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Abstract
Aims/hypothesis Insulin resistance is associated with re-
duced serum adiponectin and increased albuminuria levels.
Thus, one would anticipate an inverse relationship between
circulating adiponectin and albuminuria. However, several
studies have described a ‘paradoxical’ elevation of serum
adiponectin in patients with elevated albuminuria. These
findings may have been confounded by the presence of
diseases and related treatments known to affect circulating
adiponectin and albuminuria. We therefore studied the

relationship between circulating adiponectin and albumin-
uria in the absence of such confounders.
Methods To this purpose, the relationship between adiponec-
tin isoforms and albumin:creatinine ratio (ACR) was inves-
tigated in a family-based sample of 634 non-diabetic untreated
white individuals with normal kidney function. We also
investigated whether the two variables share a common
genetic background and addressed the specific role of the
gene encoding adiponectin on that background by genotyping
several ADIPOQ single nucleotide polymorphisms (SNPs).
Results ACR was directly associated with high molecular
weight (HMW) adiponectin isoform (p=0.024). The two
variables shared some genetic correlation (ρg=0.38,
p=0.04). ADIPOQ promoter SNP rs17300539 was associ-
ated with HMW adiponectin (p=4.8×10−5) and ACR
(p=0.0027). The genetic correlation between HMW adipo-
nectin and ACR was no longer significant when SNP
rs17300539 was added to the model, thus reinforcing the
role of this SNP in determining both traits.
Conclusions/interpretation Our study shows a positive,
independent correlation between HWM adiponectin and
ACR. ADIPOQ variability is associated with HMW
adiponectin and ACR, and explains some of the common
genetic background shared by these traits, thus suggesting
that ADIPOQ and HMW adiponectin modulate albuminuria
levels.

Keywords Adiponectin HMW. ADIPOQ gene .

Albuminuria . Mendelian randomisation

Abbreviations
ACR Albumin/creatinine ratio
HMW High molecular weight

C. Menzaghi and S. De Cosmo contributed equally to this study.

Electronic supplementary material The online version of this article
(doi:10.1007/s00125-010-2037-9) contains supplementary material,
which is available to authorised users.

C. Menzaghi : L. Salvemini :C. De Bonis :D. Mangiacotti :
G. Fini :V. Trischitta (*)
Research Unit of Diabetes and Endocrine Disease,
IRCCS Casa Sollievo della Sofferenza,
Viale Padre Pio,
71013, San Giovanni Rotondo, Italy
e-mail: v.trischitta@operapadrepio.it

S. De Cosmo
Unit of Endocrinology, IRCCS Casa Sollievo della Sofferenza,
San Giovanni Rotondo, Italy

M. Copetti : F. Pellegrini
Unit of Biostatistics, IRCCS Casa Sollievo della Sofferenza,
San Giovanni Rotondo, Italy

V. Trischitta
Department of Experimental Medicine,
Sapienza University of Rome,
Rome, Italy

Diabetologia (2011) 54:812–818
DOI 10.1007/s00125-010-2037-9

http://dx.doi.org/10.1007/s00125-010-2037-9


HOMAIR HOMA insulin resistance index
LMW Low molecular weight
MMW Medium molecular weight
SNP Single nucleotide polymorphism
SOLAR Sequential oligogenic linkage analysis routines
UAE Urinary albumin excretion

Introduction

Increased urinary albumin excretion (UAE) rate in the
range of micro- or macro-albuminuria is a marker of kidney
disease [1], and a strong and established predictor of
morbidity and mortality rates for cardiovascular disease
[2, 3].

Adiponectin, a hormone exclusively secreted by adipo-
cytes, circulates abundantly in the bloodstream, as low,
medium and high molecular weight (LMW, MMW and
HMW) multimers [4, 5] and has well-recognised anti-
atherogenic, anti-inflammatory and insulin-sensitising prop-
erties [4, 6]. Studies in humans have persistently reported
that insulin resistance and related clinical outcomes are
associated with lower adiponectin concentrations [7–9] as
well as with increased UAE [10, 11]. Based upon these well
established associations, one would expect an inverse
relationship between circulating adiponectin and albumin-
uria. However, several studies have described a ‘paradox-
ical’ elevation of serum adiponectin concentrations in
patients with elevated UAE [12–18]. The reasons for such
unexpected findings are unknown. Unfortunately, results of
most studies addressing this issue may have been con-
founded by the presence of diseases (i.e. diabetes and
diabetic or non-diabetic kidney disease) and/or treatments
(i.e. statins, renin–angiotensin system inhibitors and thia-
zolinediones) known to affect circulating adiponectin and
UAE levels [19–24].

The aim of the present study was to investigate the
relationship between circulating adiponectin and UAE in
the absence of the above-mentioned confounders.

To this purpose, a family-based sample of 634 non-
diabetic, untreated white individuals with normal kidney
function was investigated for association between serum
adiponectin isoforms and UAE, expressed as albumin:
creatinine ratio (ACR). We also addressed the issue of
whether or not circulating adiponectin isoforms share a
common genetic background with ACR and, if so, if it is
partly explained by ADIPOQ gene variability. To this latter
purpose, we genotyped single nucleotide polymorphisms
(SNPs) in the ADIPOQ gene or their proxies (as indicated
by r2>0.9) (see Electronic supplementary material [ESM]
Table 1), which have been consistently associated with
adiponectin levels [25–28].

Methods

Study population We recruited 634 non-diabetic individuals
with normal kidney function (i.e. cystatin C-GFR≥60ml/min)
from 233 families living in the Gargano area of Italy (an
homogeneous geographical area in central–east Italy) [29]
and examined them as previously described [30–32]. All
study participants were not being treated with medications
known to interfere with glucose homeostasis, lipid profile
and blood pressure, or with those known to modulate
adiponectin and ACR levels. The study and informed
consent procedures were approved by the local Research
Committee.

Measurements Serum HMW, MMW and LMW adiponectin
concentrations were measured by ELISA (Alpco, Salem,
NH, USA) as previously described [32].

Human serum cystatin C was assayed in duplicates by
ELISA (BioVendor, Modrice, Czech Republic). The assay
covered the range from 0.2 to 10.0 mg/l in serum samples
diluted 1:400. The intra- and inter-assay coefficients of
variation were <4.5 and <4.7, respectively.

Urinary albumin and creatinine concentrations were
determined the same morning of the clinical examination
on an early morning first-void sterile urine sample by the
nephelometric method (Nephelometer Analyser; Behring,
Germany) and the Jaffe’s reaction-rate method (737 Auto-
analyser; Hitachi, Tokyo, Japan), respectively. Elevated
UAE was diagnosed if the ACR was ≥2.5 mg/mmol in men
and ≥3.5 mg/mmol in women.

Estimated GFR was calculated by the reciprocal of
serum cystatin C expressed in mg/l multiplied by 100 and
defined as cystatin C-GFR [33].

The metabolic syndrome score was calculated for each
study participant summing the number of individual
components of the syndrome, according to ATP III criteria,
as follows: waist circumference >102 cm for men and
>88 cm for women; systolic blood pressure ≥130 mmHg or
diastolic blood pressure ≥85 mmHg; serum HDL-
cholesterol <0.9 mmol/l for men and <1.0 mmol/l for
women; serum triacylglycerol levels ≥1.7 mmol/l; and
venous plasma glucose ≥6.1 mmol/l [31]. The HOMA
insulin resistance index (HOMAIR) was calculated as
fasting serum insulin (pmol/l)×fasting plasma glucose
(mmol/l)/135 [31, 32].

Genotyping SNPs rs17300539, rs182052, rs17366568,
rs1501299, and rs6773957 in the ADIPOQ gene were
selected because of their previous association with adipo-
nectin circulating levels (see ESM Table 1) and genotyped
by Taqman SNP allelic discrimination technique using an
device (ABI 7000; Applied Biosystems, CA, USA). Call rate
and concordance rate were >98% and >99%, respectively. Of
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634 study individuals, genotypes were available for 621
persons for rs17300539, for 624 persons for rs182052 and for
rs17366568, for 623 persons for rs1501299, and for 614
persons for rs6773957. All SNPs were in Hardy–Weinberg
equilibrium (p>0.05).

Statistical analysis Data are summarised as means±SD or
median (range). Because of skewness for ACR and
adiponectin isoforms, logarithmic and square root trans-
formations were performed, respectively, before further
analyses.

To determine the contribution of genetic factors to ACR,
the Sequential Oligogenic Linkage Analysis Routines
(SOLAR) software package (Version 4.1.7) was used [34].
SOLAR performs a variance components analysis of family
data that decomposes the total variance of the phenotypes
into components that are due to genetic effects (i.e.
polygenic, additive genetic variance), measured covariates
and random environmental effects (i.e. measured environ-
mental factors and random unmeasured factors). The
relative contribution of genetic factors is then estimated
by heritability (h2), defined as the ratio of the genetic
variance component to the residual (after removal of
covariates) phenotypic variance. Heritability estimates
obtained in this way also include any environmental
contributions to similarities in adjusted values between
relatives. To assess phenotypic correlations between ACR,
insulin resistance-related traits and adiponectin isoforms,
we used a mixed effects model by SOLAR that includes
fixed covariate effects. This method is able to account for
the dependence of the family data and provide a more
stringent p value. To evaluate the contribution of the
ADIPOQ genotypes to ACR variance and test the associ-
ations between each trait and each SNP, a linear mixed
effects model implemented in SOLAR to account for
within-family correlations was performed. Each SNP was
included in a model as a fixed effect with additive coding.
Sex, age, age squared, smoking habits and physical exercise
were first used as covariates when assessing ACR herita-
bility; then also BMI was added to the model. Results were
reported as linear model coefficients along with their
standard errors and p values (β±SE, p). Bivariate analyses
were conducted to partition the phenotypic correlation
between two traits (ρp) into genetic (ρg) and environmental
(ρe) correlations [34]. Evidence of pleiotropy (i.e. a
common set of genes influencing more than one trait) is
indicated by a genetic correlation that is significantly
different from zero.

A Mendelian randomisation approach [35] was followed
to determine whether the association between polymor-
phisms of ADIPOQ SNP rs17300539 and ACR might be
mediated by HMW adiponectin levels. Hierarchical linear
models were used to estimate the effect size (i.e. β) per

minor allele of ADIPOQ SNP rs17300539 polymorphisms
for HMW adiponectin levels (β1) and for ACR (β2), and
the effect size of HMW adiponectin levels for ACR (β3) in
the latter two, also including age, sex and BMI as
confounders. An unstructured covariance matrix was used
to account for familiarity. Mendelian randomisation holds if
β2 and β3 are not statistically different. To test such
difference, we treated β2 and β3 as a two-dimensional
variable and introduced a bivariate hierarchical linear model
[36, 37], which allowed us to simultaneously estimate both
adjusted models (ACR vs SNP and ACR vs HWM). We
contrasted the two βs at issue within such a framework,
which allowed us to account for potential between-
outcomes correlation.

Power calculation Considering the observed ACR loga-
rithm and the HMW square root standard deviations and
accounting for familiarity, our sample size of 634 partic-
ipants was able to detect a β regression coefficient of
0.0325 with a power of 80% and a β regression coefficient
of 0.0375 with a power of 90%, at a significance level
(alpha) of 0.05.

Results

Clinical characteristics of study participants are shown in
Table 1.

Among the 634 individuals, the median ACR was
0.53 mg/mmol (range 0.06–12.4). As per selection criteri-
on, all had cystatin C-GFR >60 ml/min (median 120.3,
range 60.2–253.8; Table 1).

After adjusting for age, age squared, sex, smoking habits
and physical exercise, ACR levels were positively
associated with BMI (β=0.008±0.002, p=0.006), waist
circumference (β=0.0036±0.0012, p=0.003), diastolic
blood pressure (β=0.004±0.002, p=0.040), HOMAIR

(β=0.13±0.05, p=0.009) and the metabolic syndrome
score (β=0.04±0.01, p=0.026). In addition, ACR was
directly associated with HMW (β=0.045±0.02, p=0.024),
but not with MMW (β=−0.0082±0.02, p=0.68) and
LMW (β=0.03±0.02, p=0.13) adiponectin levels. Adjust-
ment for BMI slightly increased the strength of this
association (β=0.06±0.02, p=0.003) (Table 2). Given
that cystatin C-GFR in this sample was inversely associ-
ated with ACR (β=−1.79±0.88, p=0.042) and HMW
adiponectin (β=−6.17±2.20, p=0.005), it was added as an
additional covariate to the multivariate model, with
virtually no changes observed in the association between
ACR and HMW (β=0.06±0.02, p=0.003).

A total of 24 individuals (3.8% of the whole sample) had
elevated ACR. Exclusion of these individuals did not
change the results obtained (data not shown).
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The overall effect of genetic factors on ACR was
investigated by variance component analysis. After adjusting
for age, age squared, sex, smoking habits and physical
exercise, ACR and HMWadiponectin (the latter as previously
described [32]) were moderately (h2=0.20±0.09, p=0.006)
and highly (h2=0.79±0.06, p=1.0×10−13) heritable, respec-
tively. A significant positive genetic correlation (ρg) was
observed between the two variables (ρg=0.38, p=0.04).

Among the five ADIPOQ SNPs genotyped, only
rs17300539, located in the promoter region, was significantly

associated with ACR (p=0.0027; Table 3) and accounted for
some proportion of its variance (i.e. 4%). This association
also remained significant in a model comprising all five
SNPs (p=0.035). As previously reported, rs17300539 is also
strongly associated with HMW adiponectin (β=0.26±0.064,
p=4.8×10−5) and explains almost 10% of its variance in our
sample [32].

The genetic correlation described above between HMW
adiponectin and ACR was no longer significant (p=0.07),
when SNP rs17300539 was added to the model, thus
reinforcing the role of this SNP in partly determining both
traits.

Finally, the Mendelian randomisation approach, which
was used to investigate whether a cause–effect relationship
operates in sustaining the association we observed between
HMW and ACR, showed that changes of ACR (i.e. β
values of hierarchical linear models) that were attributable
either to SNP rs17300539 or to HMW adiponectin differ-
ences secondary to this SNP were not significantly different
(p=0.20; Fig. 1). In agreement with this finding, in an age-,
sex- and BMI-adjusted linear regression model with SNP
rs17300539 and HMW adiponectin as predictors, HWM
adiponectin, but not SNP rs17300539, was significantly
associated with ACR (β±SE=0.039±0.012, p=0.0016 and
0.086±0.064, p=0.18, respectively).

Discussion

Most [12–18], although not all [38–40] previous studies
have reported a direct correlation between circulating
adiponectin and UAE rate. This finding was somewhat
‘unexpected’ if insulin resistance was regarded as the
common soil of both variables, and pointed to the role of
confounding factors, including diabetes, kidney disease and
related treatments, possibly affecting previous studies
[12–18]. Our study reports a positive and independent
correlation between HMW adiponectin and ACR in a
homogeneous population of untreated individuals with
normal kidney function. In contrast, no correlation between
ACR and MMW and/or LMW adiponectin was found.
HMW adiponectin is the most biologically active isoform
[5]. In addition, HMW, but not MMW and LMW, was
associated with insulin resistance in the sample we analysed
here [32]. So, although opposite results have been reported
in patients with type 2 diabetes [18], one can hypothesise
that the lack of correlation between ACR and MMW and
LMW reflects the trivial role these two adiponectin
isoforms are likely to play in insulin resistance.

To the best of our knowledge, our study also shows, for
the first time, that HMW adiponectin and ACR share a
common genetic background, which is partially explained
by SNP rs17300539, located in the promoter region of the

Table 2 Association of serum adiponectin isoforms and ACR in 634
non-diabetic individuals from 233 families

Adiponectin isoform ACR (mg/mmol)

β±SE p value

HMW (μg/ml) 0.045±0.02 0.024

HMW (μg/ml)a 0.06±0.02 0.003

MMW (μg/ml) −0.0082±0.02 0.68

LMW (μg/ml) 0.03±0.02 0.13

The linear β coefficients represent the change in ACR levels for 1 unit
increase in the predictor; all analyses were adjusted for age, age
squared, sex, smoking habit and physical exercise
aAdjusted for age, age squared, sex, smoking habit, physical exercise
and BMI

Table 1 Clinical characteristics of 634 non-diabetic individuals from
233 families

Characteristic Mean±SD Median (range)

Men/women 244/390

Age (years) 40.3±14.5 40.0 (16–82)

BMI (kg/m2) 26.3±4.7 25.5 (17.1–48.2)

Waist circumference (cm) 84.7±12.6 84.0 (50–126.0)

Obese (%) 24.3

Overweight (%) 13.3

Systolic BP (mmHg) 116.8±14.9 115.0 (80–180)

Disastolic BP (mmHg) 77.1±9.0 80.0 (50–112)

Hypertensive (%) 22.1

Fasting blood glucose (mmol/l) 5.0±0.57 4.89 (3.20–6.99)

Insulin (pmol/l) 55.6±31.9 49.3 (12.5–333.4)

HOMAIR 1.8±1.1 1.54 (0.36–10.0)

Triacylglycerol (mmol/l) 1.1±0.75 0.9 (0.3–5.9)

HDL-cholesterol (mmol/l) 1.4±0.3 1.3 (0.5–3.1)

Metabolic syndrome (% affected) 8.4

Cystatin C-GFR (ml/min) 128.7±56.4 120.3 (60.2–253.8)

Cystatin C (mg/l) 0.91±0.36 0.83 (0.28–2.20)

ACR (mg/mmol) 0.9±1.16 0.53 (0.06–12.4)

HMW adiponectin (μg/ml) 4.3±2.9 3.6 (0.02–24.1)

MMW adiponectin (μg/ml) 1.6±1.5 1.2 (0.01–11.6)

LMW adiponectin (μg/ml) 2.1±1.8 1.7 (0.01–13.5)
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ADIPOQ gene. Overall, these data confirm the previously
observed positive correlation between adiponectin serum
concentration and UAE rate, and suggest an underlying
cause–effect relationship, with HMW adiponectin (and the
ADIPOQ gene) modulating, at least partly, the level of
albuminuria. In line with our present findings, SNP
rs17300539 has been associated with increased UAE in
previous studies [18, 41]. To test this intriguing hypothesis
more thoroughly, we used Mendelian randomisation, which
draws on genetic data from cross-sectional association
studies to infer causality between phenotypic exposure
and outcome of interest [35]. Observed and expected β-
coefficient estimates between HMW adiponectin and ACR
levels were not significantly different, thus leaving the
possibility open that the biology underlying their associa-
tion is based, at least partly, upon the role that ADIPOQ
promoter SNP rs17300539 plays in increasing adiponectin
serum concentrations [42, 43], which, in turn, increase
ACR levels. We acknowledge that although nominal
statistical significance was not reached, the observed and
expected β-coefficients were quite different in size, with

the observed value being three-times higher than the
expected one. So, although our study had 90% power to
detect the observed difference between β-coefficients as
significant at a p value of 0.05, and although its family-
based design protects against population stratification, thus
minimising the risk of false results (type I and II errors)
[44], considerable caution is needed when inferring
causality from our cross-sectional observation. The differ-
ence in size between β-estimates may be explained by a
strong linkage disequilibrium between SNP rs17300539,
which modulates HMW adiponectin, and other genetic
variant(s) directly modulating ACR. This possibility is
supported by several linkage studies pointing to the 3q27
region (i.e. the same as the ADIPOQ locus) as a candidate
region for albuminuria [33, 45–47]. Finally, we cannot rule
out the possibility that the positive association between
serum HMW adiponectin and ACR levels, even in this
normal range of albuminuria, may be due, at least partly, to
a homeostatic protective mechanism aimed at counteracting
renal and cardiovascular damage. In fact, it has been
previously reported that conditions of advanced kidney
damage are associated with elevated adiponectin levels
[48, 49] and that among patients with end-stage renal
disease, adiponectin levels are significantly and inversely
related to cardio-metabolic risk factors [49]. The possi-
bility that adiponectin exerts a protective role in patients
with renal dysfunction is further supported by the
observation that among these patients cardiac events are
less frequent in those with relatively higher adiponectin
levels [50].

This study has some limitations. Our genotyping of
SNPs reported to be associated with adiponectin levels was
limited to those in the ADIPOQ gene (or their proxies, as
indicated by r2>0.9), but did not encompass SNPs outside
it, either belonging (rs266717 and rs1426810) or not
(rs4311394) to the ADIPOQ locus. We cannot therefore
exclude the possibility that these other SNPs may also play

ADIPOQ SNP rs17300539

β1
±SE pe

r a
lle

le=
0.2

6±
0.0

62
β3±SE per allele=0.125±0.064 

β2±SE per 0.26 HMW change=0.042±0.012 

p=0.20

HMW adiponectin ACR

Fig. 1 Results of Mendelian randomisation. β1, effect size of
association between each minor allele of rs17300539 and HMW
adiponectin levels; β2, effect size of association between each minor
allele of SNP rs17300539 and ACR; β3, effect size of association
between change of HMW adiponectin levels due to rs17300539 and
ACR

ACR per SNP Participants per allele

Allele n Allele n Allele n p value

rs17300539 GG 496 GA 119 AA 6

ACR (mg/mmol) 0.84±1.15 0.98±1.09 1.72±3.34 0.0027

rs182052 GG 316 GA 269 AA 39

ACR (mg/mmol) 0.85±1.20 0.90±1.20 0.94±1.39 0.50

rs17366568 GG 506 GA 107 AA 11

ACR (mg/mmol) 0.88±1.20 0.85±1.11 1.15±1.37 0.76

rs1501299 GG 300 GT 259 TT 64

ACR (mg/mmol) 0.90±1.30 0.85±1.03 0.86±1.06 0.33

rs6773957 GG 157 GA 307 AA 150

ACR (mg/mmol) 0.83±0.96 0.92±1.32 0.88±1.14 0.82

Table 3 ACR levels according
to ADIPOQ SNPs in 634
non-diabetic individuals from
233 families

Values are reported as
mean±SD

All analyses adjusted for age,
age squared, sex, smoking habit,
physical exercise and BMI
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a role in modulating the common genetic background
between HMW adiponectin and ACR. In addition, it is not
known whether our data can be generalised to other
populations with different environmental and/or genetic
backgrounds; this aspect deserves further investigation.

In conclusion, our study shows a positive and indepen-
dent correlation between HWM adiponectin and ACR. In
addition, the ADIPOQ gene accounts for a significant,
although small, proportion of ACR heritability, as well as of
the common genetic background shared by circulating
HMW adiponectin and ACR, thus suggesting a cause–
effect relationship between the two variables.
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