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Background: Sarcopenia, a progressive and generalized skeletal muscle disorder involving an ac-
celerated loss of muscle mass and muscle function, is a common condition in older individuals.
This study aimed to determine whether sleep latency and duration were independently associat-
ed with incident sarcopenia and to explore sex differences in these associations. Methods: This
2-year longitudinal analysis of cohort study data included community-dwelling participants of
the 2016-2017 Korea Frailty and Aging Cohort Study aged 70-84 years at baseline survey who
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(ORs) for sarcopenia and sarcopenia components. Sarcopenia was defined using the 2019 Asian
Working Group for Sarcopenia guidelines. Results: Among 1,353 non-sarcopenic participants in
the baseline survey, 1,160 (85.8%) and 193 (14.2%) were classified as non-sarcopenic and sarco-
penic, respectively, after 2 years. Long sleep duration (>8 hours per night) was associated with
incident sarcopenia in male—OR=2.41 (95% confidence interval [CI], 1.13-5.17) after adjusting
for confounding factors. Long sleep duration was specifically associated with the development of
low skeletal muscle mass and low muscle strength in male—adjusted OR=2.16 (95% Cl, 1.02-
4.61) and adjusted OR=2.70 (95% Cl, 1.13-6.43), respectively. In female, compared to normal
sleep duration, the adjusted ORs for long and short sleep duration for sarcopenia were 2.093
(95% Cl, 0.753-5.812; p=0.157) and 0.852 (95% Cl, 0.520-1.393; p=0.522), respectively, which
were not significant. Conclusion: In male, long sleep duration was associated with incident sar-
copenia, specifically the development of low muscle mass and low muscle strength, but not with
low physical performance.
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INTRODUCTION

Aging is frequently accompanied by changes in sleep patterns, in-
cluding increased sleep disturbances, which affect up to 50% of the
population.l) Sleep disturbances are associated with increased risks
of coronary disease, hypertension, diabetes, and mortality.z‘5>
Marked changes in sleep structure with aging have been reported,
including decreased total sleep time and sleep efficiency and in-
creased wake time after sleep onset.”)

Sarcopenia, a progressive and generalized skeletal muscle disor-

der involving an accelerated loss of muscle mass and muscle func-
tion, is a common condition in older individuals.” The prevalence
of sarcopenia ranges from 4% to 46.8% according to different diag-
nostic criteria.” Sarcopenia contributes significantly to morbidity,
decreased quality of life, and increased health care costs in older
adults.” In particular, sarcopenia is significantly correlated with
cardiometabolic risk factors, especially diabetes, hypertension, and
dyslipidemia.w)

Several studies have indicated a relationship between sleep dis-

11-13)

turbances and sarcopenia.’ Kwon et al."” showed that long
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sleep duration ( > 9 hours) was independently associated with sar-
copenia in Korean adults, while Hu et al.” showed a U-shaped re-
lationship between self-reported sleep duration and sarcopenia in
Chinese community-dwelling older female. These previous studies
were cross-sectional, a study design that did not allow the infer-
ence of causality between sleep disturbance and sarcopenia.u'm
Recently, in a 4-year longitudinal study, Nakakubo et al."” showed
an association between long sleep duration and the risk of progres-
sion to sarcopenia among older Japanese adults. However, this
study did not explore the effect of sleep latency or sex differences
on these associations. Related studies have reported conflicting
findings regarding sex differences, which may be attributed to dif-
ferent daily sleep duration and/or requirements between sexes due
to their different hormone levels."” Sex hormones also regulate
muscle mass and function and differ between sexes.'” Therefore,
this study aimed to determine whether sleep latency and duration
were independently associated with incident sarcopenia in com-
munity-dwelling older adults and to explore the sex differences in

these associations.

MATERIALS AND METHODS

Participants

This study involved participants of the Korean Frailty and Aging
Cohort Study (KFACS)."” The KFACS is a national, multi-center,
longitudinal cohort study. The baseline survey was conducted
from 2016 to 2017, with a target number of 3,000 adults aged 70—
84 years. The participants were recruited from 10 medical centers
(8 hospitals and 2 public health centers) nationwide. For the 3,014
baseline survey participants, the first follow-up surveys (n=2,864)
were conducted from 2018 to 2019. Participants with missing data
were excluded. The analysis in the present study included partici-
pants who did not have sarcopenia at baseline and who participat-
ed in the follow-up survey 2 years later (n=1,353).

Sleep Parameters

Sleep parameters were reported by the participants using a ques-
tionnaire about their usual sleep patterns for the past 4 weeks. Two
questions about subjective sleep quality were extracted from the
Pittsburgh Sleep Quality Index (PSQI) questionnaire: (1) How
long (in minutes) has it taken you to fall asleep each night? (2)
How many hours of actual sleep did you get at night?lg) The sleep
latency and sleep duration measures were based on the answers
provided. A previous meta-analysis reported that sleep duration
and the relative risk of sarcopenia showed a nonlinear U-shaped
association, with nadirs at 6 hours and 8 hours of sleep per day.”
Based on these findings, we categorized sleep duration as short
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(< 6hours), average (6-8 hours), or long ( > 8 hours). We defined
prolonged sleep latency as taking more than 60 minutes to fall

asleep.zo)

Definition of Sarcopenia

Sarcopenia was defined according to the 2019 Asian Working
Group for Sarcopenia (AWGS) guidelines as low muscle mass plus
low muscle strength or low physical performance.

The AWGS 2019 cutoffs for low muscle mass for sarcopenia di-
agnosis are height-adjusted appendicular skeletal muscle (ASM)
<7.0 kg/m” in male and < 5.4 kg/m’ in female. Height-adjusted
ASM was defined as ASM (kg)/height (m”), as measured using
dual-energy X-ray absorptiometry (DXA)—Lunar (GE Health-
care, Madison, W1, USA) and Hologic DXA (Hologic Inc., Bed-
ford, MA, USA). ASM was calculated as the sum of the lean mass
of the right and left arms and legs under the assumption that all
non-fat and non-bone tissues were skeletal muscles. Handgrip
strength, measured using a digital handgrip dynamometer
(TK.K.5401; Takei Scientific Instruments Co. Ltd., Tokyo, Japan),
was used to indicate low muscle strength. The diagnostic cutoffs
for handgrip strength were <28.0 kg for male and < 18.0 kg for fe-
male. The participants were instructed to squeeze the handle with
maximum effort for 3 seconds using each hand. Each hand was
tested twice, and maximum handgrip strength was defined as the
highest measurement for each hand, expressed in kilograms. Physi-
cal performance was evaluated using the usual gait speed, five-
times sit-to-stand test, and the Short Physical Performance Battery
(SPPB). The cutoff for low physical performance was usual gait
speed <1 m/s, five-time chair stand time > 12 seconds, or SPPB
score <9.Low physical performance was defined as obtaining val-
ues below the cutoff for any one of these three tests. The usual gait
speed over a distance of 4 m was measured using an automatic gait
speed meter (Dynamicphysiology, Daejeon, Korea) with accelera-
tion and deceleration phases of 1.5 m each. The participants were
asked to perform the test by walking at a normal pace. The five-
times sit-to-stand test measures the time required to stand five
times from a sitting position without using the arms from a
straight-backed armchair as quickly as possible. The SPPB consists
of three standing-balance measures, five chair-stand time measures,
and an assessment of usual gait speed. Each test was assigned a
score of 0—4, based on the normative scores obtained from the Es-
tablished Population for Epidemiologic Studies of the Elderly, with

a total score ranging from 0 to 2.

Other Variables
The medical histories of participants were noted from a predefined
list of chronic health conditions. Low physical activity levels were
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defined as <494.65 kcal/week for male and < 283.50 kcal/week
for female, corresponding to the lowest 20% of the total energy
consumed in a population-based Korean survey of older adults
from among the general population.m Energy expenditure esti-
mates (kcal/week) were calculated using the International Physical
Activity Questionnaire (IPAQ), and metabolic equivalent scores
were derived according to vigorous, moderate, and mild activity
responses in the questionnaire. Nutritional status was rated using
the Korean version of the Short Form of the Mini-Nutritional As-
sessment (MNA), and participants who scored < 11 or less were
considered as at risk for malnutrition or with malnutrition.” A 15-
item Korean version of the Short Form Geriatric Depression Scale
(GDS-K) was used to evaluate depression, with scores > 6 defined
as suggestive of depression.”” Polypharmacy was defined as the
use of five or more prescribed medicines for >3 months. Muscle
quality of the arms (MQIArm, kg/kg) was defined as the ratio be-
tween the dominant handgrip strength and dominant arm ASM.”
We defined low MQIArm as -1 SD in our study population, which
was 11.04 in male and 10.03 in female.””

Ethical Approval
The present study was submitted to and exempt from the re-
quirement for Institutional Review Board approval by the Clini-
cal Research Ethics Committee of Kyung Hee University Medi-
cal Center (IRB No. 2021-03-057) and complied with the ethical
rules for human experimentation described in the Declaration of
Helsinki. Informed consent was obtained from all participants or
their proxy.

Also this study complied the ethical guidelines for authorship
and publishing in the Annals of Geriatric Medicine and Research.””

Statistical Analysis

‘We compared characteristics according to sarcopenia category us-
ing independent-sample t-tests and chi-square tests for continuous
and categorical data, respectively. After univariate analysis, we in-
cluded factors with p < 0.1 as adjustment factors in multivariate lo-
gistic regression analyses. Statistical analysis was performed using
IBM SPSS Statistics version 23.0 (IBM Corp., Armonk, NY,
USA), and significance was defined as a p-value <0.05.

RESULTS

General Characteristics of the Study Population

Among 1,353 non-sarcopenic participants at baseline, 1,160
(85.7%) were classified as non-sarcopenic and 193 (14.3%) as sar-
copenic 2 years later, according to the 2019 AWGS guidelines (Ta-
ble 1). The median ages of the non-sarcopenic and sarcopenic par-

ticipants were 75.3 and 76.4 years in male and 74.9 and 76.4 years
in female, respectively. The prevalence of cerebrovascular disease
(CVD), angina, and depression was higher in men in the sarcope-
nic group than that in those in the non-sarcopenic group. The
prevalence of CVD was higher than male in female with sarcope-
nia. The rates of low physical activity in non-sarcopenic and sarco-
penic participants were 4.5% and 12.6% in male and 7.0% and
16.7% in female, respectively. The median sleep duration was 6.4
hours in both non-sarcopenic and sarcopenic male and 5.9 and 6.0
hours in non-sarcopenic and sarcopenic female, respectively. The
rates of long sleep duration (total sleep time > 8 hours per night)
in non-sarcopenic and sarcopenic participants were 5.7% and
11.7% in male and 3.5% and 6.7% in female, respectively (Table 1).

Sleep Patterns and Incident Sarcopenia in Male

Long sleep duration ( > 8 hours) in male was associated with great-
er odds of incident sarcopenia after 2 years compared to the refer-
ence (6-8 hours). After adjusting for multiple factors including
age, body mass index (BMI), smoking, polypharmacy, education,
angina, CVD, depression, and physical activity, the association be-
tween long sleep duration and incident sarcopenia remained sig-
nificant (odds ratio [OR]=2.410; 95% confidence interval [CI],
1.125-5.166; p=0.024). In comparison, short sleep duration (<6
hours) was not associated with sarcopenia development in male
(OR=1.192; 95% CI, 0.725-1.960; p=0.488). Prolonged sleep
latency (> 60 minutes) was not associated with sarcopenia in male
(OR=1.014; 95% CI, 0.505-2.036; p=0.969) (Tables 2, 3).

Sleep Patterns and Incident Sarcopenia in Female

Compared to normal sleep duration, the adjusted ORs for long
and short sleep duration for sarcopenic female were 2.093 (95%
CI, 0.753-5.812; p=0.157) and 0.852 (95% CI, 0.520-1.393;
p=0.522), respectively, which were not significant. Prolonged sleep
latency (> 60 minutes) was not associated with sarcopenia in fe-
male (OR =0.674; 95% CI, 0.351-1.296; p=0.237) (Tables 2, 3).

Effects of Sleep Duration on Sarcopenia Components in male
In male, after adjusting for multiple factors (including age, BMI,
polypharmacy, alcohol, education, employment status, hyperten-
sion, osteoporosis, and depression), the association between long
sleep duration and low muscle mass was significant (OR =2.163;
95% CI, 1.016-4.60S; p=0.04S) (Table 4). The association be-
tween long sleep duration and low muscle strength remained sig-
nificant after adjusting for multiple correlates (OR=2.695; 95%
CI, 1.130-6.431; p=0.025) (Table 5). However, long sleep dura-
tion was not associated with low physical performance (OR=
1.075; 95% CI, 0.546-2.117; p=0.833) in male (Table 6). Short
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Table 1. Characteristics of study participants, according to sarcopenia status at 2 years

Male (n=631) Female (n="722)
Non-sarcopenic (n=528) Sarcopenic (hn=103)  p-value Non-sarcopenic (n=632)  Sarcopenic (n=90) p-value

Age (y) 753+3.6 764+ 4.0 0.012 749+3.6 764%4.2 0.002
BMI (kg/m’) 24.6+29 24.1+24 0.103 253429 239+2.8 <0.001
Polypharmacy” 166 (31.4) 42 (40.8) 0.065 157 (24.8) 21(23.3) 0.756
Smoking” 405 (76.7) 71(68.9) 0.094 14(2.2) 2(22) 0.997
Alcohol drinking” 181 (34.3) 32(311) 0.528 22(3.5) 3(33) 0.943
Married 346 (65.5) 62(60.2) 0.3 446 (70.6) 56(62.2) 0.107
Live alone 30(5.7) 8(7.8) 0416 212(33.5) 32(35.6) 0.706
Education” 423 (80.1) 74 (71.8) 0.061 322(50.9) 39(43.3) 0.176
Working 149 (28.2) 27(26.2) 0.678 138 (21.8) 21(23.3) 0.748
Low physical activity” 24(4.5) 13 (12.6) 0.001 44(7.0) 15(16.7) 0.002
MNA score 128+ 1.6 129+12 0.598 128+14 12.8+1.7 0.934
Risk of malnutrition” 94 (17.3) 13 (14.9) 0.59 98 (16.3) 20(16.3) 0.984
Hypertension 271(51.3) 60(58.3) 0.198 362 (57.3) 50 (55.6) 0.757
Diabetes 120 (22.7) 31(30.1) 0.109 107 (16.9) 20(222) 0217
Dyslipidemia 142 (26.9) 27(26.2) 0.887 267 (42.2) 31(344) 0.16
Angina 31(5.9) 13 (12.6) 0.014 30(4.7) 8(8.9) 0.1
CHF 4(0.8) 0(0.0) 0.376 2(0.3) 1(L1) 0273
CVD 24 (4.5) 14 (13.6) <0.001 19(3.0) 7(7.8) 0.023
Arthritis 56 (10.6) 14 (13.6) 0.377 204 (32.3) 31(344) 0.682
Osteoporosis 81(15.3) 15(14.6) 0.841 92 (14.6) 15(16.7) 0.598
Depression® 43(8.1) 16 (15.5) 0.018 160 (25.3) 22 (24.4) 0.859
HRT" - - 143 (22.6) 14 (15.6) 0.128
Sleep duration (hr) 64+13 64+1.5 0.563 59+14 60+1.5 0.34

6-8 352(66.7) 60(58.3) 0.057 332(52.5) 50 (55.6) 0234

<6 146 (27.7) 31(30.1) 278 (44.0) 34(37.8)

>8 30(5.7) 12(11.7) 22(3.5) 6(6.7)
Sleep latency (min) 20.6+24.8 2134224 0.771 29.3+30.0 2474264 0.163

> 60 49(9.3) 13 (12.6) 0.297 129 (20.4) 13 (144) 0.183

Values are presented as meantstandard deviation or number (%).

BMI, body mass index; MNA, Mini-Nutritional Assessment; CHF, chronic heart failure; CVD, cerebrovascular diseases; HRT, hormone replacement therapy.
IUse of 5 or more drugs more than 3 months, Y25 pack-years per lifetime, 9>2-3 times per week, >7 years, <494.65 kcal for male and <283.50 keal for female,

IMNA score <11, ¥ Geriatric Depression Scale score 26 ¥>1 month.

sleep duration ( < 6 hours) was not associated with any sarcopenia
component (low muscle mass, low muscle strength, or low physi-
cal performance) in unadjusted or adjusted analyses (Tables 4-6).
Sleep duration was not associated with muscle quality after adjust-

ing for multiple factors (Supplementary Table S2).

Effects of Sleep Duration on Sarcopenia Components in
Female

In female, after adjusting for multiple factors, the ORs of long sleep
duration for low height-adjusted ASM, low muscle strength, and
low physical performance were 0.766 (95% CI, 0.278-2.105;
p=0.605), 1.997 (95% CI, 0.884-4.511; p=0.096), and 1.885
(95% CI, 0.879-4.042; p=0.103) (Tables 4-6, respectively).
Short sleep duration ( < 6 hours) was not associated with any sar-

copenia component (low muscle mass, low muscle strength, or
low physical performance) in the adjusted analyses. However, low
gait speed and low SPPB score showed associations with short
sleep duration (Tables 7, 8). Long S sit-to-stand test didn’t showed

association with sleep duration (Table 9).

DISCUSSION

The results of our study in community-dwelling older adults
showed that long sleep duration, compared with normal sleep du-
ration, increased the risk of incident sarcopenia after 2 years in
male. Regarding sarcopenia components, long sleep duration was
associated with low muscle mass and strength after 2 years in male.

Chronic inflammation and insulin resistance, and brain pituitary
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Table 2. Odds ratio of sleep duration relationship to incident sarcopenia, by sex

Male Female
Sleep duration (hr)
OR 95% CIL p-value OR 95% CI p-value
Model1” 6-8 1 Ref Ref 1 Ref Ref
<6 1.246 0.775 2.002 0.364 0.812 0.511 1.291 0.379
>8 2.347 1.139 4.837 0.021 1.811 0.700 4.684 0.221
Model2” 6-8 1 Ref Ref 1 Ref Ref
<6 1.258 0.780 2.031 0.347 0.814 0.506 1.309 0.395
>8 2.409 1.158 5.012 0.019 2.085 0.778 5.582 0.144
Model3? 6-8 1 Ref Ref 1 Ref Ref
<6 1.217 0.744 1.992 0.434 0.821 0.504 1.339 043
>8 2407 1.124 5.152 0.024 2.124 0.778 5.796 0.142
Model4” 6-8 1 Ref Ref 1 Ref Ref
<6 1.192 0.725 1.960 0.488 0.852 0.520 1.393 0.522
>8 241 1.125 5.166 0.024 2.093 0.753 5.812 0.157

OR, odds ratio; CI, confidence interval; BMI, body mass index; CVD, cerebrovascular disease.

YUnadjusted, "adjusted for age and BMI, “adjusted for age, BMI, smoking, polypharmacy, education, angina, CVD, and depression, “adjusted for age, BMI,
smoking, polypharmacy, education, angina, CVD, depression, and low physical activity.

p-value was obtained by logistic regression analysis.

Table 3. Odds ratio of sleep latency relationship to incident sarcopenia, by sex

Sleep latency > 60 min
Male Female
OR 95% CI p-value OR 95% CIL p-value
Model1” 1412 0.736 2.709 0.299 0.658 0.355 1.222 0.185
Model2” 1.355 0.702 2,614 0.366 0.621 0.329 1.174 0.143
Model3? 1.001 0.5 2.004 0.997 0.636 0.332 1219 0.173
Model4” 1.014 0.505 2.036 0.969 0.674 0.351 1.296 0.237

OR, odds ratio; CI, confidence interval; BMI, body mass index; CVD, cerebrovascular disease.

a)Unadjusted, b)adjusted for age and BMI, C)adjusted for age, BMI, smoking, polypharmacy, education, angina, CVD, and depression, d)adjusted for age, BMI,
smoking, polypharmacy, education, angina, CVD, depression, and low physical activity.

p-value was obtained by logistic regression analysis.

Table 4. Odds ratio of sleep duration relationship to low height-adjusted ASM index, 2-year follow-up, by sex

Male Female
Sleep duration (hr)

OR 95% CI p-value OR 95% CI p-value

Model1” 6-8 1 Ref Ref 1 Ref Ref
<6 0.814 0.571 1.159 0.254 0.932 0.669 1.298 0.678

>8 1.818 0.939 3.517 0.076 0.657 0.260 1.665 0.376

Model2” 6-8 1 Ref Ref 1 Ref Ref
<6 0.808 0.542 1.205 0.296 0.928 0.650 1.326 0.682

>8 1.891 0.908 3.937 0.089 0.711 0.260 1.941 0.505

Model3? 6-8 1 Ref Ref 1 Ref Ref
<6 0.828 0.552 1.240 0.359 0.975 0.675 1.408 0.893

>8 2.163 1.016 4.605 0.045 0.766 0.278 2.105 0.605

ASM, appendicular skeletal muscle; OR, odds ratio; CI, confidence interval; BMI, body mass index; CVD, cerebrovascular disease; HTN, hypertension.
YUnadjusted, b)adjusted for age and BMI, “adjusted for age, BMI, polypharmacy, alcohol consumption, education, working, HTN, osteoporosis and depression.
p-value was obtained by logistic regression analysis.
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Table 5. Odds ratio of sleep duration relationship to low muscle strength, 2-year follow-up, by sex

Male Female
Sleep duration (hr)

OR 95% CI p-value OR 95% CI p-value

Model1” 6-8 1 Ref Ref 1 Ref Ref
<6 1.219 0.733 2.028 0.446 1.196 0.829 1.726 0.337

>8 2212 1.026 4.769 0.043 2 0.921 4.342 0.080

Model2” 6-8 1 Ref Ref 1 Ref Ref
<6 1.199 0.716 2.009 0.491 1.231 0.845 1.793 0.278

>8 2.396 1.09 5.264 0.03 2.091 0.944 4.636 0.069

Model3? 6-8 1 Ref Ref 1 Ref Ref
<6 1.155 0.677 1.971 0.597 1.208 0.822 1.775 0.335

>8 2.637 1.105 6.296 0.029 1.943 0.862 4.382 0.109

Model4” 6-8 1 Ref Ref 1 Ref Ref
<6 1.137 0.664 1.947 0.639 1.223 0.831 1.801 0.307

>8 2.695 1.13 6431 0.025 1.997 0.884 4.511 0.096

OR, odds ratio; CI, confidence interval; BMI, body mass index; CVD, cerebrovascular disease ; HTN, hypertension; DM, diabetes mellitus.
YUnadjusted, Vadjusted for age and BMI, “age, BMI, polypharmacy, smoking, HTN, DM, angina, CVD, arthritis, adjusted for age, BMI, polypharmacy, smok-

ing, HTN, DM, angina, CVD, arthritis, and low physical activity.
p-value was obtained by logistic regression analysis.

Table 6. Odds ratio of sleep duration relationship to low physical performance, 2-year follow-up, by sex

Male Female
Sleep duration (hr)
OR 95% CI p-value OR 95% CIL p-value

Model1? 6-8 1 Ref Ref 1 Ref Ref

<6 0.923 0.638 1.336 0.672 0.882 0.675 1.152 0.357

>8 1.094 0.590 2.029 0.775 2.171 1.091 4.321 0.027
Model2” 6-8 1 Ref Ref 1 Ref Ref

<6 0915 0.626 1.337 0.645 0.894 0.675 1.185 0.437

>8 1212 0.641 2294 0.554 2.080 1.011 4.282 0.047
Model3? 6-8 1 Ref Ref 1 Ref Ref

<6 0.842 0.563 1.258 0.401 0.781 0.580 1.051 0.102

>8 1.073 0.547 2.103 0.837 1.870 0.887 3.941 0.1
Model4” 6-8 1 Ref Ref 1 Ref Ref

<6 0.824 0.55 1.235 0.349 0.800 0.591 1.084 0.151

>8 1.075 0.546 2.117 0.833 1.885 0.879 4.042 0.103

OR, odds ratio; CI, confidence interval; BMI, body mass index; CVD, cerebrovascular disease ; HTN, hypertension; DM, diabetes mellitus.
a)Unadjusted, b)adjusted for age and BMI, c)age, BMI, education, living alone, polypharmacy, HTN, DM, CVD, dyslipidemia, arthritis, depression, d)age, BM],
education, living alone, polypharmacy, HTN, DM, CVD, dyslipidemia, arthritis, depression, low physical activity.

p-value was obtained by logistic regression analysis.

function are all important mechanisms explaining the relationship
between long sleep duration and sarcopenia. Long sleep duration
is also closely associated with increased insulin resistance.”” Insulin
resistance contributes to decreased synthesis of skeletal mass pro-
tein, leading to sarcopenia in older adults.”” Another mechanism
for the relationship between sleep duration and sarcopenia could
be chronic inflammation. Long-duration sleepers have significant-
ly higher levels of proinflammatory markers, such as C-reactive
protein and interleukin-6 (IL-6),"” and inflammatory mediators

play an important role in the development of sarcopenia by pro-
moting muscle proteolysis. The results of a population-based study
demonstrated significantly elevated circulating concentrations of
IL-6 and tumor necrosis factor-a (TNF-a) in older adults with sar-
copenia and showed that higher IL-6 and C-reactive protein
(CRP) levels increased the risk of muscle strength loss.”” Chronic
inflammation might affect the anabolic and catabolic metabolism
of muscles, resulting in sarcopenia.”” The results of a recent me-
ta-analysis revealed that higher IL-6 and CRP levels were signifi-
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Table 7. Odds ratio of sleep duration relationship to low gait speed, 2-year follow-up, by sex

Male Female
Sleep duration (hr)
OR 95% CI p-value OR 95% CI p-value
Model1” 6-8 1 Ref Ref 1 Ref Ref
<6 0.715 0.356 1.436 0.345 0.881 0.392 1.979 0.759
>8 0.740 0.353 1.551 0.425 0.750 0.331 1.696 0.489
Model2” 6-8 1 Ref Ref 1 Ref Ref
<6 1.052 0.631 1.753 0.845 0.746 0.519 1.072 0.113
>8 1.776 0.763 4.134 0.183 1.834 0.769 4.374 0.171
Model3? 6-8 1 Ref Ref 1 Ref Ref
<6 0.873 0.508 1.499 0.623 0.586 0.393 0.875 0.009
>8 1.920 0.799 4614 0.145 1.969 0.769 5.039 0.158
Model4” 6-8 1 Ref Ref 1 Ref Ref
<6 0.851 0.492 1.472 0.564 0.596 0.398 0.893 0.012
>8 1.995 0.828 4.807 0.124 2.038 0.795 5.225 0.139

OR, odds ratio; CI, confidence interval; BMI, body mass index; CVD, cerebrovascular disease ; HTN, hypertension; DM, diabetes mellitus.
“)Unadjusted, b)adjusted for age and BMI, C)age, BM], education, living alone, polypharmacy, HTN, DM, CVD, dyslipidemia, arthritis, depression, d)age, BM],
education, living alone, polypharmacy, HTN, DM, CVD, dyslipidemia, arthritis, depression, low physical activity.

p-value was obtained by logistic regression analysis.

Table 8. Odds ratio of sleep duration relationship to low SPPB test, 2-year follow-up, by sex

Male Female
Sleep duration (hr)

OR 95% CIL p-value OR 95% CI p-value

Model1? 6-8 1 Ref Ref 1 Ref Ref
<6 1.243 0.71 2.175 0.447 0.776 0.543 1.108 0.162

>8 1.983 0.824 4.774 0.127 0.74 0.27 2.024 0.557

Model2” 6-8 1 Ref Ref 1 Ref Ref
<6 1.204 0.677 2.14 0.527 0.777 0.537 1.122 0.178

>8 2.306 0.92 5.779 0.075 0.742 0.265 2.078 0.571

Model3? 6-8 1 Ref Ref 1 Ref Ref
<6 1.111 0.617 2.001 0.725 0.647 0.437 0.957 0.029

>8 2.188 0.847 S.65 0.106 0.669 0.229 1.954 0463

Model4” 6-8 1 Ref Ref 1 Ref Ref
<6 1.088 0.601 1971 0.78 0.656 0.442 0972 0.036

>8 2.238 0.862 5.809 0.098 0.672 0.228 1.981 0471

OR, odds ratio; CI, confidence interval; BMI, body mass index; CVD, cerebrovascular disease ; HTN, hypertension; DM, diabetes mellitus.
“)Unadjusted, b)adjusted for age and BMI, c)age, BMI, education, living alone, polypharmacy, HTN, DM, CVD, dyslipidemia, arthritis, depression, d)age, BM],
education, living alone, polypharmacy, HTN, DM, CVD, dyslipidemia, arthritis, depression, low physical activity.

p-value was obtained by logistic regression analysis.

cantly associated with long but not short sleep duration.”

In addition, disrupted circadian rhythm, which is controlled by
the brain, and hormonal changes associated with long sleep dura-
tions might also be a possible underlying mechanism explaining
the link between long sleep duration and sarcopenia.33)

These findings might explain the association between long sleep
duration and incident sarcopenia. In our study, CRP level was not
associated with incident sarcopenia; however, insulin resistance

showed an association in male (Supplementary Table S1), which

may explain some of the association between long sleep duration
and incident sarcopenia in male.

In female, short sleep duration was positively associated with
low physical performance such as slow gait speed (OR=0.564)
and poor SPPB score (OR = 0.656). Older age is more strongly as-
sociated with poor subjectively reported sleep in female, and older
female consistently report shorter and poorer sleep compared to
older male.*” However, actigraphic sleep measures showed poorer
sleep in male.””*” The results of the Health ABC cohort study
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Table 9. Odds ratio of sleep duration relationship to long 5 sit-to-stand test, 2-year follow-up, by sex

Male Female
Sleep duration (hr)
OR 95% CIL p-value OR 95% CI p-value
Model1” 6-8 1 Ref Ref 1 Ref Ref
<6 1.088 0.686 1.727 0.719 1.003 0.727 1.384 0.986
>8 1452 0.662 3.185 0.353 1.256 0.54 2923 0.597
Model2” 6-8 1 Ref Ref 1 Ref Ref
<6 1.058 0.662 1.692 0.813 1.024 0.731 1.434 0.89
>8 1.596 0.714 3.568 0.255 1.306 0.545 3.131 0.549
Model3? 6-8 1 Ref Ref 1 Ref Ref
<6 0.948 0.581 1.546 0.831 0.884 0.618 1.265 0.499
>8 1.407 0.607 3.262 0.426 1.217 0482 3.071 0.678
Model4” 6-8 1 Ref Ref 1 Ref Ref
<6 0.934 0.571 1.529 0.787 0.898 0.627 1.288 0.559
>8 1432 0.617 3.325 0.403 1.239 0.489 3.136 0.651

OR, odds ratio; CI, confidence interval; BMI, body mass index; CVD, cerebrovascular disease ; HTN, hypertension; DM, diabetes mellitus.
“)Unadjusted, b)adjusted for age and BMI, C)age, BM], education, living alone, polypharmacy, HTN, DM, CVD, dyslipidemia, arthritis, depression, d)age, BM],
education, living alone, polypharmacy, HTN, DM, CVD, dyslipidemia, arthritis, depression, low physical activity.

p-value was obtained by logistic regression analysis.

showed that thigh muscle mass was not associated with gait speed
changes in female. However, all fat composition variables were as-
sociated with gait speed decline after 4 years.‘w) Furthermore, fe-
male are generally at a higher risk of osteoarthritis incidence and
disease severity than male.”” These factors might explain the asso-
ciation of short sleep duration with slow gait speed and poor SPPB
score. However, low physical performance was not associated with
short sleep duration in female.

Sleep latency was not a significant predictor of sarcopenia in our
study. In the previous two related publications, one study reported
higher scores for sleep latency in sarcopenic subjects compared
with those in non-sarcopenic subjects (p=0.03) after adjusting for
confounders™ ; however, the other study did not find that sleep la-
tency was associated with sarcopenia in middle-aged individuals."
Yet another study”” postulated that depression was an intermedi-
ating factor between long sleep latency and frailty in older Korean
male; therefore, sleep latency was not directly associated with frail-
ty. However, these papers were cross-sectional designs; therefore,
the results of our prospective study demonstrate the cause-effect
relationship.

To our knowledge, no other longitudinal study has reported the
sex-specific effects of sleep duration on incident sarcopenia in old-
er adults. Nakakubo et al.'” reported that long sleep duration was
associated with an increased risk of progression to sarcopenia
among older adults but did not show differences in the association
according to sex. However, they did report that long sleep duration
was associated with slow gait and lower grip strength but not with
lower muscle mass, contrary to our findings. To evaluate ASM,

Nakakubo et al.'"” used multi-frequency bioelectrical impedance
analysis, which can overestimate ASM compared to DXA,m which
could explain the divergent results. Additionally, unlike the associ-
ation of long sleep duration with slow gait and low grip strength af-
ter 4 years reported by Nakakubo et al,'” we observed a relation-
ship between sleep duration and muscle mass and strength but not
physical performance in male only. However, 2 years may have
been too short a duration to observe decreased physical perfor-
mance.

In this study, we observed sex differences in the association be-
tween long sleep duration and incident sarcopenia. Unlike previ-
ous cross-sectional studies that reported the association of sleep

) we ob-

duration with sarcopenia in female'” and both sexes,’
served an association only in male. However, both previous studies
were cross-sectional and only two studies have reported on the

14,42) s
nei-

longitudinal effect of long sleep duration on sarcopenia,
ther of which investigated sex differences in this relationship.
Therefore, our findings demonstrate the difference in the cause-ef-
fect relationships of long sleep duration on incident sarcopenia.
‘We observed this relationship only in male; thus, the relationship
reported in female in cross-sectional studies may have been coinci-
dental findings. The sex difference in the effects of long sleep dura-
tion on sarcopenia may occur due to the different requirements for
sleep duration between the sexes owing to their different hormone
levels."” Furthermore, female are more resilient to environmental
stressors. Another explanation for the differential association ac-
cording to sex may be that muscle mass declines more slowly in fe-
male than in male. A previous study reported a steeper decline in

Ann Geriatr Med Res 2022;26(3):264-274



272 Hyona Lee et al.

relative skeletal muscle mass (kg/m”) in male (15.2 — 0.07 x age;
p<0.001) compared with that in female (8.9 — 0.02 x age;
p< 0.001).”” Therefore, a 2-year follow-up may have been insuffi-
cient to determine the effect of sleep duration on incident sarcope-
nia in female.

This study had several limitations. First, the sleep variables were
based on participant recall, which may lead to bias and differ from
objective sleep measurements. One study reported that self-report-
ed sleep latency was 10 minutes longer than objectively measured
sleep latency and that the estimated total sleep duration was slight-
ly shorter than the measured duration (median difference, -18.5
minutes) in adults with a mean age of S0 years."”"” Second, as the
participants of this study were community-dwelling older adults,
the results do not represent the entire population of older Korean
adults as we did not include hospitalized, institutionalized, or bed-
ridden older adults.

The study also has several strengths. We enrolled a relatively
large number of community-dwelling older adults aged 70-84
years, and the cohort was gathered from 10 regions nationwide, in-
cluding urban and rural areas of Korea. Therefore, the cohort was
representative of the community-living age group across Korea.
Previous studies have reported controversial associations between
sleep duration and sarcopenia; however, no other studies have in-
vestigated sex differences in the effect of long sleep duration on in-
cident sarcopenia. We observed that long sleep duration (>8
hours per night) was associated with high odds for incident sarco-
penia after 2 years in male. Interventional studies are needed to in-
vestigate if the effect of a reduction in sleep time in these long
sleepers can decrease their risk of sarcopenia.

In conclusion, after 2 years of follow-up, long sleep duration ( > 8
hours per night) was associated with high odds for incident sarco-
penia, and the main correlates of incident sarcopenia due to long
sleep duration were muscle mass loss and declining muscle
strength in male. In contrast, long sleep duration in female was not

associated with incident sarcopenia.
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