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Causality between urate levels
with sarcopenia-related traits:
a bi-directional Mendelian
randomization study

Yanze Lin1,2†, Xun Wang2†, Wenchao Yao3, Yuanting Sun4,
Jinlei Zhou2 and Fabo Feng1*

1Center for Plastic & Reconstructive Surgery, Department of Orthopedics, Zhejiang Provincial
People’s Hospital (Affiliated People’s Hospital, Hangzhou Medical College), Hangzhou,
Zhejiang, China, 2Second Clinical Medical College, Zhejiang Chinese Medical University, Hangzhou,
Zhejiang, China, 3Department of Orthopaedics, the First People’s Hospital of Chun’an County,
Hangzhou, Zhejiang, China, 4Graduate School, Hunan University of Chinese Medicine, Changsha, China
Background:Observational studies have suggested associations between serum

urate levels and sarcopenia, but the causality underlying this correlation remains

uncertain. The principal objective of this study is to investigate a causal

relationship of serum urate levels with sarcopenia-related traits (hand grip

strength, lean mass, walking pace) using bidirectional two-sample Mendelian

randomization (MR) approach. The utilization of MR methodology serves to

minimize bias caused by reverse causality and confounding factors from

observational studies.

Methods: The summary statistics of serum urate levels were derived from a

cohort consisting of 288,659 individuals participating in CKDGen study. The

parameters of right-hand grip strength (N=461,089), left-hand grip strength

(N=461,026), appendicular lean mass (ALM) (N=450,243), whole-body lean

mass(N=454,850),right-leg fat-free mass(FFM;N=454,835),left-leg FFM

(N=454,805), right-arm FFM(N=454,753),left-arm FFM(N=454,672) and walking

pace (N=459,915)were sourced from the UK Biobank. MR analysis was

conducted utilizing inverse variance weighted (IVW), weighted median, and

MR-Egger to evaluate causality. Sensitivity analysis was performed using

Cochran’s Q test, MR-Egger intercept test, leave-one-out analysis and the

funnel plot.

Results: IVW estimates demonstrated that serum urate levels exhibited no causal

association with sarcopenia-related traits. In the inverse MR investigation, we had

exclusively discerned an inverse correlation between walking pace and serum

urate levels. No compelling evidence had surfaced to substantiate any

association of other sarcopenia-related traits with serum urate. Supplemental

MR methods consistently validated the findings obtained from the primary

analysis. Sensitivity analysis demonstrated the robustness of findings.

Conclusion: Our MR study revealed the absence of the bidirectional causal

relationship between serum urate levels and sarcopenia. It is imperative to

acknowledge that advanced age and an individual’s health status are pivotal
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fendo.2023.1252968/full
https://www.frontiersin.org/articles/10.3389/fendo.2023.1252968/full
https://www.frontiersin.org/articles/10.3389/fendo.2023.1252968/full
https://www.frontiersin.org/articles/10.3389/fendo.2023.1252968/full
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2023.1252968&domain=pdf&date_stamp=2023-10-26
mailto:fengfabo@hmc.edu.cn
https://doi.org/10.3389/fendo.2023.1252968
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://doi.org/10.3389/fendo.2023.1252968
https://www.frontiersin.org/journals/endocrinology


Lin et al. 10.3389/fendo.2023.1252968

Frontiers in Endocrinology
determinants influencing urate level and the initiation and advancement of

sarcopenia. However, it is worth underscoring that these aspects remain

unexamined within the purview of this study. Thus, future investigations should

delve deeper into these intricate facets.
KEYWORDS

urate levels, hand grip strength, LEAN MASS, sarcopenia, causal relationship,
mendelian randomization
Introduction

Sarcopenia, a progressive and prevalent skeletal muscle

disorder, is intricately associated with a range of adverse

outcomes encompassing falls, functional deterioration, frailty, and

mortality (1). As expounded by the European Working Group on

Sarcopenia in Older People (EWGSOP)-2, sarcopenia manifests as a

diminution in muscular strength accompanied by a reduction in

muscle mass, the severity of which determines the extent of

functional impairment (2). Statistical data reveal that sarcopenia

currently affects approximately 10% to 16% of the elderly

population worldwide (3). However, the prevalence of this

condition is projected to soar over the course of the next four

decades, impacting over 200 million individuals globally (4). Of

particular note, elderly patients admitted to hospitals who are

afflicted by sarcopenia incur hospitalization expenses that exceed

fivefold compared to those without sarcopenia, exacting a

considerable toll on the healthcare system (5).

Urate, the ultimate byproduct arising from the metabolic

breakdown of purines, exerts both potentially beneficial and

detrimental consequences (6). Substantiated investigations have

established that uric acid exhibits pro-inflammatory properties,

intricately associated with the initiation and progression of a

multitude of ailments, including chronic kidney disease,

cardiovascular disease, hypertension, diabetes, and metabolic

syndrome (7). Nevertheless, urate assumes a pivotal role as an

antioxidant, effectively neutralizing oxygen free radicals,

manifesting as a crucial combatant against the perils of oxidative

stress (8). Low levels of serum uric acid have been associated with

various adverse health outcomes, including increased all-cause

mortality and the progression of neurodegenerative diseases like

Parkinson’s, Alzheimer’s, and amyotrophic lateral sclerosis (9).

With advancing age, the capacity of human musculature to

regulate Reactive Oxygen Species (ROS) levels gradually wanes,

compromising the homeostasis of intracellular milieu and

instigating an escalated state of oxidative stress (10). Mounting

evidence underscores the crucial role of augmented oxidative stress

and inflammation in the pathogenesis of muscle loss and functional

decline (11, 12). However, the relationship between uric acid and

sarcopenia remains obscured, as uncertainties persist regarding the

intricate interplay between antioxidant stress and inflammatory

mechanisms. A retrospective study unveiled a noteworthy
02
correlation between hyperuricemia and elevated muscle mass and

strength, suggesting a conceivable protective effect of uric acid

against sarcopenia (13). Furthermore, an investigation focusing

on renal transplant patients divulged a positive association

between serum urate levels and both muscle mass and strength

(14). In the western region of China, a cross-sectional study

conducted among the adult population aged over 50 years

revealed the correlation between elevated uric acid levels and

augmented muscle mass as well as grip strength, confirming that

the potential role of heightened serum urate levels in impeding the

progression of sarcopenia (15). However, the cross-sectional study

conducted in the United States reported that participants

categorized within the highest group of serum uric acid

concentration (>8 mg/dL) faced twice the likelihood of

developing sarcopenia compared to those in the lowest

concentration group (<6 mg/dL), implicating that hyperuricemia

serves as an independent risk factor associated with sarcopenia (16).

Nevertheless, it is important to note that observational studies

inherently possess certain limitations that prevent them from

eliminating the impact of reverse causality and confounding

factors, which possibly introduce biased conclusions (17).

Mendelian randomization (MR) analysis is a method rooted in

Mendel’s laws of inheritance that have gained increasing

prominence in establishing plausible causal associations between

risk factors and disease outcomes (18). This analytical approach

capitalizes on the random classification properties of genetic

variants and leverages these variants associated with

environmental exposures as instrumental variables (IVs) to assess

the associations between exposures and outcomes (19). By virtue of

genetic variants being randomly assigned during conception prior

to disease onset, MR analysis effectively circumvents the influence

of confounding factors, measurement errors, and reverse causality,

greatly improving the reliability of study results (20).

Recent MR investigations have delved into the causal

association between sarcopenia and a myriad of factors, such as

lifestyle, coronary heart disease, osteoarthritis, major depressive

disorder and autoimmune conditions (21–25). However, MR

studies remains devoid of any pertinent investigations concerning

the association between urate and sarcopenia. Consequently, we

have undertaken the application of MR analysis to elucidate the

causal link between genetically determined serum urate levels

and sarcopenia.
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Methods

Study design overview

Figure 1 presents an overview of the design employed in our

two-sample bidirectional MR study. Briefly, we initially explored

the causal impact of serum urate levels on sarcopenia-related traits,

followed by an assessment of the causal influence exerted by

sarcopenia-related traits on serum urate levels. To establish

genetic variants as instrumental variables (IVs), we followed three

stringent assumptions. First, genetic variants needed to exhibit a

high degree of correlation with the exposure. Second, these genetic

variants had to remain unaffected by confounding factors like body

mass index. Lastly, the influence of the genetic variants on the

outcomes had to be solely mediated through the exposure pathway

(26). Importantly, all MR analyses conducted in our study utilized

publicly available summary statistics, obviating the need for

additional ethical approval or informed consent.
Data sources

The summary data for serum urate levels were extracted from

the CKDGen consortium, which recently conducted an expansive

genome-wide association study (GWAS) encompassing 288,649

participants of European descent (27). Furthermore, summary

data concerning traits associated with sarcopenia were procured

from the UK Biobank—an extensive biomedical database and

research repository housing comprehensive genetic and health

profiles of nearly half a million participants hailing from the UK,

all within the age range of 40 to 69 years (28). The characteristics of

the study population were delineated in Supplementary Table 1.
Frontiers in Endocrinology 03
Hand grip strength, a frequently used indicator of muscular

health, serves as a straightforward and non-intrusive gauge of

overall musculoskeletal robustness (29). The summary statistics

for grip strength have been culled from a recently disseminated

GWAS conducted within the expansive UK Biobank cohort,

encompassing a substantial sample size comprising both right-

hand grip strength (N=461,089) and left-hand grip strength

(N=461,026). The precision of these grip strength measurements

was ensured through the employment of a meticulously calibrated

Jamar J00105 hydraulic hand dynamometer, which facilitated

individualized adjustments based on hand size (28). Moreover,

each Single Nucleotide Polymorphism (SNP) underwent rigorous

evaluation for its potential relationship with hand grip strength,

with adjustments made for covariates including age and sex (28).

Lean mass, acknowledged as a robust metric for quantifying

muscle mass, encompasses the entirety of fat-free soft tissue,

encompassing not only muscle mass but also constituents such as

body water, protein, glycerol, and soft tissue mineral mass (30, 31).

In our investigation, we harnessed the GWAS summary statistics

pertaining to various facets of lean mass: whole-body lean mass

(WBLM; N=454,850), appendicular lean mass (ALM; N=450,243),

and fat-free mass (FFM) in specific anatomical regions, including

the right leg (N=454,835), left leg (N=454,805), right arm

(N=454,753), and left arm (N=454,672). These measurements

were meticulously acquired through the utilization of bioelectrical

impedance analysis, with rigorous statistical adjustments

accounting for covariates such as age and sex (28).

The evaluation of walking pace stands as a pivotal diagnostic

criterion in the context of sarcopenia, given its close association

with diminished physical performance—a hallmark trait of this

condition (32). In our pursuit of genetic determinants underlying

walking pace, we leveraged the summary statistics derived from the
FIGURE 1

Design of the current two-sample bidirectional Mendelian randomization study. The three core assumptions are as follows: (I) relevance assumption;
(II) independence assumption; and (III) exclusion restriction. Bold line represents direct effect and dotted line represents indirect effect. SNP, single
nucleotide polymorphism; ALM, appendicular lean mass. WBLM, whole-body lean mass; FFM, fat-free mass.
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UK Biobank dataset, encompassing a cohort of 459,915 individuals

of European descent.
Selection of IVs

To ensure adherence to the assumptions of MR analysis, we

extracted SNPs that exhibited a robust association with the exposure,

meeting the genome-wide significance threshold of P<5×10-8.

Furthermore, we performed linkage disequilibrium (LD) tests on

these SNPs (r2<0.001 and clump distance >10,000kb) to ascertain

their independence (33). In addition, F-statistics were computed to

evaluate the strength of IVs, taking account of the sample size of the

dataset, the number of IVs, and genetic variance. IVs exhibiting F-

statistics below 10 were excluded from the analysis to mitigate the

potential bias introduced by weak instrumental variables (34). Finally,

we conducted a search in the Phenoscanner database (http://

www.phenoscanner.medschl.cam.ac.uk/) to identify all SNPs

associated with the exposure (P < 1 × 10-5). Our examination

focused on determining whether any of these SNPs displayed

discernible correlations with the confounding factors. Subsequently,

SNPs demonstrating associations with relevant confounding factors

were excluded from our analysis to minimize the potential influence

of pleiotropic effects. Comprehensive information of SNPs for serum

urate levels and sarcopenia-related traits can be found in

Supplementary Tables 2–11.
Mendelian randomization analyses

To evaluate the causal association of serum urate levels with

sarcopenia-related traits, our study employed various MR analyses.

The primary analysis utilized the inverse variance weighted (IVW)

approach, which combines the Wald ratio estimates of causal effects

derived from multiple SNPs. This approach ensures a consistent

evaluation of the causal impact of exposure on the outcome under

the assumption that each genetic variable satisfies the criteria of IVs

(35). In addition, we employed the MR-Egger regression method,

which is particularly effective in testing the null causal hypothesis

and facilitating a consistent assessment of causality, even in cases

where the IVs exhibit no valid genetic variation (36). Furthermore,

we incorporated the WMmethods, which provide reliable estimates

of causal effects, even when up to 50% of analytical information is

derived from invalid IVs (37).The estimates were reported as beta

(b) values along with their corresponding 95% confidence intervals

(CI) per one standard deviation increase in the exposures.
Sensitivity analysis

To ensure the reliability and robustness of results, we undertook

the sensitivity analysis including Cochran’s Q test, MR-Egger

intercept test, funnel plot, and leave-one-out analysis. The

Cochran’s Q test was utilized to evaluate potential heterogeneity,

which ascertained whether variations in the IVs could potentially

result in divergent outcomes (38). The MR-Egger intercept test was
Frontiers in Endocrinology 04
conducted with the aim of detecting the potential existence of

directional pleiotropy, a phenomenon in which IVs exert effects on

the outcomes through pathways beyond exposure (36). Funnel plots

were used to visually examine the symmetry of the distribution of

effect estimates. Any noticeable asymmetry in the funnel plot may

indicate the presence of heterogeneity. And leave-one-out analysis

entails the systematic exclusion of each SNP in succession, followed

by a re-evaluation of the effect estimates, determining the reliability

and robustness of the results by evaluating the influence of each

SNP on the overall findings.
Statistical analysis

Considering the multitude of tests conducted in this study, the

criterion for establishing statistical significance regarding the

primary outcome was set at a threshold of P value <0.006 (0.05/9)

following the correction via the Bonferroni method. All statistical

analyses were two-sided. All analyses were executed employing the

TwoSampleMR package within R software (version 4.2.3).
Results

Causal effect of serum urate levels on
sarcopenia-related traits

A total of 86 SNPs were selected as IVs from the available

GWAS data on serum urate levels. Employing the IVW analysis, we

revealed no significant causal association of serum urate level with

all sarcopenia-related traits. These findings, duly substantiated by

both the MR-Egger andWMmethods, aligned consistently with the

results obtained from the IVW analysis (Figure 2). As shown in

Table 1, the MR-Egger intercept tests indicated the absence of

directional pleiotropic effects. However, the Cochran’s Q test

uncovered significant heterogeneity among the relationships of

urate levels with sarcopenia-related traits. Despite the presence of

this observed heterogeneity, it should be underscored that it does

not invalidate the applicability of the MR assessment using the

random effects IVW approach in the current study. The utilization

of random effects IVW analysis holds the potential to balance out

the heterogeneity within the pooled set. Furthermore, the Egger

intercept test did not identify any evidence of such bias, suggesting

that the MR assessment remained robust and unaffected by

pleiotropy bias, even within the context of heterogeneity. Leave-

one-out analysis demonstrated the results are not driven by a single

SNP, and funnel plots exhibited symmetrical distribution. Scatter

plots, funnel plots and leave-one-out sensitivity analysis are

represented in Supplementary Figures 1–3.
Causal effect of sarcopenia-related traits
on serum urate levels

A comprehensive selection encompassing 138 SNPs for right-

hand grip strength, 127 SNPs for left-hand grip strength, 614 SNPs
frontiersin.org
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for ALM, 411SNPs for WBLM, 361 SNPs for right-leg fat-free mass

(FFM), 339 SNPs for left-leg FFM, 365 SNPs for right-arm FFM, 356

SNPs for left-arm FFM, and 26 SNPs for walking pace were harnessed

to explore their respective associations with urate levels. From the

outcomes generated by the IVW method, it becomes evident that

walking pace [b= -0.435, 95% confidence interval = -0.766, -0.103)]

exhibited an inverse correlation with serum uric acid levels. However,

no causal relationship could be established between other facets of

sarcopenia-related traits and urate levels. These findings were

consistently upheld by the WM or MR-Egger methodologies

(Figure 3). The correlation between urate levels and sarcopenia-

related traits displayed heterogeneity, as indicated by Cochran’s Q

test (Table 2). Furthermore, the MR-Egger intercept test unveiled the
Frontiers in Endocrinology 05
presence of horizontal pleiotropy amongWBLM, right-arm FFM and

left-arm FFM with urate level. The results of the funnel plot

demonstrated a symmetrical pattern. And the leave-one-out

analysis indicated that the exclusion of any single SNP did not

substantially alter or dominate the overall assessment conducted by

the IVW method. Scatter plots, funnel plots and leave-one-out

sensitivity analysis are represented in Supplementary Figures 1–3.
Discussion

To the best of our acknowledge, this investigation represents the

inaugural genetic exploration with the purpose of unraveling the
FIGURE 2

Forest plot of the causal effects of serum urate levels on sarcopenia.
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potential causal association linking serum urate levels and

sarcopenia. By virtue of our MR analysis, we uncovered no

substantiated indications endorsing the causal association between

serum urate levels and sarcopenia. Similarly, our study did not

reveal any discernible causal effect of sarcopenia on serum

urate levels.

The majority of previous observational investigations has

indicated a positive correlation between serum urate levels and

sarcopenia. However, these findings remain uncertain, as divergent

conclusions have been presented by several studies. Multiple cross-

sectional studies conducted in China (39), Japan (40), Korea (41),

the United States (42), and Italy (43) have intimated the potential

protective effect of augmented serum urate levels on muscle
Frontiers in Endocrinology 06
strength. A longitudinally conducted follow-up study spanning

three years demonstrated that escalated uric acid levels were

prospectively and independently associated with improved muscle

strength (44). Conversely, a decade-long longitudinal investigation,

focusing on a Tasmanian cohort of elderly individuals, revealed the

significant association between elevated urate concentrations and

the rate of muscle strength degeneration (45). Additionally, a

Japanese study encompassing individuals aged 30 and above

identified a distinctive inverse-J relationship between serum urate

quartiles and muscle strength (46). Similarly, the relationship

between urate levels and muscle mass remains uncertain, with the

establishment of a causal association yet to be ascertained. Two

prospective studies from Israel (47) and China (48) have provided
TABLE 1 MR results of the causal effect of urate on sarcopenia-related traits.

Exposures Outcomes No. of SNPs Methods b (95% CI) P Heterogeneity test Pleiotropy test

Cochran’s Q P* P Intercept

Urate Hand grip strength (right) 81 IVW 0.010 (-0.006, 0.026) 0.199 374.23 <0.001 0.188

WM 0.007 (-0.005, 0.020) 0.255

MR Egger -0.005 (-0.033,0.023) 0.719

Urate Hand grip strength (left) 82 IVW 0.013 (-0.001, 0.028) 0.074 309.64 <0.001 0.349

WM 0.011 (-0.002, 0.024) 0.086

MR Egger 0.003 (-0.023, 0.029) 0.813

Urate ALM 83 IVW 0.001 (-0.017, 0.018) 0.918 1570.12 <0.001 0.365

WM 0.002 (-0.003, 0.007) 0.432

MR Egger -0.002 (-0.021, 0.016) 0.805

Urate WBLM 63 IVW 0.001 (-0.013,0.014) 0.899 208.38 <0.001 0.279

WM -0.003 (-0.016,0.009) 0.614

MR Egger -0.010 (-0.034,0.014) 0.409

Urate Right-leg FFM 65 IVW -0.001 (-0.014,0.012) 0.0924 184.84 <0.001 0.442

WM -0.007 (-0.020,0.007) 0.333

MR Egger -0.008 (-0.031,0.015) 0.490

Urate Left-leg FFM 65 IVW -0.001 (-0.013,0.012) 0.937 172.80 <0.001 0.548

WM -0.005 (-0.018,0.008) 0.429

MR Egger -0.006 (-0.029,0.016) 0.588

Urate Right-arm FFM 60 IVW -0.002 (-0.015,0.011) 0.762 164.57 <0.001 0.247

WM -0.003 (-0.015,0.011) 0.667

MR Egger -0.013 (-0.034,0.009) 0.263

Urate Left-arm FFM 66 IVW 0.005 (-0.009,0.018) 0.488 214.71 <0.001 0.374

WM -0.001 (-0.013,0.012) 0.933

MR Egger -0.004 (-0.028,0.020) 0.721

Urate Walking pace 81 IVW 0.003 (-0.006,0.012) 0.562 168.07 <0.001 0.152

WM 0.0004 (-0.010,0.011) 0.943

MR Egger 0.012 (-0.004,0.028) 0.132
MR, Mendelian randomization; SNPs, single nucleotide polymorphisms; IVW, inverse variance weighted;
CI, confidence interval; WM, weighted median; ALM, appendicular lean mass; WBLM, whole-body lean mass;
FFM, fat-free mass.
p* represents heterogeneity.
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evidence of the positive association between serum urate levels and

muscle mass. Nevertheless, a prospective study executed among

Spanish community-dwelling elderly adults found an inverse

association between urate levels and muscle mass (49).

Additionally, a cross-sectional study conducted in the United

States did not identify any substantial correlation between serum

uric acid and muscle mass (50). It is important to acknowledge that

these observational studies are susceptible to the influence of

confounding factors and the potential concern of reverse

causality, which poses challenges in establishing the causal link

between serum uric acid levels and muscle strength and mass.

Nevertheless, these limitations can be mitigated through the

application of MR studies.
Frontiers in Endocrinology 07
Oxidative stress denotes an intricate disturbance in the

equilibrium between oxidative and antioxidant activity within the

biological system, culminating in the excessive production and

accumulation of oxidative radicals, which inflicts deleterious effects

upon cells and tissues (51). A multitude of investigations has

substantiated the pivotal engagement of oxidative stress in the

pathogenesis of sarcopenia-induced muscle loss (52). Oxidative

stress has the capacity to trigger the occurrence of oxidative

protein damage in muscle cells, wherein the structural integrity of

proteins is compromised by various oxidative modifications,

including protein oxidation and hydroxylation. Consequently, the

functionality and stability of muscular proteins are diminished,

impeding their intrinsic physiological functions (53). Furthermore,
FIGURE 3

Forest plots of the causal effects of sarcopenia on serum urate levels.
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TABLE 2 MR results of the causal effect of hand grip strength and ALM on urate.

Exposures Outcomes No. of
SNPs

Methods b (95% CI) P Heterogeneity test Pleiotropy
test

Cochran’s Q P* P Intercept

Hand grip strength
(right)

Urate 130 IVW 0.029 (-0.074, 0.131) 0.583 285.42 <0.001 0.065

WM 0.000 (-0.112, 0.111) 0.997

MR Egger -0.337
(-0.736,0.061)

0.100

Hand grip strength (left) Urate 125 IVW -0.085 (-0.183,
0.013)

0.088 241.77 <0.001 0.360

WM -0.022 (-0.133,
0.089)

0.704

MR Egger 0.091 (-0.297, 0.479) 0.647

ALM Urate 614 IVW -0.028 (-0.061,
0.006)

0.110 1735.91 <0.001 0.132

WM 0.029 (-0.063, 0.006) 0.103

MR Egger -0.087 (-0.172,-
0.003)

0.044

WBLM Urate 396 IVW -0.006(-0.076,0.063) 0.855 1474.52 <0.001 0.002

WM -0.032(-0.097,0.033) 0.332

MR Egger -0.273(-0.452,-
0.094)

0.003

Right-leg FFM Urate 341 IVW 0.024(-0.047,0.096) 0.509 1252.44 <0.001 0.828

WM 0.042(-0.027,0.110) 0.035

MR Egger 0.006(-0.172,0.184) 0.947

Left-leg FFM Urate 318 IVW 0.004(-0.072,0.080) 0.918 1155.99 <0.001 0.120

WM 0.014(-0.058,0.086) 0.704

MR Egger -0.143(-0.342,0.057) 0.162

Right-arm FFM Urate 352 IVW -0.051(-0.127,0.024) 0.179 1223.75 <0.001 0.004

WM -0.036(-0.104,0.032) 0.301

MR Egger -0.332(-0.539,-
0.125)

0.002

Left-arm FFM Urate 346 IVW -0.022(-0.1,0.055) 0.577 1318.97 <0.001 0.004

WM -0.014(-0.085,0.057) 0.7

MR Egger -0.312(-0.52,-0.104) 0.004

Walking pace Urate 26 IVW -0.435(-0.766,
-0.103)

0.01 67.51 <0.001 0.644

WM -0.347(-0.656,
-0.038)

0.028

MR Egger -0.110(-1.510,
1.290)

0.879
F
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8
MR, Mendelian randomization; SNPs, single nucleotide polymorphisms; IVW, inverse variance weighted;
CI, confidence interval; WM, weighted median; ALM, appendicular lean mass. WBLM, whole-body lean mass;
FFM, fat-free mass.
p* represents heterogeneity.
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mitochondria, acknowledged as the primary source of ROS

production in skeletal muscle, emerge as susceptible targets of the

oxidative onslaught. The sustained impact of oxidative stress impairs

mitochondrial function, compromising the energy supply of muscle

cells, and ultimately resulting in the waning of muscular

performance (54–56). Simultaneously, oxidative stress exerts severe

interference with the repair system of mitochondrial DNA,

undermining the regenerative capacity of muscle tissue (57).

Furthermore, it is noteworthy that oxidative stress has the ability

to elicit an inflammatory response within muscle tissue. The

escalated production of ROS activates signaling pathways

associated with inflammation, resulting in the release of

inflammatory cytokines and chemokines (58, 59). While the

inflammatory response serves as a defensive mechanism against

oxidative stress to a certain extent, an excessive or protracted

inflammatory reaction can inflict detrimental consequences upon

muscle tissue, culminating in damage and degeneration (60, 61). In

this intricate milieu, the emergence of uric acid assumes a distinctive

role. With its profound antioxidative properties, uric acid efficiently

scavenges ROS, asserting dominance over approximately two-thirds

of the overall plasma antioxidant capacity (8, 62). Elevated levels of

uric acid have consistently demonstrated a positive correlation with

heightened serum antioxidant capacity and enhanced resistance

against oxidative stress (63). These findings postulate that uric acid

may assume a protective function in mitigating muscle loss by

fortifying the defense against oxidative stress.

The significance of inflammation in the pathogenesis and

progression of sarcopenia cannot be disregarded, as an abundance

of studies has revealed a negative correlation between elevated levels

of inflammatory cytokines and both muscular strength and mass (64,

65). Inflammatory cytokines possess the capacity to activate diverse

molecular pathways connected to skeletal muscle atrophy,

precipitating an imbalance in protein synthesis and catabolism,

consequently expediting the process of muscular wasting (66).

Notably, uric acid has been shown to exhibit an intimate

connection with the inflammatory response (67, 68). Uric acid is

capable of directly stimulating mitogen-activated protein kinases,

instigating inflammatory signaling pathways, and augmenting the

production of pro-inflammatory cytokines including interleukin 1(IL-

1), interleukin 6(IL-6), and tumor necrosis factor (TNF), which exert

pro-inflammatory effects independent of ROS (69, 70). Consequently,

the inflammatory response elicited by uric acid may exert potentially

detrimental effects on muscle mass and function. This implies that

while uric acid may harbor a protective effect on muscle, it also gives

rise to unfavorable consequences. However, the ultimate ramifications

of uric acid-induced inflammation and antioxidant stress on muscle

remain uncertain at present. The analysis conducted in the present

MR study unequivocally establishes no association between urate

levels and both muscle strength and mass, which engenders the

speculation that such an outcome may arise from a compensatory

interplay between uric acid-induced inflammation and the

counteractive influence of antioxidative stress.

The proposition that elderly individuals afflicted with

asymptomatic hyperuricemia could refrain from pursuing

aggressive uric acid-lowering therapy to impede the advancement

of sarcopenia (13), is unequivocally disproved by our findings. It is of
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paramount importance to acknowledge that the presence of

hyperuricemia, even in the absence of symptoms, manifests a

profound correlation with the emergence of various comorbidities,

type 2 diabetes mellitus, and cardiovascular disease (71).

Consequently, it becomes imperative to approach the correlation

between uric acid and sarcopenia with the utmost caution, lest

capitulating to the administration of misguided interventions that

have the potential to engender deleterious consequences.

Furthermore, it is imperative to acknowledge the potential

heterogeneity within the populace of distinct clinical subcategories

of sarcopenia. Genetic variations present in individuals exhibiting

various subtypes of sarcopenia may elicit divergent responses to

serum uric acid concentrations. Consequently, it becomes evident

that future investigations should be directed towards a

comprehensive exploration of these nuanced distinctions.

Our investigation boasts several strengths. Primarily, the

utilization of the MR analysis harnessed genetic variation,

effectively attenuating the influence of potential confounding

factors and reverse causality. Secondly, we employed a diverse

array of methods within our MR analysis to ensure the accuracy

and validity of the results. By incorporating multiple statistical

models in our sensitivity analysis, we effectively assessed the

consistency of the primary outcomes, furnishing compelling and

reliable evidence. Finally, our study was underpinned by the selection

of the most recent and dependable data from a substantial sample

size. Nevertheless, Certain limitations should be acknowledged in

our study. Firstly, the composition of our study population was

exclusively European, impeding the direct generalization of our

results to individuals from different ethnic backgrounds and

distinct cultural milieus. Secondly, old age and an individual’s

specific health condition are profoundly intertwined with serum

urate levels and development of sarcopenia. Regrettably, we were

precluded from investigating these variables in greater depth owing

to the unavailability of individual-level data. Furthermore, the

utilization of ALM as a gauge of muscle mass may introduce a

measure of inaccuracy, owing to potential biases stemming from

other non-fat soft tissue constituents. Lastly, although grip strength

serves as an objective and common marker of muscle strength, it

predominantly represents upper body potency, failing short of

comprehensively capturing the strength across the entire body.
Conclusion

In conclusion, our bi-directional MR analysis found no causal

association between serum urate levels and sarcopenia. In light of

this finding, it is incumbent upon us to exercise prudence when

considering interventions targeting serum urate levels as a means to

postpone the onset or progression of sarcopenia.
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Rodrıǵuez-Mañas L, et al. Serum uric acid concentrations and risk of frailty in older
adults. Exp gerontology (2016) 82:160–5. doi: 10.1016/j.exger.2016.07.002

50. Nahas PC, de Branco FMS, Azeredo CM, Rinaldi AEM, de Oliveira EP. Serum
uric acid is not associated with appendicular muscle mass index in young and middle-
aged adults: Results from NHANES 2011-2012. Clin Nutr ESPEN (2022) 52:262–9.
doi: 10.1016/j.clnesp.2022.08.034

51. Kregel KC, Zhang HJ. An integrated view of oxidative stress in aging: basic
mechanisms, functional effects, and pathological considerations. Am J Physiol
Regulatory Integr Comp Physiol (2007) 292:R18–36. doi: 10.1152/ajpregu.00327.20061

52. Meng SJ, Yu LJ. Oxidative stress, molecular inflammation and sarcopenia. Int J
Mol Sci (2010) 11:1509–26. doi: 10.3390/ijms110415094

53. Howard C, Ferrucci L, Sun K, Fried LP, Walston J, Varadhan R, et al. Oxidative
protein damage is associated with poor grip strength among older women living in the
community. J Appl Physiol (Bethesda Md 1985) (2007) 103:17–20. doi: 10.1152/
japplphysiol.00133.20071

54. Hamilton ML, Van Remmen H, Drake JA, Yang H, Guo ZM, Kewitt K, et al.
Does oxidative damage to DNA increase with age? Proc Natl Acad Sci United States
America (2001) 98:10469–74. doi: 10.1073/pnas.17120269818

55. Umanskaya A, Santulli G, Xie W, Andersson DC, Reiken SR, Marks AR.
Genetically enhancing mitochondrial antioxidant activity improves muscle function
in aging. Proc Natl Acad Sci United States America (2014) 111:15250–5. doi: 10.1073/
pnas.141275411142

56. Gonzalez-Freire M, de Cabo R, Bernier M, Sollott SJ, Fabbri E, Navas P, et al.
Reconsidering the role of mitochondria in aging. journals gerontology Ser A Biol Sci
Med Sci (2015) 70:1334–42. doi: 10.1093/gerona/glv07011

57. Szczesny B, Olah G, Walker DK, Volpi E, Rasmussen BB, Szabo C, et al.
Deficiency in repair of the mitochondrial genome sensitizes proliferating myoblasts to
oxidative damage. PloS One (2013) 8:e75201. doi: 10.1371/journal.pone.00752019

58. Meyer A, Laverny G, Allenbach Y, Grelet E, Ueberschlag V, Echaniz-Laguna A,
et al. IFN-b-induced reactive oxygen species and mitochondrial damage contribute to
muscle impairment and inflammation maintenance in dermatomyositis. Acta
neuropathologica (2017) 134:655–66. doi: 10.1007/s00401-017-1731-94

59. Daussin FN, Boulanger E, Lancel S. From mitochondria to sarcopenia: Role of
inflammaging and RAGE-ligand axis implication. Exp gerontology (2021) 146:111247.
doi: 10.1016/j.exger.2021.111247

60. Furman D, Campisi J, Verdin E, Carrera-Bastos P, Targ S, Franceschi C, et al.
Chronic inflammation in the etiology of disease across the life span. Nat Med (2019)
25:1822–32. doi: 10.1038/s41591-019-0675-012

61. Wilson D, Jackson T, Sapey E, Lord JM. Frailty and sarcopenia: The potential
role of an aged immune system. Ageing Res Rev (2017) 36:1–10. doi: 10.1016/
j.arr.2017.01.006

62. de Oliveira EP, Burini RC. High plasma uric acid concentration: causes and
consequences. Diabetol Metab syndrome (2012) 4:12. doi: 10.1186/1758-5996-4-12

63. Waring WS, Convery A, Mishra V, Shenkin A, Webb DJ, Maxwell SR. Uric acid
reduces exercise-induced oxidative stress in healthy adults. Clin Sci (London Engl 1979)
(2003) 105:425–30. doi: 10.1042/cs200301494

64. Schaap LA, Pluijm SM, Deeg DJ, Visser M. Inflammatory markers and loss of
muscle mass (sarcopenia) and strength. Am J Med (2006) 119:526. doi: 10.1016/
j.amjmed.2005.10.0496

65. Visser M, Pahor M, Taaffe DR, Goodpaster BH, Simonsick EM, Newman AB,
et al. Relationship of interleukin-6 and tumor necrosis factor-alpha with muscle mass
and muscle strength in elderly men and women: the Health ABC Study. journals
gerontology Ser A Biol Sci Med Sci (2002) 57:M326–32. doi: 10.1093/gerona/57.5.m3265

66. Bano G, Trevisan C, Carraro S, Solmi M, Luchini C, Stubbs B, et al.
Inflammation and sarcopenia: A systematic review and meta-analysis. Maturitas
(2017) 96:10–5. doi: 10.1016/j.maturitas.2016.11.006

67. Lyngdoh T, Marques-Vidal P, Paccaud F, Preisig M, Waeber G, Bochud M, et al.
Elevated serum uric acid is associated with high circulating inflammatory cytokines in
the population-based Colaus study. PloS One (2011) 6:e19901. doi: 10.1371/
journal.pone.00199015

68. Ruggiero C, Cherubini A, Ble A, Bos AJ, Maggio M, Dixit VD, et al. Uric acid and
inflammatory markers. Eur Heart J (2006) 27:1174–81. doi: 10.1093/eurheartj/ehi87910

69. Kang DH, Park SK, Lee IK, Johnson RJ. Uric acid-induced C-reactive protein
expression: implication on cell proliferation and nitric oxide production of human
vascular cells. J Am Soc Nephrol JASN (2005) 16:3553–62. doi: 10.1681/
asn.200505057212

70. Kanellis J, Kang DH. Uric acid as a mediator of endothelial dysfunction,
inflammation, and vascular disease. Semin Nephrol (2005) 25:39–42. doi: 10.1016/
j.semnephrol.2004.09.0071

71. Yip K, Cohen RE, Pillinger MH. Asymptomatic hyperuricemia: is it really
asymptomatic? Curr Opin Rheumatol (2020) 32:71–9. doi : 10.1097/
bor.00000000000006791
frontiersin.org

https://doi.org/10.1001/jama.2017.1721919
https://doi.org/10.1038/s41588-019-0504-x10
https://doi.org/10.1371/journal.pmed.10017793
https://doi.org/10.1097/mco.00000000000002025
https://doi.org/10.1097/mco.00000000000002025
https://doi.org/10.1152/jappl.1999.87.4.15134
https://doi.org/10.1038/s41467-017-00031-71
https://doi.org/10.1093/ageing/afq0344
https://doi.org/10.1038/nmeth.19745
https://doi.org/10.1093/ije/dyr0363
https://doi.org/10.1093/aje/kwt0847
https://doi.org/10.1093/ije/dyv0802
https://doi.org/10.1002/gepi.219654
https://doi.org/10.1016/j.jclinepi.2014.09.0053
https://doi.org/10.1016/j.jclinepi.2014.09.0053
https://doi.org/10.1111/j.1447-0594.2012.00962.x3
https://doi.org/10.1371/journal.pone.01510444
https://doi.org/10.1371/journal.pone.01510444
https://doi.org/10.1186/s13075-019-1858-21
https://doi.org/10.1016/j.clnu.2020.12.0436
https://doi.org/10.1016/j.ejim.2017.03.014
https://doi.org/10.1016/j.ejim.2017.03.014
https://doi.org/10.1016/j.mad.2008.04.0089
https://doi.org/10.1016/j.mad.2008.04.0089
https://doi.org/10.1186/s13395-022-00286-91
https://doi.org/10.1186/1471-2474-14-258
https://doi.org/10.1186/1471-2474-14-258
https://doi.org/10.1016/j.nut.2014.06.0121
https://doi.org/10.1371/journal.pone.01546925
https://doi.org/10.1371/journal.pone.01546925
https://doi.org/10.1016/j.exger.2016.07.002
https://doi.org/10.1016/j.clnesp.2022.08.034
https://doi.org/10.1152/ajpregu.00327.20061
https://doi.org/10.3390/ijms110415094
https://doi.org/10.1152/japplphysiol.00133.20071
https://doi.org/10.1152/japplphysiol.00133.20071
https://doi.org/10.1073/pnas.17120269818
https://doi.org/10.1073/pnas.141275411142
https://doi.org/10.1073/pnas.141275411142
https://doi.org/10.1093/gerona/glv07011
https://doi.org/10.1371/journal.pone.00752019
https://doi.org/10.1007/s00401-017-1731-94
https://doi.org/10.1016/j.exger.2021.111247
https://doi.org/10.1038/s41591-019-0675-012
https://doi.org/10.1016/j.arr.2017.01.006
https://doi.org/10.1016/j.arr.2017.01.006
https://doi.org/10.1186/1758-5996-4-12
https://doi.org/10.1042/cs200301494
https://doi.org/10.1016/j.amjmed.2005.10.0496
https://doi.org/10.1016/j.amjmed.2005.10.0496
https://doi.org/10.1093/gerona/57.5.m3265
https://doi.org/10.1016/j.maturitas.2016.11.006
https://doi.org/10.1371/journal.pone.00199015
https://doi.org/10.1371/journal.pone.00199015
https://doi.org/10.1093/eurheartj/ehi87910
https://doi.org/10.1681/asn.200505057212
https://doi.org/10.1681/asn.200505057212
https://doi.org/10.1016/j.semnephrol.2004.09.0071
https://doi.org/10.1016/j.semnephrol.2004.09.0071
https://doi.org/10.1097/bor.00000000000006791
https://doi.org/10.1097/bor.00000000000006791
https://doi.org/10.3389/fendo.2023.1252968
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Causality between urate levels with sarcopenia-related traits: a bi-directional Mendelian randomization study
	Introduction
	Methods
	Study design overview
	Data sources
	Selection of IVs
	Mendelian randomization analyses
	Sensitivity analysis
	Statistical analysis

	Results
	Causal effect of serum urate levels on sarcopenia-related traits
	Causal effect of sarcopenia-related traits on serum urate levels

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


