reduced action of modified adiponectin at the liver.

Our data also show that subcutaneous insulin dose was
inversely associated with adiponectin levels in girls but not
in boys, a finding that is consistent with studies of adults
with type 1 diabetes [23]. In diabetic rodent models, low

adiponectin levels increased initially with insulin treatment
[24]. These inconsistent findings require further study.

In the general population, girls develop higher adipo-
nectin levels than boys through childhood and show an
inverse association with BMI, while in boys this association
remains positive [17]. Although unproven, this sex-related
difference in association between adiponectin and adiposity
may relate to the timing of accumulation of intra-abdominal
fat and greater insulin resistance in females than in males
[25] and to the effects of sex steroids [18]. In type 1
diabetes, timing of puberty is altered [26] and BMI and
insulin resistance are increased during adolescence, partic-
ularly in girls [27, 28]. Furthermore, risk of microalbumi-
nuria in female adolescents is associated with higher
androgen levels [29]. This may relate to the increased
frequency of ovarian hyperandrogenism, which may be
present in up to 50% of adolescent girls with type 1
diabetes [30] and is associated with obesity, insulin
resistance and peripheral hyperinsulinaemia [31]. Collec-
tively these factors may contribute to the sexual dimor-
phism in adiponectin levels.

Given the role of adiponectin as an endogenous insulin
sensitiser [4, 6, 7] and its anti-atherogenic effects [9],
associations between increased adiponectin levels and risk
of microalbuminuria in females, which has been linked to
insulin resistance [28], is paradoxical. The observations
may reflect a compensatory attempt to mitigate generalised
microvascular damage by improving insulin sensitivity.
This is speculative, but recent data have shown a
correlation between adiponectin levels and both TNF-α
levels and the soluble vascular cell adhesion molecule-1
(sVCAM-1). These are markers of generalised endothelial

Fig. 2 Differences in adiponectin levels in participants with micro-
albuminuria (MA; dashed line) compared with controls (solid line) in
relation to the onset of microalbuminuria (p=0.008). As micro-
albuminuria cases were matched to controls by age and duration of
diabetes, adiponectin levels in controls were related to timing of
development of microalbuminuria in each matched case and plotted
years are relative to onset of microalbuminuria. Graph derived from
multilevel modelling (MLwiN version 1.0 beta). Dotted lines: ±SEM

Fig. 1 Adiponectin levels plotted across age (a) in relation to sex in
patients with and without microalbuminuria (p<0.001; solid line,
male; dashed line, female), (b) in female microalbuminuria patients
(dashed line) and controls (solid line; p=0.006) and (c) in male
microalbuminuria cases (dashed line) and controls (solid line; p=0.2).
Graphs were derived from multilevel modelling (MLwiN version 1.0
beta). Dotted lines: ±SEM
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dysfunction [12] and indicate that adiponectin is linked to
inflammation, atherosclerosis and endothelial damage. Our
data may be confounded by differences between males and
females in production of various isoforms of adiponectin,
which current assays do not measure. Females produce
higher levels of the high molecular mass isoform, which is
known to differ in its receptor binding properties and
metabolic effects [32]. Alternatively there may be sex-
related differences in genetic regulation of adiponectin
expression [33]. However, other data show that poly-
morphisms of the adiponectin gene are not associated with
nephropathy in adults with type 1 diabetes [34]. A
limitation of our study is that the discordant sex-related
associations in adiponectin and HbA1c levels and urine
albumin excretion may be related to the smaller sample size
in boys than in girls, and our study may not have been
powered to detect sex-related differences. However, testing
for interaction with sex supported these discordant obser-
vations. In addition, higher adiponectin levels in adults
have been found in association with reduced glomerular
filtration rate, suggesting reduced clearance of adiponectin
[11, 12].

In summary, adiponectin levels increase with the onset
of microalbuminuria, but these changes are restricted to
females. Although causal links cannot be inferred, these
findings may relate to chronic hyperglycaemia, accumula-
tion of intra-abdominal fat mass, insulin resistance and the
increased risk of microvascular disease in pubertal girls
with type 1 diabetes.
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Fig. 3 Adiponectin levels in male (black bars) and female (grey bars)
type 1 diabetic participants, plotted against quartiles of HbA1c (p<
0.001 for difference in trends between male and female participants).
Errors bars are SEM

Table 2 Discordant correlation between adiponectin levels and other variables in girls and boys

Determinant Both sexes Girls Boys p value for interaction with sex

Daily insulin dose −0.2*** −0.2* −0.1 0.5
BMI SDS −0.2*** −0.2* −0.04 0.01
HbA1c 0.2* 0.2* −0.1 0.004
Urine ACR 0.2* 0.3* 0.1 0.02

*p<0.05, ***p<0.001
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