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Abstract 

Background  Osteoarthritis (OA) and sarcopenia are common musculoskeletal disorders in the aged population, 
and a growing body of evidence indicated that they mutually influence one another. Nevertheless, there was still 
substantial controversy and uncertainty about the causal relationship between sarcopenia and OA. We explored 
the complex association between sarcopenia-related traits and OA using cross-sectional analysis and Mendelian 
randomization (MR).

Methods  The cross-sectional study used the data from the National Health and Nutrition Examination Survey 
(NHANES) 2011–2014. Weighted multivariable-adjusted logistic regression and subgroup analyses were used to evalu-
ate the correlation between sarcopenia, grip, appendicular lean mass (ALM) and the risk of OA. Then, we further per-
formed MR analysis to examine the causal effect of sarcopenia-related traits (grip strength, ALM) on OA. Instrumental 
variables for grip strength and ALM were from the UK Biobank, and the summary-level data for OA was derived 
from the Genetics of Osteoarthritis (GO) Consortium GWAS (n = 826,690).

Results  In this cross-sectional analysis, we observed that sarcopenia, grip were significantly linked with the risk of OA 
(OR 1.607, 95% CI 1.233–2.094, P < 0.001), (OR 0.972, 95% CI 0.964–0.979, P < 0.001). According to subgroup analyses 
stratified by gender, body mass index (BMI), and age, the significant positive relationship between sarcopenia and OA 
remained in males, females, the age (46–59 years) group, and the BMI (18.5–24.9 kg/m2) group (P < 0.05). Furthermore, 
MR analysis and sensitivity analyses showed causal associations between right grip, left grip and KOA (OR 0.668; 95% 
CI 0.509 to 0.877; P = 0.004), (OR 0.786; 95% CI 0.608 to 0.915; P = 0.042). Consistent directional effects for all analyses 
were observed in both the MR-Egger and weighted median methods. Subsequently, sensitivity analyses revealed 
no heterogeneity, directional pleiotropy or outliers for the causal effect of grip strength on KOA (P > 0.05).

Conclusions  Our research provided evidence that sarcopenia is correlated with an increased risk of OA, and there 
was a protective impact of genetically predicted grip strength on OA. These findings needed to be verified in further 
prospective cohort studies with a large sample size.
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Introduction
Osteoarthritis (OA) is a whole joint disease impacting 
all joint tissues and is characterized by pain, joint stiff-
ness, deformity and dysfunction and is one of the leading 
causes of global disability [1, 2]. According to the World 
Health Organization, approximately 300 million indi-
viduals worldwide are affected by OA, and about 10% of 
men and 18% of women suffer from symptomatic OA [3]. 
Apart from that, as the population ages and the propor-
tion of obese people increases, the high incidence and 
high disability of osteoarthritis also bring a huge eco-
nomic burden to society [4].

Sarcopenia is also an age-related senile syndrome of 
decreased muscle strength and limited physical function 
[5, 6]. The atrophy or weakness of the muscles themselves 
may be caused by the biomechanical impact of changed 
bone and periarticular muscle cross-talk, which can 
result in the development and progression of OA [7–9]. 
Currently, existing epidemiological studies have investi-
gated the relationship between sarcopenia and OA, and 
some reports suggested that sarcopenia and OA may 
coexist in the elderly. According to a longitudinal cohort 
study, lower limb muscle strength and muscle mass were 
related to the incidence of knee OA (KOA), and patients 
with sarcopenia were more likely to have symptomatic 
KOA than those without sarcopenia [10]. In addition, 
several studies have shown that the decrease in quadri-
ceps muscle strength can exacerbate knee pain and 
articular cartilage damage in patients with KOA, sug-
gesting that decreased lower limb skeletal muscle mass 
is an independent risk factor for the prevalence of KOA 
[11, 12]. Nevertheless, these studies are mainly based on 
observational cross-sectional analyses, and it is still not 
clear whether there is a causal link between sarcopenia-
related traits and OA.

Therefore, to investigate the correlation between sarco-
penia and OA, we first conducted an observational study 
with data based on the US population from the National 
Health and Nutrition Examination Survey (NHANES) 
database. Furthermore, we performed a two-sample 
Mendelian randomization (MR) analysis to reveal the 
causal effect of sarcopenia-related traits on the risk of 
osteoarthritis from the level of genetic variation. MR 
analysis is an epidemiological data analysis approach that 
utilizes genetic variation as an instrumental variable of 
exposure to assess the causal relationship between expo-
sure factors and outcome events [13, 14], and with the 
discovery of large numbers of genetic variants strongly 
associated with specific traits, and with many large sam-
ple genome-wide association studies (GWAS) publicly 
releasing hundreds of thousands of aggregated data on 
exposures and disease associations with genetic vari-
ants. In recent years, MR analysis has gained widespread 

popularity for determining unbiased causal relationships 
between exposures and various diseases [15].

Materials and methods
The cross‑sectional analysis
Study population
All data in this study were obtained from NHANES, a 
cross-sectional survey that uses a complex, multistage, 
and stratified probability sampling method to obtain 
nationally representative health and nutrition data for 
the noninstitutionalized US population. In addition, 
all NHANES protocols were approved by the National 
Center for Health Statistics Research Ethics Review 
Board, and informed consent was obtained from all par-
ticipants [16].

For our study, data were selected in two cycles of the 
NHANES survey (2011–2012 and 2013–2014). In total, 
there were 19,931 participants who completed demo-
graphic survey, laboratory examination, and health con-
dition questionnaires. The exclusion criteria were as 
follows: (1) Missing osteoarthritis data (n = 7828); (2) 
Missing body composition data (n = 2138) and hand grip 
strength data (n = 4384); (3) Missing BMI, height, and 
other covariates (n = 263). Ultimately, a total of 5318 par-
ticipants were recruited in this analysis (Fig. 1).

Diagnosis of osteoarthritis
Osteoarthritis diagnosis data was from the “Medical 
Conditions” questionnaire section of the NHANES. 
First of all, participants were asked if doctor ever said 
they had arthritis. If they answered “yes,” they would be 
further asked to identify “which type of arthritis was it” 
(The arthritis was classified as osteoarthritis, rheuma-
toid arthritis, psoriatic arthritis, and others based on 
NHANES questionnaire data) [17].

Definition of body composition variables and sarcopenia
In the NHANES, dual-energy X-ray absorptiometry 
(DXA) was used to assess the body composition. Among 
them, appendicular lean mass (ALM) was determined 
as the sum of four limbs’ muscle mass [18]. In addition, 
the criterion result of the total grip strength (kg) was 
measured with a dynamometer. Participants were asked 
to stand up and grasp the dynamometer as firmly as 
possible with one hand. Each hand was examined three 
times, with a 60-s rest alternating between two measure-
ments on the same hand. The sum of the maximum grip 
strength of each hand was determined as the combined 
grip strength [19].

Sarcopenia was defined following the Foundation 
for the National Institutes of Health (FNIH) definition 
using the ALM and body mass index ratio (ALM:BMI). 
For men and women, the cut values for sarcopenia were, 
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respectively, < 0.789 kg/m2 and < 0.512 kg/m2. In addition, 
grip strength was also recommended as an effective sim-
ple measure of sarcopenia, and sarcopenia was defined as 
hand grip strength < 28 kg for men and < 18 kg for women 
[20].

Other covariates
The covariates are demographic data, examination data, 
laboratory data, and questionnaire data. Demographic 
data included age (years, range 20 to 59, average: 38.88) 
[21], gender (male and female), race, level of educa-
tion (less than high school, high school, more than high 
school), race (Mexican American, other race, Non-His-
panic white, and Non-Hispanic black). Examination data 
included weight (kg), height (cm), waist circumference 
(WC, cm) [22], and BMI (kg/m2) [23]. Laboratory data 
covered blood urea nitrogen (BUN, mmol/L) [24], total 
calcium (Ca, mmol/L) [25], phosphorus (P, mmol/L) [26], 
triglycerides (TG, mmol/L) [27], total cholesterol (TC, 
mmol/L) [28], creatinine (Cr, µmol/L) [29], and uric acid 
(UA, µmol/L) [30]. As a final point, questionnaire data 

included information on smoking behavior (Yes/No) [31], 
alcohol consumption (Yes/No) [32], hypertension (Yes/
No) [33], and diabetes (Yes/No) [34].

Statistical analyses
Our categorical variables were expressed as percentages, 
and our continuous variables were expressed as means 
and standard deviations. The Shapiro–Wilk test and the 
Kolmogorov–Smirnov test are to test normality of the 
distribution for each continuous variables. Firstly, the 
regular T test was used to compare the baseline charac-
teristics of the participants with and without OA. Multi-
collinearity diagnostic was performed to check whether 
there was multicollinearity between the covariates and 
to exclude covariates with variance inflation factor (VIF) 
values greater than 10. Then, to further investigate the 
association between independent variables and depend-
ent variables, we carried out multiple regressions. In the 
models of multivariate linear regression, an unadjusted 
model (Model 1) was first established, followed by an 
adjusted model (Model 2) that took age, gender and race/

Fig. 1  Study flowchart. NHANES, National Health and Nutrition Examination Survey
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ethnicity into consideration. Then, a fully adjusted model 
(Model 3) was then calculated using variables such as age, 
gender, race/ethnicity, smoking behavior, alcohol con-
sumption, hypertension, diabetes, BUN, Ca, P, TC, TG, 
Cr, and UA. Moreover, we stratified the data by gender, 
BMI, and age to examine the robustness of the associa-
tion. R software (version 4.1.3) and Empower Stats (ver-
sion 2.0) were used for all analyses.

Mendelian randomization analysis
Genome‑Wide Association Studies Sources
According to the consensus of the European Work-
ing Group on Sarcopenia in Older People (EWGSOP), 
muscle mass and hand grip strength were used as crite-
ria for diagnosing sarcopenia. GWAS summary data for 
ALM and hand grip strength were obtained from the UK 
Biobank study. An analysis of 450,243 UK Biobank cohort 
participants was conducted to quantify ALM-related val-
ues by summing fat-free mass, and adjusted for age, sex, 
the 10 most important principal components, and other 
covariates [35]. For hand grip strength, UK Biobank pro-
vided GWAS summary statistics on right- and left-hand 
grip strength based on 461,089 and 461,026 United King-
dom people, respectively [36]. A calibrated grip strength 
device adjusted for hand size was used to measure the 
grip strength, and each SNP was evaluated for a link with 
hand grip strength after adjusting for age, sex, and other 
variables. However, due to the lack of demographic data 
in the original GWAS study, therefore, we were unable to 
perform a subgroup analysis for factors such as gender 
and age.

Given that both hip and knee are common sites for OA 
in clinic, there are three sources of OA data in this study, 
including total OA, KOA, and hip osteoarthritis (HOA). 
The summary data of OA were derived from the Genet-
ics of Osteoarthritis (GO) Consortium GWAS, which 
included 826,690 individuals from nine European popu-
lations [37]. Detailed information on the demographic 
characteristics of selected summary-level GWASs 
applied in the MR study is shown in Additional file  1: 
Table S1.

Selection of genetic instrumental variables
(1) The instrumental variables selected for analy-
sis are highly related to the corresponding exposures 
(P < 5*10–8). (2) The instrumental variables are mutu-
ally independent and avoid the offset caused by link-
age disequilibrium (LD) between the SNPs (r2 < 0.001, 
LD distance > 10,000  kb). (3) We eliminated instrumen-
tal variables with an F-statistic less than 10 to minimize 
potential weak instrument bias F = R2(n-k-1)/k(1-R2) (n is 
the sample size, k is the number of included instrumental 

variables, and R2  is the exposure variance explained by 
the selected SNPs).

Statistical analysis
The inverse variance weighted (IVW) method was 
employed as the main analysis, to obtain an unbiased 
estimate of the causal relationship between sarcopenia-
related traits and OA. Furthermore, the weighted median 
and MR-Egger were applied as additional methods to 
estimate causal effects under different conditions. The 
weighted median could combine data from multiple 
genetic variants into a single causal estimate, providing 
a consistent estimate when at least 50% of weights are 
from valid IVs [38]. The MR-Egger method, which allows 
all SNPs with horizontal pleiotropic effects to be unbal-
anced or directed, was used to estimate the causal effect 
of exposure on the outcome.

The intercept of MR-Egger regression was used to 
assess horizontal pleiotropy, and P value > 0.05 indicated 
that the possibility of pleiotropy effect in causal analy-
sis is weak [39]. In addition, two-sample MR analysis 
might have heterogeneity due to the differences in ana-
lytical platforms, experimental conditions, and enrolled 
populations, which might lead to bias in the estimation 
of causal effects. Then, we employed Cochran’s Q test 
to evaluate the heterogeneity of instrumental variables 
[40]. If the P value of the test result is greater than 0.05, 
it was considered that there was no heterogeneity in the 
included instrumental variables. Moreover, we applied 
the Mendelian randomization pleiotropy residual sum 
and outlier (MR-PRESSO) method to determine horizon-
tal pleiotropy and correct potential outliers. Finally, the 
leave-one-out method was used for sensitivity analysis, 
which sequentially removed one of the SNPs and used 
the remaining SNPs as instrumental variables for two-
sample MR analysis to judge the degree of influence of 
causal association effect by a single SNP. The ‘TwoSam-
pleMR’ package and the ‘MRPRESSO’ package in R soft-
ware (version 4.1.3) were used for all MR analyses.

Results
Baseline characteristics of the participants
A total of 5318 participants were involved in the cross-
sectional study, with the weighted characteristics of the 
participants as shown in Table  1. In comparison with 
the non-osteoarthritis group, those with OA tended to 
be older, female, more educated, non-Hispanic white, 
and higher BUN, P, TC, TG, UA, weight, WC, BMI 
(P < 0.001). Meanwhile, participants who smoked, had 
diabetes, hypertension, and sarcopenia were more likely 
to have an increased risk of OA. In addition, the values of 
ALM/BMI and grip strength were significantly lower in 
OA patients (P < 0.001).
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Table 1  Baseline characteristics of the research population with and without osteoarthritis

Continuous variables were presented by mean ± standard deviation (SD), and categorical variables were presented with numbers and percentages (%). T-test was used 
to assess the statistical difference between the osteoarthritis group and the non-osteoarthritis group

BMI, body mass index; WC, waist circumference

Osteoarthritis (n = 698) Non-osteoarthritis (n = 4620) P value

Demographics

Age (years) 48.62 ± 8.80 38.84 ± 11.65 < 0.001

Gender < 0.001

 Male 279 (40.01%) 2400 (51.93%)

 Female 419 (59.99%) 2220 (48.07%)

Race/ethnicity (%) < 0.001

 Mexican American 27 (3.82%) 477 (10.33%)

 Other race 53 (7.61%) 707 (15.31%)

 Non-Hispanic white 565 (80.90%) 2915 (63.09%)

 Non-Hispanic black 53 (7.67%) 521 (11.27%)

Level of education (%) < 0.001

 Less than high school 81 (11.65%) 639 (13.82%)

 High school 143 (20.49%) 946 (20.48%)

 More than high school 474 (67.86%) 3035 (65.69%)

Smoking behavior (%) < 0.001

 Smoker 388 (55.59%) 1886 (40.81%)

 Non-smoker 310 (44.41%) 2734 (59.17%)

Alcohol consumption (%) 0.351

 Drinker 368 (52.69%) 2041 (44.19%)

 Non-drinker 330 (47.31%) 2589 (55.81%)

Hypertension (%) < 0.001

 Yes 325 (46.59%) 997 (21.59%)

 No 373(53.41%) 3623 (78.41%)

Diabetes (%) < 0.001

 Yes 76 (10.88%) 236 (5.12%)

 No 622 (89.12%) 4384 (94.88%)

Laboratory indices

Blood urea nitrogen (mmol/L) 4.54 ± 1.62 4.29 ± 1.48 0.003

Total calcium (mmol/L) 2.36 ± 0.10 2.35 ± 0.09 0.879

Phosphorus (mmol/L) 1.25 ± 0.17 1.22 ± 0.18 0.003

Triglycerides (mmol/L) 2.17 ± 2.08 1.68 ± 1.61 < 0.001

Total cholesterol (mmol/L) 5.17 ± 1.13 4.95 ± 1.04 < 0.001

Creatinine (µmol/L) 74.21 ± 16.18 76.66 ± 25.57 0.083

Uric acid (µmol/L) 326.31 ± 83.20 317.28 ± 80.26 0.047

Anthropometric and body composition

Weight (kg) 88.71 ± 20.51 82.05 ± 20.43 < 0.001

Height (cm) 169.16 ± 9.92 169.64 ± 9.56 0.373

WC (cm) 104.22 ± 15.29 97.01 ± 15.81 < 0.001

BMI (kg/m2) 31.10 ± 7.27 28.43 ± 6.38 < 0.001

Appendicular lean mass (kg) 22.68 ± 6.34 23.08 ± 6.33 0.112

ALM: BMI 0.74 ± 0.19 0.83 ± 0.20 < 0.001

Grip strength (kg) 37.35 ± 11.16 40.74 ± 11.25 < 0.001

Sarcopenia (%) < 0.001

 Yes 75 (10.75%) 322 (6.97%)

 No 623 (89.26%) 4298 (93.03%)
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Associations between sarcopenia and the prevalence 
of osteoarthritis.
As presented in Table 2, sarcopenia was positively related 
with the prevalence of OA, and the odds ratio (OR) is 
1.607 (95% CI 1.233–2.094), 1.833 (95% CI 1.393–2.413), 
and 1.356 (95% CI 1.003–1.832), respectively, in the 
model 1, model 2, and model 3. To further evaluate the 

relationship between sarcopenia and OA risk, we used 
subgroup analysis and generalized additive models. In 
the subgroup analyses that were stratified by gender, BMI 
and age, we discovered that a significant positive associa-
tion between sarcopenia and OA risk in males (OR 1.592, 
95% CI 1.219 to 2.079, P < 0.001), females (OR 1.833, 95% 
CI 1.393 to 2.413, P < 0.001), and the age (46–59 years) 

Table 2  Associations between sarcopenia and the prevalence of osteoarthritis

Logistic regression models:

Model 1: no covariates were adjusted

Model 2 was adjusted for demographic factors, including gender, age, and race

Model 3 was adjusted for gender, age, race, education, smoking behavior, alcohol consumption, hypertension, diabetes, blood urea nitrogen, total calcium, 
phosphorus, triglycerides, total cholesterol, creatinine, and uric acid

Model 1, OR (95% CI, P) Model 2, OR (95% CI, P) Model 3, OR (95% CI, P)

No-sarcopenia Reference Reference Reference

Sarcopenia 1.607 (1.233, 2.094)
< 0.001

1.833 (1.393, 2.413)
< 0.001

1.356 (1.003, 1.832)
0.048

Subgroup analysis stratified by gender

 Male

  No-sarcopenia Reference Reference Reference

  Sarcopenia 1.699 (1.120, 2.578)
0.013

1.524 (1.079, 2.154)
0.017

1.592 (1.219, 2.079)
< 0.001

 Female

  No-sarcopenia Reference Reference Reference

  Sarcopenia 1.848 (1.204, 2.834)
0.005

1.798 (1.257, 2.571)
0.001

1.833 (1.393, 2.413)
< 0.001

Subgroup analysis stratified by BMI

 BMI < 18.5

  No-sarcopenia Reference Reference Reference

  Sarcopenia 1.212 (0.923, 1.591)
0.166

1.380 (1.042, 1.827)
0.025

1.152 (0.850, 1.561)
0.361

 BMI 18.5–24.9

  No-sarcopenia Reference Reference Reference

  Sarcopenia 1.910 (1.337, 2.482)
0.029

1.833 (1.393, 2.413)
< 0.001

1.356 (1.003, 1.832)
0.048

 BMI 25–29.9

  No-sarcopenia Reference Reference Reference

  Sarcopenia 1.345 (0.732, 2.470)
0.339

1.640 (0.876, 3.069)
0.122

1.597 (0.815, 3.131)
0.173

 BMI ≥ 30

  No-sarcopenia Reference Reference Reference

  Sarcopenia 1.378 (1.031, 1.841)
0.030

1.439 (1.043, 1.985)
0.027

1.181 (0.836, 1.667)
0.345

Subgroup analysis stratified by age

 Age 20–45

  No-sarcopenia Reference Reference Reference

  Sarcopenia 0.702 (0.438, 1.125)
0.142

0.756 (0.468, 1.223)
0.255

1.490 (0.881, 2.519)
0.137

 Age 46–59

  No-sarcopenia Reference Reference Reference

  Sarcopenia 1.225 (0.897, 1.673)
0.202

1.361 (0.985, 1.881)
0.062

1.929 (1.359, 2.739)
< 0.001
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group (OR 1.929, 95% CI 1.359 to 2.739, P < 0.001) in 
model 3. In addition, sarcopenia was consistently associ-
ated with OA risk in participants with BMI between 18.5 
and 24.9 kg/m2 after adjusting for different covariates.

Associations between grip strength and the prevalence 
of osteoarthritis.
We explored the association between grip strength 
and OA risk by quartile stratification of grip strength 
(Table  3). We observed that significant associations 
between grip strength and OA risk across all the quadrant 
categories and the risk of OA decreased with increas-
ing extent of grip strength. Besides, the trend remained 
significant among different quartile groups (P for 
trend < 0.001). The results of subgroup analyses accord-
ing to gender, BMI and age are presented in Table 3, and 
there were similar negative associations between grip 

strength and OA risk in male, female, and the age (46–59 
years) group. Furthermore, in the BMI subgroup analy-
sis, grip strength and the prevalence of OA still showed 
substantial association in the four BMI groups after com-
pletely adjusting for interference factors.

MR analyses—different MR estimation methods 
for assessing the causal effect of sarcopenia‑related traits 
on osteoarthritis
After removing the linkage disequilibrium effect for 
sarcopenia-related traits, we first identified 176, 157, 
and 690 significant genome-wide and independently 
inherited SNPs associated with right grip, left grip, and 
ALM, respectively. Detailed information on the SNPs 
associated with sarcopenia-related traits that were ulti-
mately used for MR analysis is shown in Additional file 1: 
Table S2-S4. The IVW results suggested that genetically 

Table 3  Associations between grip strength and the prevalence of osteoarthritis

Logistic regression models:

Model 1: no covariates were adjusted

Model 2 was adjusted for demographic factors, including gender, age, and race

Model 3 was adjusted for gender, age, race, education, smoking behavior, alcohol consumption, hypertension, diabetes, blood urea nitrogen, total calcium, 
phosphorus, triglycerides, total cholesterol, creatinine, and uric acid

Model 1, OR (95% CI, P) Model 2, OR (95% CI, P) Model 3, OR (95% CI, P)

Grip strength (kg) 0.972 (0.964, 0.979)
< 0.001

0.969 (0.957, 0.981)
< 0.001

0.978 (0.965, 0.991)
< 0.001

Grip strength (quartile)

 Q1 Reference Reference Reference

 Q2 0.644 (0.522, 0794)
< 0.001

0.577 (0.463, 0.718)
< 0.001

0.652 (0.516, 0.825)
< 0.001

 Q3 0.512 (0.410, 0.638)
< 0.001

0.536 (0.396, 0.726)
< 0.001

0.567 (0.409, 0.786)
< 0.001

 Q4 0.442 (0.351, 0.555)
< 0.001

0.437 (0.304, 0.627)
< 0.001

0.517 (0.352, 0.761)
< 0.001

P for trend < 0.001 < 0.001 < 0.001

Subgroup analysis stratified by gender

 Male 0.980 (0.973, 0.987)
0.027

0.980 (0.965, 0.995)
0.009

0.979 (0.970, 0.987)
0.021

 Female 0.971 (0.953, 0.990)
0.003

0.949 (0.930, 0.968)
< 0.001

0.961 (0.941, 0.982)
< 0.001

Subgroup analysis stratified by BMI

 BMI < 18.5 0.968 (0.961, 0.976)
< 0.001

0.964 (0.956, 0.971)
< 0.001

0.965 (0.956, 0.973)
< 0.001

 BMI 18.5–24.9 0.975 (0.957, 0.993)
0.006

0.968 (0.950, 0.987)
< 0.001

0.963 (0.943, 0.983)
< 0.001

 BMI 25–29.9 0.969 (0.956, 0.983)
< 0.001

0.964 (0.950, 0.978)
< 0.001

0.962 (0.947, 0.977)
< 0.001

 BMI ≥ 30 0.965 (0.955, 0.976)
< 0.001

0.962 (0.952, 0.973)
< 0.001

0.967 (0.955, 0.978)
< 0.001

Subgroup analysis stratified by age

 Age 20–45 0.993 (0.981, 1.005)
0.256

1.011 (0.990, 1.031)
0.313

0.996 (0.975, 1.018)
0.738

 Age 46–59 0.967 (0.957, 0.977)
< 0.001

0.973 (0.957, 0.990)
0.002

0.972 (0.954, 0.989)
0.002
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predicted right grip was linked to a decreased risk of 
KOA (OR 0.668; 95% CI -0.715 to -0.157; P = 0.002), total 
OA (OR 0.787; 95% CI 0.631 to 0.981; P = 0.025). Simi-
lar causal estimates for KOA and total OA were obtained 
from the MR-Egger (KOA: OR 0.257, 95% CI 0.099 to 
0.668, P = 0.006), (total OA: OR 0.375, 95% CI 0.172 to 
0.819, P = 0.020) (Table  4). However, no statistically sig-
nificant associations were observed between right grip 
and HOA. As shown in Table  4, genetically increased 
left grip was negatively correlated with KOA (IVW: OR 
0.786, 95% CI 0.608 to 0.915, P = 0.042), which indicated 
that a 1-SD increase in left grip was associated with a 
21.4% decrease in the risk of KOA. And this significant 
finding was also supported by the MR-Egger method 
(OR 0.397, 95% CI 0.154 to 0.902, P = 0.039). In addition, 
according to the IVW analysis results, we discovered a 
direct association between ALM with KOA (OR 1.079, 
95% CI 1.015 to 1.147, P = 0.016), HOA (OR 1.143, 95% 
CI 1.066 to 1.226, P < 0.001), total OA (OR 1.098, 95% CI 
1.044 to 1.155, P < 0.001), and weighted median obtained 
a similar pattern of effect (Table  4). However, little evi-
dence was provided for the causality between ALM 
and KOA (OR 0.963, 95% CI 0.835 to 1.111, P = 0.605), 
HOA (OR 0.967, 95% CI 0.822 to 1.137, P = 0.623), and 
total OA (OR 0.969, 95% CI 0.863 to 1.089, P = 0.597) in 
the MR-Egger method, and MR-Egger estimates were 
directionally inconsistent with the IVW and weighted 
median results. The forest plots of the causal relationship 
between sarcopenia-related traits and KOA, HOA, total 
OA are shown in Figs. 2, 3 and 4.

Sensitivity analysis
To assess the stability and objectivity of the above results, 
we performed a series of sensitivity analyses, including 
Cochran’s Q test, MR-Egger regression, and MR-PRESSO 
for right grip, left grip, and ALM with three or more 

genetic variants (Table 5). The Cochran’s Q test revealed 
no heterogeneity for the causal effect of right grip, left 
grip, and ALM on KOA, HOA, and total OA (P > 0.05) 
(Table  5). All P values of the MR-Egger intercept tests 
were > 0.05, which indicated a low chance of heterogene-
ity. Furthermore, Egger intercepts also did not detect any 
pleiotropy, suggesting that no pleiotropic bias was intro-
duced to MR estimates in the context of heterogeneity 
(no horizontal pleiotropy existed). In addition, we also 
did not discover any outliers through the MR-PRESSO 
global test.

Discussion
In the study, we used the cross-sectional analysis and MR 
analysis to explore whether there were independent asso-
ciations between sarcopenia and OA. The results of the 
observational study revealed that sarcopenia was posi-
tively associated with the risk of OA. In addition, grip 
strength was found to be significantly negatively linked 
to the prevalence of OA. Then, we used GWAS data and 
conducted a two-sample MR analysis to further explore 
the causal relationship between sarcopenia-related traits 
and OA at different skeleton sites. Our MR results con-
firmed that right grip, left grip were inversely and caus-
ally associated with the risk of KOA, but ALM was not 
significantly related to OA risk. To our knowledge, this 
was the first investigation to genetically estimate the pre-
dicted effect of sarcopenia-related traits on OA based on 
publicly available GWAS data, which may provide new 
ideas for future treatment of OA.

Bone, cartilage, and muscle are closely related and their 
function declines with aging [41–43]. According to pre-
vious clinical studies, muscles and joints are functionally 
interdependent, with muscles controlling joint move-
ment and maintaining joint stability [44, 45]. In recent 
years, researchers have increasingly focused on the role 

Table 4  MR estimates for the causal effect of sarcopenia-related traits on osteoarthritis

IVW, inverse-variance weighted; MR-Egger, Mendelian randomization Egger; SNP, single nucleotide polymorphism; 95% CI, 95% confidence interval; KOA, knee 
osteoarthritis; HOA, hip osteoarthritis;

Exposure Outcome Number of 
SNPs

IVW
OR (95% CI)

P value MR-Egger
OR (95% CI)

P value Weighted median
OR (95% CI)

P value

Right grip KOA 169 0.668 (0.509, 0.877) 0.004 0.257 (0.099, 0.668) 0.006 0.811 (0.638, 1.032) 0.059

HOA 169 1.013 (0.734, 1.398) 0.937 0.690 (0.219, 2.179) 0.528 1.146 (0.876, 1.501) 0.320

Total OA 169 0.787 (0.631, 0.981) 0.025 0.375 (0.172, 0.819) 0.020 1.038 (0.850, 1.269) 0.752

Left grip KOA 155 0.786 (0.608, 0.915) 0.042 0.397 (0.154, 0.902) 0.039 0.952 (0.745, 1.216) 0.196

HOA 155 1.225 (0.900, 1.667) 0.198 0.866 (0.275, 2.726) 0.807 1.202 (0.900, 1.605) 0.213

Total OA 155 0.938 (0.757, 1.163) 0.562 0.514 (0.233, 1.135) 0.102 1.082 (0.882, 1.326) 0.450

Appendicular 
lean mass

KOA 652 1.079 (1.015, 1.147) 0.016 0.963 (0.835, 1.111) 0.605 1.087 (1.013, 1.167) 0.019

HOA 652 1.143 (1.066, 1.226) < 0.001 0.967 (0.822, 1.137) 0.623 1.122 (1.030, 1.223) 0.009

Total OA 652 1.098 (1.044, 1.155) < 0.001 0.969 (0.863, 1.089) 0.597 1.084 (1.022, 1.151) 0.007
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Fig. 2  Associations between levels of sarcopenia-related traits (right-hand grip, left-hand grip, and appendicular lean mass) and knee osteoarthritis 
(KOA). The forest plot contains the effects, 95% CI, and P values of all the examined associations in analyses

Fig. 3  Associations between levels of sarcopenia-related traits (right-hand grip, left-hand grip, and appendicular lean mass) and hip osteoarthritis 
(HOA). The forest plot contains the effects, 95% CI, and P values of all the examined associations in analyses
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of muscle atrophy in OA [46, 47]. In our study, we dis-
covered a significant positive correlation between sarco-
penia and OA, and this correlation remained significant 
after adjusting for multiple variables. Similarly, a large 
observational cohort study observed an increased risk 
of KOA in individuals with lower quadriceps muscle 
strength [48]. Two additional studies also suggested that 
muscle strength exercise training improve quadriceps 

muscle strength and performance to relieve knee pain 
and improves knee function in individuals with KOA 
[49, 50]. According to a large cross-sectional study con-
ducted in Germany, the prevalence of sarcopenia among 
elder women over 70 with OA was 1.60 times higher 
than those without OA [51]. In addition, an experimental 
study observed that quadriceps muscle atrophy resulted 
in joint instability and would subsequently trigger the 

Fig. 4  Associations between levels of sarcopenia-related traits (right-hand grip, left-hand grip, and appendicular lean mass) and total osteoarthritis 
(TOA). The forest plot contains the effects, 95% CI, and P values of all the examined associations in analyses

Table 5  Sensitivity analysis of the Mendelian randomization (MR) analysis results of sarcopenia-related traits and BMD of KOA, HOA, 
Total OA

MR-Egger, Mendelian randomization Egger; SNP, single nucleotide polymorphism; 95% CI, 95% confidence interval; KOA, knee osteoarthritis; HOA, hip osteoarthritis

Exposure Outcome Cochran Q statistic Heterogeneity  P 
value

MR-Egger 
Intercept

Intercept  P 
value

MR-PRESSO 
Global test  P 
value

Right grip KOA 63.716 0.370 0.013 0.033 0.204

HOA 58.078 0.109 0.005 0.531 0.157

Total OA 63.860 0.430 0.010 0.439 0.387

Left grip KOA 48.186 0.561 0.009 0.115 0.183

HOA 44.973 0.357 0.005 0.495 0.808

Total OA 50.834 0.483 0.008 0.102 0.188

Appendicular lean 
mass

KOA 1664.708 0.565 0.003 0.836 0.217

HOA 1367.043 0.490 0.004 0.248 0.213

Total OA 1670.698 0.145 0.003 0.197 0.228
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subchondral bone abnormal change in rats with quadri-
ceps muscle atrophy, which indicates the quality and 
strength of the lower limb muscles play an important role 
in the development of OA [52].

In the current study, we also found that decreased 
strength, measured as grip strength, was linked to a 
higher risk of OA. Additionally, our MR analysis demon-
strated that genetically proxied higher right grip and left 
grip were causally correlated with KOA, which indicates 
a significant role of grip strength in the development of 
OA. Grip strength was considered a proxy measure of 
overall muscle strength and was the most commonly 
used indicator of muscle condition in large epidemic 
studies [53, 54]. In a cross-sectional investigation, lower 
grip strength was linked to the severity of joint space nar-
rowing, osteophytes, and subchondral cysts in the hand 
[55]. A Framingham study found that participants with 
symptomatic hand OA had lower grip strength com-
pared with individuals without symptomatic hand OA 
after accounting for age, gender, occupation, BMI, and 
physical activity [56]. Furthermore, our results indicated 
that muscle strength had different effects on OA at dif-
ferent skeletal sites. In our MR analysis, we did not find 
a significant correlation between grip strength and HOA, 
or total OA. This might be partially due to the different 
composition of bones (cortical and trabecular bone and 
the significant regional variation in bone microstruc-
ture) from different skeletal sites, which is determined by 
genetic factors [57].

In addition, some information in the subgroup analysis 
should also be noted. First of all, in the subgroup analy-
sis by gender, we discovered that sarcopenia and grip 
strength were positively and negatively related to the risk 
of OA in both males and females, respectively. The rela-
tionship remained significant after adjusting for multiple 
confounders, indicating this relationship is independent 
of gender. However, we observed that sarcopenia was 
associated with increased risk of OA only among indi-
viduals with normal BMI (BMI: 18.5–24.9  kg/m2), but 
not in the other groups. As is well-known, obesity was an 
important risk factor for the occurrence and progression 
of sarcopenia and OA [58, 59]. According to a large lon-
gitudinal cohort of 1653 subjects, we demonstrated that 
body composition-based obesity and sarcopenic obesity 
contribute to KOA [60]. Another cross-sectional study 
found an increase in KOA risk with increasing quartiles 
of BMI and fat mass but no association was found with 
lower extremity muscle mass [61]. Therefore, we consid-
ered that body composition and fat mass may be signifi-
cant influencing factors in the study of the association of 
sarcopenia with OA. In the future, it would be necessary 
to analyze subgroups of sarcopenia, obesity, and sarcope-
nia to better understand how these disorders are related.

Some mechanistic studies seem to provide preliminary 
explanations for the relationship between sarcopenia and 
OA. There was increasing evidence that inflammation is 
capable of triggering or facilitating the onset of important 
age-related diseases such as sarcopenia, osteoporosis, and 
OA [62, 63]. The imbalance in the inflammatory system 
due to increased pro-inflammatory cytokines induces the 
dysfunction of chondrocyte synthesis and breakdown in 
muscles and articular cartilage, which eventually leads to 
muscle loss and cartilage destruction [64, 65]. Inflamma-
tory factors such as tumor necrosis factor-alpha (TNF-α), 
C-reactive protein (CRP), and interleukin-6 (IL-6) could 
increase the expression of atrogin-1 and MuRF-1 by the 
ubiquitin–proteasome system (UPS), thereby increas-
ing muscle breakdown and decreasing synthesis [66, 67]. 
Meanwhile, TNF-α and IL-6 are involved in the patho-
genesis of OA by activating the nuclear factor kappa-B 
(NF-κB) pathway in chondrocytes and synoviocytes, 
leading to chondrocyte apoptosis, cartilage extracellular 
matrix (ECM) degradation, and subchondral bone dys-
function [68–70]. Additionally, there was evidence that 
insulin resistance is associated with the occurrence of 
sarcopenia and OA. Several studies have suggested that 
insulin resistance mediated the activation of caspase-3 
by signaling through the PI3K/Akt pathway, inducing 
skeletal muscle loss by reducing protein synthesis with 
increased protein breakdown in muscle [71]. Insulin 
resistance resulted in the obstruction of the combination 
of insulin and insulin receptors, which weakens the role 
of insulin in blocking inflammation-causing substances 
and the ability to inhibit catabolism [72], thereby increas-
ing synovial inflammation and contributing to OA devel-
opment. Besides, insulin resistance limited pro-anabolic 
effects of insulin and enhances free fatty acids (FFA) 
production that facilitates chondrocyte apoptosis and 
induces OA pathogenesis via TLR-4 [73].

Our study has some strengths. To begin with, we used 
the generalizability of NHANES data, which included 
representative non-institutionalized Americans, which 
enabled our findings to be presented as generaliz-
ability. Second, we combined the cross-sectional study 
with Mendelian randomization and obtained consist-
ent results to ensure the robustness and objectivity of 
the study results. Last but not least, multiple logistic 
regression, stratified analysis, sensitivity analyses, and 
heterogeneity analysis were used to provide reliable 
evidence of an independent association between grip 
strength and OA risk. Nevertheless, the present study 
also had some limitations. Firstly, data on OA were col-
lected by questionnaire in the cross-sectional study and 
might inevitably be influenced to recall bias. Secondly, 
due to the lack of demographic data in the MR study 
(e.g., gender, age and race), we were unable to perform 
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further subgroup analyses to obtain more specific effect 
relationships. Finally, our study population was mostly 
European–American, and the findings should be con-
firmed in other races or populations.

Conclusion
The present study demonstrates a positive correlation 
between sarcopenia and prevalence of OA, and this 
relationship is independent of gender. Furthermore, 
the MR study provides evidence for the negative causal 
relationship between grip strength and OA. Still, a large 
amount of studies are needed to further elucidate the 
role of sarcopenia in the occurrence and progression of 
OA in the future.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13018-​023-​03960-w.

Additional file 1. Detailed characteristics of GWAS associated with expo-
sures and outcomes in the study. Scatter plot, funnel plot, and leave-one-
out analysis of the causal effect of sarcopenia on OA risk.

Acknowledgements
We thank the staff and the participants of the NHANES study for their valuable 
contributions.

Author contributions
SC collected data and organized the study. HWH, JJ, GWZ and performed the 
statistical analysis. ZWL drafted the manuscript, to which all authors contrib-
uted, and approved the final version for publication.

Funding
This work was supported by the Elderly Health Research Project of Jiangsu 
Commission of Health (LKZ2022008), the Natural Science Foundation of 
Nanjing University of Chinese Medicine (XZR2021060), and the Foundation 
of The Second Affiliated Hospital of Nanjing University of Chinese Medicine 
(SEZ202003).

Availability of data and materials
The survey data are publicly available on the Internet for data users and 
researchers throughout the world http://​www.​cdc.​gov/​nchs/​nhanes/.

Declarations

Ethics approval and consent to participate
All procedures performed in studies involving human participants were in 
accordance with the ethical standards of the institutional and/or national 
research committee and with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards. All analyses were based on 
data of the National Health and Nutrition Examination Survey (NHANES). The 
study was approved by the ethics review board of the National Center for 
Health Statistics. The detailed information located on the NHANES website. 
Written informed consent was obtained from each participant before their 
inclusion on the NHANES database. Detailed information on the ethics appli-
cation and written informed consent are provided on the NHANES website.

Consent for publication
Not applicable.

Competing interests
We declare that the research was conducted in the absence of any commer-
cial or financial relationships that could be construed as a potential conflict of 
interest.

Author details
1 Department of Orthopaedics, The Second Affiliated Hospital of Nan-
jing University of Chinese Medicine, No. 23, Nanhu Road, Jianye District, 
Nanjing 210017, Jiangsu Province, People’s Republic of China. 2 Department 
of General Surgery, Jiangsu Province Hospital of Chinese Medicine, Affiliated 
Hospital of Nanjing University of Chinese Medicine, Nanjing, People’s Republic 
of China. 

Received: 21 March 2023   Accepted: 26 June 2023

References
	1.	 Peat G, McCarney R, Croft P. Knee pain and osteoarthritis in older adults: a 

review of community burden and current use of primary health care. Ann 
Rheum Dis. 2001;60:91–7. https://​doi.​org/​10.​1136/​ard.​60.2.​91.

	2.	 Hunter DJ, Bierma-Zeinstra S. Osteoarthritis. Lancet. 2019;393:1745–59. 
https://​doi.​org/​10.​1016/​S0140-​6736(19)​30417-9.

	3.	 Global, regional, and national incidence, prevalence, and years lived with 
disability for 354 diseases and injuries for 195 countries and territories, 
1990–2017: a systematic analysis for the Global Burden of Disease Study 
2017. Lancet (2018) 392: 1789–858. https://​doi.​org/​10.​1016/​S0140-​
6736(18)​32279-7

	4.	 Vina ER, Kwoh CK. Epidemiology of osteoarthritis: literature update. Curr 
Opin Rheumatol. 2018;30:160–7. https://​doi.​org/​10.​1097/​BOR.​00000​
00000​000479.

	5.	 Narici MV, Maffulli N. Sarcopenia: characteristics, mechanisms and func-
tional significance. Br Med Bull. 2010;95:139–59. https://​doi.​org/​10.​1093/​
bmb/​ldq008.

	6.	 Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyere O, Cederholm T, Cooper 
C, Landi F, Rolland Y, Sayer AA, et al. Sarcopenia: revised European consen-
sus on definition and diagnosis. Age Ageing. 2019;48:16–31. https://​doi.​
org/​10.​1093/​ageing/​afy169.

	7.	 Dell’Isola A, Wirth W, Steultjens M, Eckstein F, Culvenor AG. Knee extensor 
muscle weakness and radiographic knee osteoarthritis progression. Acta 
Orthop. 2018;89:406–11. https://​doi.​org/​10.​1080/​17453​674.​2018.​14643​
14.

	8.	 Beattie KA, MacIntyre NJ, Ramadan K, Inglis D, Maly MR. Longitudinal 
changes in intermuscular fat volume and quadriceps muscle volume in 
the thighs of women with knee osteoarthritis. Arthritis Care Res (Hobo-
ken). 2012;64:22–9. https://​doi.​org/​10.​1002/​acr.​20628.

	9.	 Chen YP, Kuo YJ, Hung SW, Wen TW, Chien PC, Chiang MH, Maffulli N, Lin 
CY. Loss of skeletal muscle mass can be predicted by sarcopenia and 
reflects poor functional recovery at one year after surgery for geriatric hip 
fractures. Injury. 2021;52:3446–52. https://​doi.​org/​10.​1016/j.​injury.​2021.​08.​
007.

	10.	 Veronese N, Stefanac S, Koyanagi A, Al-Daghri NM, Sabico S, Cooper C, 
Rizzoli R, Reginster JY, Barbagallo M, Dominguez LJ, et al. Lower limb 
muscle strength and muscle mass are associated with incident sympto-
matic knee osteoarthritis: a longitudinal cohort study. Front Endocrinol 
(Lausanne). 2021;12:804560. https://​doi.​org/​10.​3389/​fendo.​2021.​804560.

	11.	 Liao CD, Liao YH, Liou TH, Hsieh CY, Kuo YC, Chen HC. Effects of protein-
rich nutritional composition supplementation on Sarcopenia indices 
and physical activity during resistance exercise training in older women 
with knee osteoarthritis. Nutrients. 2021;13:2487. https://​doi.​org/​10.​3390/​
nu130​82487.

	12.	 Zhang X, Pan X, Deng L, Fu W. Relationship between knee muscle 
strength and fat/muscle mass in elderly women with knee osteoarthritis 
based on dual-energy x-ray absorptiometry. Int J Environ Res Public 
Health. 2020;17:573. https://​doi.​org/​10.​3390/​ijerp​h1702​0573.

	13.	 Smith GD, Ebrahim S. “Mendelian randomization”: can genetic epidemiol-
ogy contribute to understanding environmental determinants of dis-
ease? Int J Epidemiol. 2003;32:1–22. https://​doi.​org/​10.​1093/​ije/​dyg070.

https://doi.org/10.1186/s13018-023-03960-w
https://doi.org/10.1186/s13018-023-03960-w
http://www.cdc.gov/nchs/nhanes/
https://doi.org/10.1136/ard.60.2.91
https://doi.org/10.1016/S0140-6736(19)30417-9
https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.1097/BOR.0000000000000479
https://doi.org/10.1097/BOR.0000000000000479
https://doi.org/10.1093/bmb/ldq008
https://doi.org/10.1093/bmb/ldq008
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1080/17453674.2018.1464314
https://doi.org/10.1080/17453674.2018.1464314
https://doi.org/10.1002/acr.20628
https://doi.org/10.1016/j.injury.2021.08.007
https://doi.org/10.1016/j.injury.2021.08.007
https://doi.org/10.3389/fendo.2021.804560
https://doi.org/10.3390/nu13082487
https://doi.org/10.3390/nu13082487
https://doi.org/10.3390/ijerph17020573
https://doi.org/10.1093/ije/dyg070


Page 13 of 14Chen et al. Journal of Orthopaedic Surgery and Research          (2023) 18:502 	

	14.	 Davey SG, Hemani G. Mendelian randomization: genetic anchors 
for causal inference in epidemiological studies. Hum Mol Genet. 
2014;23:R89-98. https://​doi.​org/​10.​1093/​hmg/​ddu328.

	15.	 Lawlor DA, Harbord RM, Sterne JA, Timpson N, Davey SG. Mendelian 
randomization: using genes as instruments for making causal inferences 
in epidemiology. Stat Med. 2008;27:1133–63. https://​doi.​org/​10.​1002/​sim.​
3034.

	16.	 Zipf G, Chiappa M, Porter KS, Ostchega Y, Lewis BG, Dostal J. National 
health and nutrition examination survey: plan and operations, 1999–
2010. Vital Health Stat. 2013;1:1–37.

	17.	 Chen S, Sun X, Zhou G, Jin J, Li Z. Association between sensitivity to 
thyroid hormone indices and the risk of osteoarthritis: an NHANES study. 
Eur J Med Res. 2022;27:114. https://​doi.​org/​10.​1186/​s40001-​022-​00749-1.

	18.	 Baumgartner RN, Koehler KM, Gallagher D, Romero L, Heymsfield SB, 
Ross RR, Garry PJ, Lindeman RD. Epidemiology of sarcopenia among the 
elderly in New Mexico. Am J Epidemiol. 1998;147:755–63. https://​doi.​org/​
10.​1093/​oxfor​djour​nals.​aje.​a0095​20.

	19.	 Pikosky MA, Cifelli CJ, Agarwal S, Fulgoni VR. Association of dietary 
protein intake and grip strength among adults aged 19+ years: NHANES 
2011–2014 analysis. Front Nutr. 2022;9:873512. https://​doi.​org/​10.​3389/​
fnut.​2022.​873512.

	20.	 Chen LK, Woo J, Assantachai P, Auyeung TW, Chou MY, Iijima K, Jang HC, 
Kang L, Kim M, Kim S, et al. Asian working group for sarcopenia: 2019 
consensus update on sarcopenia diagnosis and treatment. J Am Med Dir 
Assoc. 2020;21:300–7. https://​doi.​org/​10.​1016/j.​jamda.​2019.​12.​012.

	21.	 Migliorini F, Vecchio G, Pintore A, Oliva F, Maffulli N. The influence of Ath-
letes’ age in the onset of osteoarthritis: a systematic review. Sports Med 
Arthrosc Rev. 2022;30:97–101. https://​doi.​org/​10.​1097/​JSA.​00000​00000​
000345.

	22.	 Bridges MJ, Ruddick S. Can self-reported height and weight be used 
to calculate 10 year risk of osteoporotic fracture? J Nutr Health Aging. 
2010;14:611–3. https://​doi.​org/​10.​1007/​s12603-​010-​0092-z.

	23.	 Gorczewska B, Jakubowska-Pietkiewicz E. Is acceptance of disease and 
life satisfaction of women with postmenopausal osteoporosis dependent 
on BMI? Psychiatr Pol. 2022;56:623–34. https://​doi.​org/​10.​12740/​PP/​Onlin​
eFirst/​130158.

	24.	 Sonmez E, Bulur O, Ertugrul DT, Sahin K, Beyan E, Dal K. Hyperthyroidism 
influences renal function. Endocrine. 2019;65:144–8. https://​doi.​org/​10.​
1007/​s12020-​019-​01903-2.

	25.	 Management of Postmenopausal Osteoporosis: ACOG Clinical Practice 
Guideline No. 2. Obstet Gynecol 2022;139: 698–717. https://​doi.​org/​10.​
1097/​AOG.​00000​00000​004730

	26.	 Okyay E, Ertugrul C, Acar B, Sisman AR, Onvural B, Ozaksoy D. Compara-
tive evaluation of serum levels of main minerals and postmenopausal 
osteoporosis. Maturitas. 2013;76:320–5. https://​doi.​org/​10.​1016/j.​matur​
itas.​2013.​07.​015.

	27.	 Zhao H, Zheng C, Gan K, Qi C, Ren L, Song G. High body mass index and 
triglycerides help protect against osteoporosis in patients with type 2 
diabetes mellitus. J Diabetes Res. 2020;2020:1517879. https://​doi.​org/​10.​
1155/​2020/​15178​79.

	28.	 Tang Y, Wang S, Yi Q, Xia Y, Geng B. High-density lipoprotein cholesterol 
is negatively correlated with bone mineral density and has potential 
predictive value for bone loss. Lipids Health Dis. 2021;20:75. https://​doi.​
org/​10.​1186/​s12944-​021-​01497-7.

	29.	 Dukas L, Schacht E, Runge M. Independent from muscle power and 
balance performance, a creatinine clearance below 65 ml/min is a 
significant and independent risk factor for falls and fall-related fractures 
in elderly men and women diagnosed with osteoporosis. Osteoporos Int. 
2010;21:1237–45. https://​doi.​org/​10.​1007/​s00198-​009-​1064-1.

	30.	 Lin KM, Lu CL, Hung KC, Wu PC, Pan CF, Wu CJ, Syu RS, Chen JS, Hsiao 
PJ, Lu KC. The paradoxical role of uric acid in osteoporosis. Nutrients. 
2019;11:2111. https://​doi.​org/​10.​3390/​nu110​92111.

	31.	 Giampietro PF, McCarty C, Mukesh B, McKiernan F, Wilson D, Shuldiner A, 
Liu J, LeVasseur J, Ivacic L, Kitchner T, et al. The role of cigarette smoking 
and statins in the development of postmenopausal osteoporosis: a pilot 
study utilizing the Marshfield Clinic Personalized Medicine Cohort. Osteo-
poros Int. 2010;21:467–77. https://​doi.​org/​10.​1007/​s00198-​009-​0981-3.

	32.	 Maurel DB, Boisseau N, Benhamou CL, Jaffre C. Alcohol and bone: review 
of dose effects and mechanisms. Osteoporos Int. 2012;23:1–16. https://​
doi.​org/​10.​1007/​s00198-​011-​1787-7.

	33.	 Ilic K, Obradovic N, Vujasinovic-Stupar N. The relationship among 
hypertension, antihypertensive medications, and osteoporosis: a nar-
rative review. Calcif Tissue Int. 2013;92:217–27. https://​doi.​org/​10.​1007/​
s00223-​012-​9671-9.

	34.	 Chau DL, Edelman SV, Chandran M. Osteoporosis and diabetes. Curr Diab 
Rep. 2003;3:37–42. https://​doi.​org/​10.​1007/​s11892-​003-​0051-8.

	35.	 Pei YF, Liu YZ, Yang XL, Zhang H, Feng GJ, Wei XT, Zhang L. The genetic 
architecture of appendicular lean mass characterized by association 
analysis in the UK Biobank study. Commun Biol. 2020;3:608. https://​doi.​
org/​10.​1038/​s42003-​020-​01334-0.

	36.	 Sudlow C, Gallacher J, Allen N, Beral V, Burton P, Danesh J, Downey P, 
Elliott P, Green J, Landray M, et al. UK biobank: an open access resource 
for identifying the causes of a wide range of complex diseases of middle 
and old age. PLoS Med. 2015;12:e1001779. https://​doi.​org/​10.​1371/​journ​
al.​pmed.​10017​79.

	37.	 Boer CG, Hatzikotoulas K, Southam L, Stefansdottir L, Zhang Y, Coutinho 
DAR, Wu TT, Zheng J, Hartley A, Teder-Laving M, et al. Deciphering osteo-
arthritis genetics across 826,690 individuals from 9 populations. Cell. 
2021;184:6003–5. https://​doi.​org/​10.​1016/j.​cell.​2021.​11.​003.

	38.	 Bowden J, Davey SG, Haycock PC, Burgess S. Consistent estimation 
in mendelian randomization with some invalid instruments using a 
weighted median estimator. Genet Epidemiol. 2016;40:304–14. https://​
doi.​org/​10.​1002/​gepi.​21965.

	39.	 Verbanck M, Chen CY, Neale B, Do R. Detection of widespread horizontal 
pleiotropy in causal relationships inferred from Mendelian randomization 
between complex traits and diseases. Nat Genet. 2018;50:693–8. https://​
doi.​org/​10.​1038/​s41588-​018-​0099-7.

	40.	 Pierce BL, Burgess S. Efficient design for Mendelian randomization 
studies: subsample and 2-sample instrumental variable estimators. Am J 
Epidemiol. 2013;178:1177–84. https://​doi.​org/​10.​1093/​aje/​kwt084.

	41.	 Migliorini F, Pintore A, Torsiello E, Oliva F, Spiezia F, Maffulli N. Intensive 
physical activity increases the risk of knee and hip arthroplasty: a system-
atic review. Sports Med Arthrosc Rev. 2022;30:111–6. https://​doi.​org/​10.​
1097/​JSA.​00000​00000​000340.

	42.	 Migliorini F, Marsilio E, Torsiello E, Pintore A, Oliva F, Maffulli N. Osteoar-
thritis in athletes versus nonathletes: a systematic review. Sports Med 
Arthrosc Rev. 2022;30:78–86. https://​doi.​org/​10.​1097/​JSA.​00000​00000​
000339.

	43.	 Pickering ME, Chapurlat R. Where two common conditions of aging 
meet: osteoarthritis and sarcopenia. Calcif Tissue Int. 2020;107:203–11. 
https://​doi.​org/​10.​1007/​s00223-​020-​00703-5.

	44.	 Liikavainio T, Isolehto J, Helminen HJ, Perttunen J, Lepola V, Kiviranta I, 
Arokoski JP, Komi PV. Loading and gait symmetry during level and stair 
walking in asymptomatic subjects with knee osteoarthritis: importance 
of quadriceps femoris in reducing impact force during heel strike? Knee. 
2007;14:231–8. https://​doi.​org/​10.​1016/j.​knee.​2007.​03.​001.

	45.	 Radin EL, Yang KH, Riegger C, Kish VL, O’Connor JJ. Relationship between 
lower limb dynamics and knee joint pain. J Orthop Res. 1991;9:398–405. 
https://​doi.​org/​10.​1002/​jor.​11000​90312.

	46.	 Beaudart C, Rolland Y, Cruz-Jentoft AJ, Bauer JM, Sieber C, Cooper C, 
Al-Daghri N, Araujo DCI, Bautmans I, Bernabei R, et al. Assessment of 
muscle function and physical performance in daily clinical practice: 
a position paper endorsed by the European society for clinical and 
economic aspects of osteoporosis, osteoarthritis and musculoskeletal dis-
eases (ESCEO). Calcif Tissue Int. 2019;105:1–14. https://​doi.​org/​10.​1007/​
s00223-​019-​00545-w.

	47.	 Litwic A, Edwards MH, Dennison EM, Cooper C. Epidemiology and 
burden of osteoarthritis. Br Med Bull. 2013;105:185–99. https://​doi.​org/​10.​
1093/​bmb/​lds038.

	48.	 Culvenor AG, Felson DT, Niu J, Wirth W, Sattler M, Dannhauer T, Eckstein F. 
Thigh muscle specific-strength and the risk of incident knee osteoarthri-
tis: The influence of sex and greater body mass index. Arthritis Care Res 
(Hoboken). 2017;69:1266–70. https://​doi.​org/​10.​1002/​acr.​23182.

	49.	 Alghadir AH, Anwer S, Sarkar B, Paul AK, Anwar D. Effect of 6-week retro 
or forward walking program on pain, functional disability, quadriceps 
muscle strength, and performance in individuals with knee osteoarthritis: 
a randomized controlled trial (retro-walking trial). BMC Musculoskelet 
Disord. 2019;20:159. https://​doi.​org/​10.​1186/​s12891-​019-​2537-9.

	50.	 Liao CD, Chen HC, Kuo YC, Tsauo JY, Huang SW, Liou TH. Effects of muscle 
strength training on muscle mass gain and hypertrophy in older adults 

https://doi.org/10.1093/hmg/ddu328
https://doi.org/10.1002/sim.3034
https://doi.org/10.1002/sim.3034
https://doi.org/10.1186/s40001-022-00749-1
https://doi.org/10.1093/oxfordjournals.aje.a009520
https://doi.org/10.1093/oxfordjournals.aje.a009520
https://doi.org/10.3389/fnut.2022.873512
https://doi.org/10.3389/fnut.2022.873512
https://doi.org/10.1016/j.jamda.2019.12.012
https://doi.org/10.1097/JSA.0000000000000345
https://doi.org/10.1097/JSA.0000000000000345
https://doi.org/10.1007/s12603-010-0092-z
https://doi.org/10.12740/PP/OnlineFirst/130158
https://doi.org/10.12740/PP/OnlineFirst/130158
https://doi.org/10.1007/s12020-019-01903-2
https://doi.org/10.1007/s12020-019-01903-2
https://doi.org/10.1097/AOG.0000000000004730
https://doi.org/10.1097/AOG.0000000000004730
https://doi.org/10.1016/j.maturitas.2013.07.015
https://doi.org/10.1016/j.maturitas.2013.07.015
https://doi.org/10.1155/2020/1517879
https://doi.org/10.1155/2020/1517879
https://doi.org/10.1186/s12944-021-01497-7
https://doi.org/10.1186/s12944-021-01497-7
https://doi.org/10.1007/s00198-009-1064-1
https://doi.org/10.3390/nu11092111
https://doi.org/10.1007/s00198-009-0981-3
https://doi.org/10.1007/s00198-011-1787-7
https://doi.org/10.1007/s00198-011-1787-7
https://doi.org/10.1007/s00223-012-9671-9
https://doi.org/10.1007/s00223-012-9671-9
https://doi.org/10.1007/s11892-003-0051-8
https://doi.org/10.1038/s42003-020-01334-0
https://doi.org/10.1038/s42003-020-01334-0
https://doi.org/10.1371/journal.pmed.1001779
https://doi.org/10.1371/journal.pmed.1001779
https://doi.org/10.1016/j.cell.2021.11.003
https://doi.org/10.1002/gepi.21965
https://doi.org/10.1002/gepi.21965
https://doi.org/10.1038/s41588-018-0099-7
https://doi.org/10.1038/s41588-018-0099-7
https://doi.org/10.1093/aje/kwt084
https://doi.org/10.1097/JSA.0000000000000340
https://doi.org/10.1097/JSA.0000000000000340
https://doi.org/10.1097/JSA.0000000000000339
https://doi.org/10.1097/JSA.0000000000000339
https://doi.org/10.1007/s00223-020-00703-5
https://doi.org/10.1016/j.knee.2007.03.001
https://doi.org/10.1002/jor.1100090312
https://doi.org/10.1007/s00223-019-00545-w
https://doi.org/10.1007/s00223-019-00545-w
https://doi.org/10.1093/bmb/lds038
https://doi.org/10.1093/bmb/lds038
https://doi.org/10.1002/acr.23182
https://doi.org/10.1186/s12891-019-2537-9


Page 14 of 14Chen et al. Journal of Orthopaedic Surgery and Research          (2023) 18:502 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

with osteoarthritis: a systematic review and meta-analysis. Arthritis Care 
Res (Hoboken). 2020;72:1703–18. https://​doi.​org/​10.​1002/​acr.​24097.

	51.	 Kemmler W, Teschler M, Goisser S, Bebenek M, von Stengel S, Bollheimer 
LC, Sieber CC, Freiberger E. Prevalence of sarcopenia in Germany and 
the corresponding effect of osteoarthritis in females 70 years and older 
living in the community: results of the FORMoSA study. Clin Interv Aging. 
2015;10:1565–73. https://​doi.​org/​10.​2147/​CIA.​S89585.

	52.	 Xu J, She G, Gui T, Hou H, Li J, Chen Y, Zha Z. Knee muscle atrophy is a risk 
factor for development of knee osteoarthritis in a rat model. J Orthop 
Translat. 2020;22:67–72. https://​doi.​org/​10.​1016/j.​jot.​2019.​10.​003.

	53.	 Andrews JS, Gold LS, Nevitt M, Heagerty PJ, Cawthon PM. Appendicular 
lean mass, grip strength, and the development of knee osteoarthritis 
and knee pain among older adults. Acr Open Rheumatol. 2021;3:566–72. 
https://​doi.​org/​10.​1002/​acr2.​11302.

	54.	 Lunt E, Ong T, Gordon AL, Greenhaff PL, Gladman J. The clinical usefulness 
of muscle mass and strength measures in older people: a systematic 
review. Age Ageing. 2021;50:88–95. https://​doi.​org/​10.​1093/​ageing/​afaa1​
23.

	55.	 Wen L, Shin MH, Kang JH, Yim YR, Kim JE, Lee JW, Lee KE, Park DJ, Kim TJ, 
Kweon SS, et al. Association between grip strength and hand and knee 
radiographic osteoarthritis in Korean adults: data from the Dong-gu 
study. PLoS ONE. 2017;12:e185343. https://​doi.​org/​10.​1371/​journ​al.​pone.​
01853​43.

	56.	 Zhang Y, Niu J, Kelly-Hayes M, Chaisson CE, Aliabadi P, Felson DT. Preva-
lence of symptomatic hand osteoarthritis and its impact on functional 
status among the elderly: the Framingham Study. Am J Epidemiol. 
2002;156:1021–7. https://​doi.​org/​10.​1093/​aje/​kwf141.

	57.	 Peach CA, Carr AJ, Loughlin J. Recent advances in the genetic investiga-
tion of osteoarthritis. Trends Mol Med. 2005;11:186–91. https://​doi.​org/​10.​
1016/j.​molmed.​2005.​02.​005.

	58.	 Jin WS, Choi EJ, Lee SY, Bae EJ, Lee TH, Park J. Relationships among 
obesity, sarcopenia, and osteoarthritis in the elderly. J Obes Metab Syndr. 
2017;26:36–44. https://​doi.​org/​10.​7570/​jomes.​2017.​26.1.​36.

	59.	 Hu PF, Bao JP, Wu LD. The emerging role of adipokines in osteoarthritis: 
a narrative review. Mol Biol Rep. 2011;38:873–8. https://​doi.​org/​10.​1007/​
s11033-​010-​0179-y.

	60.	 Misra D, Fielding RA, Felson DT, Niu J, Brown C, Nevitt M, Lewis CE, Torner 
J, Neogi T. Risk of knee osteoarthritis with obesity, sarcopenic obesity, and 
sarcopenia. Arthritis Rheumatol. 2019;71:232–7. https://​doi.​org/​10.​1002/​
art.​40692.

	61.	 Suh DH, Han KD, Hong JY, Park JH, Bae JH, Moon YW, Kim JG. Body 
composition is more closely related to the development of knee osteoar-
thritis in women than men: a cross-sectional study using the Fifth Korea 
National Health and Nutrition Examination Survey (KNHANES V-1, 2). 
Osteoarthritis Cartilage. 2016;24:605–11. https://​doi.​org/​10.​1016/j.​joca.​
2015.​10.​011.

	62.	 Tuttle C, Thang L, Maier AB. Markers of inflammation and their association 
with muscle strength and mass: a systematic review and meta-analysis. 
Ageing Res Rev. 2020;64:101185. https://​doi.​org/​10.​1016/j.​arr.​2020.​
101185.

	63.	 Castro RR, Silva CM, Nunes RM, Cunha PL, de Paula RC, Feitosa JP, Girao 
VC, Pompeu MM, Leite JA, Rocha FA. Structural characteristics are crucial 
to the benefits of guar gum in experimental osteoarthritis. Carbohydr 
Polym. 2016;150:392–9. https://​doi.​org/​10.​1016/j.​carbp​ol.​2016.​05.​031.

	64.	 Bano G, Trevisan C, Carraro S, Solmi M, Luchini C, Stubbs B, Manzato E, 
Sergi G, Veronese N. Inflammation and sarcopenia: a systematic review 
and meta-analysis. Maturitas. 2017;96:10–5. https://​doi.​org/​10.​1016/j.​
matur​itas.​2016.​11.​006.

	65.	 Batsis JA, Villareal DT. Sarcopenic obesity in older adults: aetiology, epide-
miology and treatment strategies. Nat Rev Endocrinol. 2018;14:513–37. 
https://​doi.​org/​10.​1038/​s41574-​018-​0062-9.

	66.	 Liang Z, Zhang T, Liu H, Li Z, Peng L, Wang C, Wang T. Inflammaging: the 
ground for sarcopenia? Exp Gerontol. 2022;168:111931. https://​doi.​org/​
10.​1016/j.​exger.​2022.​111931.

	67.	 Abrigo J, Campos F, Gonzalez F, Aguirre F, Gonzalez A, Huerta-Salgado 
C, Conejeros S, Simon F, Arrese M, Cabrera D, et al. Sarcopenia induced 
by chronic liver disease in mice requires the expression of the bile acids 
membrane receptor TGR5. Int J Mol Sci. 2020;21:7922. https://​doi.​org/​10.​
3390/​ijms2​12179​22.

	68.	 Nedunchezhiyan U, Varughese I, Sun AR, Wu X, Crawford R, Prasadam I. 
Obesity, inflammation, and immune system in osteoarthritis. Front Immu-
nol. 2022;13:9077. https://​doi.​org/​10.​3389/​fimmu.​2022.​907750.

	69.	 Ismail HM, Didangelos A, Vincent TL, Saklatvala J. Rapid activation of 
transforming growth factor beta-activated kinase 1 in chondrocytes by 
phosphorylation and K(63) -linked polyubiquitination upon injury to 
animal articular cartilage. Arthritis Rheumatol. 2017;69:565–75. https://​
doi.​org/​10.​1002/​art.​39965.

	70.	 Krishnasamy P, Hall M, Robbins SR. The role of skeletal muscle in the 
pathophysiology and management of knee osteoarthritis. Rheumatology 
(Oxford). 2018;57:v124. https://​doi.​org/​10.​1093/​rheum​atolo​gy/​key039.

	71.	 Umegaki H. Sarcopenia and frailty in older patients with diabetes mel-
litus. Geriatr Gerontol Int. 2016;16:293–9. https://​doi.​org/​10.​1111/​ggi.​
12688.

	72.	 Courties A, Sellam J. Osteoarthritis and type 2 diabetes mellitus: what are 
the links? Diabetes Res Clin Pract. 2016;122:198–206. https://​doi.​org/​10.​
1016/j.​diabr​es.​2016.​10.​021.

	73.	 Courties A, Gualillo O, Berenbaum F, Sellam J. Metabolic stress-
induced joint inflammation and osteoarthritis. Osteoarthritis Cartilage. 
2015;23:1955–65. https://​doi.​org/​10.​1016/j.​joca.​2015.​05.​016.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1002/acr.24097
https://doi.org/10.2147/CIA.S89585
https://doi.org/10.1016/j.jot.2019.10.003
https://doi.org/10.1002/acr2.11302
https://doi.org/10.1093/ageing/afaa123
https://doi.org/10.1093/ageing/afaa123
https://doi.org/10.1371/journal.pone.0185343
https://doi.org/10.1371/journal.pone.0185343
https://doi.org/10.1093/aje/kwf141
https://doi.org/10.1016/j.molmed.2005.02.005
https://doi.org/10.1016/j.molmed.2005.02.005
https://doi.org/10.7570/jomes.2017.26.1.36
https://doi.org/10.1007/s11033-010-0179-y
https://doi.org/10.1007/s11033-010-0179-y
https://doi.org/10.1002/art.40692
https://doi.org/10.1002/art.40692
https://doi.org/10.1016/j.joca.2015.10.011
https://doi.org/10.1016/j.joca.2015.10.011
https://doi.org/10.1016/j.arr.2020.101185
https://doi.org/10.1016/j.arr.2020.101185
https://doi.org/10.1016/j.carbpol.2016.05.031
https://doi.org/10.1016/j.maturitas.2016.11.006
https://doi.org/10.1016/j.maturitas.2016.11.006
https://doi.org/10.1038/s41574-018-0062-9
https://doi.org/10.1016/j.exger.2022.111931
https://doi.org/10.1016/j.exger.2022.111931
https://doi.org/10.3390/ijms21217922
https://doi.org/10.3390/ijms21217922
https://doi.org/10.3389/fimmu.2022.907750
https://doi.org/10.1002/art.39965
https://doi.org/10.1002/art.39965
https://doi.org/10.1093/rheumatology/key039
https://doi.org/10.1111/ggi.12688
https://doi.org/10.1111/ggi.12688
https://doi.org/10.1016/j.diabres.2016.10.021
https://doi.org/10.1016/j.diabres.2016.10.021
https://doi.org/10.1016/j.joca.2015.05.016

	Osteoarthritis and sarcopenia-related traits: the cross-sectional study from NHANES 2011–2014 and Mendelian randomization study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	The cross-sectional analysis
	Study population
	Diagnosis of osteoarthritis
	Definition of body composition variables and sarcopenia
	Other covariates
	Statistical analyses

	Mendelian randomization analysis
	Genome-Wide Association Studies Sources
	Selection of genetic instrumental variables
	Statistical analysis


	Results
	Baseline characteristics of the participants
	Associations between sarcopenia and the prevalence of osteoarthritis.
	Associations between grip strength and the prevalence of osteoarthritis.
	MR analyses—different MR estimation methods for assessing the causal effect of sarcopenia-related traits on osteoarthritis
	Sensitivity analysis

	Discussion
	Conclusion
	Anchor 27
	Acknowledgements
	References


