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Low-molecular-weight adiponectin is more closely associated
with disease activity of rheumatoid arthritis than other
adiponectin multimeric forms
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Abstract Adiponectin is divided into high-molecular-weight
(HMW), medium-molecular-weight (MMW), and low-
molecular-weight (LMW) forms. These forms differ not only
in the number of adiponectin molecules but also in their bio-
logical activity. There are conflicting findings regarding the
role of adiponectin in rheumatoid arthritis (RA). Moreover,
few reports have described the relationships between serum
adiponectin multimers levels and RA. Therefore, we exam-
ined the association of total adiponectin and its multimers with
RA. Two study groups were examined: 180 recently diag-
nosed untreated RA patients with disease duration less than
1 year (RA group) and 160 age- and sex-matched control
subjects (control group). RA-related factors, blood pressure,
body mass index, glucose, complete lipid profile, and
adiponectin multimers were measured. The levels of total
adiponectin and each multimer of adiponectin were signifi-
cantly lower in the RA than in the control (P<0.01). Serum
levels of total, HMW, MMW, and LMW were positively cor-
related with triglycerides levels and negatively correlated with
the Disease Activity Score for 28 joints (DAS28).Multivariate

regression analysis showed that total, HMW, and MMW
adiponectin were independently associated with serum tri-
glycerides level. LMW adiponectin was independently corre-
lated with serum triglycerides level and DAS28. The de-
creased LMW adiponectin levels may be associated with dis-
ease activity of RA.
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Introduction

Rheumatoid arthritis (RA) is a chronic, systemic, inflam-
matory disease, which affects predominantly synovial
joints, causing irreversible joint destruction [1].
Adiponectin is a protein, mainly secreted by adipose tissue
and abundantly present in the circulation, accounting for
0.01 % of total plasma protein. It is associated with glucose
and lipid metabolism [2–5]. The potential role of
adiponectin in RA has been actively investigated. Conflict-
ing data on adiponectin’s role in RA has been reported.
Serum level of adiponectin was found to be similar, lower,
or higher in comparison with healthy controls or with os-
teoarthritis patients [6–10]. Interestingly, adiponectin ex-
ists in different higher-order complexes. In the circulation,
adiponectin is predominantly present in characteristic
multimeric complexes: a low-molecular-weight (LMW; tri-
mer), a medium-molecular-weight (MMW; hexamer), and
a larger high-molecular-weight (HMW; 12–36mer)
adiponectin form [11]. These three forms differ not only in
the number of adiponectin molecules but also in their biological
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activity [12–14]. MMW and LMW adiponectin have been
suggested to be less important than HMW adiponectin in
regard to the lipid metabolism [15–17]. Consequently,
while HMW adiponectin has been studied by many re-
searchers, studies of MMW and LMW adiponectin have
not been sufficient. It is possible that MMW and/or LMW
adiponectin are related to chronic inflammation [18, 19].
The correlation of RA with serum levels of MMW and/or
LMW adiponectin has never been previously investigated.

Therefore, the aims of this study are (1) to determine
whether there is an alteration of adiponectin and its multimer
levels in patients with RA, and (2) to determine the association
of adiponectin multimers concentrations with RA-related bio-
chemical factors.

Patients and methods

Patients

Some studies have showed that serum adiponectin level
is significantly higher in females than in males [20].
Therefore, to investigate the correlation between serum
adiponectin level and disease activity in established RA,
180 Chinese female patients with RA diagnosed accord-
ing to 1987 revised criteria of the American College of
Rheumatology were enrolled in this study [21]. All the
patients had RA disease duration <1 year and were
steroid- and disease-modifying anti-rheumatic drugs
(DMARDs)-naive. The 160 age- and sex-matched
healthy volunteers were recruited as controls. The indi-
viduals of control group had no history of rheumatic
disease. Subjects with history of acute infection; other
connective tissue diseases; malignancy; smoking; body
mass index (BMI) >30 kg/m2; diabetes; hypertension;
hyperuricemia; concomitant renal, hepatic, cardiac, or en-
docrine diseases; or taking medications affecting lipid
metabolism or taking thiazolidinediones were excluded
from the study.

Ethics and consent

The study has been approved by the Ethics Committee of
China-Japan Union Hospital and has been performed in ac-
cordance with the 1964 Declaration of Helsinki and its later
amendments. All participants gave their informed consent pri-
or to their inclusion in the study.

Measurements

Systolic blood pressure (SBP), diastolic blood pressure
(DBP), height, weight, fasting serum glucose, lipid pro-
file, C-reactive protein (CRP), erythrocyte sedimentation

rate (ESR), anti-cyclic citrullinated peptide (anti-CCP),
rheumatoid factor IgM (RF-IgM), RF-IgG, and RF-IgA
were measured at around 9:00 AM after an overnight
fast. Disease activity of RA was determined using Dis-
ease Activity Score for 28 joints (DAS28) calculated
with the ESR, visual analogue score (VAS), and the
number of tender and swollen joints, from a total of 28
joints assessed [22, 23]. Serum samples were obtained
and stored at −80 °C. The concentrations of total and
multimeric adiponectin in the sera were measured by
human adiponectin multimeric enzyme-linked immuno-
sorbent assay (ELISA) kit (Alpco, Salem, NH, USA)
per manufacturer’s instructions.

Statistical analysis

Data with normal distribution were expressed as mean±
SD, while variables non-normally distributed were re-
ported as median (interquartile range, IQR). Differences
in continuous variables between groups were evaluated
by unpaired Student’s test or Mann–Whitney test. Uni-
variate analysis was done to explore relationships be-
tween adiponectin multimers and other variables by Pear-
son correlation test for normally distributed data and
Spearman rank correlation test for nonparametric data.
While stepwise multiple regression analysis was used to
detect independent predictive variables. When that anal-
ysis was conducted, we converted the HMW, MMW and
LMW adiponectin concentrations into common loga-
rithms because none concentration had a normal distribu-
tion. All statistical analysis was performed using the
SPSS (SPSS ver 17.0 for Window, Chicago, IL, USA)
software package. Differences were considered statistical-
ly at P<0.05.

Results

Demographic and disease-related variables

Table 1 presents the basic characteristics of the study groups.
The characteristics had no difference between RA patients and
controls.

The mean disease duration was 6 (4.00–11.00)months.
One hundred twenty-two (67.78 %) patients were RF-
IgG positive, 101(56.11 %) were RF-IgA positive, 131
(72.78 %) were RF-IgM positive, and 129 (71.67 %)
were anti-CCP positive. The mean DAS28 was 6.11±
1.37, indicating a high degree of active disease. Of the
RA group, 59.44 % were receiving nonsteroidal anti-
inflammatory drugs (NSAIDs).
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Serum levels of adiponectin multimers

Because all included study subjects were women, no pop-
ulation sexual dimorphism of adiponectin distribution
could be evaluated. The levels of total adiponectin and
each multimer of adiponectin were lower in the RA than
in the control. Significant differences were observed in the
levels of total, HMW, MMW, and LMW adiponectin. We
also compared the differences of the total adiponectin and
multiers levels between the RA patients with (NSAIDs+)
or without NSAIDs treatment (NSAIDs−). The levels of
total adiponectin and each multimer of adiponectin were
similar in these two groups (Table 2).

The serum levels of adiponectin multimers and total
adiponectin in patients with or without RF-IgG, RF-IgA,
RF-IgM, or anti-CCP

The serum levels of adiponectin multimers and total
adiponectin were compared in regard to the RF-IgG, RF-
IgA, RF-IgM, or anti-CCP positivity using Mann–Whitney
test, and the findings are shown in Table 3. There was no
significant difference between the groups in regard to the
RF-IgG, RF-IgA, RF-IgM, or anti-CCP positivity
(Table 3).

Correlation between adiponectin multimers and patient
characteristics

We compared the correlation of total adiponectin and its
multimers with various patient characteristics (age, BMI,
SBP, DBP, cholesterol, triglycerides, high-density lipoprotein
(HDL), low-density lipoprotein (LDL), glucose, duration of
RA, RF-IgG, RF-IgA, RF-IgM, anti-CCP, ESR, CRP, and
DAS28) (Table 4). We demonstrated that (1) serum levels of
total, HMW, MMW, and LMW adiponectin were positively
correlated with triglycerides levels (r=0.275, P=0.031; r=
0.258, P=0.039; r=0.261, P=0.031; r=0.247, P=0.027, re-
spectively); (2) serum levels of total, HMW, MMW, and

Table 1 Clinical characteristics of patients and controls

Characteristic RA (n=180) Controls
(n=160)

P value

Age (years), mean±SD 42.13±10.97 43.11±5.69 0.531

Weight (kg), mean±SD 58.15±9.08 59.26±5.38 0.287

Height (cm), mean±SD 161.64±5.57 162.19±7.42 0.391

BMI (kg/m2), mean±SD 22.38±3.19 22.58±0.14 0.457

SBP (mmHg), mean±SD 117.97±16.84 115.97±13.61 0.441

DBP (mmHg),
mean±SD

74.38±9.32 73.74±7.16 0.305

Cholesterol (mmol/L),
mean±SD

4.19±1.18 4.96±0.53 0.084

Triglycerides (mmol/L),
mean±SD

0.97±0.36 1.07±0.36 0.073

HDL (mmol/L),
mean±SD

1.21±0.29 1.17±0.31 0.681

LDL (mmol/L),
mean±SD

2.75±0.69 2.99±0.90 0.078

Glucose (mmol/L),
mean±SD

5.39±0.66 5.41±0.42 0.921

Disease duration
(months), mean (IQR)

6.00 (4.00–11.00) – –

RF-IgG positive, n (%) 122 (67.78) – –

RF-IgA positive, n (%) 101 (56.11) – –

RF-IgM positive, n (%) 131 (72.78) – –

Anti-CCP positive,
n (%)

129 (71.67) – –

ESR (mm/h), mean±SD 51.91±18.47 – –

CRP (mg/dL), mean
(IQR)

26.13 (12.11–
76.87)

– –

DAS28, mean±SD 6.11±1.37 – –

Currently using
NSAIDs, n (%)

107 (59.44) – –

Data are expressed as mean±SD when normally distributed or as median
(25–75 %) when non-normally distributed

IQR interquartile range, BMI body mass index, SBP systolic blood pres-
sure, DBP diastolic blood pressure, HDL high-density lipoprotein, LDL
low-density lipoprotein, RF rheumatoid factor, anti-CCP anti-cyclic
citrullinated peptide, DAS28 Disease Activity Score for 28 joint indices,
ESR erythrocyte sedimentation rate, CRP C-reactive protein, NSAIDs
nonsteroidal anti-inflammatory drugs

Table 2 The serum levels of adiponectin multimers and total adiponectin in patients and control

RA (n=180) Controls (n=160) P value RA (n=180) P value

NSAIDS+ (n=107) NSAIDs− (n=73)

Total adiponectin (μg/mL), mean (IQR) 4.37 (3.38, 5.62) 9.54 (9.15, 9.77) 0.001 4.31 (3.41, 5.82) 4.42 (3.36, 5.58) 0.916

HMWadiponectin (μg/mL), mean (IQR) 2.91 (2.45, 3.87) 6.51 (6.36, 6.75) <0.001 2.88 (2.39, 3.92) 2.93 (2.51, 3.78) 0.852

MMWadiponectin (μg/mL), mean (IQR) 1.01 (0.52, 1.37) 2.15 (1.91, 2.30) 0.002 0.99 (0.54, 1.44) 1.04 (0.47, 1.35) 0.927

LMWadiponectin (μg/mL), mean (IQR) 0.31 (0.24, 0.56) 0.78 (0.72, 0.91) <0.001 0.26 (0.22, 0.54) 0.34(0.29, 0.61) 0.770

Data are expressed as median (25–75 %)

IQR interquartile range, HMW high-molecular-weight adiponectin, MMW medium-molecular-weight adiponectin, LMW low-molecular-weight
adiponectin

Clin Rheumatol (2015) 34:1025–1030 1027



LMW correlated negatively with DAS28 (r=−0.357, P=
0.013; r=−0.339, P=0.029; r=−0.361, P=0.018; r=−0.408,
P<0.001, respectively); (3) there was no significant correla-
tion between total adiponectin and its multimers with any
other characteristic of RA patients.

In multiple linear regression analysis, total, HMW, and
MMWadiponectin were independently associated with serum
triglycerides level. However, LMWadiponectin was indepen-
dently correlated with serum triglycerides level and DAS28
(Table 5).

Discussion

In the present study, we measured serum levels of total
adiponectin and its all three multimers in early diagnosed
RA patients. In previous studies, there are limited data
concerning the role of MMW and/or LMW adiponectin in
RA; most studies are mainly based on total and/or HMW
adiponectin.

In this study, the average age, BMI, blood pressure,
and levels of cholesterol, triglycerides, HDL, LDL, and
glucose were closely similar to those of the controls.T
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Table 4 Correlation of serum total, HMW, MMW, and LMW
adiponectin with patient characteristics

Characteristic Total HMW MMW LMW

Age (years) 0.051 0.036 0.081 0.062

BMI (kg/m2) −0.140 −0.173 −0.073 −0.072
SBP (mmHg) 0.018 0.002 0.076 0.020

DBP (mmHg) 0.014 −0.001 0.063 0.031

Cholesterol (mmol/L) 0.052 0.025 0.099 0.078

Triglycerides (mmol/L) 0.275* 0.258* 0.261* 0.247*

HDL (mmol/L) 0.131 0.119 0.126 0.180

LDL (mmol/L) −0.170 −0.195 −0.110 −0.138
Glucose (mmol/L) 0.002 0.002 0.001 0.017

Duration of RA (months) −0.028 −0.024 −0.006 −0.009
RF-IgG (IU/mL) −0.204 −0.212 −0.182 −0.094
RF-IgA (IU/mL) −0.144 −0.168 −0.099 −0.134
RF-IgM (IU/mL) −0.222 −0.243 −0.170 −0.194
Anti-CCP (RU/mL) −0.191 −0.195 −0.163 −0.177
ESR (mm/h) −0.162 −0.160 −0.170 −0.158
CRP (mg/dL) −0.088 −0.099 −0.096 −0.087
DAS28 −0.357* −0.339* −0.361* −0.408**

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood
pressure,HDL high-density lipoprotein, LDL low-density lipoprotein, RF
rheumatoid factor, anti-CCP anti-cyclic citrullinated peptide, ESR eryth-
rocyte sedimentation rate, CRP C-reactive protein, DAS28 Disease Ac-
tivity Score for 28 joint indices, HMW high-molecular-weight
adiponectin, MMW medium-molecular-weight adiponectin, LMW low-
molecular-weight adiponectin

*P<0.05, **P<0.01
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However, obvious difference was observed in the level
of total adiponectin. This finding supports the concept of
Sahar et al., who found recently diagnosed RA patients
had lower adiponectin than control group [8]. However,
our result is apparently in contrast with other studies
showing adiponectin plasma levels of RA patients did
not differ significantly or were markedly increased in
comparison with healthy controls. Almost all patients
enrolled in these studies received anti-TNF, methotrexate,
or glucocorticoid treatments [24–27]. Recent reports in
literature demonstrate that treatments with these drugs
were associated with an increase in adiponectin levels
[28, 29]. Therefore, we enrolled patients with very early
steroid- and DMARD-naive active RA. It might be the
major reason that caused the difference between the re-
sults of these studies and ours. Moreover, other factors
might also result in the difference, such as difference in
disease duration, sample size, and race of the studied
subjects.

It is worth mentioning that circulating multimeric
forms influence biological activity of adiponectin [10,
11]. Thus, total adiponectin levels may not adequately
reflect the effects of this adipokine on RA. The present
study showed that serum levels of total, HMW, MMW,
and LMW were positively correlated with triglycerides
levels, and negatively with DAS28. However, the asso-
ciation between total adiponectin levels and DAS28 was
attenuated after adjustment for triglycerides levels in the
case of HMW and MMW adiponectin, but not LMW
adiponectin. This finding may indicate that the associa-
tion between total, HMW, MMW adiponectin and
DAS28 were secondary to triglycerides levels. Our re-
sults also indicate that LMW adiponectin is associated
with the DAS28 more strongly than total, HMW, and
MMW adiponectin. Laurberg et al. and Komai et al.
demonstrated that serum adiponectin levels negatively
correlated with disease activity of RA [29, 30]. However,

there are several studies showing that adiponectin levels
had no correlation with inflammatory markers (CRP or
DAS28) [31, 32]. In all of these studies, the researchers
measured only total adiponectin and did not investigate
the association between DAS28 and the multimers of
adiponectin. It might cause that discrepancy. As far as
we know, the relationship between LMW adiponectin
and disease activity of RA has not been investigated. It
is known that LMW adiponectin is anti-inflammatory cy-
tokine, suppressing lipopolysaccharide-mediated release
of IL-6, and st imulat ing the secret ion of ant i-
inflammatory cytokine IL-10, but other functions of
LMW adiponectin have not been determined [10]. Fur-
ther investigation exploring the mechanism of these re-
sults is needed.

Several limitations of this study must be taken into con-
sideration when interpreting the data. First, participants in
this study were Chinese individuals from one district and
females only. The generalizability may be a problem. Sec-
ond, the cross-sectional design of our study resulted in that
prognostic significance of adiponectin multimers could not
be evaluated. The major strengths of this study were the
well-characterized population, matched case controls, and
the fact that we measured the levels of each adiponectin
multimers.

Conclusion

The results of this study suggest RA patients have a
different adiponectin multimer pattern and the decreased
LMW adiponectin levels may be associated with disease
activity of RA. However, additional work is necessary
in order to understand the significance of these findings,
particularly how different adiponectin multimers con-
tribute to RA.

Table 5 Forward stepwise multiple regression analysis of adiponectin multimers

Dependent variable Independent variable B SE Standardized coefficient t P value

Total adiponectin Constant 0.817 0.091 9.051 <0.001

Triglycerides 0.032 0.014 0.245 2.102 0.021

HMWadiponectin Constant 0.349 0.052 6.384 <0.001

Triglycerides 0.019 0.023 0.304 2.672 0.015

MMWadiponectin Constant 0.551 0.048 0.725 0.005

Triglycerides 0.009 0.003 0.273 1.87 0.027

LMWadiponectin Constant −0.758 0.131 −1.337 <0.001

DAS28 −0.341 0.021 −0.249 −2.088 0.007

Triglycerides 0.001 0.001 0.249 2.188 0.043

DAS28Disease Activity Score for 28 joint indices,HMW high-molecular-weight adiponectin,MMWmedium-molecular-weight adiponectin, LMW low-
molecular-weight adiponectin
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