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Purpose: Reduced hand grip strength (HGS) is associated with poorer health in chronic 
conditions, yet there has been little research examining the association with hand grip 
strength and obstructive sleep apnea (OSA). Further, these studies have not examined, nor 
adjusted, for muscle mass. The aim of this study was to determine associations between OSA 
indices, HGS, muscle mass, and fat mass.
Participants and Methods: A total of 613 participants (age range 41–88, BMI 28.6 ± 4.3) 
from the population-based Men Androgen Inflammation Lifestyle Environment and Stress 
Study underwent in-home overnight polysomnography, assessment of dominant and non- 
dominant HGS, and dual x-ray absorptiometry to determine whole body muscle mass and fat 
mass. Linear models determined cross-sectional associations of polysomnographic-derived 
OSA indices with hand grip strength, muscle mass, and fat mass, whilst adjusting for 
lifestyle information (income, smoking status, diet, self-reported physical activity), blood 
sample derived testosterone and systemic inflammation (C-reactive protein), cardiometabolic 
health (cardiovascular disease, hypertension, type 2 diabetes), and depression.
Results: In adjusted models, reduced dominant HGS was associated with lower oxygen nadir 
(unstandardised β [B] = 0.19, 95% confidence interval [CI] 0.08 to 0.29), greater time spent 
below 90% oxygen saturation (B = −0.08, 95% CI −0.14 to −0.02), and increased apnea 
duration (B = −0.3, 95% CI −0.23 to −0.02). By contrast, there were no associations between 
HGS and both AHI and REM AHI. Fat mass was consistently associated with worsening OSA 
indices, whereas muscle mass demonstrated no associations with any OSA index.
Conclusion: Our findings suggest impairments in HGS may be related to fat infiltration of 
muscle, hypoxemia-induced reductions in peripheral neural innervation, or even endothelial 
dysfunction, which is a common outcome of hypoxemia. Longitudinal data are needed to 
further examine these hypotheses and establish if reduced grip strength in patients with OSA 
is associated with long-term adverse health outcomes.
Keywords: grip strength, muscle mass, intermittent hypoxemia, myosteatosis

Introduction
Reduced hand grip strength (HGS) is associated with increased severity of a range 
of chronic conditions, including cardiometabolic disease1,2 and chronic obstructive 
pulmonary disease.3 Furthermore, recent studies indicate lower HGS predicts mor-
tality in different chronic conditions.4,5

Obstructive sleep apnea (OSA), a condition where the airway recurrently col-
lapses during sleep leading to partial (hypopnea) or complete (apnea) cessation of 
breathing, results in intermittent hypoxemia and cortical arousals from sleep. 
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Importantly, OSA is associated with a range of cardiome-
tabolic diseases, including hypertension, type 2 diabetes, 
and cardiovascular disease.6–10 OSA is common, with 
recent large cohort studies indicating moderate to severe 
OSA present in 50% of men and 23% of women.11,12

A previous study in patients with OSA found that 
reduced HGS was associated with intermittent nocturnal 
hypoxemia.13 By contrast, there was no association found 
between AHI and HGS.13,14 Neither study, however, 
accounted for muscle mass, which is an important deter-
minant of HGS.15 This is especially pertinent for Dam 
et al, whose participants were all over 65 (average age 
76.4±5.5) at the time of testing.13 There is a high like-
lihood that many of their participants were experiencing 
sarcopenia, which is the decline in muscle mass with 
aging. We, therefore, extend the work these previous stu-
dies by adjusting for muscle mass, multiple demographic, 
anthropometric, socio-economic and health confounders 
that may impact on associations with grip strength that 
were not previously accounted for. This is important given 
the shared comorbidities that are associated with OSA and 
grip strength. Furthermore, we examine relationships in 
a younger population.

The relationship between OSA and muscle mass 
remains unclear. One study showed increased AHI was 
associated with decreased muscle mass. When stratified 
by severity, patients with severe OSA (AHI more than 30 
events and hour[/h]), but not those with mild or moderate 
OSA, had significantly less muscle mass compared to non- 
OSA controls.16 By contrast, another study showed no 
differences in muscle mass regardless of OSA severity.17 

Neither study, however, examined muscle strength, as 
determined by HGS or other methods.

As HGS is an important indicator of chronic disease 
severity, but has been scarcely studied in OSA, this 
study examined associations between polysomnography 
(PSG)-derived OSA indices with HGS, muscle mass, 
and fat mass from participants in the Men, Androgen, 
Inflammation, Lifestyle, Environment and Stress 
(MAILES) cohort study.

Methods
Participants
The MAILES Study is comprised of 2563 randomly- 
selected, community-dwelling men who were aged at least 
35 years at baseline (2002–2006) and were living in the 
northern and western suburbs of Adelaide, South 

Australia.18 The MAILES Study consists of two concurrent 
prospective cohorts: the Florey Adelaide Male Ageing 
Study (FAMAS)19 which originally recruited 1195 partici-
pants, and aged-matched men from the North West 
Adelaide Health Study (NWAHS)20 which originally 
recruited 1368 participants. Both cohorts used the same 
sampling and testing methods. Initial recruitment occurred 
by a random selection of phone numbers from the electronic 
telephone directory. Through a combination of computer 
assisted telephone interviews (CATI), self-completed health 
questionnaires, and clinical assessment, detailed demo-
graphic (eg, age, income), co-morbidities (eg, cardiovascu-
lar disease, metabolic disorders), and lifestyle behaviours 
(eg, smoking status, alcohol consumption) information was 
collected.

The study was conducted in accordance with the 
Declaration of Helsinki. The study was approved by both 
the North West Adelaide Health Service institutional ethics 
committee (approval number 2010054) and the Royal 
Adelaide Hospital institutional ethics committee (approval 
number 02305H). All subjects gave written informed con-
sent prior to the commencement of the study.

Polysomnography
In 2010, a computer assisted telephone interview asked 
1629 MAILES participants “Have you ever been diag-
nosed with obstructive sleep apnea with a sleep study?”, 
with 184 participants responding “Yes”. These partici-
pants, whilst remaining part of the MAILES cohort 
study, were excluded from any further aspect of the sleep 
health research. This is because a main aspect of this study 
was to examine the effect of undiagnosed OSA on health, 
as well as the effect of any subsequent treatment. There 
was a strong possibility that the 184 participants may have, 
at some stage, received treatment. The remaining 1445 
participants who responded “No” were invited to undergo 
a sleep study. Participants underwent in-home polysomno-
graphy (PSG) (Embletta X100, Embla Systems, 
Colorado), measuring electroencephalography, electroocu-
lography, chin electromyography, nasal pressure, thoracic 
and abdominal effort, peripheral pulse oximetry, and body 
position. Trained staff visited study participants in their 
homes to set-up the sleep study. Failed studies were 
repeated if possible. Staff also completed measurements 
of height and weight.

A single experienced sleep technician, who was 
blinded to all other survey and biomedical data, performed 
manual scoring of PSGs according to 2007 American 
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Academy of Sleep Medicine (alternate) criteria,21 which is 
recommended for use in prospective epidemiological stu-
dies. Studies were considered acceptable with 3.5 hours of 
sleep and 5.5 hours of total-recorded study time with good 
respiratory and electroencephalography signals for the 
duration of recording. Apneas were defined as complete 
cessations of airflow, measured using nasal pressure, last-
ing ≥10 seconds. Hypopneas were defined as a >50% 
decrease in nasal pressure with an associated ≥3% oxygen 
desaturation or an EEG arousal. OSA was defined as an 
apnea hypopnea index (AHI) ≥10/h of sleep, with further 
categorization: mild, AHI of 10–19/h; moderate, 20–29/h; 
and severe, ≥30/h. These OSA severity cut-offs were cho-
sen as they are the equivalent AHIs if scored according to 
the “recommended” AASM scoring criteria (mild, AHI 
5–15/h; moderate, 15–30/h; severe, ≥30/h).22

At the conclusion of the study period, 857 PSGs had 
been attempted, including 40 repeats, with 827 PSGs with 
valid data. A further 214 participants did not undergo body 

composition measurements, leaving 613 participants for 
analysis (Figure 1).

Body Composition Outcome Measures
Dual x-ray absorptiometry (DXA) was used in part to 
determine body composition and offered to all FAMAS 
participants, and NWAHS participants over 50 years old. 
DXA was assessed using default settings on either 
a pencil-beam (DPX+, Lunar software v4·7) or fan-beam 
(Prodigy DF+ 14,759, Encore software v9·15) densit-
ometer. Both machines were from GE Lunar (Madison, 
WI), which provide similar results.23 DXA calculated lean 
muscle mass (g), fat mass (g), and bone mineral mass (g) 
for the whole body, as well as individually for the arms, 
legs, and trunk. These values were converted to kg. For 
assessment of non-lean soft tissue in the abdominal region, 
the top of the lumbar vertebrae L2 to the bottom of L4 and 
extending outwards to a vertical line touching the inner 
edges of the rib cage was adopted as the customised 
anatomical setting.24

MAILES participants asked about prior obstructive sleep apnea diagnosis, n = 1629

Participants with valid overnight polysomnography data, n = 827

Participants with dominant hand grip strength, n = 613 

MAILES participants who underwent overnight polysomnography, n=857

No dual x-ray 
absorptiometry
measurements, n = 214 

No data recorded, n = 20

Excess periods of no oxygen 
saturation recording = 10 

Prior obstructive sleep apnea
diagnosis = 184 

Figure 1 Consort diagram showing number, and reasons, for exclusion from analysis.
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Hand Grip Measurement
HGS was measured using the Smedley analogue hand 
dynamometer (Stoelting Corporation, Wood Dale, Il., 
USA) for the FAMAS cohort, and a Jamar analogue 
hand dynamometer (Lafayette Instrument Company, 
Lafayette, In., USA) for the NWAHS cohort. To account 
for any systematic differences in measurements between 
the types of dynamometers, cohort group was included as 
a covariate in the analysis. HGS was the average of three 
measures recorded on both hands.

Statistical Analyses
The cohort was stratified by OSA severity into none, mild, 
moderate, and severe by the cutoffs described previously. 
Differences in HGS, whole body muscle mass, and whole 
body fat mass were determined by one-way analysis of 
variance (ANOVA).

Unadjusted and covariate adjusted linear regression 
models were used to determine the associations between 
HGS, whole body muscle mass, and whole body fat mass 
as outcomes with OSA indices, being AHI (/h), AHI 
during REM sleep (REM AHI), percent time below 
90% oxygen saturation (T90%), and lowest oxygen 
saturation (%), and mean apnea and hypopnea duration 
(seconds). To determine the adjustments for each linear 
model involving HGS, muscle mass, and fat mass, known 
or suspected determinants for each outcome were exam-
ined for potential confounding in univariate models. 
Covariates with p <0.10 were included for adjustment 
in the model for that specific outcome. Details on collec-
tion methods of known or suspected confounders, and 
results from the univariate models, including unstandar-
dised β (B), 95% confidence interval (CI), and p values, 
are presented Supplementary S1. This resulted in differ-
ent groups of adjustments for HGS, muscle mass, and fat 
mass linear models, respectively.

For HGS, two models were performed. Model 1 
adjusted for the following; age, income, alcohol consump-
tion, diabetes status, hypertension status, arthritis status, 
cancer treatment within the last 5 years, cardiovascular 
disease status, depression status, whole body muscle 
mass, whole body fat mass, and cohort groups. Model 2 
removed whole body fat mass as an adjustment to address 
concerns about potential collinearity with muscle mass. 
For whole body muscle mass, the following adjustments 
were made; age, income, diabetes status, whole body fat 
mass, testosterone, and inflammation. For whole body fat 

mass, the follow adjustments were made; smoking status, 
dietary patterns, self-reported physical activity, diabetes 
status, hypertension status, whole body muscle mass, tes-
tosterone, and inflammation. Participants with missing 
data for any of the confounder variables were not included 
that particular analysis. All models were assessed for 
linearity and homoscedasticity (residual vs fitted plots 
and scale-location plots), normal distribution of residuals 
(Q-Q plot), and influential values (Cooks D > 0.5).

All statistical analyses were calculated in R (v3.1.0, 
R Foundation for Statistical Computing, Vienna, Austria), 
and utilised the “LSR” package. A p-value of less than 
0.05 was considered significant.

Results
Participants’ Characteristics
Participant cohort characteristics are outlined in Table 1. 
The median age was 63 years (range 41–88 years old). 
Mean body mass index was 28.6 (± 4.3) kg/m2. Mean AHI 
was 16.2 (± 14.6) events/h.

Grip Strength
One-way ANOVAs (Table 1) showed no significant dif-
ferences in either dominant HGS (p = 0.12) or non- 
dominant HGS (p = 0.12) by OSA severity category. 
Results for unadjusted and adjusted associations for 
both the dominant and non-dominant HGS are shown in 
Table 2. In unadjusted models for both dominant and 
non-dominant HGS, reduced HGS was associated with 
lower oxygen nadir, greater T90%, increased mean desa-
turation, and greater duration in both apneas and hypop-
neas. In Model 1, reduced HGS in both the dominant and 
non-dominant hand was associated with a lower oxygen 
nadir, greater T90%, whilst increased duration of apneas 
was associated with reduced HGS in the dominant hand 
only. In Model 2, the same associations were present for 
both dominant and non-dominant HGS, with the addition 
of the association between reduced HGS with increased 
mean desaturation.

Muscle Mass
One-way ANOVA (Table 1) showed no significant differ-
ences in whole body muscle mass by OSA severity cate-
gory (p = 0.16). Results for unadjusted and adjusted 
associations with whole body muscle mass are shown in 
Table 3. In unadjusted models, increased muscle mass was 
associated with increased AHI, and REM AHI, lower 
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oxygen nadir, and increased duration of hypopneas. After 
adjustment, however, the associations between OSA and 
muscle mass were no longer significant.

Fat Mass
One-way ANOVA (Table 1) showed significant differ-
ences in whole body fat mass by OSA severity category 

Table 1 Polysomnographic Characteristics and Body Composition of Study Participants Characteristics, Based on OSA Severity 
Classification

Total None 
(AHI <10/h)

Mild 
(AHI 10–20/h)

Moderate 
(AHI 20–30/h)

Severe 
(AHI >30/h)

613 269 176 87 81

Age (years) 63 (41–88) 62 (42–88) 63.5 (41–88) 68 (43–87) ¥ 65 (48–87) ¥

Body mass index (kg.m−2) 28.6 ± 4.3 27.7 ± 3.9 28.5 ± 4.2 29.4 ± 4.0¥ 31.0 ± 5.0¥,^

AHI (/hr) 16.2 ± 14.6 5.6 ± 2.6 14.6 ± 2.9¥ 24.7 ± 2.8¥,^ 45.7 ± 15.3¥,^,‡

REM AHI (/hr) 19.8 ± 17.2 11.2 ± 9.6 19.9 ±13.0¥ 26.7 ± 17.3¥,^ 41.0 ± 22.4¥,^,‡

T90% (%) 4.8 ± 10.8 3.2 ± 9.5 3.6 ± 7.7 7.3 ± 14.1¥,^ 9.9 ± 14.2¥,^

Mean oxygen desaturation (%) 4.3 ± 1.1 3.8 ± 0.6 4.3 ± 0.9¥ 4.7 ± 1.0¥,^ 5.4 ± 1.6¥,^,‡

Oxygen nadir (%) 84.4 ± 6.1 86.9 ± 4.8 84.2 ± 4.8¥ 81.7 ± 5.8¥,^ 79.1 ± 8.0¥,^,‡

Mean apnea duration (s) 21.8 ± 6.8 20.1 ± 6.6 22.0 ± 6.5 23.1 ± 6.6¥ 24.4 ± 5.9¥,^

Mean hypopnea duration (s) 23.6 ± 5.2 23.7 ± 5.5 24.1 ± 4.6 23.6 ± 5.3 22.6 ± 5.9
Grip strength – dominant (kg) 41.9 ± 9.3 42.7 ± 8.7 41.4 ± 9.4 42.4 ± 9.9 39.9 ± 9.2

Grip strength – non-dominant (kg) 39.6 ± 8.7 40.2 ± 8.1 39.5 ± 9.0 39.8 ± 9.7 37.9 ± 8.9

Muscle mass (kg) 58.5 ± 7.3 57.9 ± 6.8 58.5 ± 7.6 59.7 ± 8.1 59.3 ± 7.1
Fat mass (kg) 23.6 ± 8.2 23.4 ± 7.9 23.3 ± 7.8 24.6 ±8.1 27.0 ± 8.9¥,^,‡

Notes: All presented as means ± standard deviation (except age, which is median and range). Analysis performed by a repeated measures analysis of variance; Differences between 
groups was determined by a Tukey’s post hoc test; Significance was set as p < 0.05; ¥Significantly different from none; ^Significantly different from mild; ‡Significantly different from 
moderate. 
Abbreviations: AHI, apnea/hypopnea index; REM, rapid eye movement sleep; ODI, oxygen desaturation index; T90%, amount of sleep with oxygen saturation below 90%.

Table 2 Associations Between OSA Indices and Hand Grip Strength

Unadjusted (n=558) Adjusted Model 1 (n =553) Adjusted Model 2 (n =553)

Unstandardised β 
(95% CI)

p Unstandardised β 
(95% CI)

p Unstandardised β 
(95% CI)

p

Dominant AHI (/hr) −0.05 (−0.10 to 0.01) 0.08 −0.02 (−0.07 to 0.02) 0.34 −0.03 (−0.08 to 0.01) 0.18
REM AHI (/hr) −0.02 (−0.07 to 0.02) 0.33 −0.02 (−0.05 to 0.02) 0.42 −0.02 (−0.06 to 0.1) 0.22

Oxygen nadir (%) 0.23 (0.11 to 0.36) <0.001 0.19 (0.08 to 0.29) <0.001 0.20 (0.10 to 0.31) <0.001

Mean desaturation (%) −0.88 (−1.59 to −0.17) 0.02 −0.55 (−1.12 to 0.04) 0.07 −0.65 (−1.24 to −0.07) 0.029

T90% (%) −0.13 (−0.21 to −0.06) <0.001 −0.08 (−0.14 to −0.02) 0.016 −0.09 (−0.15 to −0.03) 0.005

Mean apnea duration (s) −0.30 (−0.43 to −0.18) <0.001 −0.30 (−0.23 to −0.02) 0.02 −0.12 (−0.22 to −0.01) 0.032

Mean hypopnea 

duration (s)

−0.15 (−0.31 to −0.002) 0.047 −0.34 (−0.11 to 0.14) 0.83 −0.03 (−0.09 to 0.16) 0.59

Non- 

dominant

AHI (/hr) −0.05 (−0.10 to 0.01) 0.08 −0.02 (−0.06 to 0.02) 0.40 −0.03 (−0.07 to 0.01) 0.18

REM AHI (/hr) −0.01 (−0.06 to 0.03) 0.53 −0.01 (−0.04 to 0.03) 0.78 −0.01 (−0.05 to 0.02) 0.42

Oxygen nadir (%) 0.16 (0.04 to 0.28) 0.008 0.11 (0.01 to 0.21) 0.039 0.13 (0.03 to 0.23) 0.010

Mean desaturation (%) −0.84 (−1.51 to −0.17) 0.014 −0.51 (−1.06 to 0.05) 0.07 −0.63 (−1.18 to −0.08) 0.026

T90% (%) −0.13 (−0.21 to −0.07) <0.001 −0.08 (−0.14 to −0.02) 0.007 −0.10 (−0.15 to −0.04) 0.001

Mean apnea duration (s) −0.27 (−0.39 to −0.16) <0.001 −0.10 (−0.20 to 0.002) 0.06 −0.09 (−0.19 to 0.012) 0.09

Mean hypopnea 

duration (s)

−0.15 (−0.30 to −0.01) 0.04 −0.003 (−0.12 to 0.11) 0.96 0.02 (−0.10 to 0.14) 0.72

Notes: Model 1 adjusted for age, whole body muscle mass, whole body fat mass, study group, diabetes status, patient health questionnaire scores, income, arthritis status, 
cardiovascular disease status, hypertension status, and cancer status; Model 2 used the same adjustments, except for whole body fat mass. Missing data total 59, 53 no HGS, 
8 no diabetes status, 13 no income status, 9 no cardiovascular disease status, 18 no hypertension status. 
Abbreviations: AHI, apnea/hypopnea index; REM, rapid eye movement sleep; ODI, oxygen desaturation index; T90%, amount of sleep with oxygen saturation below 90%.
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(p < 0.001). Results for unadjusted and adjusted associa-
tions with whole body fat mass are shown in Table 4. In 
both the unadjusted and adjusted models, increased fat 
mass was associated with worsening OSA severity indices 
(increased AHI, REM AHI, mean oxygen desaturation, 
T90%, lower oxygen nadir, and increased duration of 
apneas and hypopneas).

Additional Analyses
Further results of associations between HGS, muscle mass, 
and fat mass with non-respiratory sleep measures, includ-
ing total sleep time, sleep efficiency, percent stages of 
sleep, arousal index, and excessive daytime sleepiness, 
measured by the Epworth Sleepiness Scale (ESS), are 
presented in Supplementary S2.

Discussion
In a study of over 600 community dwelling men, inter-
mittent nocturnal hypoxemia and increased apnea dura-
tion, but not AHI or REM AHI, was associated with 

reduced HGS in both dominant and non-dominant hands. 
No associations were detected between any measured 
OSA indices and whole body muscle mass. By contrast, 
all measured OSA indices were associated with increased 
whole body fat mass.

The finding of an association between fat mass and all 
OSA indices, along with significant differences in fat mass 
between OSA severity groups, is in line with previous 
studies. Fat mass, especially around the neck and abdomen, 
contribute to increased AHI and worsening hypoxemia.25,26

The associations between reduced HGS in both dominant 
and non-dominant hands and worsening hypoxemia indices, 
being T90% and O2 nadir, with the addition of mean desa-
turation when whole body fat mass is not adjusted for, con-
firms previous finding showing those who spent more than 
1% of the night with oxygen saturation below 90% had 
significantly weaker grip strength compared to those who 
did not.13 Likewise, no association was detected between 
HGS and AHI, which is also in line with previous 
studies.13,14 This was further evidenced by the lack of an 

Table 3 Associations Between OSA Indices and Whole Body Muscle Mass (kg)

Unadjusted (n=613) Adjusted (n =570)

Unstandardised β (95% CI) p Unstandardised β (95% CI) p

AHI (/hr) 0.04 (0.01 to 0.08) 0.019 0.01 (−0.03 to 0.05) 0.57

REM AHI (/hr) 0.04 (0.01 to 0.08) 0.011 0.006 (−0.03 to 0.04) 0.73
Oxygen nadir (%) −0.11 (−0.20 to −0.015) 0.022 −0.005 (−0.09 to 0.08) 0.91

Mean desaturation (%) 0.41 (−0.11 to 0.94) 0.13 −0.04 (−0.52 to 0.44) 0.86

T90% (%) 0.03 (−0.02 to 0.08) 0.26 −0.008 (−0.06 to 0.04) 0.76
Mean apnea duration (s) −0.08 (−0.17 to 0.01) 0.10 −0.16 (−0.01 to 0.16) 0.09

Mean hypopnea duration (s) −0.13 (−0.24 to −0.02) 0.02 0.07 (−0.04 to 0.17) 0.22

Notes: Model adjusted for age, serum testosterone, whole body fat mass, systemic inflammation, diabetes status, income; Missing data total 43, 35 no testosterone 
measures, 33 no inflammation markers, 8 no diabetes status, 18 no hypertension status. 
Abbreviations: AHI, apnea/hypopnea index; REM, rapid eye movement sleep; ODI, oxygen desaturation index; T90%, amount of sleep with oxygen saturation below 90%.

Table 4 Associations Between OSA Indices and Whole Body Fat Mass (kg)

Unadjusted (n=613) Adjusted (n =538)

Unstandardised β (95% CI) p Unstandardised β (95% CI) p

AHI (/hr) 0.12 (0.08 to 0.17) <0.001 0.06 (0.02 to 0.10) 0.004

REM AHI (/hr) 0.11 (0.07 to 0.15) <0.001 0.05 (0.02 to 0.09) <0.001

Oxygen nadir (%) −0.29 (−0.39 to −0.19) <0.001 −0.16 (−0.25 to −0.06) <0.001
Mean desaturation(%) 1.32 (0.73 to 1.91) <0.001 0.60 (0.08 to 1.11) 0.022

T90% (%) 0.14 (0.084 to 0.20) <0.001 0.10 (0.05 to 0.16) <0.001

Mean apnea duration (s) −0.11 (−0.21 to −0.17) 0.021 −0.09 (−0.18 to −0.0007) 0.048
Mean hypopnea duration (s) −0.28 (−0.40 to −0.15) <0.001 −0.19 (−0.31 to −0.08) 0.001

Notes: Model adjusted for age, whole body muscle mass, testosterone, moderate-vigorous physical activity, smoking status, systemic inflammation, diabetes status, 
hypertension status, and diet; Missing data total 75, 35 no testosterone measures, 33 no inflammation markers, 8 no diabetes status, 18 no hypertension status, 10 no 
smoking status, 12 no diet information. 
Abbreviations: AHI, apnea/hypopnea index; REM, rapid eye movement sleep; ODI, oxygen desaturation index; T90%, amount of sleep with oxygen saturation below 90%.
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observed difference of HGS between OSA severity groups. 
A novel finding of this study was the association between 
increased apnea duration and reduced HGS, however, as 
increased apnea duration results in worse hypoxemia,27 this 
association is not surprising. A further novel finding was the 
inability to detect a difference between HGS and REM AHI, 
given REM AHI is associated with cardiometabolic 
disorders.28,29 Importantly, our analysis extends on previous 
work by adjusting for muscle mass, which has not been done 
in previously, as well as demonstrate these associations in 
a younger population. Considering that reduced HGS in other 
chronic conditions is associated with increased severity and 
mortality, our findings suggest that OSA-induced hypoxe-
mia, but not AHI, may also be associated with worsening 
health and mortality. Indeed, a recent analysis of two cohort 
studies showed OSA-induced hypoxemia, but not AHI, pre-
dicted cardiovascular disease mortality.30

This study did not detect associations between and 
OSA indices and muscle mass, after adjustments. 
Similarly, there were no significant differences in muscle 
mass between OSA severity groups. Kuźnar-Kamińska 
et al showed no differences in muscle mass between 
OSA severity groups, however, they did not examine for 
associations between AHI and muscle mass.17 Kosacka 
et al showed an inverse association between AHI and 
muscle mass, however, their models were unadjusted for 
determinants of muscle mass.16 Our unadjusted models 
also showed inverse associations between AHI and both 
dominant and non-dominant HGS, but these association 
were attenuated in the adjusted models. Kosacka et al 
conceded that comorbidities, which were not reported, 
may have influenced their results.16 Furthermore, they 
demonstrated patients with severe OSA had significantly 
lower muscle mass compared to those without OSA, but 
did not undertake any comparison for patients with mild or 
moderate OSA. Their study had lower numbers compared 
to ours, yet their patients with severe OSA made over half 
their cohort (n = 67/137). This was most likely to their 
participants, including their non-OSA controls, being 
recruited from a clinical service. These methodological 
differences made further comparison of results difficult.

Due to the cross-sectional nature of this study, causal-
ity between hypoxemia and reduced HGS cannot be estab-
lished. Nevertheless, as reduced HGS occurred 
independent to muscle mass, we speculate this may be 
due to fat infiltration of the muscle, known as myosteato-
sis, which has been shown to reduce muscle strength.31 

Matsumoto et al demonstrated that increased AHI was 

associated with increase muscle cross-sectional area at 
the third lumbar vertebra, but was also associated with 
increased myosteatosis.32 As worsening OSA was asso-
ciated with increased fat mass, it is reasonable that parti-
cipants in this study may have experienced myosteatosis. 
Alternatively, the association between hypoxemia and 
reduced HGS may be due to hypoxemia-induced reduc-
tions in peripheral neuronal axons conduction.33,34 This 
would result in decreased muscle fibres recruitment. 
Longitudinal data are needed to explore these speculations. 
A further possibility may be endothelial dysfunction, 
which has been shown in a single study in elderly 
women to be associated with lower grip strength.35 

Endothelial dysfunction is a common outcome of OSA- 
induced hypoxemia in males,36 it is reasonable to assume 
that endothelial dysfunction in men may also result in 
reduced grip strength. Nevertheless, to explore these 
potential mechanisms longitudinal data are needed.

The association between hypoxemia and reduced muscle 
strength may have implications on genioglossus function in 
patients with OSA. The genioglossus, in response to reduc-
tions in pharyngeal pressure, activates to maintain upper air-
way patency,37 however, in some patients there is minimal-to- 
no activation of the genioglossus in non-REM sleep during 
these pressure reductions.38 The genioglossus is skeletal mus-
cle like the upper arm muscles tested in HGS, and has been 
shown in patients with OSA to have significantly higher fat 
mass compared to patients without OSA.39 Thus it is possible 
that the reductions in the genioglossus activation could also be 
due to myosteatosis and/or reduced peripheral innervation. 
Again, further research is needed to examine this hypothesis.

Hypoxemia, but not AHI, is linked with self-report and 
objectively measured excessive daytime sleepiness.40,41 Yet, 
excessive daytime sleepiness, measured by the Epworth 
Sleepiness Scale (ESS), was not associated with HGS, mus-
cle mass, nor fat mass, in either the unadjusted and adjusted 
analyses (Supplementary S2). A single previous study 
showed an ESS score above 15, coupled with self-report 
snoring or apneic events, is associated with reduced HGS, 
after adjusting for various confounders.42 Given the differ-
ences in assessment of OSA, as well as not adjusting for 
muscle mass, diabetes status, systemic inflammation, and 
testosterone, further comparisons are difficult.

The only non-respiratory sleep metric to show signifi-
cant associations were reduced wake after sleep onset 
associated with increased non-dominant HGS 
(Supplementary S2). The only other study, to our knowl-
edge, examining associations between PSG-derived sleep 
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metrics and HGS showed the lowest quartile of REM sleep 
had significantly lower HGS compared to all other 
quartiles.13 Other studies utilising self-reported and acti-
graphy measured sleep metrics demonstrated both inade-
quate and excessive sleep durations was associated with 
reduced HGS,43–45 and reduced muscle mass.43 The dis-
crepant results from previous studies, coupled with a lack 
of studies examining associations between non-respiratory 
sleep metrics with HGS, muscle mass, and fat mass, indi-
cates further research is needed in this area.

This is the first study, to our knowledge, to examine 
associations between PSG measured OSA indices with 
HGS, muscle mass, and fat mass within the same cohort. 
Furthermore, this is the first study to examine associations 
between all PSG-derived OSA indices (AHI, REM AHI, 
mean oxygen desaturation, lowest oxygen saturation, and 
T90%) with HGS, muscle mass, and fat mass. A strength 
of this study was the large non-clinical community sample 
population, representative of an adult male population of 
men aged 40 years and over.

There are some weaknesses of this study. As men-
tioned, the cross-sectional design of this study means 
causality cannot be established. Furthermore, all partici-
pants were male, meaning the results may not be general-
ised to women. Indeed, despite a population cohort study 
indicating 23% of females had moderate to severe OSA,11 

there has been no study examining associations between 
OSA, HGS, and muscle mass in women.

Future studies should, therefore, undertake longitudinal 
PSG to allow for examination of potential mechanisms to 
explain the findings of this study. Likewise, females 
should be included in future studies. As lower HGS pre-
dicts mortality in different chronic conditions,4,5 future 
studies could determine if muscle strength and body com-
position predict adverse health outcomes in an OSA 
population.

Conclusion
This study demonstrated that worsening OSA severity indices, 
specifically lowest oxygen saturation and time spent below 
90% oxygen saturation, were independently associated with 
impaired grip strength and increased whole body fat mass, but 
not whole body muscle mass, in a large sample of middle- 
aged, urban-dwelling males. Given that impaired HGS is 
indicative of poor health outcomes in other chronic conditions, 
the findings of this study suggest that OSA also has a negative 

impact on health. More research is needed to further explore 
the relationship between OSA, body composition, and HGS.
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