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Abstract

Background Evidence for a causal relationship between sarcopenia and obstructive sleep apnea (OSA) is scarce. This study
aimed to investigate the causal association between sarcopenia-related traits and OSA utilizing Mendelian randomization
(MR) analyses.

Methods MR analyses were conducted using genetic instruments for sarcopenia-related traits, including hand grip strength,
muscle mass, fat mass, water mass, and physical performance. Data from large-scale genome-wide association studies
(GWAS) were utilized to identify genetic variants associated with these traits. Causal associations with OSA were assessed
using various MR methods, including the inverse variance-weighted (IVW) method, MR-Egger, and weighted median
approaches. Pleiotropy and heterogeneity were evaluated through MR-PRESSO and other sensitivity analyses.

Results Low hand grip strength in individuals aged 60 years and older exhibited a positive correlation with the risk of OSA
(IVW, OR=1.190, 95% CI=1.003-1.413, p=0.047), while no significant causal effects were observed for grip strength in
the left and right hands. Muscle mass, fat mass, and water mass were significantly associated with OSA, even after adjust-
ing for multiple testing. Notably, higher levels of body fat percentage, trunk fat percentage, and limb fat percentage were
strongly correlated with increased risk of OSA. Physical performance indicators such as walking pace demonstrated an
inverse association with OSA, while a higher risk of OSA was observed with increased log odds of falling risk and greater
frequency of falls in the last year. Additionally, a causal effect was found between long-standing illness, disability, or infir-
mity and OSA.

Conclusions This comprehensive MR analysis provides evidence of a significant causal relationship between characteristics
associated with sarcopenia, including low hand grip strength, muscle mass, fat mass, and physical performance, and the risk
of OSA. These findings underscore the importance of addressing sarcopenia-related factors in the management and preven-
tion of OSA.
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Introduction

Sarcopenia is a skeletal muscle-related disorder. Studies
have indicated that people with sarcopenia are at a higher
risk of falls, cardiovascular disease, and type 2 diabetes [1].
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four limbs and approximately reflects overall body mus-
cle content [3]. In clinical practice, physical performance
is used to grade the severity of sarcopenia after a positive
diagnosis, with walking pace, an objective measure, being
the most widely applied indicator [4]. Sarcopenia is both
an independent condition and a systemic disease. Conse-
quently, an increasing number of studies have investigated
sarcopenia-related adverse outcomes, including falls, frailty,
reduced quality of life, and mortality.

Obstructive sleep apnea (OSA) is a prevalent and haz-
ardous syndrome. Statistically, nearly 1 billion adults aged
30-69 years worldwide may suffer from OSA [5]. The main
characteristic of OSA is chronic intermittent hypoxia, which
increases the risk of systemic diseases such as diabetes [0,
7]. However, most patients are unaware of their affected
breathing and the importance of seeking medical attention,
leading to low diagnosis rates and increased healthcare
costs [8].

Observational studies have suggested a detrimental rela-
tionship between sarcopenia and OSA, but the causality
remains unclear [9]. Obesity and sarcopenic traits may also
act synergistically in the development of OSA. For instance,
pharyngeal and laryngeal muscle atrophy, combined with
fat accumulation around the airway, could contribute to
OSA [10]. Additionally, pro-inflammatory cytokines like
interleukin-6 (IL-6) and tumor necrosis factor-o (TNF-a)
are elevated in both sarcopenia and OSA [11]. Higher IL-6
levels can drive muscle atrophy, while TNF-o promotes
muscle protein breakdown and inhibits muscle protein syn-
thesis through specific signaling pathways. These observa-
tions indicate that exploring genetic variations could further
clarify the causal link between sarcopenia and OSA.

Although randomized controlled trials (RCTs) are the
gold standard in clinical research, they can sometimes lead
to unreliable outcomes due to confounding variables and
reverse causation. Additionally, RCTs are often time-con-
suming, costly, and come with ethical concerns. Mendelian
randomization (MR) offers a powerful epidemiological tool
that leverages genetic variants as instrumental variables
(IVs) to account for confounders. MR is particularly val-
ued for its ability to minimize the risk of reverse causal-
ity, thereby improving the robustness of causal inferences
between exposures and clinical outcomes [12]. As such, MR
analysis is an effective approach for exploring the causal
relationship between sarcopenia and OSA.

In summary, the association between sarcopenia and OSA
is frequently mediated through biological pathways and
metabolism, including muscle atrophy, altered fat distribu-
tion, and inflammatory factors. Given the independence of
genetic variation from lifestyle and environmental factors,
SNPs identified through GWASs offer valuable insights
into assessing causal relationships between exposures and
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outcomes. Leveraging large-scale GWAS data, this study
employed two-sample MR analysis to investigate the causal
relationship between sarcopenia and OSA, contributing to
the development of more comprehensive treatment strate-
gies for OSA patients and ultimately enhancing their quality
of life.

Design and methods
Study design

Our study used a two-sample MR approach to investigate
the causal association between sarcopenia-related traits and
OSA. An overview of the design presented in Fig. 1. The
genetic variants serving as instrumental variables (IVs),
known as single-nucleotide polymorphisms (SNPs), must
meet three essential criteria [13]: (1) they should strongly
predict the exposures, (2) they should be exclusively associ-
ated with the outcome through the exposures, and (3) they
should not be associated with any confounders that could
influence the exposure-outcome relationship.

Data sources

Based on a comprehensive analysis of the global epide-
miological characteristics and impact of sarcopenia, the
diagnostic methods, risk factors and clinical outcomes
were considered as relevant key aspects [14]. The study
underscored the detrimental effects of sarcopenia on health,
emphasizing the need to standardize diagnostic criteria
and improve detection in patients. Therefore, we included
26 sarcopenia-related traits across three domain: (1) mus-
cular strength(hand grip strength (left), hand grip strength
(right), low hand grip strength (60 years and older) (EWG-
SOP)), (2) body composition(body fat percentage, trunk fat
percentage, arm fat percentage (left), arm fat percentage
(right), leg fat percentage (left), leg fat percentage (right),
appendicular lean mass (ALM), whole body water mass,
whole body fat mass, trunk fat mass, arm fat mass (left),
arm fat mass (right), leg fat mass (left), leg fat mass (right)),
and (3) physical performance (usual walking pace, number
of days/week walked 10+ minutes, frequency of walking for
pleasure in last 4 weeks, duration of walks, falling risk, falls
in the last year, frailty index, malnutrition, long-standing ill-
ness, disability or infirmity).

In terms of muscular strength, our study focused on hand
grip strength, a crucial indicator that encompasses measure-
ments for both the left and right hands as well as the cri-
teria for low hand grip strength set forth by the European
Working Group on Sarcopenia in Older People (EWGSOP),
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Assumption 2

‘L— Confounder ﬁ

Assumption 1

> Exposures

Instrumental variables

(sarcopenia-related indicators)

Hand grip strength :

Hand grip strength (left)

Hand grip strength (right)

Low hand grip strength (60 years and older)

Physical performance :
Usual walking pace
Duration of walks
Falling risk

Muscle mass, fat mass, water mass :

Body fat percentage Leg fat percentage (left)

Trunk fat percentage Leg fat percentage (right)

Arm fat percentage (left) Appendicular lean mass (ALM)

Arm fat percentage (right) Whole body water mass

Fig. 1 Overview of the design

classifying individuals aged 60 and older with values below
30 kg for males and 20 kg for females.

In terms of body composition, sarcopenia is character-
ized by the loss of appendicular lean mass (ALM). How-
ever, ALM is not the sole determinant; the whole-body fat
mass and water mass also exert significant influence on this
condition. In light of this, our study selected whole-body
mass, trunk mass, and extremities mass as key parameters.
Additionally, we considered similar indicators such as limb,
trunk, and whole-body fat percentages.

Physical performance is an essential measure that reflects
the integrated functionality of the entire body, rather than
the function of an isolated organ. The usual walking pace
stands out as a frequently utilized metric in this context. Our
analysis also encompassed other relevant aspects such as the
duration and frequency of walking activities, including the
number of days walked for 10+ minutes and the frequency
of walking for leisure in the past four weeks. Furthermore,
we examined fall-related factors, encompassing both the
risk of falls and the actual number of falls within the preced-
ing year. We also took into account indicators of malnutri-
tion and frailty, including the frailty index and the presence
of chronic illnesses, disabilities, or infirmities.

The above exposure datasets were obtained from the UK
Biobank through the IEU Open GWAS project (https://g
was.mrcieu.ac.uk/). We also utilized GWAS data for OSA
from the IEU Open GWAS Project, which contained 13,818
cases and 463,035 controls, for the outcome dataset. Data

MR analysis

3 Outcome

(obstructive sleep apnea)

z

Falls in the last year Number of days/week walked 10+ minutes

Frailty index Frequency of walking in last 4 weeks
Malnutrition Long-standing illness, disability or infirmity
Whole body fat mass Leg fat mass (left)

Trunk fat mass Leg fat mass (right)

Arm fat mass (left)
Arm fat mass (right)

sources, participant demographics, ethnic backgrounds, and
the studies included in our analysis are concisely outlined in
Supplementary Table 1.

Selection of instrumental variables

In line with the three core assumptions of MR analysis,
we selected independent SNPs strongly associated with
the exposures (p<5x10"®) as IVs for most indices. Due
to the limited number of SNPs associated with indices
such as falling risk, falls in the past year, and malnutri-
tion, a more lenient threshold (p<5x 10") was adopted to
identify additional SNPs related to these phenotypes. This
approach helps mitigate the risk of false negatives caused
by Bonferroni correction and facilitates the identification of
more candidate loci for further validation. To ensure that
SNPs were not associated with any potential confounders
and were independent of each other, we applied clump-
ing to mitigate linkage disequilibrium (LD) among the
IVs. Specifically, SNPs were clumped using a threshold of
r#<0.001 and a physical distance of 10,000 kb [15]. Subse-
quently, palindromic SNPs were excluded from the harmo-
nization process to prevent biased results stemming from
the inability to determine the orientation of effector alleles
in the analyses. MR Pleiotropy Residual Sum and Outlier
(MR-PRESSO) was then utilized to identify and remove
outlier SNPs, thereby preventing horizontal pleiotropy. The
I'Vs that were eliminated due to being outliers are presented
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in Supplementary Table 2. The comprehensive steps of the
screening process are outlined in Supplementary Table 3.
To evaluate the relationship between IVs and exposure, the
strength of selected I'Vs was estimated using F statistics. F
statistics were calculated with the formula: F=beta.expo-
sure?/ se.exposure’. IVs with F value> 10 was considered of
a sufficient strength. All IVs with F value>10 were consid-
ered of a sufficient strength of instrument [16]. The detailed
information on all IVs ultimately used in our study is sum-
marized in Supplementary Tables 5-30.

Statistical analysis

The causal relationship between sarcopenia-related indica-
tors and OSA was investigated using a range of MR methods,
primarily implemented through the ‘“TwoSampleMR’ pack-
age (version 0.5.6). These methods included inverse vari-
ance weighting (IVW), MR Egger, simple mode, weighted
median, and weighted mode [17, 18]. Due to its superior
estimation accuracy and test power, the [IVW method was
employed as the primary analytical approach. This method
combines Wald estimates for each SNP using a meta-anal-
ysis approach to derive an overall estimate. In addition, we
utilized the weighted median and the MR-Egger methods
as supplementary analytical tools. The weighted median
approach assumes that at least 50% of genetic variants
are valid, making it suitable for situations where most IVs
do not exhibit horizontal pleiotropy. Meanwhile, the MR-
Egger method, which performs weighted linear regres-
sion of genetic outcome coefficients, was also employed,
although it is generally less efficient than IVW. Heterogene-
ity among the selected IVs was assessed using Cochran’s
Q statistic and its corresponding P-value. In the absence of
significant heterogeneity, the estimates of random and fixed
effects were consistent. If the P-value of the Cochran’s Q
statistic is <0.05, indicating significant heterogeneity, the
random effects IVW model must be used instead of the fixed
effects IVW model [19]. To address the potential impact of
horizontal pleiotropy, we used the MR-PRESSO method for
detection and adjustment [20]. We assessed the presence of
overall horizontal pleiotropy by comparing the observed
distances of all genetic variants from the regression line
(derived from the IVW method) with the expected distances
under the assumption of no horizontal pleiotropy. In MR-
Egger regression, the significance of the intercept term
serves as the indicator of horizontal pleiotropy. Addition-
ally, the method identifies and excludes outliers that could
bias the estimates, allowing for a retest to compare results
before and after the exclusion. This approach enhances the
accuracy and reliability of the MR analysis. Meanwhile,
sensitivity analyses were conducted using the Leave-one-
out sensitivity test, where each SNP was sequentially
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removed to assess its impact on the overall results. If the
exclusion of any SNP did not significantly alter the find-
ings, it indicated that the MR results were robust and not
driven by any single genetic variant. The study results can
also be effectively illustrated using visualization tools such
as scatter plots and funnel plots. Scatter plots help visual-
ize the relationship between genetic variation, exposure and
outcome. A linear relationship between SNPs and the effect
size of the exposure suggests a causal link. Funnel plots,
on the other hand, are used to detect heterogeneity among
genetic variants. Asymmetry in the funnel plot may indicate
the presence of heterogeneity or other biases, which could
affect the study’s conclusions.

Results

The causal association between Sarcopenia-related
traits and OSA

The P-values from MR analyses and those adjusted by
MR-PRESSO are presented in Fig. 2. The detailed results
of the MR analyses, including the values for heterogeneity
and pleiotropy tests, are shown in Supplementary Table 4.
Figure 3 provides detailed information on the MR analy-
ses, illustrating the causal associations between sarcopenia-
related features and OSA. Scatter plots depicting the causal
relationships between sarcopenia-related traits and OSA are
visualized in Supplementary Figures A1-26. Forest plots
showing the causal associations between sarcopenia-related
traits and OSA are presented in Supplementary Figures
B1-26. The leave-one-out analysis results for the causal-
ity of sarcopenia-related traits with OSA are visualized in
Supplementary Figures C1-26. Funnel plots illustrating the
causal associations between sarcopenia-related traits and
OSA are shown in Supplementary Figures D1-26.

Hand grip strength and OSA

Among the three grip strength targets, low hand grip strength
in individuals aged 60 years and older was positively cor-
related with the risk of OSA. The odds ratio (OR) was 1.190
[95% confidence interval (95% CI), 1.003—1.413; p=0.047]
using the IVW method after excluding outliers identified by
the MR-PRESSO test (Fig. 2). The P-value for the Egger-
intercept test was 0.807, indicating no pleiotropic bias in
assessing the effect of low grip strength in older adults with
the IVW method. Leave-one-out analysis confirmed that the
causal relationship was not driven by any single SNP. No
significant causal effects were observed between hand grip
strength (left and right) and OSA (Fig. 3).
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Fig. 2 Results of main MR analyses with unadjusted p-values and adjusted p-values

Muscle mass, fat mass, water mass, and OSA

Associations between appendicular lean mass (ALM),
whole-body mass, trunk mass, extremities mass, and various
fat percentages (limbs, trunk, and whole-body) with OSA
were observed before adjusting the p-values. These associa-
tions remained significant after adjustment: OSA and ALM
(IVW,OR=1.133,95% CI=1.050-1.222, p=0.001) Whole-
body water mass (IVW, OR=1.786, 95% CI=1.586-2.011,
p=9.70E-22) Whole-body fat mass (IVW, OR=1.981,
95% CI=1.791-2.190, p=1.48E-40) Trunk fat mass (IVW,
OR=1.828, 95% CI=1.653-2.021, p=5.47E-32) Left
arm fat mass (IVW, OR=2.225, 95% CI=2.029-2.439,
p=3.53E-65) Right arm fat mass (IVW, OR=2.274, 95%
CI=2.080-2.485, p=3.67E-73) Left leg fat mass (IVW,
OR=2.808, 95% CI=2.476-3.183, p=2.08E-58) Right
leg fat mass (IVW, OR=2.659, 95% CI=2.356-3.002,
p=1.92E-56) Body fat percentage (IVW, OR=2.163, 95%
CI=1.888-2.478, p=9.01E-29) Trunk fat percentage (IVW,
OR=1.767, 95% CI=1.572-1.986, p=1.19E-21) Left arm
fat percentage (IVW, OR=2.440, 95% CI=2.129-2.797,

p=1.44E-37) Right arm fat percentage (IVW, OR=2.484,
95% CI=2.155-2.864, p=5.48E-36) Left leg fat percentage
(IVW, OR=2.866, 95% Cl=2.433-3.377, p=2.54E-36)
Right leg fat percentage (IVW, OR=2.729, 95% CI=2.297—
3.241, p=2.80E-30) The results from MR Egger and the
Weighted Median method were largely consistent. Addi-
tionally, no significant horizontal pleiotropy was detected
by the MR-Egger intercept test (Supplementary Table 4).

Physical performance and OSA

Usual walking pace was inversely associated with OSA
using the IVW method, with an OR value of 0.153 (95%
CI, 0.092-0.256; p=8.24 x 107'3). The MR-Egger test indi-
cated no significant pleiotropy in these results (p=0.825).
No causal associations were found between the duration of
walks, the frequency of walking for pleasure in the last four
weeks, the number of days per week walked for 10+ min-
utes, and OSA. A one-unit increase in the log odds of fall-
ing risk was associated with a 47% higher risk of OSA
(OR, 1.469, 95% CI: 1.199-1.800, p<0.001). More falls
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MR Egger 4 < 2,573 (0.085 - 78.298) 0.5955
Frequency of walking in last 4 weeks 8 Inverse variance weighted —— 0.921(0.577 -1.471)  0.7317
Weighted median o 0.793 (0.450 - 1.396)  0.4209
MR Egger : ° 1.607 (0.013 - 197.706) 0.8532
Falling risk 50 Inverse variance weighted H HlH 1.469 (1.199 - 1.800)  2.05e-04
Weighted median —— 1.397 (1.053 - 1.852)  0.0203
MR Egger ——— 0.940 (0.371 -2.384)  0.8971
Falls in the last year 59 Inverse variance weighted H ———————— 4,972 (2.408 - 10.265) 1.45e-05
Weighted median | ————————&————>3468(1.382-8.699) 0.008
MR Egger o 0.381(0.028 -5.230)  0.4735
'
Frailty index 14 Inverse variance weighted ! —— 1.965(1.312 -2.942)  0.001
Weighted median —— 1.690 (1.047 -2.729)  0.0317
MR Egger — 0.695 (0.107 -4.516)  0.7097
Malnutrition 7 Inverse variance weighted ] 1.006 (0.997 - 1.015)  0.1889
Weighted median ¢+ 1.005 (0.994 - 1.015)  0.3905
MR Egger ¢ 1.004 (0.992 - 1.015)  0.5341
Long-standing illness, disability or infirmity 29 Inverse variance weighted : ——————————— 4.387(1.657 - 11.612) 0.0029
X ! * -
Weighted median H ,g 2.715(0.868 -8.492)  0.0861
MR Egger ®> 5651 (0.157 -203.299) 0.3519

W P>005 W P<0.05 M P<0.01 NA r T T

00_ _10__20 30 40 50 60
W VW @ MREgger & Weighted median  NA -—
protect risk

in the past year were related to a higher risk of OSA (OR,  p=0.003). Additionally, the IVW, MR Egger, and Weighted
4.972, 95% CI: 2.408-10.265, p<0.001). A similar result =~ Median results all suggested no causal effect of malnutrition
was found between the frailty index and OSA (OR, 1.965,  on OSA. The results of sensitivity analyses are shown in
95% CI: 1.312-2.942, p=0.001). We found strong evidence  Supplementary Table 4.

supporting the causality of long-standing illness, disability,

or infirmity on OSA (OR, 4.387, 95% CI: 1.657-11.612,
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Discussion

To the best of our knowledge, this is the first mendelian
randomization study to systematically evaluate the causal
relationships between sarcopenia-related traits and OSA in
European population. Existing clinical studies have indi-
cated that early-onset sarcopenia is more likely to occur in
younger patients with OSA [21]. The sarcopenia index was
negatively correlated with the odds ratio of sleep disorders.
Maintaining optimal muscle mass may have a beneficial
effect on OSA [22]. Our findings reveal that genetically
determined low hand grip strength, falls, frailty, and dis-
ability are significantly associated with increased risks of
OSA. Genetically predicted usual walking pace was nega-
tively correlated with OSA, indicating that a lower walk-
ing speed increases the probability of suffering from sleep
apnea. Additionally, muscle mass, fat mass, and water mass
were positively related to OSA. However, we did not find
a direct causal relationship between (left & right) hand
grip strength, malnutrition, the duration and frequency of
walking and OSA. Overall, the current MR results provide
valuable insights into the impact of sarcopenia on OSA,
highlighting the importance of considering skeletal muscle
health in preventive and therapeutic strategies.
Observational investigations have demonstrated a trans-
diagnostic relationship between sleep duration and hand
grip strength as well as the potential use of hand grip
strength as a marker in OSA [23]. In the MR analysis, we
strongly supported the effect of low grip strength on OSA,
indirectly suggesting a causal relationship between sarcope-
nia and OSA. A cross-sectional study of Korean adults aged
40 to 80 years showed that low OSA risk was found to be
associated with high grip strength after adjusting for other
sleep parameters and confounders [24]. Another cross-sec-
tional study involving Chinese individuals also reported that
self-reported excessive daytime sleepiness accompanied
by snoring or apnea was associated with the lowest grip
strength [25]. The underlying physiological mechanism may
involve obesity, insulin resistance, and sarcopenia converg-
ing on a shared pro-inflammatory pathway [26], triggering
an inflammatory cascade that impairs muscle metabolism
and function. This process may result in weakened muscle
strength, such as reduced hand grip strength, ultimately
increasing the risk of OSA. Furthermore, a HypnoLaus
cohort study based on a Swiss population found that severe
OSA measured using polysomnography was associated with
decreased muscle strength. In adults over 60 years of age,
low muscle strength directly affected OSA [27]. This find-
ing aligned with our MR results that the more severe the low
grip strength condition in individuals over 60 years of age,
the higher the risk of OSA. However, no association was
found between either left hand or right hand grip strength

and OSA. Therefore, further research is required to explore
the relationship between grip strength and OSA for different
hand grip strength levels.

Previous studies have found that sleep apnea is associ-
ated with an increased risk of falls in older men [28, 29],
independent of confounders. Sleep deprivation is a major
cause of unintentional injuries from falls, but no studies
have investigated whether the frequency of falls and the risk
of falling increase the risk of OSA. Patients with sarcopenia
experience decreased muscle strength, particularly in the
lower limbs, leading to longer sitting or lying times [30].
Some studies have shown that a 20% reduction in muscle
mass is associated with a reduced ability to perform activi-
ties of daily living and an increased risk of falls. The risk of
death significantly increases when muscle mass loss reaches
40%. Our results suggest that fall is a risk factor for OSA,
offering a new perspective for preventing OSA. Aging,
inflammation, oxidative stress, and other factors may par-
tially contribute to the development of sarcopenia and OSA
[31, 32].

Treatment of frailty is an important approach to treat-
ing OSA, and sarcopenia is a major component of frailty
[33]. Karla et al. found that a gender-stratified association
between OSA risk and frailty in women but not in men [34].
Nevertheless, cross-sectional analyses from a prospective
cohort study focusing on older men in the United States sug-
gested that OSA was independently associated with greater
evidence of frailty [35]. In addition, Omachi et al. reported
that patients with OSA are at increased risk of recent work
disability relative to patients without OSA [36]. In our study,
a strong causal relationship was found between frailty, dis-
ability and OSA. This findings also strongly validate the
above studies and provide a broader range of therapeutic
strategies for OSA. In contrast, genome-wide association
studies have not found a causal relationship between malnu-
trition and OSA. A retrospective intra-laboratory review of
PSG data similarly confirmed that sleep-disordered breath-
ing is common among the patients with muscular dystrophy
(MD). Not all types of MD had the same degree of OSA
or the same clinical manifestations. After adjusting for age,
gender, body mass index and type, MD was marginally asso-
ciated with OSA [37]. Although some reports have claimed
that deficient vitamin D leads to a statistically higher risk
of OSA, especially in children and adolescents [38]. How-
ever, evidence supporting the role of vitamin D and other
nutritional indicators in adult OSA remains limited. Further
research is needed to determine whether interventions for
malnutrition can prevent the development of OSA.

Our MR study on the relationship of usual walking pace
with OSA indicated that usual walking pace was a protec-
tive factor for OSA. A possible causal pathway for this
finding involves the Rostral Fluid Shift hypothesis [39].
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According to this hypothesis, during the day fluid accumu-
lates in the intravascular and interstitial spaces of the legs
due to gravity, and upon lying down at night redistributes
rostrally, again owing to gravity. This fluid is displaced to
the rostral side (towards the head), increasing the tendency
to narrow the upper airway, thus predisposing to OSA [40].
Physical activity, such as walking, reduces fluid accumu-
lation in the lower extremities, while increasing upper air-
way dilator muscle strength, reducing nasal resistance and
improving sleep architecture [41]. A large population-based
study also verified that a slower walking speed is associ-
ated with a greater prevalence of OSA [42]. Certain inflam-
matory pathways involve substances like IL-6 and TNF are
implicated in both sarcopenia and OSA. Elevated levels
of IL-6 and TNF, alongside decreased levels of IGF-1, are
linked to reductions in muscle mass, strength, and function
[26]. Evidence suggests that acrobic exercise, such as walk-
ing, can effectively downregulate these circulating inflam-
matory biomarkers. This indicates that regular physical
activity plays a crucial role in mitigating age-related muscle
changes. Consequently, this highlights the importance of
focusing on interventions that promote walking pace as a
means to prevent OSA. Nevertheless, a large number of
observational and cohort studies are needed to demonstrate
the effect of walking duration and frequency on OSA.

Different patterns of body fat distribution are genetic fac-
tors contributing to OSA. In our study, excess fat-whether
located in the limbs or trunk was found to increase the risk
of OSA. Existing research confirms that body fat tends to
increase with age, peaking around 70 years old before grad-
ually declining, while muscle mass begins to decrease after
reaching a peak around age 40 [10]. Ongoing fat accumula-
tion triggers pro-inflammatory responses, creating a nega-
tive feedback cycle that promotes the onset of sarcopenic
obesity [43]. Specifically, fat buildup near the neck, often
associated with central obesity, may contribute mechani-
cally to upper airway obstruction during sleep, reduce lung
volumes, and alter airflow dynamics, all of which increase
airway collapsibility [11]. Additionally, inflammatory lipids
release paracrine hormones and cytokines, leading to lipo-
toxicity, which impairs muscle fiber contractility and dis-
rupts muscle protein synthesis. This exacerbates sarcopenia,
leading to respiratory overload, increased oxygen consump-
tion, and greater CO? production [44]. However, resistance
training has been shown to increase the number and size of
muscle fibers (type IIA and IIX). This, in turn, improves
glucose metabolism, enhances muscle protein synthesis, and
reduces inflammatory cytokines levels [45], and ultimately
mitigates sarcopenia while lowering the risk of OSA.

ALM is a sarcopenia-related trait mainly affected by
skeletal muscle and is more heritable than whole-body lean
mass [46, 47]. Contrary to the study by Liu et al. [48], we
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found a genetic causal relationship between ALM and OSA.
Additionally, our results indicated that higher limb, trunk,
and whole-body fat mass increases the risk of OSA, simi-
lar to a study showing a positive correlation between OSA
severity and the muscle skeletal index reported by Takeshi
et al. [49]. More observational studies are needed to inves-
tigate the relationship between skeletal muscle and OSA.
Interestingly, we also found a strong link between whole-
body water mass and OSA. This observation aligns with the
findings of Hsu et al. [50], which suggested that increased
truncal adiposity and body water mass are associated with a
higher risk of low arousal threshold obstructive sleep apnea.
This study has several advantages. Firstly, our research is
the first to use MR analysis to evaluate the effect of sarco-
penia on OSA and innovatively propose that the diagnostic
modality, risk factors and clinical outcomes of sarcopenia
are all relevant features of sarcopenia. Secondly, the method
minimizes bias due to confounding factors and reverse cau-
sality, while the reliability of the results was enhanced by
the combined use of multiple MR analysis methods and
sensitivity analysis methods. Lastly, unlike previous obser-
vational studies, MR analyses utilize genetic variations as
I'Vs that are randomly assigned at conception. These genetic
variations are independent of behavioral, psychological,
socio-economic, and environmental exposures, enabling
MR to reflect the lifelong impact of risk or protective factors
on outcomes. This approach provides more robust evidence
for the causal relationship between sarcopenia and OSA.
We must acknowledge several unavoidable limitations
in this study. Although heterogeneity may exist in the MR
analyses, we used the random-effects IVW model, which
yields more conservative results. Even in the presence of
heterogeneity, the findings remain relatively stable. Mean-
while, our application of MR Methods (IVW, MR-Egger,
MR-PRESSO) was very robust, which ensured the credibil-
ity of the research results. To address the lack of SNPs at the
genome-wide significance level for outcomes such as falling
risk, falls in the past year, and malnutrition, a less stringent
threshold (p<5x10"%) was applied to include more SNPs.
However, this approach may increase the potential for con-
founding in the selected instrumental variables. Given that
the findings are based solely on populations of European
origin, the distinct characteristics of the European genome
may impact the validity of the IVs and limit the generaliz-
ability of the results in MR analyses. Therefore, it is crucial
to validate these findings in other genetic lineages. Future
research should include cross-sectional and cohort studies
using large databases of diverse ethnic group. The inability
to stratify GWAS statistics by gender or age presents sig-
nificant challenges, as confounding factors associated with
these variables may influence the results. However, stratified
analyses of other databases by gender and age have revealed
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that early-onset sarcopenia (characterized by low hand grip
strength and slow walking pace) shows a significant asso-
ciation with OSA in individuals aged 18-39. In contrast, this
association was not statistically significant in those aged
40-59 [21]. Notably, gender was found to have a significant
impact on the relationship between sarcopenia and OSA.
Therefore, while the potential effect of age as a confounding
factor appears to be minimal, the influence of gender can-
not be overlooked. To further enhance the reliability of MR
results, future approaches such as Polygenic Risk Scores
could be used to validate the connections between genetic
and disease. Lifestyle profiling based on genetic exposure
could also be used to assess genetic susceptibility to various
diseases or traits. In addition, this study primarily relied on
data from the MRC-IEU and the UK Biobank, which have
inherent limitations, including possible measurement errors
and sample selection bias. Addressing these limitations will
allow for a more comprehensive exploration of the relation-
ship between sarcopenia and OSA, thereby providing stron-
ger support for the MR findings.

Conclusion

In summary, our study identified a significant associa-
tion between sarcopenia and OSA. We found that geneti-
cally determined factors, such as low hand grip strength,
falls, frailty, and disability, were significantly linked to an
increased risk of OSA. Genetically predicted usual walk-
ing pace was negatively correlated with OSA. Additionally,
a genetically predicted slower walking pace was nega-
tively correlated with OSA, while muscle mass, fat mass,
and water mass showed positive relationships with OSA.
However, we did not observe a direct causal relationship
between hand grip strength (left & right), malnutrition, the
duration and frequency of walking, and OSA. Furthermore,
due to the lack of adjustment for confounding factors such
as age, gender, and ethnicity, future prospective studies will
be essential to explore the underlying mechanistic pathways
and clarify the effects of sarcopenia on OSA.

Supplementary Information The online  version  contains
supplementary material available at https://doi.org/10.1007/s40520-0
25-02963-3 .

Author contributions Conceptualization: Huixian Sun, Xin Zeng, Wei
Gao, and Xiang Lu; Methodology: Huixian Sun, Wei Gao, and Xiang
Lu; Formal analysis: Huixian Sun, Xin Zeng, and Wei Gao; Investiga-
tion: Huixian Sun, Xin Zeng; Visualization: Xin Zeng; Draft writing:
Huixian Sun, Xin Zeng; Revision: Wei Gao, Xiang Lu. All authors
have read and agreed to the published version of the manuscript.

Funding This work was supported by grants from the National Natural
Science Foundation of China (No. 8197020550 to Wei Gao).

Data availability The GWAS summary data could be found at https
://gwas.mrcieu.ac.uk/. The database ID of each GWAS and the data
generated in our study could be found in Supplementary Material. The
datasets generated during and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Declarations

Ethical approval This study used publicly available summarized data
from the GWAS database. All of the studies and consortia accessed in
the present study were approved by their respective ethics committee.

Informed consent Written informed consent was obtained from each
participant.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

1. Yuan S, Larsson SC (2023) Epidemiology of Sarcopenia:
prevalence, risk factors, and consequences. Metab Clin Exp
144:155533. https://doi.org/10.1016/j.metabol.2023.155533

2. Sayer AA, Kirkwood TB (2015) Grip strength and mortality: a
biomarker of ageing? Lancet (London England) 386(9990):226—
227. https://doi.org/10.1016/S0140-6736(14)62349-7

3. Suetta C, Haddock B, Alcazar J et al (2019) The Copenhagen
Sarcopenia Study: lean mass, strength, power, and physical func-
tion in a Danish cohort aged 20-93 years. J cachexia Sarcopenia
Muscle 10(6):1316—1329. https://doi.org/10.1002/jcsm.12477

4. Cruz-Jentoft AJ, Bahat G, Bauer J et al (2019) Sarcopenia:
revised European consensus on definition and diagnosis. Age
Ageing 48(1):16-31. https://doi.org/10.1093/ageing/afy 169

5. Benjafield AV, Ayas NT, Eastwood PR et al (2019) Estimation of
the global prevalence and burden of obstructive sleep apnoea: a
literature-based analysis. Lancet Respiratory Med 7(8):687-698.
https://doi.org/10.1016/S2213-2600(19)30198-5

6. Veasey SC, Rosen IM (2019) Obstructive sleep apnea in adults.
Reply. N Engl J Med 380(15):1442—-1449. https://doi.org/10.105
6/NEJMc1906527

7. Aurora RN, Punjabi NM (2013) Obstructive sleep apnoea and
type 2 diabetes mellitus: a bidirectional association. Lancet
Respiratory Med 1(4):329-338. https://doi.org/10.1016/S2213-2
600(13)70039-0

8. Glick DR, Abariga SA, Thomas I et al (2023) Economic impact
of Insufficient and disturbed sleep in the Workplace. Pharmaco-
Economics 41(7):771-785. https://doi.org/10.1007/s40273-023
-01249-8

@ Springer


https://gwas.mrcieu.ac.uk/
https://gwas.mrcieu.ac.uk/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.metabol.2023.155533
https://doi.org/10.1016/S0140-6736(14)62349-7
https://doi.org/10.1002/jcsm.12477
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1016/S2213-2600(19)30198-5
https://doi.org/10.1016/S2213-2600(19)30198-5
https://doi.org/10.1056/NEJMc1906527
https://doi.org/10.1056/NEJMc1906527
https://doi.org/10.1016/S2213-2600(13)70039-0
https://doi.org/10.1016/S2213-2600(13)70039-0
https://doi.org/10.1007/s40273-023-01249-8
https://doi.org/10.1007/s40273-023-01249-8
https://doi.org/10.1007/s40520-025-02963-3
https://doi.org/10.1007/s40520-025-02963-3

68

Page 10 of 11

Aging Clinical and Experimental Research

(2025) 37:68

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Piovezan RD, Hirotsu C, Moizinho R et al (2019) Associations
between sleep conditions and body composition states: results of
the EPISONO study. J cachexia Sarcopenia Muscle 10(5):962—
973. https://doi.org/10.1002/jcsm.12445

Lévy P, Kohler M, McNicholas WT et al (2015) Obstructive sleep
apnoea syndrome. Nat Reviews Disease Primers 1:15015. https:/
/doi.org/10.1038/nrdp.2015.15

Muscogiuri G, Barrea L, Annunziata G et al (2019) Obesity and
sleep disturbance: the chicken or the egg? Crit Rev Food Sci Nutr
59(13):2158-2165. https://doi.org/10.1080/10408398.2018.1506
979

Zhang H (2023) Pros and cons of mendelian randomization. Fertil
Steril 119(6):913-916. https://doi.org/10.1016/].fertnstert.2023.0
3.029

Teumer A (2018) Common methods for performing mendelian
randomization. Front Cardiovasc Med 5:51. https://doi.org/10.33
89/fcvm.2018.00051

Chen S, Xu X, Gong H et al (2024) Global epidemiological
features and impact of osteosarcopenia: a comprehensive meta-
analysis and systematic review. J Cachexia Sarcopenia Muscle
15(1):8-20. https://doi.org/10.1002/jcsm.13392

Clarke L, Zheng-Bradley X, Smith R et al (2012) The 1000
Genomes Project: data management and community access. Nat
Methods 9(5):459—462. https://doi.org/10.1038/nmeth.1974
Palmer TM, Lawlor DA, Harbord RM et al (2012) Using multiple
genetic variants as instrumental variables for modifiable risk fac-
tors. Stat Methods Med Res 21(3):223-242. https://doi.org/10.11
77/0962280210394459

Bowden J, Davey Smith G, Burgess S (2015) Mendelian random-
ization with invalid instruments: effect estimation and bias detec-
tion through Egger regression. Int J Epidemiol 44(2):512-525. ht
tps://doi.org/10.1093/ije/dyv080

Bowden J, Davey Smith G, Haycock PC et al (2016) Consis-
tent estimation in mendelian randomization with some Invalid
instruments using a weighted median estimator. Genet Epidemiol
40(4):304-314. https://doi.org/10.1002/gepi.21965

Bowden J, Spiller W, Del Greco MF et al (2018) Improving the
visualization, interpretation and analysis of two-sample sum-
mary data mendelian randomization via the Radial plot and radial
regression. Int J Epidemiol 47(6):2100. https://doi.org/10.1093/ij
e/dyy265

Yeung CHC, Au Yeung SL, Fong SSM et al (2019) Lean mass,
grip strength and risk of type 2 diabetes: a bi-directional mende-
lian randomisation study. Diabetologia 62(5):789-799. https://do
i.org/10.1007/s00125-019-4826-0

Tao X, Niu R, Lu W et al (2024) Obstructive sleep apnea (OSA)
is associated with increased risk of early-onset Sarcopenia and
sarcopenic obesity: results from NHANES 2015-2018. Int J Obes
48(6):891-899. https://doi.org/10.1038/s41366-024-01493-8

Liu K, Luo J, Chen Y et al (2024) Association between Sarcope-
nia and sleep disorders: a cross-sectional population based study.
Front Nutr 11:1415743. https://doi.org/10.3389/fhut.2024.14157
43

Aksu S, Caman T, Ozdemir I et al (2023) Lower handgrip strength
in short-sleeper individuals with obstructive sleep apnea. Sleep
Med 112:352-358. https://doi.org/10.1016/j.sleep.2023.11.003
Lee K (2023) Sleep duration, weekend catch-up sleep, and risk
of obstructive sleep apnea in relation to handgrip strength. Arch
Gerontol Geriatr 110:104987. https://doi.org/10.1016/j.archger.2
023.104987

Cao X, GuY, FuJ et al (2019) Excessive daytime sleepiness with
snoring or witnessed apnea is associated with handgrip strength:
a population-based study. QJM 112(11):847-853. https://doi.org/
10.1093/qjmed/hcz178

@ Springer

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Woods JA, Wilund KR, Martin SA et al (2024) Exercise, inflam-
mation and aging. Aging Disease 3(1):130-140 PMID: 22500274;
PMCID: PMC3320801

Piovezan RD, Yu S, Hirotsu C et al (2022) Associations of indica-
tors of sleep impairment and disorders with low muscle strength
in middle-aged and older adults: the HypnoLaus cohort study.
Maturitas 164:52-59. https://doi.org/10.1016/j.maturitas.2022.0
6.009

Stone KL, Blackwell TL, Ancoli-Israel S et al (2014) Sleep dis-
turbances and risk of falls in older community-dwelling men: the
outcomes of Sleep disorders in older men (MrOS sleep) study. J
Am Geriatr Soc 62(2):299-305. https://doi.org/10.1111/jgs.1264
9

Helbig AK, Doring A, Heier M et al (2013) Association between
sleep disturbances and falls among the elderly: results from the
German Cooperative Health Research in the region of Augsburg-
Age study. Sleep Med 14(12):1356—-1363. https://doi.org/10.1016
/j.sleep.2013.09.004

Rodrigues F, Domingos C, Monteiro D et al (2022) A review on
aging, Sarcopenia, Falls, and Resistance Training in Community-
Dwelling older adults. Int J Environ Res Public Health 19(2):874.
https://doi.org/10.3390/ijerph19020874

Larsson L, Degens H, Li M et al (2019) Sarcopenia: aging-related
loss of muscle Mass and function. Physiol Rev 99(1):427-511. h
ttps://doi.org/10.1152/physrev.00061.2017

Mehawej J, Saczynski JS, Kiefe CI et al (2022) Association
between risk of obstructive sleep apnea and cognitive perfor-
mance, frailty, and quality of life among older adults with atrial
fibrillation. J Clin Sleep Medicine: JCSM: Official Publication
Am Acad Sleep Med 18(2):469—-475. https://doi.org/10.5664/jcs
m.9622

Nascimento CM, Ingles M, Salvador-Pascual A et al (2019) Sar-
copenia, frailty and their prevention by exercise. Free Radic Biol
Med 132:42-49. https://doi.org/10.1016/j.freeradbiomed.2018.0
8.035

Moreno-Tamayo K, Manrique-Espinoza B, Guerrero-Zuiiga S
et al (2021) Sex differences in the Association between Risk of
Obstructive Sleep Apnea, Insomnia, and Frailty in older adults.
Nat Sci Sleep 13:1461-1472. https://doi.org/10.2147/NSS.S3201
92

Ensrud KE, Blackwell TL, Redline S et al (2009) Sleep distur-
bances and frailty status in older community-dwelling men. J Am
Geriatr Soc 57(11):2085-2093. https://doi.org/10.1111/j.1532-54
15.2009.02490.x

Omachi TA, Claman DM, Blanc PD et al (2009) Obstructive sleep
apnea: a risk factor for work disability. Sleep 32(6):791-798. http
s://doi.org/10.1093/sleep/32.6.791

Li L, Umbach DM, Li Y et al (2023) Sleep apnoea and hypoven-
tilation in patients with five major types of muscular dystrophy.
BMJ Open Respir Res 10(1):¢001506. https://doi.org/10.1136/b
mjresp-2022-001506

Prono F, Bernardi K, Ferri R et al (2022) The role of vitamin D in
Sleep disorders of children and adolescents: a systematic review.
Int J Mol Sci 23(3):1430. https://doi.org/10.3390/ijms23031430
Redolfi S, Yumino D, Ruttanaumpawan P et al (2009) Relation-
ship between overnight rostral fluid shift and obstructive sleep
apnea in nonobese men. Am J Respir Crit Care Med 179(3):241—
246. https://doi.org/10.1164/rccm.200807-10760C

White LH, Bradley TD (2013) Role of nocturnal rostral fluid
shift in the pathogenesis of obstructive and central sleep apnoea.
J Physiol 591(5):1179-1193. https://doi.org/10.1113/jphysiol.201
2.245159

Kline CE, Crowley EP, Ewing GB et al (2011) The effect of exer-
cise training on obstructive sleep apnea and sleep quality: a ran-
domized controlled trial. Sleep 34(12):1631-1640. https://doi.org
/10.5665/sleep.1422


https://doi.org/10.1016/j.maturitas.2022.06.009
https://doi.org/10.1016/j.maturitas.2022.06.009
https://doi.org/10.1111/jgs.12649
https://doi.org/10.1111/jgs.12649
https://doi.org/10.1016/j.sleep.2013.09.004
https://doi.org/10.1016/j.sleep.2013.09.004
https://doi.org/10.3390/ijerph19020874
https://doi.org/10.3390/ijerph19020874
https://doi.org/10.1152/physrev.00061.2017
https://doi.org/10.1152/physrev.00061.2017
https://doi.org/10.5664/jcsm.9622
https://doi.org/10.5664/jcsm.9622
https://doi.org/10.1016/j.freeradbiomed.2018.08.035
https://doi.org/10.1016/j.freeradbiomed.2018.08.035
https://doi.org/10.2147/NSS.S320192
https://doi.org/10.2147/NSS.S320192
https://doi.org/10.1111/j.1532-5415.2009.02490.x
https://doi.org/10.1111/j.1532-5415.2009.02490.x
https://doi.org/10.1093/sleep/32.6.791
https://doi.org/10.1093/sleep/32.6.791
https://doi.org/10.1136/bmjresp-2022-001506
https://doi.org/10.1136/bmjresp-2022-001506
https://doi.org/10.3390/ijms23031430
https://doi.org/10.1164/rccm.200807-1076OC
https://doi.org/10.1113/jphysiol.2012.245159
https://doi.org/10.1113/jphysiol.2012.245159
https://doi.org/10.5665/sleep.1422
https://doi.org/10.5665/sleep.1422
https://doi.org/10.1002/jcsm.12445
https://doi.org/10.1038/nrdp.2015.15
https://doi.org/10.1038/nrdp.2015.15
https://doi.org/10.1080/10408398.2018.1506979
https://doi.org/10.1080/10408398.2018.1506979
https://doi.org/10.1016/j.fertnstert.2023.03.029
https://doi.org/10.1016/j.fertnstert.2023.03.029
https://doi.org/10.3389/fcvm.2018.00051
https://doi.org/10.3389/fcvm.2018.00051
https://doi.org/10.1002/jcsm.13392
https://doi.org/10.1038/nmeth.1974
https://doi.org/10.1177/0962280210394459
https://doi.org/10.1177/0962280210394459
https://doi.org/10.1093/ije/dyv080
https://doi.org/10.1093/ije/dyv080
https://doi.org/10.1002/gepi.21965
https://doi.org/10.1093/ije/dyy265
https://doi.org/10.1093/ije/dyy265
https://doi.org/10.1007/s00125-019-4826-0
https://doi.org/10.1007/s00125-019-4826-0
https://doi.org/10.1038/s41366-024-01493-8
https://doi.org/10.3389/fnut.2024.1415743
https://doi.org/10.3389/fnut.2024.1415743
https://doi.org/10.1016/j.sleep.2023.11.003
https://doi.org/10.1016/j.archger.2023.104987
https://doi.org/10.1016/j.archger.2023.104987
https://doi.org/10.1093/qjmed/hcz178
https://doi.org/10.1093/qjmed/hcz178

Aging Clinical and Experimental Research

(2025) 37:68

Page 11 of 11 68

42.

43.

44.

45.

46.

Suri SV, Batterham AM, Ells L et al (2015) Cross-sectional asso-
ciation between walking Pace and Sleep-disordered breathing. Int
J Sports Med 36(10):843—847. https://doi.org/10.1055/s-0035-15
49856

Batsis JA, Villareal DT (2018) Sarcopenic obesity in older adults:
aetiology, epidemiology and treatment strategies. Nat Rev Endo-
crinol 14(9):513-537. https://doi.org/10.1038/s41574-018-0062
-9

Prestes J, Shiguemoto G, Botero JP et al (2009) Effects of resis-
tance training on resistin, leptin, cytokines, and muscle force in
elderly post-menopausal women. J Sports Sci 27(14):1607-1615.
https://doi.org/10.1080/02640410903352923

Lin CK, Lin CC (2012) Work of breathing and respiratory drive
in obesity. Respirol (Carlton Vic) 17(3):402—411. https://doi.org/
10.1111/.1440-1843.2011.02124.x

Pei YF, Liu YZ, Yang XL et al (2020) The genetic architecture of
appendicular lean mass characterized by association analysis in
the UK Biobank study. Commun Biology 3(1):608. https://doi.or
2/10.1038/s42003-020-01334-0

47.

48.

49.

50.

Hsu FC, Lenchik L, Nicklas BJ et al (2005) Heritability of body
composition measured by DXA in the diabetes heart study. Obes
Res 13(2):312-319. https://doi.org/10.1038/0by.2005.42

Liu M, YuD, Pan Y et al (2024) Causal roles of Lifestyle, psycho-
social characteristics, and Sleep Status in Sarcopenia: a mende-
lian randomization study. The journals of gerontology. Series A,
Biological sciences and medical sciences. 79(1):glad191. https://
doi.org/10.1093/gerona/glad191

Matsumoto T, Tanizawa K, Tachikawa R et al (2018) Associa-
tions of obstructive sleep apnea with truncal skeletal muscle mass
and density. Sci Rep 8(1):6550. https://doi.org/10.1038/s41598-0
18-24750-z

Hsu WH, Yang CC, Tsai CY et al (2023) Association of Low
Arousal Threshold Obstructive Sleep Apnea Manifestations
with Body Fat and Water distribution. Life (Basel Switzerland)
13(5):1218. https://doi.org/10.3390/1ife13051218

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1038/oby.2005.42
https://doi.org/10.1093/gerona/glad191
https://doi.org/10.1093/gerona/glad191
https://doi.org/10.1038/s41598-018-24750-z
https://doi.org/10.1038/s41598-018-24750-z
https://doi.org/10.3390/life13051218
https://doi.org/10.1055/s-0035-1549856
https://doi.org/10.1055/s-0035-1549856
https://doi.org/10.1038/s41574-018-0062-9
https://doi.org/10.1038/s41574-018-0062-9
https://doi.org/10.1080/02640410903352923
https://doi.org/10.1080/02640410903352923
https://doi.org/10.1111/j.1440-1843.2011.02124.x
https://doi.org/10.1111/j.1440-1843.2011.02124.x
https://doi.org/10.1038/s42003-020-01334-0
https://doi.org/10.1038/s42003-020-01334-0

	﻿Causal associations between Sarcopenia-related traits and obstructive sleep apnea: a mendelian randomization study
	﻿Abstract
	﻿Introduction
	﻿Design and methods
	﻿Study design
	﻿Data sources
	﻿Selection of instrumental variables
	﻿Statistical analysis

	﻿Results
	﻿The causal association between Sarcopenia-related traits and OSA
	﻿Hand grip strength and OSA
	﻿Muscle mass, fat mass, water mass, and OSA
	﻿Physical performance and OSA

	﻿Discussion
	﻿Conclusion
	﻿References


