Clinical Epidemiology Dove

ORIGINAL RESEARCH

Association Between Autoimmune Diseases and
Sarcopenia: A Two-Sample Mendelian
Randomization Study

Qing Su®', Chen Jin% Yi Yang', Jingxian Wang', Juejin Wang', Hao Zeng', Yaging Chen', Junxi Zhou',
Yi Wang'
'Department of Epidemiology and Biostatistics, School of Public Health and Management, Wenzhou Medical University, Wenzhou, People’s Republic

of China; ?Department of Epidemiology, Center for Global Health, School of Public Health, Nanjing Medical University, Nanjing, People’s Republic of
China

Correspondence: Yi Wang, Department of Epidemiology and Biostatistics, School of Public Health and Management, Wenzhou Medical University,
Chashan High Education Zone, Wenzhou, Zhejiang, 325035, People’s Republic of China, Tel +86-577-8669-9358, Email wang.yi@wmu.edu.cn

Purpose: Observational studies have reported that autoimmune diseases are closely related to sarcopenia, but the causalities of
autoimmune diseases with sarcopenia have not been established. We conducted this Mendelian randomization (MR) study to reveal the
causal associations of overall autoimmune disease and five common autoimmune diseases with sarcopenia-related traits.

Methods: The publicly available summary-level data of autoimmune diseases and three sarcopenia-related traits were used for
analysis. The causal effects of autoimmune diseases on sarcopenia-related traits were first identified in discovery samples using the
inverse-variance-weighted method as the primary method, and the robustness of results was examined by additional sensitivity
analyses. Replication MR analyses were then conducted using replication samples of five autoimmune diseases. Finally, the possibility
of reverse causation was assessed by reverse MR analyses.

Results: In both the discovery and replication samples, we identified potential causal effects of rheumatoid arthritis (RA) on
appendicular lean mass (ALM) and low grip strength (OR = 0.979, 95% CI: 0.964—0.995 for ALM; OR = 1.042, 95% CI: 1.013—
1.072 for low grip strength), but not on walking pace. We also found that inflammatory bowel disease (IBD) and type 1 diabetes (T1D)
were only causally negatively associated with ALM in the discovery stage (OR = 0.986, 95% CI: 0.974-0.999 for IBD; OR = 0.987,
95% CI: 0.975-0.999 for T1D), whereas systemic lupus erythematosus, multiple sclerosis, and overall autoimmune disease were not
associated with any of the three sarcopenia-related traits. Additionally, reverse MR analysis only found an association between walking
pace and overall autoimmune disease, but this association did not remain in the weighted-median method.

Conclusion: This study demonstrates that RA is causally associated with low grip strength and reduced ALM, and that IBD and T1D
may be causally negatively related to ALM.
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Introduction

Sarcopenia, a condition characterized by decreased muscle mass and function, is related to adverse health consequences,
including frailty, falls, and increased mortality.! Currently, a single diagnostic criterion for sarcopenia has not been
established, and according to different diagnostic standards, the prevalence of sarcopenia in individuals older than 60
years varies between 10% and 27%.” Sarcopenia is generally considered an age-related condition, but patients with some
disorders were found to have a higher prevalence of sarcopenia, including autoimmune diseases.”

Autoimmune diseases refer to conditions in which the immune system incorrectly generates immunologic responses
that damage self-tissues, and the persistent chronic inflammation that it causes may be a risk factor for sarcopenia.’
Several epidemiological studies have found a higher prevalence of sarcopenia in patients with type 1 diabetes (T1D),
inflammatory bowel disease (IBD), rheumatoid arthritis (RA), multiple sclerosis (MS), and systemic lupus erythematosus
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(SLE) compared with healthy controls.®'® Notably, the association between RA and sarcopenia has been relatively well
studied, with many observational studies demonstrating a strong relationship between RA and sarcopenia.'' In addition,
there appear to be some shared biological processes between autoimmune diseases and sarcopenia. For example, pro-
inflammatory cytokines including interleukin-6 (IL-6) and tumor necrosis factor-o (TNF-a)) cause loss of skeletal muscle,
and they are also closely related to the development of autoimmune diseases.'*"'> However, the causality of autoimmune
diseases with sarcopenia has not been established, as observational studies are inevitably affected by residual confound-
ing and reverse causation.

Mendelian randomization (MR) is a method for inferring causality between exposure and outcome. Here, we used
two-sample MR analysis to evaluate causal associations of overall autoimmune disease and five common autoimmune
diseases (RA, SLE, IBD, MS, and T1D) with sarcopenia-related traits [appendicular lean mass (ALM), walking pace, and
grip strength].

Materials and Methods

Study Design

Figure 1 shows the overall study design. To reliably infer the causal relationships between autoimmune diseases and
sarcopenia-related traits, we tried to satisfy three key assumptions of MR approach. First, the instrumental variables (IVs)
are correlated with autoimmune diseases. Second, Vs are unrelated to confounders affecting this relationship. Third, IVs

influence sarcopenia-related traits only through autoimmune diseases.'®

GWAS summary data of GWAS summary data of
SLE, RA, IBD, MS, T1D, and appendicular lean mass, low
overall autoimmune disease grip strength, and walking pace

(exposure) (outcome)
IVs selection
1.P<5 X 108
2. Conduct clumping procedure Extract SNPs that match with
(r2< 0.001, kb=10,000) exposure
3. Exclude pleiotropic SNPs
4. Remove palindromic SNPs

Y

Harmonize effect size and alleles of SNPs on the
exposure and outcome data

Vv
| MR analyses and sensitivity analyses |

N
| Validation analyses in replication samples |

Reverse MR analyses

Figure | The study design and workflow of the present MR study.
Abbreviations: GWAS, genome-wide association study; SLE, systemic lupus erythematosus; RA, rheumatoid arthritis; MS, multiple sclerosis; IBD, inflammatory bowel
disease; TID, type | diabetes; IVs, instrumental variables; MR, Mendelian randomization; SNP, single-nucleotide polymorphism.
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Data Sources of Autoimmune Diseases
In the discovery stage, genome-wide association study (GWAS) summary statistics for SLE (5201 cases and 9066
controls) were drawn from the study by Bentham et al;'’ the summary-level data of RA (14,361 cases and 43,923
controls) were extracted from the study by Okada et al;'® the genetic data of IBD (12,882 cases and 21,770 controls)
were obtained from the study by Liu et al;'® the summary statistics of MS (14,498 cases and 24,091 controls) came from
the International MS Genetics Consortium (IMSGC);*° and the summary data of T1D (6683 cases and 12,173 controls)
were derived from the study by Onengut-Gumuscu et al.”>! More details are available in the original publications.'” !

In addition, the GWAS summary data of overall autoimmune disease in FinnGen consortium RS considering forty-
five autoimmune diseases (42,202 cases and 176,590 controls) were used to explore the causality between overall
autoimmune disease and sarcopenia-related traits. The forty-five autoimmune diseases included in overall autoimmune
disease are shown in Supplementary Table S1.

The replication samples for SLE (538 cases and 213,145 controls), RA (6236 cases and 147,221 controls), IBD (3753 cases
and 210,300 controls), MS (1048 cases and 217,141 controls), and T1D (2542 cases and 182,573 controls) were derived from
the FinnGen consortium RS, but no other available GWAS data for overall autoimmune disease were found. The sources and

corresponding information on the discovery and replication samples are listed in Supplementary Table S2.

Data Sources of Sarcopenia-Related Traits

The European Working Group on Sarcopenia in Older People (EWGSOP) defines sarcopenia by three parameters: low
muscle strength (such as grip strength), low muscle quantity, and low physical performance (such as gait speed).*>
Therefore, we included the three sarcopenia-related traits of ALM, low hand grip strength, and walking pace as our study
outcomes.

GWAS summary statistics for ALM were drawn from UK Biobank, including 450,243 participants.”> ALM was
measured by determining the sum of fat-free mass of the arms and legs by bioelectrical impedance analysis. The genetic
data of walking pace were also obtained from UK Biobank (n = 459,915), which captured data on walking pace through
touch-screen questionnaires. The summary data for low hand grip strength were derived from the GWAS meta-analysis
comprising 22 cohorts with 48,596 cases and 207,927 controls.** Low grip strength was defined depending on EWGSOP
criteria (Male: < 30kg, Female: < 20kg). The sources and corresponding information on outcomes are listed in
Supplementary Table S2.

Instrumental Variable Selection

A series of single-nucleotide polymorphisms (SNPs) screening steps were performed to ensure the reliability of the
conclusions on the causal associations between autoimmune diseases and sarcopenia. First, [Vs that attained genome-
wide significance threshold were selected (P < 5.0x10°®). Second, independent SNPs were retained by the PLINK
clumping method (r* <0.001, kb = 10,000). Third, we searched the PhenoScanner website and removed SNPs associated
with confounders (type 2 diabetes, body mass index, weight, hip circumference, waist circumference, height, smoking,
blood pressure, blood lipids, coronary artery disease, hypothyroidism, heel bone mineral density, knee pain, irritable
bowel syndrome, Hodgkin’s lymphoma, and number of self-reported non-cancer illnesses) and other autoimmune
diseases (P < 5.0x10™®). Fourth, palindromic SNPs were excluded. Finally, SNPs not available in the outcome datasets
or SNPs with inconsistent alleles between exposures and outcomes (eg, T/C vs T/G) were removed.

Statistical Analysis

The causalities of autoimmune diseases and sarcopenia-related traits were primarily calculated by inverse-variance-weighted
(IVW) method. To test the heterogeneity, we conducted Cochran’s Q test. If heterogeneity was significant (P < 0.05), we used
random-effects IVW and, conversely, fixed-effects [IVW. The robustness of results was examined by two methods of sensitivity
analysis: MR-robust adjusted profile score (MR-RAPS) method and weighted-median (WM) method. The former can make
robust inferences when weak IVs are included, and the latter yields valid estimates of causal effects when less than half of SNPs
are invalid instruments.”>*® MR-Egger regression was used for assessment of pleiotropy.>” MR-Pleiotropy RESidual Sum and
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Outlier (MR-PRESSO) detected outliers, and the results before and after eliminating outliers were tested for differences.” In
addition, we calculated the F-statistics (formula: R? / K x (N — K — 1) / (1 — R?)) for the SNPs.*’

The replication MR analyses were performed using replication samples of five autoimmune diseases. Finally, reverse
MR analyses were conducted with sarcopenia-related traits as exposures and autoimmune diseases from FinnGen samples
as outcomes. “TwoSampleMR” and “MR-PRESSO” packages were used for analyses in R program (version 4.2.2).

Results

Selection of Instrumental Variables

In discovery samples, a total of 45, 60, 65, 49, 36, and 53 independent SNPs were related to SLE, RA, IBD, MS, T1D, and overall
autoimmune disease (P < 5.0 x 1075, 1*<0.001), respectively. After removing SNPs associated with possible confounders,
palindromic SNPs, SNPs not present in any of the three sarcopenia-related trait datasets, and SNPs with inconsistent alleles
between exposures and outcomes, 24 SLE-associated SNPs, 26 RA-associated SNPs, 31 IBD-associated SNPs, 22 MS-
associated SNPs, 12 T1D-associated SNPs, and 22 overall autoimmune disease-associated SNPs were included in the analysis.
The excluded SNPs and the detailed reasons for removing these SNPs are listed in Supplementary Table S3, and the

characteristics of the SNPs finally retained in the analysis are shown in Supplementary Table S4-S9. No SNPs with F-statistic

<10, indicating that the estimates were unlikely to suffer from weak IV bias. Replication samples were screened following the
same SNP screening procedure, ultimately retaining 2 SLE-associated SNPs, 3 RA-associated SNPs, 5 IBD-associated SNPs, 3
MS-associated SNPs, and 3 T1D-associated SNPs in replication samples.

Causal Effects of Autoimmune Diseases on Appendicular Lean Mass

In the discovery stage, the [IVW analysis indicated that RA (OR = 0.979, 95% CI: 0.964-0.995, P = 0.0084), IBD (OR = 0.986,
95% CI: 0.974-0.999, P =0.0346), and T1D (OR =0.987, 95% CI: 0.975-0.999, P =0.0331) were negatively related to ALM
(Figure 2). Similar estimates were yielded with both two sensitivity methods in associations of RA and T1D with ALM,
whereas the MR-RAPS method found no statistical significance in the association between IBD and ALM (Figure 2). In
addition, IVW, WM, and MR-RAPS methods detected that SLE, MS, and overall autoimmune disease were unrelated to ALM
(Figure 2). The scatter plot across MR analyses of autoimmune diseases and ALM is presented in Supplementary Figure S1.

Exposure nSNP MR method OR (95% Cl) P-value
SLE 24 IVW (random) —;-— 1.001 (0.995-1.007) 0.6918
24 Weighted median —=t 0.997 (0.992-1.002) 0.2094
24 MR-RAPS -:-— 1.003 (0.997-1.009) 0.3954
RA 26 IVW (random) _— 0.979 (0.964-0.995) 0.0084
26 Weighted median —=— : 0.980 (0.967-0.993) 0.0025
26 MR-RAPS —_—, 0.979 (0.965-0.994) 0.0052
IBD 31 IVW (random) — 0.986 (0.974-0.999) 0.0346
31 Weighted median —-—: 0.990 (0.981-1.000) 0.0483
31 MR-RAPS —_— 0.993 (0.980-1.005) 0.2499
MS 22 IVW (random) —:-— 1.002 (0.984-1.021) 0.7915
22 Weighted median —— 0.996 (0.986-1.007) 0.5230
22 MR-RAPS —_— 0.996 (0.982-1.010) 0.5366
T1D 12 IVW (random) —-—: 0.987 (0.975-0.999) 0.0331
12 Weighted median — 0.989 (0.983-0.995) 0.0003
12 MR-RAPS —-—: 0.989 (0.980-0.998) 0.0222
OAD 22 IVW (random) ———> 1.029 (0.993-1.067) 0.1172
22 Weighted median —:—-—» 1.020 (0.993-1.047) 0.1438
22 MR-RAPS ————> 1.014 (0.980-1.048) 0.4281

| I
0.96 1

1.04

Figure 2 MR analysis of associations between autoimmune diseases and appendicular lean mass in discovery samples.
Abbreviations: SLE, systemic lupus erythematosus; RA, rheumatoid arthritis; MS, multiple sclerosis; IBD, inflammatory bowel disease; TID, type | diabetes; OAD, overall
autoimmune disease; nSNP, number of single-nucleotide polymorphisms; MR, Mendelian randomization; IVVV, inverse-variance-weighted; MR-RAPS, MR-robust adjusted
profile score; OR, odds ratio; Cl, confidence interval.
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There was one SNP each associated with ALM in RA, T1D, MS and overall autoimmune disease (P < 5.0x10"%). The
sensitivity analysis of removing SNPs associated with ALM found that the results remained stable, and the negative
associations of RA (OR = 0.983, 95% CI: 0.970-0.997, P = 0.0187) and T1D (OR = 0.990, 95% CI: 0.985-0.995, P =
0.0001) with ALM still existed. Cochran’s Q test found heterogeneity in SLE, RA, IBD, MS, T1D, and overall autoimmune
disease (P < 0.05, Supplementary Table S10), so we used random-effects [VW model. MR-Egger regression found pleiotropy
only in IBD (intercept P = 0.004 for IBD), but MR-PRESSO found outliers in SLE, RA, IBD, MS, T1D, and overall
autoimmune disease (Supplementary Table S10). MR-PRESSO distortion tests indicated non-significant difference between
the estimates before and after eliminating outliers for SLE, IBD, MS, and T1D (P > 0.05), while the difference was significant
in RA and overall autoimmune disease (P = 0.015 for RA and P = 0.039 for overall autoimmune disease).

In replication samples, the causal effect of RA on ALM was successfully replicated, and the direction of the effect
was consistent with that of the discovery stage (Table 1 and Supplementary Table S11). Based on the above results,
although the association between RA and ALM was found to be potentially affected by outliers in MR-PRESSO analysis
of discovery samples, it is reasonable to believe that RA has a negative causal effect on ALM. However, the associations

of IBD and T1D with ALM failed to replicate in replication samples.

Causal Effects of Autoimmune Diseases on Low Grip Strength
Through IVW analyses of discovery samples, we detected that RA was correlated with a higher risk of low grip strength
(OR = 1.042, 95% CI: 1.013-1.072, P = 0.0049), but did not observe associations between SLE, IBD, MS, T1D, and
overall autoimmune disease with low grip strength (Figure 3). These results were supported by other sensitivity analyses
(Figure 3). The scatter plot of various MR tests is shown in Supplementary Figure S2. As no heterogeneity was revealed
(all Q_P values > 0.05, Supplementary Table S10), we used fixed-effects IVW model. Furthermore, MR-Egger
regression and MR-PRESSO detected no evidence of pleiotropy and outliers (all P > 0.05, Supplementary Table S10).
As shown in Table 1, the causality of RA and low grip strength was validated in MR analyses of replication samples.

Complete results of the replication analyses for associations between five autoimmune diseases and low grip strength are
presented in Supplementary Table S12.

Causal Effects of Autoimmune Diseases on Walking Pace

No significant causal effects of SLE, RA, IBD, MS, T1D, and overall autoimmune disease on walking pace were found in
the primary analysis of the discovery stage, and the estimates remained stable in WM and MR-RAPS methods (Figure 4).
The scatter plot of MR analyses is displayed in Supplementary Figure S3. According to the heterogeneity tests
(Supplementary Table S10), random-effects IVW analyses were performed for SLE, RA, and IBD (Q_P values <

Table | Results of MR Analysis in Replication Samples

Exposure | Outcome nSNP MR Method OR (95% CI) P-value
RA ALM 3 \A%% 0.966 (0.951-0.982) <0.0001
3 Weighted median | 0.969 (0.963-0.974) <0.0001
3 MR-RAPS 0.967 (0.953-0.980) <0.0001
IBD ALM 5 \A%% 1.020 (0.998-1.044) 0.0808
5 Weighted median | 1.011 (0.999-1.023) 0.0690
5 MR-RAPS 1.015 (0.998-1.032) 0.0807
TID ALM 3 \A%% 0.975 (0.940-1.012) 0.1795
3 Weighted median | 0.993 (0.976-1.011) 04717
3 MR-RAPS 0.985 (0.960-1.012) 0.2718
RA Low grip strength 3 Ivw 1.067 (1.043-1.090) <0.0001
3 Weighted median | 1.068 (1.043-1.093) <0.0001
3 MR-RAPS 1.067 (1.042—-1.091) <0.0001

Abbreviations: RA, rheumatoid arthritis; ALM, appendicular lean mass; IBD, inflammatory bowel disease; TID, type |
diabetes; MR, Mendelian randomization; nSNP, number of single-nucleotide polymorphisms; IV, inverse-variance weighted;

MR-RAPS, MR-robust adjusted profile score; OR, odds ratio; Cl, confidence interval.
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Exposure nSNP MR method OR (95% CI) P-value
SLE 24 IVW (fixed) ;—-— 1.010 (0.999-1.021) 0.0893
24 Weighted median —t— 1.007 (0.990-1.025) 0.4152
24 MR-RAPS JI-— 1.009 (0.998-1.021) 0.1168
RA 25 IVW (fixed) , —— 1.042 (1.013-1.072) 0.0049
25 Weighted median : ——> 1.058 (1.017-1.102) 0.0057
25 MR-RAPS , —— 1.044 (1.013-1.076) 0.0048
IBD 30 IVW (fixed) — 0.995 (0.972-1.017) 0.6407
30 Weighted median —-:— 0.992 (0.958-1.027) 0.6524
30 MR-RAPS —_— 0.997 (0.970-1.025) 0.8343
MS 22 IVW (fixed) JI—-— 1.021 (0.994-1.049) 0.1219
22 Weighted median —7—— 1.022(0.983-1.062) 0.2768
22 MR-RAPS -:—-— 1.024 (0.994-1.054) 0.1161
T1D 12 IVW (fixed) — 0.981 (0.962-1.000) 0.0527
12 Weighted median — 0.981 (0.959-1.003) 0.0893
12 MR-RAPS —-—: 0.982 (0.958-1.007) 0.1656
OAD 22 IVW (fixed) ———  0.999 (0.940-1.062) 0.9871
22 Weighted median < : 0.974 (0.893-1.061) 0.5430
22 MR-RAPS T 0.994 (0.932-1.060) 0.8507
[ T ]
0.92 1 1.08

Figure 3 MR analysis of associations between autoimmune diseases and low grip strength in discovery samples.

Abbreviations: SLE, systemic lupus erythematosus; RA, rheumatoid arthritis; MS, multiple sclerosis; IBD, inflammatory bowel disease; T1D, type | diabetes; OAD, overall
autoimmune disease; nSNP, number of single-nucleotide polymorphisms; MR, Mendelian randomization; IVVV, inverse-variance-weighted; MR-RAPS, MR-robust adjusted

profile score; OR, odds ratio; Cl, confidence interval.

Exposure nSNP MR method OR (95% CI) P-value
SLE 23 IVW (random) f-— 1.002 (0.999-1.004) 0.2207
23 Weighted median —— 1.003 (1.000-1.006) 0.0564
23 MR-RAPS JI-— 1.002 (0.999-1.005) 0.1510
RA 20 IVW (random) —_— 0.997 (0.987-1.006) 0.4765
20 Weighted median —T— 1.000 (0.991-1.009) 0.9242
20 MR-RAPS —_— 1.000 (0.990-1.009) 0.9292
IBD 29 IVW (random) —— 1.001 (0.995-1.007) 0.6947
29 Weighted median —:-— 1.001 (0.995-1.007) 0.8097
29 MR-RAPS —— 1.002 (0.996-1.008) 0.5159
MS 22 IVW (fixed) —-—:— 0.997 (0.992-1.001) 0.1399
22 Weighted median —_— 0.995 (0.989-1.002) 0.1826
22 MR-RAPS —-—IL 0.996 (0.991-1.002) 0.1843
T1D 12 IVW (fixed) — 0.999 (0.995-1.002) 0.4350
12 Weighted median —— 0.999 (0.995-1.003) 0.6779
12 MR-RAPS —-:— 0.999 (0.995-1.002) 0.4040
OAD 18 IVW (fixed) e 0.998 (0.986-1.009) 0.6765
18 Weighted median : 0.999 (0.983-1.016) 0.9280
18 MR-RAPS T 0.998 (0.985-1.012) 0.8139
[ T 1
0.983 1 1.017

Figure 4 MR analysis of associations between autoimmune diseases and walking pace in discovery samples.

Abbreviations: SLE, systemic lupus erythematosus; RA, rheumatoid arthritis; MS, multiple sclerosis; IBD, inflammatory bowel disease; TID, type | diabetes; OAD, overall
autoimmune disease; nSNP, number of single-nucleotide polymorphisms; MR, Mendelian randomization; IVWV, inverse-variance-weighted; MR-RAPS, MR-robust adjusted
profile score; OR, odds ratio; Cl, confidence interval.

0.05), while fixed-effects IVW analyses were performed for MS, T1D, and overall autoimmune disease (Q_P values >
0.05). The MR-Egger did not detect notable pleiotropy (all intercept P > 0.05). MR-PRESSO detected outliers in RA and
IBD, but MR-PRESSO distortion tests showed that the results did not change after eliminating outliers (P = 0.791 for
RA, P=0.337 for IBD). Additionally, similar estimates were obtained in replication samples (Supplementary Table S13).
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Reverse MR Analyses
After a series of SNP screening steps, 224 ALM-associated SNPs, 2 low grip strength-associated SNPs, and 16 walking
pace-associated SNPs were eligible IVs for reverse MR analyses. Details of these IVs are listed in Supplementary Table

S14-S16. In reverse MR analyses, the IVW method detected that walking pace was negatively related to overall
autoimmune disease, whereas ALM and low grip strength were unrelated to overall autoimmune disease
(Supplementary Table S17). And the association between walking pace and overall autoimmune disease did not obtain

a consistent result in the WM method. Besides, we did not observe reverse causalities between five common autoimmune
diseases and three sarcopenia-related traits.

Discussion

In this study, we examined the causal impact of five common autoimmune diseases and overall autoimmune disease on
sarcopenia-related traits using two-sample MR analyses. Results from discovery samples showed that RA, IBD, and T1D were
causally negatively correlated with ALM, RA was causally positively related to low grip strength, and no association was found
between autoimmune diseases and walking pace. Of note, the associations of RA with ALM and low grip strength were
successfully replicated in replication samples. Additionally, reverse MR analysis only found an association between walking
pace and overall autoimmune disease, but this association did not remain in the WM method. To our knowledge, this work reveals
the causalities between autoimmune diseases and sarcopenia-related traits using MR analysis for the first time.

Observational studies have found that RA is associated with sarcopenia. A cross-sectional study including 289 RA patients
and 280 controls found an 11-fold higher prevalence of sarcopenia in RA patients than in controls, and the study also found
significantly lower ALM and grip strength values in RA patients than in controls.® Another study including three cohorts of
patients with RA and two general population cohorts (444 cases and 17,668 controls) found a higher rate of low lean mass in RA
patients.*® Besides, other studies also found lower ALM in RA patients.?'** These studies are consistent with our findings that RA
has causal impacts on ALM and low grip strength. Sarcopenia is diagnosed when both low grip strength and low muscle mass are
met, according to EWGSOP and EWGSOP2 definitions for sarcopenia, and severe sarcopenia is diagnosed when combined with
slow gait speed.?** Therefore, although our study did not find a correlation between RA and walking pace, it is reasonable to infer
that RA has a potentially causal role in sarcopenia. Inflammatory cytokines, such as TNF and IL-6, may play an important role in
RA-induced sarcopenia. Increased serum levels of these cytokines can activate the ubiquitin-proteasome system, leading to the
breakdown of muscle proteins.>**> One study also found that IL-6 and TNF-a activated signal transducer and activator of
transcription 3, which then collaborated with the nuclear factor kappa B (NF-kappa B) pathway to induce muscle wasting by
activating the inducible nitric oxide synthase pathway.*® In addition, TNF can also inhibit MyoD, a myogenic regulatory factor,
through the activation of NF-kappa B to impair myogenesis.>’ But contradictory results were also obtained. For example,
Castillero et al observed elevated MyoD and myogenin in arthritic rats.*® The underlying mechanism of sarcopenia induced by RA
requires further investigation.

A Japanese study involving 177 patients with T1D and 506 participants without diabetes found that sarcopenia was
more frequent in T1D patients than in participants without diabetes.” A hyperglycemic and hypoinsulinemic milieu is
characteristic of T1D. Insulin has been reported to have the effect of reducing muscle protein breakdown.** Conversely,
hyperglycemia inhibits the degradation of Kriippel-like factor 15 in skeletal muscle, which can upregulate E3 ubiquitin
ligases, thereby promoting proteolysis.***' These lines of evidence support the association between T1D and muscle
loss. Our MR analysis of discovery samples also identified that T1D was causally inversely associated with ALM.
Paradoxically, the negative association between T1D and ALM failed to be replicated in replication samples. Well-
designed prospective studies and more MR studies are needed in the future to validate this association. As for the impact
of T1D on grip strength, conflicting results have been obtained in observational studies.”** In our study, no causal
relationship between T1D and low grip strength was found at both the discovery and replication phases.

Similar to T1D, we found that IBD was only causally negatively related to ALM in the discovery stage. Many studies
have used muscle mass alone to assess sarcopenia in patients with IBD, and computed tomography (CT) is commonly used
for the assessment of muscle mass.* Zhang et al evaluated the skeletal muscle index (SMI) at the third lumbar vertebrae of
204 IBD patients and 60 controls by CT and found that the SMI was lower in IBD patients than in controls.** This is similar
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to our results. Sarcopenia in IBD patients may be related to malnutrition due to IBD, such as protein and micronutrient
deficiencies.*>**® The concomitant increase in pro-inflammatory cytokines (eg, IL-6 and TNF-a) in IBD may also play an
important role in sarcopenia.*” However, as MR-Egger regression detected pleiotropy in the association between IBD and
ALM, and this association failed to be validated in the replication sample, more MR studies with better data are needed in the
future to validate this association. Moreover, several studies have found lower grip strength values in IBD patients, but these
studies only compared differences in grip strength values between IBD patients and controls, rather than the prevalence of
low grip strength.*®** In our study, IBD was not found to be associated with low grip strength as defined by EWGSOP. This
may be because IBD is associated with reduced grip strength but not low grip strength.

There are currently fewer studies on the association of SLE and MS with sarcopenia, and studies on the relationship between
SLE and sarcopenia have yielded conflicting results. One study that judged sarcopenia solely on the fat-free mass index showed
that sarcopenia was more common in SLE patients.” Whereas another study found no significant difference in lean mass between
SLE patients and controls.”® Consistently, we did not find a causal relationship between SLE and sarcopenia-related traits in our
study. As for MS, limited studies have found a higher prevalence of sarcopenia among MS patients.® However, this is inconsistent
with our findings. The reason for the inconsistency may be that observational studies are susceptible to confounding factors.
Furthermore, we found that overall autoimmune disease was not associated with any of the three sarcopenia-related traits,
suggesting that only some specific autoimmune diseases are associated with sarcopenia, such as rheumatoid arthritis, which was
found in our study.

The main advantage of this study is that we comprehensively analyzed the causal relationships of five common
autoimmune diseases and overall autoimmune disease with sarcopenia-related traits in discovery samples, and
validated the causalities of five common autoimmune diseases and sarcopenia-related traits in replication samples,
thereby increasing the credibility of the results. Besides, we performed reverse MR analyses to examine possible
reverse causal associations. However, several limitations of this study should be mentioned. First, muscle mass
was estimated using ALM rather than appendicular skeletal muscle mass in our study. ALM contains some other
components such as tendons and connective tissue, which may cause some bias. But ALM is predictive of total-
body skeletal muscle, as a large proportion of total-body skeletal muscle appears in the extremities and a large
proportion of ALM is skeletal muscle.’'3* Second, because our study was based on summary-level data, subgroup
analysis by age or sex was not available. Third, MR studies using genetic variants as instrumental variables only
profile the contribution of genetic components to the trait, not environmental variation. This may explain why the
causal effect of RA on sarcopenia observed in our study was small. Fourth, the present study was confined to
European populations, which may limit the applicability of the results to other populations.

Conclusion

In summary, this MR study demonstrates that RA is causally associated with low grip strength and reduced ALM, and
that IBD and T1D may be causally negatively related to ALM. However, SLE, MS, and overall autoimmune disease are
not associated with any of the three sarcopenia-related traits. Based on our current findings, we believe that it may be
meaningful to screen sarcopenia in patients with RA, IBD, and T1D.
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