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Effect of changes in sleeping behavior 2
on skeletal muscle and fat mass:
a retrospective cohort study

Jihun Song', Sun Jae Park’, Seulggie Choi?, Minjung Han?, Yoosun Cho*, Yun Hwan Oh® and Sang Min Park"®*

Abstract
Background An association between sleep behaviors and muscle-fat mass is continuously interesting topic.

Methods Based on the survey on sleep behaviors (quality and duration), the poor quality of sleep was evaluated
when the subject did not feel satisfied after sleep, while the good quality was evaluated as they feel refreshed. A total
of 19,770 participants were divided into the four groups according to changes in sleep quality: Good-to-Good (those
who continuously maintained good quality), Good-to-Poor (those who reported initial good quality but subsequently
reported a poor quality), Poor-to-Poor (those who continuously maintained poor quality), and Poor-to-Good (those
who reported improved quality of sleep). As changes in skeletal muscle and fat mass index [kg/m?] were estimated by
a validated prediction equation, multiple linear regression was used to calculate adjusted mean (adMean) of muscle
and fat mass according to changes in sleep behavior.

Results When sleep duration decreased and quality of sleep deteriorated (from good to poor), fat mass index
significantly increased (adMean: 0.087 for the Good-to-Good group and 0.210 for the Good-to-Poor group;
p-value=0.006). On the other hand, as the quality of sleep deteriorated, skeletal muscle mass more decreased despite
the maintained sleep duration (adMean: -0.024 for the Good-to-Good group and —0.049 for the Good-to-Poor group;
p-value=0.009).

Conclusion Our results showed that changes in sleep quality and duration affect changes in muscle and fat mass.
Thus, we suggest maintaining a good quality of sleep, even if sleep duration is reduced, to preserve muscle mass and
inhibit the accumulation of fat.
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Introduction

Several recommendations help secure the sleep duration,
quality, and efficiency; 7-8 h sleep for recommended
sleep duration for adults, limiting nap time under 30 min,
and avoiding caffeine, and heavy food before sleep [1].
Despite these recommendations, however, many the
middle-aged and elderly people suffer sleep disorder [2].
Sleep behavior encompasses a wide variety of factors,
including subjective quality of sleep, sleep duration, time
of sleep onset (time difference from time of actual sleep),
awaken frequency in the middle of sleep; body activity
during sleep (changes in hormone-neurotransmitter con-
centration, sleep-disordered breathing, and body-turn-
ing). Sleep behaviors such as sleep quality and duration
are associated with health conditions such as chronic
inflammation and hormonal imbalance. It has been also
reported that the risk of diseases such as cardiovascular
disease [3] and dementia [4, 5] increases as sleep behav-
ior becomes worse. Some study suggested that sleep-dis-
ordered breathing and nocturnal hypoventilation may be
related to the decline in cognitive function, which finally
leads to dementia. Moreover, a deterioration of sleep
behavior is known to worsen muscle function and cause
obesity. According to a previous study, the lower muscle
mass group frequently suffered poor sleep efficiency (the
ratio of actual sleep time to time in bed) [6]. The persons
with less sleep time have a higher fat mass index than
the persons with adequate sleep [7]. The risk of general
obesity, defined as body mass index (BMI)>25 kg/m?
in those who sleeps less than 5 h were 1.22 times higher,
compared to other subjects (sleep duration: 7 h). How-
ever, there is insufficient evidence on how much muscle
mass decreases and fat mass increases with respect to
change in sleep duration or in quality of sleep. Most pre-
vious studies were cross-sectional studies, rather than
retrospective studies. In addition, since the effect of sleep
behavior on body composition is difficult to evaluate
individually, more investigation regarding the interac-
tion of factors related to sleep with body composition is
required.

Herein, we have evaluated the association of changes
in both sleep quality (Good or Poor) and duration on
change in skeletal muscle mass and fat mass index among
19,770 people in Korea. Through our study, we hypoth-
esized that improvement of sleep behavior would lead to
the preservation of muscle mass and the reduction of fat
mass in middle-aged subject.

Methods

Study population

Data was collected from an urban-based cohort in the
Health Examinees of KoGES (HEXA) study which is con-
ducted in the Republic of Korea. Previously, the HEXA
study has been used for the examination of the influence
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of sleep duration and quality [8, 9]. The HEXA study was
based on the cities in Korea and consisted of databases
comprised of Korean adults aged between 40 and 69
years who visited study centers for health examinations
for baseline (between 2004 and 2013) and base-follow up
(between 2012 and 2016). A total of 27,577 participants
collected from the HEXA study have participated in both
health examinations at baseline and follow-up periods.
Among them, 7,556 participants were excluded due to
missing anthropometric data and covariates (weight,
height, waist circumference, history of depression, etc.)
and 251 participants also were excluded due to key vari-
ables related to sleep duration and quality. The final study
population consisted of 19,770 participants.

Assessment of sleeping behavior

Data on sleep duration and quality were collected from
the results of the self-reported survey in the HEXA
study. Regarding sleep duration, participants were asked:
“On average, how many hours of sleep did you get per
day during the past year including nap times?” Four
responses were possible (under 5, 6-7, 8-9, or 210 h).
Regarding sleep quality, participants were asked how
often they agree with the following statement: “I don't
feel refreshed after I sleep” Four responses were pos-
sible (always, mostly, sometimes, or not at all). The par-
ticipants who were not satisfied with their sleep and
responded “always” and “mostly” on the survey were
considered to have poor sleep quality (the Poor group).
On the other hand, the participants with responses of
“sometimes” and “not at all” were considered to have
good sleep quality (the Good group). Moreover, classifi-
cation into the poor or good group was conducted twice
during the baseline period (2004—2008) and follow-up
periods (2012-2016). As a result, the study population
was divided into the four groups; the Good-to-Good
group (continuously maintained good quality of sleep),
the Good-to-Poor group (the good sleep quality at the
baseline but got poor at the follow-up periods), the Poor-
to-Poor group (continuously maintained the poor quality
of sleep), and the Poor-to-Good group (improved sleep
quality from the baseline to the follow-up periods). Par-
ticipants who maintained initial sleep quality severed as
reference: the Good-to-Good and Poor-to-Poor group. In
addition, all participants were classified into three groups
according to the change in sleep duration: those with
decreased, maintained, or increased sleep duration.

Assessment of predicted body composition index

Using a prediction equation, appendicular skeletal mus-
cle mass index (pAMI) and fat mass index (pFI) were
assessed and calculated [10]. This prediction equation
has been used previously for studies on muscle and fat
mass in Korean adults [11]. To predict muscle and fat
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mass index, the anthropometric prediction equations
were developed with multiple linear regressions and
multi-variables (sex, age, height, weight, waist circumfer-
ence, etc.). The correlation coefficient for variables was
given from the equation. In our study, five variables (sex,
age, height, weight, and waist circumference) and their
correlation coefficient were used to calculate pAMI and
pFL

Covariates: age, sex, follow-up duration, calorie, protein
intake, physical activity, and others

The covariates considered were age (continuous; unit:
years), sex (categorical, male or female), income level
(categorical; low, middle, or high), history of depression
(categorical; yes or no), follow-up duration (continuous;
unit: years), BMI (continuous; unit: kg per square of the
meter), calorie intake (continuous; unit: kcal per kg of
weight - day), protein intake (continuous; unit: gram per
kg of weight-day), fat intake (continuous; unit: gram per
kg of weight-day), smoking and drinking status (categori-
cal; never, former, or current), physical activity (categori-
cal; yes or no). BMI was calculated by dividing the body
weight (kg) by the square of height (square of the meter).
Weight-standardized nutrient intake in individuals,
including calorie, protein, and fat, was calculated as fol-
lowing: daily nutrient intake divided by the body weight.
The sub-group, according to intake of protein and calorie,
for stratified analyses were classified, based on the stan-
dards in men and women over the age of 40 [12].

Statistical analysis

This retrospective cohort study was designed and con-
ducted, based on Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) guideline
and its checklist.

All data collection and analysis were conducted using
SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). Sta-
tistical significance was defined as p-value <0.05. p-value
by chi-square test for categorical variables and analy-
sis of variance (ANOVA) for continuous variables were
used to determine the difference in descriptive charac-
teristics. With adjusting for age, sex, physical activity,
etc., multiple linear regression was conducted to deter-
mine adjusted mean and 95% confidence intervals of the
change in pAMI and pFI according to the change in the
sleep quality or duration.

Results

Characteristics of the study population

Table 1 showed the general characteristics of four groups
divided according to changes in sleep quality. In the
Good-to-Good, Good-to-Poor, Poor-to-Good, and Poor-
to-Poor groups, 14,054, 1,629, 854, and 3,233 people par-
ticipated in all surveys about changes in sleep behaviors,
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respectively. The percentage of 6-7 h sleep duration in
each group was 66.3, 62.2, 57.1, and 60.1%, respectively,
which showed a lower percentage with the poor qual-
ity of sleep. In addition, the poor quality of sleep groups
suffered more depression than the good quality of sleep
groups as the percentage of subjects with experience
of depression was 1.4, 2.4, 5.6, and 3.4%, respectively.
The weight-standardized calorie intake was 29.1%9.9,
29.2+11.7, 28.9%11.0, 28.7£10.5 kcal/kg-day in the
Good-to-Good, Good-to-poor, Poor-to-Good, and Poor-
to-Poor group, respectively.

Changes in muscle and fat mass according to changes in
both sleep duration and quality

Association between change in sleep quality and body
composition was revealed by stratified analysis accord-
ing to the reduction, maintenance, and extension of
sleep duration as shown in Figs. 1 and 2. For those with
poor quality of sleep at baseline, when sleep time was
reduced, the adjusted mean of pAMI in the Poor-to-
Poor and Poor-to-Good groups increased from —0.078
to -0.037 (p-value=0.056) as shown in Fig. 1. In other
words, degree of muscle reduction was higher in the
poor-to-poor group compared to those in the poor-to-
good. For those with good quality of sleep at baseline,
when sleep time was maintained, the adjusted mean of
PAMI decreased: -0.024 in the Good-to-Good group
and —0.049 in the Good-to-Poor group (p-value=0.009).
With maintained sleep duration, the reduction of pAMI
was mitigated: -0.034 in the Poor-to-Poor group and
—0.024 in the Poor-to-Good group (p-value=0.447).

On the other hand, when the quality of sleep deterio-
rated in the initial good quality of sleep at reduced sleep
duration, the adjusted mean of pFI increased significantly
from 0.087 to 0.210 (p-value=0.006) as shown in Fig. 2.
When the quality of sleep improved and sleep duration
increased, the adjusted mean of pFI in the Poor-to-Poor
and Poor-to-Good groups decreased from 0.070 to -0.048
(p-value=0.049).

The decrease in pAMI was alleviated regardless of
age or sex when the quality of sleep improved and sleep
duration was reduced (Table 2). The results of strati-
fied analysis in even low physical activity showed that
the improved sleep quality from poor to good alleviated
the decrease of pAMI: -0.065 in the Poor-to-Poor group
and —0.046 in the Poor-to-Good group (p-value=0.183).
When the quality of sleep deteriorated in the low calo-
rie intake group, the adjusted mean of pFI significantly
increased: 0.036 in the Good-to-Good group and 0.089 in
the Good-to-Poor group (p-value=0.021).
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Table 1 (continued)

p-value

Changes in sleep quality between baseline and follow-up periods

Good-to-Good

Poor-to-Poor Poor-to-Good

Good-to-Poor

0.005

Drinking status, N (%)

1,825 (56.4)
103 (3.2)

7,367 (52.4) 874 (53.6) 443 (51.9)
50(3.1) 32(38)

460 (3.3)

Never

Former

705 (43.3) 379 (44.4) 1,305 (404)

6,227 (43.3)

Current
Smoking status, N (%)

<0.001

2,509 (77.6)
417 (12.9)
307 (9.5)

662 (77.5)

87(10.2)

1,242 (76.2)
219 (134)
168 (10.3)

10,272 (73.1)
2,299 (16.4)

Never

(2023) 23:1879

Former

Current
Physical activity, N (%)

105(12.3)

1,483 (10.6)

<0.001

1,616 (50.0)
1,617 (50.0)

759 (46.6) 474 (55.5)
944+195

870 (534)

6,024 (42.9)

Low

380 (44.5)

8,030 (57.1)

High
Fasting blood sugar, mean+SD [mg/dL]

Total Cholesterol, mean +SD [mg/dL]

0.820
0.701

95.0£21.1

946+19.6

946+187

196.5+334 197.6+353 196.1+35.2

196.2+34.8

Study population was divided into 4 groups according to sleeping disorder between baseline and follow-up: Good-to-Good, Good-to-Poor, Poor-to-Good, and Poor-to-Poor.

p-values were calculated using the chi-squared test for categorical variables and analysis of variance for continuous variables

Abbreviation: N (number of people); SD (standard deviation)
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Discussion

In 19,770 participants, appendicular skeletal muscle mass
decreases and fat mass increases in case of the poor qual-
ity and reduced duration of sleep. Although the sleep
duration decreased, the decrease in muscle mass was
alleviated as the quality of sleep improved. The poor
quality of sleep further reduced muscle mass although
sleep duration was maintained. Amount of accumulation
of fat mass increased as the sleep duration decreased and
quality deteriorated at the same time.

Previously, it has been reported that body composition
is affected by factors related to sleep including quality
[13], duration [14, 15], and efficiency (e.g. time spent in
bed at night over actual sleep duration) [6]. Those with
adequate sleep duration had less fat mass index than
those belonging to the lower sleep duration group [7].
Thus, reduced sleep duration might be a modifiable risk
factor for general obesity. Also, a more frequent ratio of
low muscle mass to normal was reported in the reduced
sleep duration group than the adequate sleep duration
group [16].

Pathophysiological mechanism between sleep qual-
ity and muscle mass or fat mass is not fully understood.
Hormone secretion control, immune response, oxidative
stress, and biorhythms, however, have been considered
related-factors between sleep health and phenotypes of
body composition. First, results in this study might be
caused by the effects of several hormones (Insulin-like
Growth Factor 1 (IGF-1), testosterone, etc.) controlled by
the quality and duration of sleep [17, 18]. The amount of
secreted IGF-1 was rapidly reduced in the sleep-deprived
group of rats [17]. Because IGF-1-mediated signal-
ing stimulates the protein synthesis of muscle, skeletal
muscle mass might be regulated by sleep duration [19].
In addition, inflammation caused by poor sleep quality
might adversely affect muscle regeneration and growth
and increase fat mass. The level of secreted cytokines
such as Interleukin 6 (IL-6) and tumor necrosis factor-
alpha (TNF-a) in the poor sleep quality group whose
sleep was interrupted was significantly higher compared
to that of the good quality group (uninterrupted sleep).
In the sleep-deprived participants, the relative mRNA
expression of IL-6 and TNF-a increased by 3-fold and
2-fold, respectively. Excessive secreted cytokines and
inflammation adversely affect muscle regeneration [20].
Moreover, the poor quality of sleep further worsens
inflammatory response and obesity state since chronic
inflammation frequently occurs in the obese person [21].
The poor quality of sleep usually includes the abnormal
reduction in respiratory volume and frequency, known as
sleep apnea [22]. As sleep apnea causes oxidative stress,
an increase in fat mass would occur [23, 24]. As the sleep
apnea causes a large number of reactive oxygen spe-
cies (ROSs), ROSs lead to fat accumulation and obesity,
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Good quality of sleep at baseline periods
Event, N (%) adjusted mean p-value 0 The Goodkto-Good group
Reduction of sleep duration (9-’;“/«(') :;) v TheGoodo-Poor group
2,853 (69.9) (-0.084,-0.014) Reference
-0.008
314(7.7) (-0.054, 0.037) 0.134
Maintenance of sleep duration 0.024
7,944 (72.0) —0O—- (-0-047', -0.001) Reference
*
-0.049
863(7.8) (-0.077,-0.021) 0.009
Extension of sleep duration 0.057
3,257 (69.8) p—--OO— (-0.088, -0.026) Reference
-0.056
425(9.7) (-0.093,-0.018) 0.767
T T T T T 1
-0.2 -0.1 0.0 0.1
adjusted mean (95% Cl) of change in pAMI
Poor quality of sleep at baseline periods
Event, N (%) adjusted mean p-value 0 ThePooro-Poor group
Reduction of sleep duration (9";’% ;3;;) A ThePoorto-Good group
I Il | Y.
215(5.3) I LT 1 (-0.126,-0.029) Reference
-0.037
699 (17.1) } 7x (-0.075, 0.001) 0.056
Maintenance of sleep duration 0.034
441 (4.0) (-0.067,-0.002) Reference
A -0.024
1,777 (16.1) f Ay (-0.048, 0.001) 0.447
Extension of sleep duration 0.051
198 (4.2) } T} | (-0.096, -0.005) Reference
. -0.057
757 (16.2) ——--/—-] (-0.091,-0.023) 0.767
T T T T T 1
-0.2 -0.1 0.0 0.1

adjusted mean (95% Cl) of change in pAMI

Fig. 1 Adjusted mean of change in muscle mass index according to change in sleep duration (reduction, maintenance, or extension) and quality (good
or poor at baseline periods and good or poor at follow-up periods). Adjusted means (95% confidence interval (Cl)) of change in predicted appendicular
skeletal muscle mass index (pAMI). Adjusted mean were calculated using linear regression analysis after adjusting for the sleeping duration at baseline,
age, sex, income level, history of depression, calorie intake, protein intake, fat intake, body mass index, follow-up duration, drinking status, smoking status,

and physical activity. *p-value < 0.05

because of an excess supply of energy substrates with
mitochondrial dysfunction and ROS signaling. Finally,
sleep quality would not directly affect muscle and fat
mass but through an intermediary: a biorhythm includ-
ing cardiac rhythm and a regular mealtime [25]. A previ-
ous study showed that circadian clock-regulated activity
levels may have an important role in the growth of skel-
etal muscle [26]. Since most biorhythms are adjusted
according to physical activity and exposure to sunlight,
sleep behavior could control these rhythms. Thus, the
decrease in skeletal muscle mass when sleep duration is
reduced and sleep quality is poor might interrupt cardiac
rhythm.

In our study, changes in the quality and duration of
sleep affected change in body composition in an interde-
pendent manner. Previous studies have tended to focus

on only the independent effect of each sleep-related fac-
tor. However, some exceptions must be considered: the
increase in sleep duration does not necessarily guaran-
tee a good quality of sleep and proper sleep duration is
not achieved even if participants are satisfied with sleep
quality. To confirm the relationship between factors of
sleep and body composition, the effect of changes in the
sleep-related factors was analyzed in a large population
after multiple variable covariates (calorie, protein, and fat
intake). Not only did we analyze the effect of sleep qual-
ity on muscle mass at a single point in time, but we also
demonstrated that continuous good sleep quality could
help to maintain muscle mass, despite reduced sleep
duration.

Despite these strengths, our study contains certain lim-
itations. First, the predicted muscle and fat mass index,
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Good quality of sleep at baseline periods
Event, N (%) adjusted mean p-value 0 The Goodkto-Good group
Reduction of sleep duration (95% C1) v TheGoodo-Poor group
0.087
! ]
2,853 (69.9) r 9 1 , (-0.008, 0.182) Reference
0.210
314(7.7) | (0.086, 0.333) 0.006
- of : 0.098
7,944 (72.0) —O— (0'03'& 0.160) Reference
0.079
863(7.8) f (0.003,0.155) 0.460
Extension of sleep duration -0.021
3,257 (69.8) f—-O— (-0.108, 0.065) Reference
0.016
425(9.7) (-0.091,0.123) 0.319
T T T T T T T 1
-0.2 0.0 0.2 0.4 0.6
adjusted mean (95% ClI) of change in pFl
Poor quality of sleep at baseline periods
Event, N (%) adjusted mean p-value 0 ThePooro-Poor group
Reduction of sleep duration (95% Cl) A ThePoorto-Good group
| — , 0.073
215(5.3) f { } i (-0.059, 0.205) Reference
0.059
699 (17.1) (-0.044,0.162) 0.813
. of : 0.059
441(4.0) e I | (_0_02'9’ 0.147) Reference
\ 0.068
1,777 (16.1) —A— (0.000,0.135) 0.812
Extension of sleep duration 0.070
198 (4.2) I 'n; | (-0.059, 0.199) Reference
*
. -0.048
757 (16.2) } - | (-0.144, 0.048) 0.049
T T T T T T T 1
-0.2 0.0 0.2 0.4 0.6

adjusted mean (95% ClI) of change in pFl

Fig. 2 Adjusted means of change in fat mass index according to change in sleep duration (reduction, maintenance, or extension) and quality (good or
poor at baseline periods and good or poor at follow-up periods). Adjusted means (95% Cl) of change in predicted fat mass index (pFl). Adjusted means
were calculated using linear regression analysis after adjusting for the sleeping duration at baseline, age, sex, income level, history of depression, calorie
intake, protein intake, fat intake, body mass index, follow-up duration, drinking status, smoking status, and physical activity. *p-value < 0.05

derived from anthropometrical and sociodemographic
variables, has the difference from the directly measured
or actual values. Thus, additional study based on the
measured value and comparison of those results are nec-
essary, although the coefficient of determination (R?) of
prediction equation was generally 70% with evaluating
the accuracy of the measured and predicted one. Further-
more, all factors related to sleep in this study are based
on self-report. Because of the temporary psychological
and physical state before the survey, the responses might
not represent the overall sleep behavior of the subject.
There is a possibility that some bias would disturb our
result. For example, longer nap times may have affected
the quality of sleep. Even if the absolute sleep duration is
long, longer nap times might decrease the overall quality
of sleep. Therefore, by reducing nap times, and hence the
overall sleep duration, we may observe a restored quality

of sleep as well as improvement in other factors, such as
chronic inflammation, hormonal imbalance, muscle, and
fat mass.

Conclusion

Both changes in sleep duration and changes in sleep
quality affect the degree of muscle mass reduction and
the accumulation of fat. Although sleep duration was
maintained, muscle mass more decreases as the quality of
sleep became poor. In addition, continuously maintain-
ing a good quality of sleep prevented an increase in the
amount of fat even when the sleep duration decreased.
Thus, we suggested that maintaining a good quality of
sleep, even if sleep duration is reduced, would preserve
muscle mass and inhibit the accumulation of fat.
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