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Abstract
Background: The association and potential role of the protein hormone adiponectin in autoimmune
diseases causing musculoskeletal disorders, including rheumatoid arthritis (RA), are controversial.
Con�icting results may arise from the in�uences of confounding factors linked to genetic backgrounds,
disease stage, disease-modifying anti-rheumatic drugs and patients’ metabolic characteristics. Here, we
examined serum level of adiponectin and its relationship with disease activity score 28 with erythrocytes
sedimentation rate (DAS28[ESR]) and Sharp score in a treatment-naïve Han Chinese RA population.

Methods: This cross-sectional study enrolled 125 RA patients. Serum level of total adiponectin was
assessed by enzyme-linked immunosorbent assay (ELISA). Other important clinical and laboratory
parameters were collected from the hospital database. DAS28(ESR) was calculated according to the
equation previously published. Sharp score was evaluated based on hands radiographs by an
independent radiologist. The correlation between serum adiponectin level and DAS28(ESR) or the Sharp
score was investigated by univariable and multivariable regression analyses. Multiple imputation by
chained equations was used to account for missing data.

Results: Univariable analyses showed signi�cant positive correlation between DAS28(ESR) and age or C-
Reactive Protein (CRP) (both p = 0.003), while serum adiponectin level was negatively correlated with
DAS28(ESR) (p = 0.015). The negative correlation between adiponectin level and DAS28(ESR) remained
true in multivariable analyses adjusted for confounders. In addition, the univariable analyses revealed
positively correlations of Sharp score to disease duration (p < 0.001), CRP (p = 0.023) and ESR (p <
0.001). In the multivariable model adjusted for confounders, adiponectin was negatively correlated with
Sharp score (p = 0.044).

Conclusion: In this single-institution cross-sectional study, serum adiponectin level in treatment-naive RA
patients is negatively correlated with DAS28(ESR) and the Sharp score after adjustment for prominent
identi�ed confounders. Serum adiponectin may be potentially useful for assessing disease activity and
radiographic progression of RA.

Background
Rheumatoid arthritis (RA) is a chronic in�ammatory-related autoimmune disease that primarily affects
joints and causes musculoskeletal disorders [1]. The characteristics of RA include synovium hyperplasia,
lymphocyte in�ltration and abnormal proliferation of �broblast-like synoviocytes, all of which leading
eventually to erosive joint destruction [2].

Adiponectin is a hormone protein mainly secreted by adipose tissue but also by various other cells,
including skeletal myocytes and cardiomyocytes [3]. It is abundantly present in the circulation,
accounting for 0.01% of total plasma proteins [4]. The potential role of adiponectin in RA has been
actively investigated. Con�icting data on its role in RA have been reported. Adiponectin could act as
proin�ammatory mediator as its serum level positively correlates with disease activity [5-9] or
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radiographic progression [10]. However, this association has not been unanimously agreed upon, with
opposite results being reported from other studies [11-14]. Given these heterogenous �ndings and since
most of these studies were conducted in Caucasian patients or with relatively higher body mass index
(BMI) [15-17] and some study did not adjust for confounders [10], we conducted a cross-sectional study
to evaluate the relationship between adiponectin and disease activity as well as radiography outcomes in
a cohort of treatment-naïve Chinese RA patients using both univariable and multivariable methods.

Materials And Methods

Study population
Between 2012 and 2020, one hundred twenty-�ve patients with rheumatoid arthritis according to the
American College of Rheumatology 1987 criteria were included in this study. Patients with co-morbidities
such as hypertension, diabetes, hypercholesterolaemia, chronic in�ammatory disease, autoimmune
disease, or cancer were excluded. At the time of the study, none of the patients had received treatment
against RA. All patients belonged to the Han ethnic group. In addition to the RA patients, 34 healthy
participants were studied to evaluate the baseline level of total serum adiponectin in the general
population. The study was conducted in accordance with the Declaration of Helsinki and was approved
by the Ethical Committee of Sichuan Provincial People’s Hospital. All subjects signed informed consent.

Clinical and laboratory measurements
Clinical information and laboratory data were obtained through a detailed interview, self-reported
questionnaires, physical examination, and blood tests. The BMI was calculated as [body weight/height2]
(kg/m2). Disease activity was measured using modi�ed disease activity score 28 with erythrocyte
sedimentation rate (DAS28[ESR]) [18].

The blood of all subjects was collected in the morning, after overnight fasting. Levels of CRP, ESR,
rheumatoid factor (RF) and anti-cyclic citrullinated peptide (CCP) antibodies were measured by the
Clinical Laboratory of Sichuan Provincial People’s Hospital. Serum concentrations of total adiponectin
were measured by enzyme-linked immunosorbent assay (ELISA), using the kit purchased from BioVision,
USA. Samples were prepared at appropriate dilutions and assayed according to the manufacturer’s
protocol.

Radiographic outcomes
Single-view anterior-posterior x-rays of both hands were scored using the van der Heijde modi�cation of
the Sharp method (SHS) (referred to as Sharp score) by a single experienced reader blinded to patient
characteristics [19].

Statistical analysis



Page 4/14

Continuous variables are expressed as means ± standard deviations, and categorical data are expressed
as a number (percentage). Statistical signi�cance was calculated using t test (normal distribution) or
Kruskal-Wallis test (skewed distribution) unless stated otherwise. A univariable analysis model was used
to determine the signi�cance of the association between all clinical variables and the outcome,
DAS28(ESR), or Sharp score. Next, a multivariable linear regression model was used to examine
independent associations between serum adiponectin level and each of the outcome, after adjusting for
confounders. Variables were selected as confounders if they were either signi�cantly associated with the
outcome, or if when added to the basic model or removed from the full model, a change in effect estimate
of adiponectin level by more than 10% was observed. ‘Basic model’ refers to the unadjusted univariable
regression model between adiponectin and the outcome, whereas ‘full model’ refers to multivariable
regression model adjusting for all covariates. Swollen joint count (SJC), tender joint count (TJC) and ESR
were excluded from the full model of DAS28(ESR) because they were already captured by the score.

Missing data were noticed in age, disease duration, height, weight, ESR, CRP, RF, CCP, SJC, TJC, Sharp
score and adiponectin. To maximise statistical power and minimise potential bias, we used multiple
imputation by chained equations to create �ve imputed datasets to account for missing data [20].
Analyses were repeated on each of the imputed datasets and �nal results were obtained by combining
the results from each individual analysis according to Rubin’s rules [21]. In addition, sensitivity analysis
was performed to identify whether the created complete data had a signi�cant difference from pre-
imputation data. All the analyses were performed with R software Version 3.4.3 (http://www.R-
project.org) and EmpowerStats (http://www.empowerstats.com, X&Y Solutions, Inc., Boston, MA). A P
value less than 0.05 was considered statistically signi�cant.

Results
Clinical and laboratory characteristics of the patients

The characteristics of the healthy controls are summarised in Table 1. The clinical and laboratory pro�les
of the RA patients are summarised in Table 2. A total of 125 RA patients with a mean age of 55.7 ± 12.4
years were included, of which 94 (75.2%) were female. Compared to male patients, female patients were
signi�cantly younger (54.4 ± 12.7 vs 59.9 ± 10.1, p = 0.033). The average height and weight also showed
signi�cant differences between genders (both with p < 0.001), although the two groups had a compatible
average BMI, which was overall of 22.6 ± 3.7. The mean DAS28(ESR) of the whole cohort was 5.4 ± 3.3
and the mean value of serum total adiponectin was 25.0 ± 19.1 µg/mL. Serum total adiponectin in an
age- and sex-matched healthy population sample was signi�cantly lower (13.6 ± 5.5 µg/mL; p = 0.015
compared with the RA group).



Page 5/14

Table 1
Clinical and laboratory characteristics of the enrolled healthy controls

Characteristic Male Female Total P value

N (%) 9 (26.4) 25 (73.5) 34 (100)  

Age (years) 59.1 ± 10.5 53.5 ± 9.3 55.1 ± 9.9 0.016

Height (cm) 170.7 ± 8.1 156.5 ± 5.3 159.8 ± 4.3 < 0.001

Weight (kg) 67.3 ± 7.9 55.9 ± 8.6 58.9 ± 12.1 < 0.001

BMI (kg/m2) 24.4 ± 1.3 22.9 ± 4.0 23.7 ± 2.9 0.099

Adiponectin (µg/mL) 12.5 ± 4.0 15.2 ± 6.2 13.6 ± 5.5 0.058
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Table 2
Clinical and laboratory characteristics of the enrolled patients

Characteristic N (%) Male Female Total P value

Gender (N, %) 125 (100) 31 (24.8) 94 (75.2)    

Age (years) 124 (99.2) 60.9 ± 11.4 54.0 ± 12.3 55.7 ± 12.4 0.007

Height (cm) 122 (97.6) 167.2 ± 8.2 155.5 ± 5.0 158.4 ± 7.8 < 0.001

Weight (kg) 122 (97.6) 64.3 ± 11.0 54.4 ± 10.3 56.8 ± 11.3 < 0.001

BMI (kg/m2) 122 (97.6) 23.0 ± 3.2 22.4 ± 3.8 22.6 ± 3.7 0.504

Disease duration
(month)

118 (94.4) 105.2 ± 116.4 109.0 ± 107.3 108.0 ± 109.1 0.871

SJC 123 (98.4) 4.5 ± 6.0 3.8 ± 6.3 4.0 ± 6.2 0.637

TJC 123 (98.4) 6.8 ± 8.7 6.9 ± 9.0 6.9 ± 8.9 0.844

CRP (mg/dL) 91 (72.8) 33.9 ± 38.3 40.1 ± 57.3 38.5 ± 52.8 0.627

ESR (mm/H) 124 (99.2) 52.8± 30.9 56.2 ± 33.0 55.4 ± 32.4 0.618

DAS28(ESR) 123 (98.4) 5.7 ± 3.4 5.3 ± 3.3 5.4 ± 3.3 0.594

RF (IU/mL) 122 (97.6) 444.2 ± 685.0 321.3 ± 469.3 352.5 ± 532.0 0.269

Anti-CCP (Ru/mL) 119 (95.2) 242.5 ± 173.1 230.8 ± 170.4 233.7 ± 170.4 0.746

Adiponectin (µg/mL) 118 (94.4) 21.4 ± 20.3 26.3 ± 18.6 25.0 ± 19.1 0.223

Sharp score 115 (92.0) 43.1 ± 63.5 44.3 ± 51.7 44.0 ± 54.7 0.917

Abbreviations: BMI: body mass index; CCP: cyclic citrullinated peptides; CRP: C-reactive protein;
DAS28: disease activity score of 28 joints; ESR: erythrocyte sedimentation rate; RF: rheumatoid factor;
SJC: swollen joint count; TJC: tender joint count. Continuous variables are expressed as means ±
standard deviations and categorical data using number (percentage).

 

Identi�cation of factors correlated with DAS28(ESR) and Sharp score by univariable analysis

The relationships between different clinical parameters and disease activity measured by DAS28(ESR)
were assessed by univariable linear regression analysis. Analyses using the univariable model against
DAS28(ESR) indicated signi�cant positive correlations with age and CRP (p = 0.0026 and p = 0.003,
respectively; Table 3). In contrast, serum adiponectin was negatively correlated with DAS28(ESR) (p =
0.015). This model did not detect any further signi�cant association between DAS28(ESR) and other
variables (p > 0.05) (Table 3).



Page 7/14

Table 3
Univariable regression results against DAS28(ESR) or Sharp score

Variables DAS28(ESR) Sharp score

β/Odds ratio (95% CI) P β/Odds ratio (95% CI) P

GENDER        

Male 0   0  

Female −0.27 (−1.62, 1.09) 0.698 1.22 (−21.65, 24.09) 0.917

Age 0.07 (0.03, 0.12) 0.003 0.62 (−0.17, 1.41) 0.128

Disease duration 0.00 (−0.00, 0.01) 0.177 0.30 (0.22, 0.38) < 0.001

Height −0.03 (−0.10, 0.05) 0.497 −0.26 (−1.54, 1.01) 0.688

Weight −0.03 (−0.08, 0.03) 0.331 −0.68 (−1.58, 0.22) 0.141

BMI −0.06 (−0.23, 0.10) 0.444 −2.23 (−5.03, 0.56) 0.121

RF −0.00 (−0.00, 0.00) 0.886 0.01 (−0.01, 0.03) 0.311

CCP −0.00 (−0.01, 0.00) 0.204 −0.01 (−0.07, 0.03) 0.853

CRP 0.02 (0.01, 0.03) 0.003 0.26 (0.04, 0.049) 0.023

ESR N/A N/A 0.65 (0.36, 0.94) < 0.001

SJC N/A N/A 2.05 (0.51, 3.59) 0.010

TJC N/A N/A 2.07 (1.02, 3.13) < 0.001

Adiponectin −0.04 (−0.07, −0.01) 0.015 −0.39 (−0.99, 0.20) 0.198

Abbreviations: BMI: body mass index; CCP: cyclic citrullinated peptides; CRP: C-reactive protein; RF:
rheumatoid factor; SJC: swollen joint count; TJC: tender joint count. P < 0.05 is considered statistically
signi�cant.

 

Analyses using the univariable model against the Sharp score revealed positive correlations with disease
duration, CRP, ESR, SJC and TJC (p < 0.001, p = 0.023, p < 0.001, p = 0.010 and p < 0.001, respectively),
whereas no correlation was observed with serum adiponectin level (Table 3).

Analyses by multivariable linear regression shows an independent relationship between adiponectin level
and DAS28(ESR)

We further explored the relationship between adiponectin level and the outcomes using multivariable
linear regression analyses adjusted for confounders. Age, BMI and CRP were �nally selected as
confounders for DAS28(ESR). Age, BMI, disease duration, CRP, ESR, SJC and TJC were �nally selected as
confounders for Sharp score.
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In the crude models, there was no adjustment for confounders, while in model I, two confounders were
adjusted when using DAS28(ESR) and three confounders were adjusted when using the Sharp score.
Model II was adjusted for all confounders. DAS28(ESR) and adiponectin were signi�cantly and negatively
correlated in all three models (Table 4). When strati�ed by gender, the same trend existed in female but
not male patients. In the models against the Sharp score, after adjusting for confounders, there was a
negative association between adiponectin level and Sharp score. In female patients, the same trend also
existed (Table 4). The scatter plots of the linear regression obtained after adjusting for all confounders
are shown in Figure 1.

Table 4
Multivariable linear relationship strati�ed by gender, β (95% CI) of adiponectin (µg/mL)

Models Male P Female P Total P

Against DAS28(ESR), Per SD increase in adiponectin    

Crude
model

0.00 (−0.06,
0.06)

0.944 −0.06 (−0.10,
−0.02)

0.003 −0.04 (−0.08,
−0.01)

0.016

Model Ia −0.01 (−0.07,
0.06)

0.830 −0.07 (−0.11,
−0.03)

0.001 −0.05 (−0.08,
−0.01)

0.007

Model IIb −0.04 (−0.14,
0.05)

0.383 −0.10 (−0.17,
−0.04)

0.004 −0.07 (−0.13,
−0.02)

0.008

Against Sharp score, Per SD increase in adiponectin      

Crude
model

0.13 (−1.24,
1.50)

0.858 −0.61 (−1.27,
0.05)

0.073 −0.42 (−1.02,
0.19)

0.180

Model Ic −0.13 (−1.11,
0.86)

0.806 −0.95 (−1.54,
−0.35)

0.003 −0.72 (−1.23,
−0.20)

0.008

Model IId −1.00 (−2.94,
0.94)

0.328 −1.00 (−2.09,
−0.08)

0.025 −0.87 (−1.80,
−0.06)

0.032

Crude model: Univariable model

a: adjusted for age and BMI.

b: adjusted for age, BMI and CRP.

c: adjusted for age, BMI and disease duration.

d: adjusted for age, BMI, disease duration, CRP, ESR, SJC and TJC.

P < 0.05 is considered statistically signi�cant.

 

Exploration of modi�er and interaction effects on adiponectin/DAS28(ESR) or adiponectin/Sharp score
associations
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We explored potential modi�er or interaction effects from age, BMI and CRP, and did not �nd any
potential factor interfering with adiponectin/DAS28(ESR) association. The same analysis was performed
for adiponectin/Sharp score association, with the addition of the variables ‘disease duration’, ‘ESR’, ‘SJC’
and ‘TJC’. Similarly, no potential modi�er or interaction factor was found.

Sensitivity analysis

The amount of missing data for the different variables ranged from 0 to 27% (Table 2). Eighty-four out of
the 125 (67%) patients had complete data for all variables for the main analyses. The distributions of the
original and imputed variables are depicted in Supplementary Table S1 (Additional �le 1). Regression
analyses using multiple imputed datasets gave similar results to those undertaken on the original
datasets, as displayed in Supplementary Table S2 (Additional �le 1).

Discussion
To evaluate the relationships between serum adiponectin and RA disease activity, we performed a cross-
sectional investigation on a Chinese RA population. After accounting for confounders, multivariable
regression analyses showed a negative correlation between serum adiponectin level and DAS28(ESR) or
Sharp score. To avoid bias from missing data, we carried out a sensitivity analysis using full imputed
data. With this sensitivity analysis, the associations of DAS28(ESR) and Sharp score with serum
adiponectin remained statistically signi�cant. These results are in keeping with previous studies showing
that serum adiponectin level negatively correlated with disease activity in RA [15, 22].

In vitro experiments with RA synovial �broblasts indicated that adiponectin signi�cantly inhibits IL-1-
induced RA synovial �broblasts proliferation [23]. In a DBA/1 mouse model of collagen-induced arthritis,
adiponectin treatment signi�cantly mitigated the severity of arthritis along with a decrease in the
expression of TNF-α, IL-1 and MMP-3 in joint tissues [24]. Anti-TNF treatment in female patients with RA
was associated with increased adiponectin levels, which may dampen the systemic in�ammatory
response associated with RA [25]. These �ndings support an anti-in�ammatory role for adiponectin in RA.

However, several studies, including a metanalysis [16], led to the conclusion that there was either no or a
positive correlation between adiponectin level and in�ammatory markers such as chemokines, CRP or
DAS28 [5, 6, 26, 27]. This inconsistency may stem from the study designs and sampled populations, but
also indicates that adiponectin may play different roles in in�ammation, depending on disease
characteristics, comorbidities, treatment, genetic backgrounds and physiological speci�cs of the patients.

For instance, when our analysis of the correlation between disease activity score and adiponectin level
was strati�ed by gender, the negative correlation observed in the total and female RA populations did not
verify in male patients. This result might be due to the smaller sample size of the male compared with the
female group. Alternatively, this result could indicate that adiponectin has different implications in male
and female patients. Thus, male/female ratio may in�uence the outcome of studies analysing the
correlation between serum adiponectin and in�ammatory markers, and cause part of the heterogeneity
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reported in the literature. This hypothesis is supported by a study from Li et al. [4], based on a female RA
population, which also demonstrated clear negative correlations between serum adiponectin levels and
DAS28(ESR). Further, the recent discovery of an adiponectin genetic variant associated with anti-CCP
antibodies in RA female patients suggests a differential signi�cance of adiponectin between sexes [28].

Another speci�city of our study is that the enrolled patients had relatively high DAS28(ESR) and had not
received any treatment for RA. Different treatments may affect the level of adiponectin differentially [3,
25, 26, 29, 30]. Therefore, the absence of potential interferences between disease-modifying drugs and
adiponectin level may have facilitated the demonstration of negative correlations between adiponectin
level and DAS28(ESR) or Sharp score. Similarly, the relative homogeneity of our cohort regarding its
ethnicity may have diminished the in�uence of potential confounding factors such as genetic
background, BMI [31, 32] and adiponectin variants [28] on the association between the adiponectin level
and disease activity [7].

Finally, some limitations and speci�cities should be taken into consideration when interpreting the data
from our study. First, this is a cross-sectional clinical study without longitudinal data, and our results do
not imply causation. Second, the participants were restricted to Chinese ethnicity from one district and
predominantly females. It is known that Chinese populations have lower average BMI compared to other
populations. Finally, as discussed above, there might be unconsidered covariates affecting RA severity or
serum adiponectin such as genetic variants (i.e., RA risk HLA alleles and small nucleotide polymorphisms
[SNPs] in the adiponectin gene) or adiponectin isoforms [7]. Further molecular investigation involving in
vitro experiments and genetic comparisons in different populations are needed to untangle the
pathophysiological role of adiponectin in RA progression.

In conclusion, multiple regression analysis showed a negative and independent correlation between
serum adiponectin and DAS28(ESR) or Sharp score. Therefore, measurement of serum adiponectin may
be potentially useful for assessing disease activity of RA in Chinese patients regardless of ongoing
medications.

Abbreviations
BMI: body mass index

CCP: cyclic citrullinated peptide

CRP: C-Reactive Protein

DAS28(ESR): disease activity score 28 with erythrocyte sedimentation rate

ELISA: enzyme-linked immunosorbent assay

ESR: erythrocyte sedimentation rate
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RA: rheumatoid arthritis

RF: rheumatoid factor

SJC: swollen joint count

SNPs: small nucleotide polymorphisms

TJC: tender joint count
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Figures

Figure 1

Scatter plots for serum adiponectin level versus DAS28(ESR) (left) or Sharp score (right). The linear
regression shows a signi�cantly negative association between serum adiponectin and the two outcome
measures (red lines).
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