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suggesting a 49% increase in prevalence by 2040 [4]. The 
economic burden of arthritis is profound; in 2013, it was 
responsible for over $300  billion in medical expenditures 
and lost earnings in the US [5]. Similarly, in China, arthritis 
presented a significant health challenge, with a prevalence 
of 31.4% reported in 2014 [6]. As the population in many 
developing countries, particularly in China, continues to 
age, the burden of arthritis is projected to rise significantly 
[7]. Thus, identifying and addressing modifiable risk factors 
for arthritis is essential to mitigate its impact and improve 
public health outcomes.

Dynapenic abdominal obesity, a complex phenotype 
characterized by the concurrence of loss of muscle strength 
(dynapenia) and abdominal obesity, has increasingly been 
recognized as a significant risk factor affecting various 
health outcomes of aging populations, such as disability, 
hospitalization and mortality [8–10]. This phenotype is par-
ticularly critical because the loss of muscle strength con-
tributes to fat accumulation, a process potentially driven by 

Introduction

Arthritis, encompassing a range of conditions characterized 
by joint pain and inflammation, is a leading cause of dis-
ability worldwide [1]. Arthritis not only causes considerable 
pain but also leads to significant activity limitations and a 
diminished quality of life [2–4]. The incidence of arthritis 
increases markedly with age, particularly after 45 years. 
Data from 2010 to 2012 revealed that 22.7% of the US 
population had doctor-diagnosed arthritis, with projections 
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Abstract
Background  This study aimed to assess the longitudinal association between dynapenic abdominal obesity and new-onset 
arthritis among the middle-aged and older Chinese population.
Methods  We included 6863 participants from the 2011 and 2015 waves of the China Health and Retirement Longitudinal 
Study (CHARLS). Dynapenia was defined as handgrip strength < 28 kg for males, and < 18 kg for females. Abdominal obe-
sity was defined as a waist circumference ≥ 90 cm for males and ≥ 85 cm for females. Based on the definitions, all partici-
pants were divided into four groups: no dynapenia and no abdominal obesity (ND/NAO), abdominal obesity alone (ND/AO), 
dynapenia alone (D/NAO), and dynapenia and abdominal obesity (D/AO). The association between dynapenic abdominal 
obesity and new-onset arthritis was assessed by sex using the Poisson regression models.
Results  After a four-year follow-up, 1272 (18.53%) participants reported new-onset arthritis. Those in the D/AO group had 
a significantly increased risk of new-onset arthritis compared to those in the ND/NAO group (adjusted relative risk (RR): 
1.34, 95% confidence interval (CI): 1.01–1.77). In females, the ND/AO (RR: 1.21, 95% CI: 1.03–1.43) and D/AO (RR: 1.39, 
95% CI: 1.01–1.93) groups were associated with a higher risk of arthritis. This significant association was not observed in 
males.
Conclusions  Our results indicated that the combined effect of dynapenia and abdominal obesity significantly increased the 
risk of new-onset arthritis in females, but this association was not observed in males.
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such as inflammation, oxidative stress, and insulin resistance 
[11, 12]. These underlying mechanisms, which contribute to 
dynapenic abdominal obesity, also play a crucial role in the 
pathogenesis of arthritis, suggesting a possible link between 
dynapenic abdominal obesity and the development and pro-
gression of arthritis [13, 14]. Prior research indicated that 
body composition-based obesity and sarcopenic obesity 
were associated with the risk of knee osteoarthritis [15]. 
Unlike sarcopenic obesity, which involves the loss of mus-
cle mass alongside increased fat, dynapenic abdominal obe-
sity primarily affects strength rather than muscle mass. The 
muscle strength has been increasingly recognized as a more 
effective indicator of sarcopenia than muscle mass [16]. 
Despite these insights, the effects of dynapenic abdominal 
obesity on arthritis have not been thoroughly investigated. 
Therefore, to evaluate the association between dynapenic 
abdominal obesity and new-onset arthritis, we conducted 
this longitudinal study among middle-aged and older adults, 
using data from the China Health and Retirement Longitu-
dinal Study (CHARLS).

Methods

Study population

The CHARLS is a comprehensive and ongoing survey 
that targets a nationally representative cohort of the Chi-
nese population aged 45 and older. Data collection was 
performed via face-to-face interviews using a computer-
assisted personal interviewing (CAPI) technique, conducted 
by thoroughly trained interviewers. The baseline survey was 
conducted in 2011, and the subsequent follow-up surveys 
were performed every two years. Comprehensive details on 
CHARLS have been extensively documented in prior stud-
ies [17]. The CHARLS has been ethically approved by the 
Ethical Review Committee of Peking University (approval 
number: IRB00001052-11015), and the written informed 
consents were secured from all participants in the CHARLS. 
The performance of CHARLS adhered to the principles of 
the 1964 Declaration of Helsinki. The current study fol-
lowed the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) reporting guidelines.

The data of this study was from CHARLS 2011 and 
2015. A total of 17,708 participants were included in the 
CHARLS 2011. Participants aged < 45 or missing age infor-
mation (n = 391), missing sex information (n = 12), missing 
information on arthritis (n = 161), and missing information 
on dynapenic abdominal obesity status (n = 4079). In the 
baseline survey, 13,065 participants had complete informa-
tion. Participants with arthritis at baseline (n = 4495), and 
missing the information in the follow-up (n = 1707) were 

further excluded. Finally, a total of 6863 participants were 
included in the final analysis.

Assessment of Dynapenia, abdominal obesity, and 
dynapenic abdominal obesity

Dynapenia, defined as low muscle strength, was assessed 
using handgrip strength, which was measured with 
a mechanical spring-type dynamometer (YuejianTM 
WL-1000, Nantong, China) [17]. Each participant under-
went two measurements for each hand, with the maximum 
value of the dominant handgrip strength used for analysis. 
Dynapenia was defined as handgrip strength < 28  kg for 
males, and < 18 kg for females [18]. The waist circumfer-
ence was measured using a soft measuring tape placed over 
the clothing around the waist at the level of the navel [17]. 
The abdominal obesity was defined as a waist circumfer-
ence ≥ 90 cm for males and ≥ 85 cm for females [19].

Participants were categorized into four distinct groups 
based on their dynapenia and abdominal obesity status: no 
dynapenia and no abdominal obesity (ND/NAO), abdomi-
nal obesity alone (ND/AO), dynapenia alone (D/NAO), and 
dynapenia and abdominal obesity (D/AO).

Assessment of arthritis

The diagnosis of arthritis was based on self-report. All par-
ticipants were queried: “Have you been diagnosed with 
arthritis or rheumatism by a doctor?”. Those who responded 
“yes” were classified as having arthritis.

Adjustment variables

In this study, a range of baseline variables were selected as 
adjustment variables in this study, including age, sex, resi-
dence (urban and rural), educational level (primary school 
or below, middle school and high school or above), marital 
status (married and living with spouse and others), drink-
ing status (current/ever/never drinking), and smoking sta-
tus (current/ever/never smoking). We also selected some 
chronic diseases variables based on existing literature 
[20–23]. Hypertension was defined based on either a self-
reported diagnosis by a physician or meeting the clinical cri-
teria of systolic blood pressure (BP) of 140 mmHg or higher, 
or a diastolic BP of 90 mmHg or higher. Diabetes mellitus 
(DM) was diagnosed based on a self-report of physician-
diagnosed DM, or fasting glucose levels of 7 mmol/L or 
higher, random glucose levels of 11.1 mmol/L or higher, or 
glycosylated hemoglobin (HbA1c) levels of 6.5% or higher. 
Depression was defined as a score of 12 or higher on the 
10-item Center for Epidemiologic Studies Depression Scale 
(CES-D). Cardiovascular disease, pulmonary disease, and 
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kidney disease were identified by the physician-diagnosed 
history.

Statistical analysis

Given the sex-specific definitions of dynapenia and abdom-
inal obesity, all analyses were conducted separately for 
males and females. Continuous variables were presented as 
means ± standard deviations (SDs), while categorical vari-
ables were expressed as numbers (percentages). Differences 
in characteristics between groups were evaluated using 
one-way analysis of variance (ANOVA) and chi-square 
test for continuous and categorical variables, respectively. 
The association between dynapenic abdominal obesity and 
new-onset arthritis was examined using Poisson regression 
models and the relative risks (RR) with corresponding 95% 
confidence intervals (CIs) were estimated. Three models 
were used. Model 1 was a crude model. Model 2 adjusted 
for age, sex, residence, education levels, and marital status. 
Model 3 additionally adjusted for drinking status, smoking 
status, hypertension, DM, depression, cardiovascular, pul-
monary, and kidney diseases based on Model 2. To assess 
the robustness of our findings, we conducted several sensi-
tivity analyses. First, we conducted subgroup analyses strat-
ified by age (median age), residence, hypertension, and DM 
to explore potential mediators. Second, we further adjusted 
for serum biomarkers including high-density lipoprotein 
cholesterol (HDL-C), low-density lipoprotein cholesterol 
(LDL-C), creatinine, and high-sensitivity C-reactive protein 
(CRP).

All statistical analyses in this study were conducted by 
STATA/MP (version 17.0). The threshold for statistical sig-
nificance was set at a two-sided p-value of less than 0.05.

Results

Baseline characteristics

A total of 6863 participants were included in the final analy-
ses, with a mean (SD) age was 58.64 (9.32). Of these par-
ticipants, 3435 (50.05%) were males and 3428 (49.95%) 
were females. The baseline characteristics of the sample, 
stratified by sex, were presented in Table 1. Table 2 detailed 
the baseline characteristics of males according to dynapenia 
and abdominal status. The proportions of males in the ND/
NAO, ND/AO, D/NAO, and D/AO groups were 61.83%, 
28.62%, 7.77%, and 1.78%, respectively. Males in the D/AO 
group tended to be older, more likely to live in urban areas, 
have lower education levels, have higher levels of CRP, and 
have higher prevalences of hypertension, DM, depression, 
and cardiovascular diseases, compared to those in the ND/

NAO group. Table 3 presented the baseline characteristics 
of females according to the dynapenia and abdominal sta-
tus. The proportions of females in the ND/NAO, ND/AO, 
D/NAO, and D/AO groups were 44.05%, 45.71%, 5.46%, 
and 4.78%, respectively. Similar to males, females in the D/
AO group were typically older, more likely to live in urban 
areas, have lower education levels, have higher levels of 
CRP, and have higher prevalences of hypertension, DM, and 
cardiovascular diseases.

Association between dynapenic abdominal obesity 
and new-onset arthritis

Over the four-year follow-up, 1272 (18.53%) participants 
reported new-onset arthritis, of which 555 (16.16%) were 
males, and 717 (20.92%) were females. The incidence rates 
of new-onset arthritis stratified by dynapenia and abdominal 
obesity status, were presented in Figs.  1 and 2. The inci-
dence of arthritis was the highest in the D/AO group, both 
in the total sample and among females. Compared with par-
ticipants without new-onset arthritis, those who developed 
arthritis tended to be older, more likely to be females, live 
in rural areas, have lower education levels, and have higher 
prevalences of depression, Cardiovascular and kidney dis-
eases (Table S1). Additionally, these participants typically 
exhibited weaker handgrip strength (Table S1).

Table  4 showed the association between dynapenic 
abdominal obesity and new-onset arthritis. Across the total 
sample, participants in the D/AO group exhibited a signifi-
cantly higher risk of arthritis compared to those in the ND/
NAO group in the fully adjusted model (Model 3, RR:1.34, 
95%CI: 1.01–1.77). In males, no significant association 
between dynapenic abdominal obesity and arthritis was 
observed. Conversely, in females, both ND/AO (RR:1.21, 
95%CI: 1.03–1.43) and D/AO (RR:1.39, 95%CI: 1.01–1.93) 
groups showed significantly increased risk of arthritis com-
pared to ND/NAO group after adjusting for all covariates.

Sensitive analyses

To further explore potential mediators of the association, 
subgroup analyses stratified by median age (58 years old), 
residence, hypertension, DM, and depression were con-
ducted. These analyses were detailed in Table S2. In sub-
group analyses, females who were living in rural areas, 
free from depression were more responsive to the adverse 
effects of dynapenic abdominal obesity on new-onset arthri-
tis (Table S2). No significant differences were observed in 
the subgroup analyses among males. After further adjusting 
for HDL-C, LDL-C, creatinine, and CRP levels, the reana-
lyzed data showed that the association between dynapenic 
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Our findings revealed significant adverse effects of the 
combination of dynapenia and abdominal obesity on new-
onset arthritis, with a pronounced impact observed specifi-
cally in females, but not in males. The adverse effects of 
dynapenia and abdominal obesity on arthritis are generally 
consistent with existing literature. Previous studies have 
demonstrated that a higher waist circumference is corre-
lated with an increased risk of arthritis [24, 25]. In addi-
tion, recent research in a Korean population found that 
enhanced handgrip strength was linked with a lower preva-
lence of arthritis, underscoring the role of muscle strength 
in joint health [26]. While no study has directly examined 
the combined effects of dynapenia and abdominal obesity 
on arthritis, research by Misra et al. on sarcopenic obesity 

abdominal obesity and new-onset arthritis did not change 
significantly (Table S3).

Discussion

Our longitudinal study using nationally representative data 
from the CHARLS, investigated the association between 
dynapenic abdominal obesity and new-onset arthritis. 
We found that dynapenic abdominal obesity significantly 
increased the risk of arthritis across the total sample, with 
a pronounced association observed particularly in females. 
No significant association was identified in males.

Total Males Females P-value
N 6863 3435 3428
Age, years 58.64 ± 9.32 59.30 ± 9.07 57.97 ± 9.52 < 0.001
Residence, (%) 0.637
  Urban 1364 (19.94) 675 (19.71) 689 (20.17)
  Rural 5476 (80.06) 2749 (80.29) 2727 (79.83)
Marital status, (%) < 0.001
  Married and living with spouse 5816 (84.74) 3048 (88.73) 2768 (80.75)
  Others 1047 (15.26) 387 (11.27) 660 (19.25)
Education level, (%) < 0.001
  Primary school or below 4546 (66.24) 1926 (56.07) 2620 (76.43)
  Middle school 1509 (21.99) 943 (27.45) 566 (16.51)
  High school or above 808 (11.77) 566 (16.48) 242 (7.06)
Drinking, (%) < 0.001
  Current drinking 2336 (34.04) 1950 (56.79) 386 (11.26)
  Ever drinking 532 (7.75) 412 (12.00) 120 (3.50)
  Never drinking 3994 (58.20) 1072 (31.22) 2922 (85.24)
Smoking, (%) < 0.001
Current drinking 2213 (32.34) 2002 (58.57) 211 (6.16)
Ever drinking 561 (8.20) 505 (14.77) 56 (1.64)
Never drinking 4069 (59.46) 911 (26.65) 3158 (92.20)
HDL-C, mg/dL 50.98 ± 15.30 50.61 ± 16.19 51.34 ± 14.37 0.091
LDL-C, mg/dL 116.03 ± 34.97 111.71 ± 34.05 120.21 ± 35.34 < 0.001
Creatine, mg/dL 0.77 ± 0.18 0.87 ± 0.18 0.68 ± 0.13 < 0.001
CRP, mg/L 2.43 ± 6.88 2.54 ± 7.82 2.32 ± 5.84 0.255
Hypertension, (%) 2666 (38.85) 1292 (37.61) 1374 (40.08) 0.036
Diabetes mellitus, (%) 813 (11.86) 384 (11.19) 429 (12.53) 0.087
Depression, (%) 1450 (21.13) 568 (16.54) 882 (25.73) < 0.001
Cardiovascular disease, (%) 620 (9.07) 267 (7.80) 353 (10.34) < 0.001
Pulmonary disease, (%) 528 (7.71) 328 (9.56) 200 (5.85) < 0.001
Kidney disease, (%) 277 (4.05) 171 (5.00) 106 (3.11) < 0.001
Handgrip strength, kg 32.99 ± 10.41 39.23 ± 9.13 26.73 ± 7.42 < 0.001
Waist circumference, cm 84.38 ± 12.13 84.23 ± 11.97 84.53 ± 12.28 0.3103
Dynapenia and abdominal obesity < 0.001
  ND/NAO 3634 (52.95) 2124 (61.83) 1510 (44.05)
  ND/AO 2550 (37.16) 983 (28.62) 1567 (45.71)
  D/NAO 454 (6.62) 267 (7.77) 187 (5.46)
  D/AO 225 (3.28) 61 (1.78) 164 (4.78)
New-onset arthritis, (%) 1272 (18.53) 555 (16.16) 717 (20.92) < 0.001

Table 1  Baseline characteristics 
of included participants accord-
ing to sex

Continuous variables are pre-
sented as the mean ± standard 
deviation, and categorical vari-
ables are expressed as numbers 
(percentages)
Abbreviations: ND/NAO, no 
dynapenia and no abdominal 
obesity; ND/AO, abdominal obe-
sity alone; D/NAO, dynapenia 
alone; D/AO, dynapenia and 
abdominal obesit
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The underlying potential mechanisms between dynapenic 
abdominal obesity and arthritis are still unclear, which may 
be explained by multiple biological pathways. First, this 
association could be attributed to chronic sterile low-grade 
inflammation. The increase of fat mass, especially visceral 
fat, is known to elevate levels of pro-inflammatory cyto-
kines, such as interleukin-6 (IL-6), tumor necrosis factor-α, 
and CRP [27]. These cytokines play critical roles in the 
development and progression of arthritis [28, 29]. Second, 
dynapenic abdominal obesity has been associated with met-
abolic disturbances, particularly insulin resistance, which 
is known to be more prevalent in individuals with arthritis 
[30]. Moreover, the mechanical stress from the increased 
body weight and reduced muscle strength may also be a 
contributing factor to the wear and tear of joints. Further 
studies are needed to elucidate the precise mechanisms of 

provides indirect support for our findings [15]. This longi-
tudinal study indicated that sarcopenic obesity is associated 
with an increased risk of knee osteoarthritis, suggesting that 
similar mechanisms may underlie the impact of dynapenic 
abdominal obesity on arthritis [15]. Our findings provided 
new evidence on the effects of dynapenic abdominal obe-
sity on new-onset arthritis among the middle-aged and older 
Chinese population. Regarding the observed sex differ-
ences, Linauskas et al. conducted a prospective study and 
identified that the positive association between waist cir-
cumference and risk of arthritis only existed in females, not 
in males [24]. In addition, Misra et al. also observed that 
sarcopenic obesity was associated with an increased risk 
of knee osteoarthritis in females, rather than in males [15]. 
These observations underscore the need to consider sex-
specific factors in the evaluation of arthritis risk associated 
with body composition.

ND/NAO ND/AO D/NAO D/AO P-value
N 2124 (61.83) 983 (28.62) 267 (7.77) 61 (1.78)
Age, years 58.71 ± 8.63 57.87 ± 8.71 67.64 ± 9.10 66.49 ± 7.98 < 0.001
Residence, (%) < 0.001
  Urban 350 (16.54) 277 (28.27) 33 (12.36) 15 (24.59)
  Rural 1766 (83.46) 703 (71.73) 234 (87.64) 46 (75.41)
Marital status, (%) < 0.001
  Married and living with 
spouse

1881 (88.56) 904 (91.96) 212 (79.40) 51 (83.61)

  Others 243 (11.44) 79 (8.04) 55 (20.60) 10 (16.39)
Education level, (%) < 0.001
  Primary school or below 1214 (57.16) 454 (46.19) 214 (80.15) 44 (72.13)
  Middle school 581 (27.35) 315 (32.04) 36 (13.48) 11 (18.03)
  High school or above 329 (15.49) 214 (21.77) 17 (6.37) 6 (9.84)
Drinking, (%) < 0.001
  Current drinking 1232 (58.03) 573 (58.29) 121 (45.32) 26 (42.62)
  Ever drinking 217 (10.22) 132 (13.43) 52 (19.48) 11 (18.03)
  Never drinking 674 (31.75) 278 (28.28) 94 (35.21) 24 (39.34)
Smoking, (%) < 0.001
  Current drinking 1341 (63.37) 489 (49.95) 153 (58.17) 19 (31.67)
  Ever drinking 256 (12.10) 191 (19.51) 39 (14.83) 19 (31.67)
  Never drinking 519 (24.53) 299 (30.54) 71 (27.00) 22 (36.67)
HDL-C, mg/dL 53.68 ± 16.25 43.31 ± 13.37 54.73 ± 16.40 42.78 ± 13.90 < 0.001
LDL-C, mg/dL 110.59 ± 33.07 115.39 ± 36.77 107.81 ± 30.23 109.21 ± 34.83 < 0.001
Creatine, mg/dL 0.85 ± 0.16 0.89 ± 0.18 0.87 ± 0.23 0.90 ± 0.23 < 0.001
CRP, mg/L 2.58 ± 9.11 2.44 ± 4.84 2.17 ± 4.89 4.49 ± 7.48 0.314
Hypertension, (%) 627 (29.52) 533 (54.22) 91 (34.08) 41 (67.21) < 0.001
Diabetes mellitus, (%) 161 (7.59) 179 (18.21) 29 (10.86) 15 (24.59) < 0.001
Depression, (%) 348 (16.38) 128 (13.02) 76 (28.46) 16 (26.23) < 0.001
Cardiovascular disease, 
(%)

115 (5.43) 114 (11.63) 27 (10.11) 11 (18.03) < 0.001

Pulmonary disease, (%) 213 (10.04) 68 (6.92) 37 (13.86) 10 (16.39) 0.001
Kidney disease, (%) 106 (5.01) 43 (4.39) 17 (6.37) 5 (8.20) 0.373
Handgrip strength, kg 40.03 ± 7.33 43.02 ± 7.89 22.86 ± 4.15 22.09 ± 4.76 < 0.001
Waist circumference, cm 78.96 ± 9.25 96.88 ± 5.87 76.63 ± 11.13 97.31 ± 5.53 < 0.001
New-onset arthritis, (%) 344 (16.20) 137 (13.94) 61 (22.85) 13 (21.31) 0.004

Table 2  Baseline characteristics 
of included males according to 
the dynapenia and abdominal 
obesity status

Continuous variables are pre-
sented as the mean ± standard 
deviation, and categorical vari-
ables are expressed as numbers 
(percentages)
Abbreviations: ND/NAO, no 
dynapenia and no abdominal 
obesity; ND/AO, abdominal 
obesity alone; D/NAO, dyna-
penia alone; D/AO, dynapenia 
and abdominal obesity; HDL-C, 
high-density lipoprotein cho-
lesterol; LDL-C, low-density 
lipoprotein cholesterol; CRP, 
high-sensitivity C-reactive 
protein
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composition influences joint health in the aging population. 
Another strength of this study was the use of data from a 
large and nationally representative sample, which enhanced 
the generalizability of our findings. However, several limi-
tations should be noted. First, the diagnosis of arthritis in 
this study was based on self-reported physician diagnoses, 
which may introduce some degree of bias. In addition, the 
CHARLS did not include specific classifications for differ-
ent types of arthritis, such as osteoarthritis or rheumatoid 
arthritis. Consequently, the results may not directly trans-
late to distinct arthritis types, necessitating caution in their 
application to specific clinical conditions. Finally, our inves-
tigation was confined to the effects of dynapenic abdominal 
obesity on arthritis within the Chinese population, limiting 
the generalizability of the findings to other populations.

the association between dynapenic abdominal obesity and 
arthritis.

In our study, the observed sex differences in the associa-
tion between dynapenic abdominal obesity and arthritis may 
be related to hormonal influence. Females generally have 
higher levels of estrogen, which has notable anti-inflamma-
tory effects [31, 32]. However, after menopause, females 
experience a rapid decline in estrogen levels, which can 
lead to an increase in systemic inflammation [33]. This may 
increase the risk of arthritis. In addition, postmenopausal 
women are prone to gain more visceral fat, which is associ-
ated with higher levels of inflammation and metabolic dis-
turbances that can exacerbate joint degradation [34].

In this study, we demonstrated a novel association 
between dynapenic abdominal obesity and new-onset arthri-
tis among the middle-aged and older Chinese population, 
which contributed to the new understanding of how body 

ND/NAO ND/AO D/NAO D/AO P-value
N 1510 (44.05) 1567 (45.71) 187 (5.46) 164 (4.78)
Age, years 56.82 ± 9.08 57.37 ± 8.75 64.64 ± 11.29 66.75 ± 10.77 < 0.001
Residence, (%) < 0.001
  Urban 241 (16.05) 368 (23.54) 40 (21.39) 40 (24.39)
  Rural 1261 (83.95) 1195 (76.46) 147 (78.61) 124 (75.61)
Marital status, (%) < 0.001
  Married and living with 
spouse

1217 (80.60) 1319 (84.17) 118 (63.10) 114 (69.51)

  Others 293 (19.40) 248 (15.83) 69 (36.90) 50 (30.49)
Education level, (%) < 0.001
  Primary school or below 1145 (75.83) 1160 (74.03) 165 (88.24) 150 (91.46)
  Middle school 245 (16.23) 297 (18.95) 15 (8.02) 9 (5.49)
  High school or above 120 (7.95) 110 (7.02) 7 (3.74) 5 (3.05)
Drinking, (%) 0.617
  Current drinking 176 (11.66) 175 (11.17) 20 (10.70) 15 (9.15)
  Ever drinking 52 (3.44) 61 (3.89) 3 (1.60) 4 (2.44)
  Never drinking 1282 (84.90) 1331 (84.94) 164 (87.70) 145 (88.41)
Smoking, (%) 0.052
  Current drinking 102 (6.76) 77 (4.91) 19 (10.22) 13 (7.93)
  Ever drinking 23 (1.53) 27 (1.72) 2 (1.08) 4 (2.44)
  Never drinking 1383 (91.71) 1463 (93.36) 165 (88.71) 147 (89.63)
HDL-C, mg/dL 55.70 ± 14.25 47.36 ± 13.21 54.95 ± 15.32 45.94 ± 12.37 < 0.001
LDL-C, mg/dL 117.92 ± 32.52 122.11 ± 36.56 120.22 ± 38.98 122.87 ± 42.93 0.031
Creatine, mg/dL 0.68 ± 0.12 0.69 ± 0.13 0.68 ± 0.15 0.70 ± 0.17 0.155
CRP, mg/L 1.71 ± 4.62 2.69 ± 5.63 3.72 ± 13.16 2.87 ± 3.50 < 0.001
Hypertension, (%) 428 (28.34) 762 (48.63) 79 (42.25) 105 (64.02) < 0.001
Diabetes mellitus, (%) 110 (7.28) 260 (16.61) 22 (11.83) 37 (22.56) < 0.001
Depression, (%) 392 (25.96) 368 (23.48) 72 (38.50) 50 (30.49) < 0.001
Cardiovascular disease, 
(%)

119 (7.92) 187 (11.97) 23 (12.37) 24 (14.63) < 0.001

Pulmonary disease, (%) 88 (5.85) 79 (5.04) 17 (9.29) 16 (9.76) 0.016
Kidney disease, (%) 45 (3.00) 49 (3.14) 5 (2.70) 7 (4.27) 0.825
Handgrip strength, kg 27.73 ± 6.23 28.68 ± 6.18 13.50 ± 3.54 14.04 ± 3.24 0.001
Waist circumference, cm 75.66 ± 9.99 93.19 ± 6.59 74.95 ± 10.29 94.40 ± 7.22 < 0.001
New-onset arthritis, (%) 283 (18.74) 345 (22.02) 44 (23.53) 45 (27.44) 0.015

Table 3  Baseline characteristics 
of included females according 
to the dynapenia and abdominal 
obesity status

Continuous variables are pre-
sented as the mean ± standard 
deviation, and categorical vari-
ables are expressed as numbers 
(percentages)
Abbreviations: ND/NAO, no 
dynapenia and no abdominal 
obesity; ND/AO, abdominal 
obesity alone; D/NAO, dyna-
penia alone; D/AO, dynapenia 
and abdominal obesity; HDL-C, 
high-density lipoprotein cho-
lesterol; LDL-C, low-density 
lipoprotein cholesterol; CRP, 
high-sensitivity C-reactive 
protein
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importance of addressing not only general obesity but also 
specific conditions such as dynapenic abdominal obesity in 
preventive strategies for arthritis.

Conclusions

In conclusion, our findings revealed a significant associa-
tion between dynapenic abdominal obesity and an increased 
risk of new-onset arthritis in females, while no such asso-
ciation was observed in males. These results highlight the 

Fig. 2  The incidence of arthritis 
according to the dynapenia and 
abdominal obesity status. Abbre-
viations: ND/NAO, no dynapenia 
and no abdominal obesity; ND/
AO, abdominal obesity alone; D/
NAO, dynapenia alone; D/AO, 
dynapenia and abdominal obesity

 

Fig. 1  Flowchart of the sample selection process. Abbreviations: CHARLS, China Health and Retirement Longitudinal Study
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as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.
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Table 4  Longitudinal association between dynapenic abdominal obesity and new-onset arthritis
Model 1 Model 2 Model 3
RR (95% CI) P-value RR (95% CI) P-value RR (95% CI) P-value

Total sample
  ND/NAO Ref Ref Ref
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  D/NAO 1.41 (1.07–1.85) 0.013 1.34 (1.01–1.79) 0.041 1.27 (0.95–1.71) 0.097
  D/AO 1.31 (0.75–2.28) 0.331 1.30 (0.74–2.28) 0.351 1.34 (0.76–2.36) 0.306
Females
  ND/NAO Ref Ref Ref
  ND/AO 1.17 (1.00-1.37) 0.045 1.20 (1.02–1.41) 0.023 1.21 (1.03–1.43) 0.018
  D/NAO 1.25 (0.91–1.72) 0.16 1.20 (0.87–1.66) 0.26 1.15 (0.83–1.60) 0.393
  D/AO 1.46 (1.06–2.01) 0.018 1.41 (1.02–1.95) 0.036 1.39 (1.01–1.93) 0.047
Model 1: crude model
Model 2: adjusted for age, sex, residence, marital status, and education levels
Model 3: further adjusted for drinking status, smoking status, hypertension, diabetes mellitus, depression, cardiovascular disease, pulmonary 
disease, and kidney disease based on Model 2
Abbreviations: RR, relative risk; CI, confidence interval; ND/NAO, no dynapenia and no abdominal obesity; ND/AO, abdominal obesity alone; 
D/NAO, dynapenia alone; D/AO, dynapenia and abdominal obesity
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