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Abstract

The existing studies on the association between the decline in handgrip strength (HGS) and poor sleep are uncertain. This
study aimed to evaluate the independent association between HGS and sleep quality assessed by global Pittsburgh Sleep
Quality Index (PSQI) score in the middleaged and elderly population. Data were obtained from the Midlife in the United
States (MIDUS) study, a longitudinal study including 1255 middleaged and elderly individuals. Linear regression and logis-
tic regression analyses were performed to examine the association of HGS with global PSQI score. A total of 1142 (aged
42-84) individuals were included in this study. Their median age was 54.0 years old, and 496 of them were male. After fully
controlling for confounding factors, including socio-demographic, hematologic and other relevant factors, linear regression
analysis showed that HGS (— 0.024 [— 0.040-0.007], P=0.004) was negatively associated with global PSQI score. Logistic
regression analysis showed that lower HGS (0.574 [0.342-0.964], P =0.002) was associated with poorer sleep quality (global
PSQI score>5). Sensitivity analysis furthermore showed that the association between lower HGS and poor sleep quality
was not affected by hypnotics use. The results of this study showed that lower HGS was independently associated with poor
sleep quality among middle-aged and elderly people from the United States. Future longitudinal and interventional studies
are warranted to assess whether elevated HGS may improve sleep quality.
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Introduction

In the last few decades, sleep problems, including short sleep
Jinlin Li and Qingping Zhang have contributed equally to this time, sleep disturbance, low sleep efficiency, excessive day-
work. time sleepiness and others, have become increasingly seri-
ous due to social and economic factors [1-3]. Existing stud-
ies have shown close associations between poor sleep and
adverse health status, such as obesity, diabetes mellitus and
cardiovascular diseases (CVDs, including hypertension, cor-
B4 XiZeng onary heart disease and stroke) and mental disorders [4-7].
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Good sleep quality is regarded as an important condition
for individuals’ health status [8]. However, the mechanisms
that may clarify the association between sleep problems and
adverse health outcomes are still unknown. Importantly,
some studies have shown that poor sleep was also related to
self-perceived difficulties in moving speed in elderly adults
[9, 10]. In elderly adults, poor sleep quality could predict a
higher risk for mobility limitation and a decline in physical
functioning [11]. A decline in mobility capacity or physical
functioning is often a result of physical impairment, such as
the impaired neuromuscular system [12, 13]. A constantly
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deteriorating muscular system may provide biological path-
ways linking poor sleep quality to adverse health outcomes
[12,13].

As a simple and well-established indicator of muscle
power, handgrip strength (HGS) has been considered a reli-
able indicator of an individual’s muscle power or overall
physical function. For instance, HGS has been a power-
ful index for diagnosing sarcopenia and frailty in adults
[14-18]. A reduction in HGS could predict age-related
functional decline [15]. To date, studies have investigated
associations between the muscular system and various
sleep parameters, including sleep quality, diurnal variation,
sleep fragmentation, primary sleep disorders, and the use
of sedative agents in different populations [16-22]. Among
middle-aged and elderly people, however, few studies have
examined the relationship between HGS and sleep quality.
Further exploration of the association should be helpful to
enhance our understanding of the links between sleep prob-
lems and public health.

We assumed that changes in HGS were related to the level
of sleep quality based on previous studies. This study aimed
to estimate HGS and to examine the association between
HGS and global Pittsburgh Sleep Quality Index (PSQI)
scores, independent of confounding factors, including soci-
odemographic, hematologic and other relevant factors, in the
middle-aged and elderly populations.

Materials and methods
Study population

The data on study were collected from the Midlife in the
United States (MIDUS) study, a longitudinal study of a
national (US) sample of adults. The physical and mental
health problems were investigated in the MIDUS study. As a
sub-group of the MIDUS study, 1255 participants completed
the Biomarkers Project, in which participants provided
socio-demographic, behavioral, psychologic, and biologi-
cal assessments. Hence, it could produce enough data to be
used for multivariate calibration analysis [23]. Sleep disor-
ders such as obstructive sleep apnea (OSA) contributes to
poor sleep quality and is quite prevalent in middle-aged and
elderly people. For the purpose of our study, the participants
with diagnosed OSA were excluded (N=6).

Full details of Biomarkers Project protocol from the
MIDUS study are available elsewhere [23, 24]. Complete
data and specific codebooks are also available at http://www.
midus.wisc.edu/. In summary, participants in the MIDUS
study were originally recruited in 1995-1996 by means of
a national sample collected by random-digit-dialing proce-
dures. All living participants in the first MIDUS survey who
could safely go to the clinic were considered eligible for
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participation in the Biomarkers Project. They were recruited
to participate using e-mail and follow-up phone calls. Data
were collected between at one of three affiliated General
Clinical Research Centers of the MIDUS study (Georgetown
University; University of Wisconsin-Madison; University of
California-Los Angeles). By using a standardized protocol
that was consistent across the three sites, participants com-
pleted detailed self-administered questionnaires, medical
history interviews, and the collection of blood specimens
during a 2-day visit. Each participant was remunerated
$200 for participating, and traveling expenses were cov-
ered. Blood samples from all participants were collected
and tested during the 2-day visit. The blood inflammatory
markers including C-reactive protein, interleukin-6 (IL-6),
and tumor necrosis factor-a (TNF-a), dehydroepiandroster-
one (DHEA), dehydroepiandrosterone sulfate (DHEA-S)
and creatinine were measured. According to Declaration of
Helsinki guidelines, the Ethics Committee of each General
Clinical Research Center (Georgetown University; Univer-
sity of Wisconsin-Madison; University of California-Los
Angeles) approved this prospective study and all patients
gave written informed consent.

Global PSQI score

The PSQI was a reliable measure of overall sleep status and
was widely used in various populations [25]. The 19 items
were divided into seven component scores that reflected the
severity of sleep problems in the following aspects: sub-
jective sleep quality, sleep latency, sleep duration, habitual
sleep efficiency, sleep disturbance, use of sleep medication,
and daytime dysfunction. A global PSQI score ranging
from O to 21 can be obtained by summing the seven com-
ponents after weighting them on a scale ranging from 0 to 3
[a=0.74]. For each component as well as the global PSQI
score, higher sleep score showed worse sleep status [25].
The global PSQI score > 5 indicated poor sleep quality [26].

HGS

HGS was used to evaluate muscle strength in this study. Both
knee extension strength and HGS are widely used for meas-
uring muscle strength, and these two measures are highly
consistent [27]. Compared with knee extension strength,
however, the measurement of HGS is more convenient and
is not influenced by disabled lower limbs [28]. Therefore,
the measurement of HGS is more feasible in the middle-aged
and elderly population for a large-scale community survey.
HGS was assessed by a dynamometer (Sammons Preston,
Bolingbrook, IL, USA). Following the American Society
of Hand Therapists’ recommendation for measuring HGS,
the measurements were recorded in kilograms (kg) [29].
The participants completed three trials for each hand. The
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average value of the three measurements for each hand was
regarded as the final estimate value of HGS. For the purpose
of this study, HGS for the dominant hand in all the partici-
pants was used for analysis.

Covariates

The results need to be adjusted because of variables that
are known for their associations with HGS or sleep qual-
ity. Sociodemographic characteristics and lifestyle factors,
including age, sex, race, education, marital status, smok-
ing status, number of drinking years, exercise and hypnotic
use, were obtained from self-evaluation questionnaires. The
questionnaires also collected data on self-reported comor-
bidities, including CVDs (heart disease, hypertension, tran-
sient ischemic attack (TIA) or stroke), diabetes mellitus,
cholesterol problems, respiratory diseases (asthma, emphy-
sema/chronic obstructive pulmonary disease [COPD]), can-
cer and arthritis. Marital status was defined as “currently
married” or “not currently married”. Education was defined
“with bachelor’s degree or higher” or high school educa-
tion and lower. The participants were categorized as nor-
mal weight (BMI < 25), overweight (25 <BMI < 30) and
obese (BMI > 30). Smoking status was classified as “cur-
rent smoker” or “not current smoker”. Exercise was defined
as “Whether or not have frequency of exercises > 3/week”.
CVDs, diabetes mellitus, cholesterol problems, respiratory
diseases, cancer, arthritis and hypnotic use were dichoto-
mized as “yes” or “no”.

Statistical analysis

The normality of the data was analyzed by the Kolmogo-
rov—Smirnov test combined with Q-Q plots. The data that
were not normally distributed are expressed as the median
(interquartile range [IQR]). Age, number of drinking years,
anxiety score, depression score, perceived stress score, HGS,
and IL-6, TNF-a, C-reactive protein, DHEA, DHEA-S and
creatinine levels presented nonnormal distributions and,
therefore, are described by the median with IQR. Chi-square
tests were used to compare categorical variables between
participants with low (< 5) global PSQI scores and partici-
pants with high (> 5) global PSQI scores. The Mann—Whit-
ney U test was used to compare continuous variables. Lin-
ear regression was performed to examine the relationship
between HGS and global PSQI scores. Furthermore, HGS
was categorized by quartiles (quartile 4: > 75th percentile,
quartile 3: 50th—75th percentile, quartile 2: 25th—50th per-
centile, quartile 1: <25th percentile). Logistic regression
was performed to examine the association between HGS and
poor sleep quality (global PSQI score > 5), with quartile 1
as the reference category. The crude model was adjusted for
age and gender. Model 1 was adjusted for age, gender, race,

education, BMI, currently married, current smoker, number
of drinking years, exercise, anxiety score, depression score,
perceived stress score, CVDs (heart disease, hypertension
and TIA or stroke), diabetes mellitus, cholesterol problems,
respiratory diseases (asthma and emphysema/COPD), can-
cer and arthritis. Model 2 was adjusted for Model 1 +blood
parameters (IL6, TNF-a, C-reactive protein, DHEA, DHEA-
S and creatinine levels). Sensitivity analysis was performed
by adding “hypnotic use” as a covariate to examine whether
hypnotic use impacted the association between HGS and
poor sleep quality (global PSQI score > 5). P values <0.05
were considered statistically significant. All analyses were
performed using SPSS 24.0 and R 3.5.

Results
Characteristics of the study participants

Due to missing data for 107 participants, the remaining 1142
participants (age 42—84) were included and further analyzed
in this study (Fig. 1).

Table 1 presents sociodemographic characteristics
for 1142 participants who were divided into two groups
according to PSQI score > 5. The participants were mainly
composed of 1085 (95.01%) whites. The median age of the
patients was 54.0 years. The participants with a global PSQI
score > 5 tended to be females and current smokers. The
prevalence of hypertension, TIA or stroke, diabetes mel-
litus, asthma, arthritis and hypnotic use was also higher in
participants with a global PSQI score > 5. The participants
with a global PSQI score <5 tended to be currently married,
were more likely to have an exercise frequency > 3/week and
acquired a higher level of education.

Lower HGS was associated with higher global PSQI
scores by the linear regression analysis

Table 2 presents the association between HGS and global
PSQI scores using multivariate linear regression. Model 1
showed that HGS (- 0.031 [— 0.046, — 0.015], P <0.001)
was negatively associated with global PSQI scores after
adjustments for age, gender, race, education, BMI, cur-
rently married, current smoker, number of drinking years,
exercise, anxiety score, depression score, perceived stress
score, CVDs (heart disease, hypertension and TIA or
stroke), diabetes mellitus, cholesterol problems, respira-
tory diseases (asthma and emphysema/COPD), cancer
and arthritis. Lower HGS (— 0.024 [— 0.040, — 0.007],
P <0.001; Model 2) remained significantly related to
higher global PSQI scores after incorporating blood
parameters (IL6, TNF-a, C-reactive protein, DHEA,
DHEA-S and creatinine levels) into Model 1. We also
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Fig. 1 The flow chart of partici-
pants included in this study

Participants for Biomarkers Project

N=1255

Obstructive sleep apnea
(N=6)

Individuals had no information
about Center for Epidemiologic
Studies Depression Scale (N=9);
Global PSQI score (N=76); Grip
strength (N=5); Serum TNF a
(N=7); C-reactive protein (N=10)
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Final sample for analysis
(N=1142)

found that HGS was significantly associated with sleep
latency (— 0.008 [— 0.013, — 0.003], p=0.001), habitual
sleep efficiency (— 0.007 [- 0.012, — 0.001], P <0.012)
and sleeping medication (— 0.006 [— 0.011, 0.000],
P =0.034) after fully adjusting for these confounding
factors.

Lower HGS was associated with poor sleep quality
(global PSQlI score > 5) using logistic regression
analysis

Table 3 presents the associations between HGS and sleep
quality using multivariate logistic regression. The crude
model indicated that lower HGS (0.395 [0.268, 0.583],
P <0.001) was associated with poor sleep quality (global
PSQI score > 5) after adjusting for age and gender. After
adjustments for age, gender, race, education, BMI, currently
married, current smoker, number of drinking years, exer-
cise, anxiety score, depression score, perceived stress score,
CVDs (heart disease, hypertension and TIA or stroke), dia-
betes mellitus, cholesterol problems, respiratory diseases
(asthma and emphysema/COPD), cancer and arthritis in
Model 1, the results were similar to those of the crude model
(0.504 [0.323, 0.786], P <0001). This association remained
statistically significant and changed little when incorpo-
rating the confounding factors (serum IL6, serum TNF-a,
serum C-reactive protein, blood DHEA, blood DHEA-S and
blood creatinine levels) into Model 1 (0.574 [0.342, 0.964],
P=0.002; Model 2). All of the above results were from the
comparison between quartile 4 (the highest category) and
quartile 1 (the lowest, reference category).
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Lower HGS was associated with poor sleep quality
by sensitivity analysis

Table 4 presents the sensitivity analysis performed by adding
hypnotic use as a covariate. The results indicated that lower
HGS remained associated with poor sleep quality (global
PSQI score >5). This association remained statistically sig-
nificant in Model 1 and Model 2, which suggested that the
association between HGS and poor sleep quality was not
significantly affected by hypnotic use. The fully adjusted
odds ratio (OR) for poor sleep quality in model 2 was 0.617
(0.364, 0.903) in quartile 4 (the highest) versus quartile 1
(the lowest) HGS categories.

Discussion

This study aimed to investigate the association between sleep
quality assessed by global PSQI scores and HGS, which is
a powerful predictor of morbidity and mortality for many
diseases, such as CVDs and other chronic health problems,
among middle-aged and elderly people. In addition to sub-
jective sleep quality, sleep duration and daytime dysfunc-
tion, HGS was strongly associated with the other 4 indicators
from the PSQI by multivariate linear regression analysis.
Furthermore, lower HGS was significantly associated with
poor sleep quality (global PSQI score > 5) after adjustments
were made for enough confounding factors in the multivari-
ate logical regression analysis. Compared with the strength
of lower limbs, HGS is affected less by loss in muscle mass
due to aging or sedentary behavior and is key to meeting the
demands of daily living [30-33]. Thus, we adopted HGS to
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Table 1 Characteristics of participants stratified by global PSQI score

Variables Total (N=1142) Score <5 (N=786) Score > 5 (N=356) P value
Age (years) 54 (45-63) 54 (45-63) 53 (44-61) 0.081
Gender (male), n (%) 496 (43.43) 370 (47.07) 126 (35.39) <0.001
Race (white), n (%) 1085 (95.01) 743 (94.52) 342 (96.08) 0.197
Education (with bachelor’s degree or higher), s (%) 445 (38.97) 265 (33.72) 180 (50.56) <0.001
BMI 0.094
<25,n (%) 274 (23.99) 190 (24.17) 84 (23.60)
25-30, n (%) 398 (34.85) 288 (36.64) 110 (30.90)
>30,n (%) 470 (41.16) 308 (39.19) 162 (45.51)
Currently married, n (%) 249 (21.80) 185 (23.54) 64 (17.98) 0.035
Current smoker, n (%) 164 (14.36) 89 (11.32) 75 (21.07) <0.001
Number of drinking years 6.00 (2.00-25.00) 6.00 (2.38-25.00) 5.00 (2.00-22.00) 0.093
Frequency of exercises > 3/week, n (%) 880 (77.06) 624 (79.39) 256 (71.91) 0.005
Anxiety score 1.80 (1.40-2.20) 1.80 (1.40-2.10) 1.90 (1.40-2.30) 0.001
Depression score 6.00 (3.00-12.00) 5.00 (2.00-9.63) 10.00 (6.00-18.00) <0.001
Perceived stress score 22.00 (17.00-26.00) 21.00 (17.00-25.00) 25.00 (20.00-28.00) <0.001
HGS (kg/force) 32.67 (25.67-42.67) 34.67 (26.67-44.42) 30.67 (23.67-39.25) <0.001
Hypnotics use, n (%) 148 (12.96) 61 (7.76) 87 (24.43) <0.001
Diseases currently diagnosed
Physician diagnosed heart disease, n (%) 133 (11.65) 84 (10.69) 49 (13.76) 0.133
Physician diagnosed hypertension, n (%) 411 (35.99) 255 (32.44) 156 (43.82) <0.001
Physician diagnosed TIA or stroke, n (%) 47 (4.12) 24 (3.05) 23 (6.46) 0.007
Physician diagnosed mellitus diabetes, n (%) 134 (11.73) 77 (9.80) 57 (16.01) 0.003
Physician diagnosed cholesterol problems, n (%) 478 (41.86) 317 (40.33) 161 (45.22) 0.120
Physician diagnosed asthma, n (%) 136 (11.91) 80 (10.18) 56 (15.73) 0.007
Physician diagnosed emphysema/COPD, n (%) 30 (2.63) 17 (2.16) 13 (3.56) 0.145
Physician diagnosed cancer, n (%) 160 (14.01) 106 (13.49) 54 (15.17) 0.260
Physician diagnosed arthritis, n (%) 380 (33.27) 226 (28.75) 154 (43.26) <0.001
Blood samples
Serum IL-6 (pg/mL) 2.10 (1.36-3.45) 1.99 (1.31-3.20) 2.50 (1.58-3.95) <0.001
Serum TNF-a (pg/mL) 2.05 (1.69-2.51) 2.04 (1.66-2.47) 2.09 (1.73-2.55) 0.101
Serum C-reactive protein (ug/mL) 1.44 (0.70-3.63) 1.28 (0.63-3.01) 2.19 (0.87-4.38) <0.001
Blood DHEA (ng/mL) 4.90 (3.00-7.70) 5.18 (3.30-7.83) 4.20 (2.53-7.20) <0.001
Blood DHEA-S (ug/dL) 87.00 (52.00-143.25) 95.5 (58.00-147.00)  71.00 (40.25-134.00) <0.001
Blood creatinine (mg/dL) 0.80 (0.70-1.00) 0.80 (0.70-1.00) 0.80 (0.70-1.00) 0.084

PSQI pittsburgh sleep quality index; HGS hand grip strength; BMI body mass index; T/A transient ischemic attack; COPD chronic obstructive
pulmonary disease; /L-6 interleukin-6; TNF-a tumor necrosis factor-a; DHEA dehydroepiandrosterone; DHEAS dehydroepiandrosterone sulfate

consistently and easily represent muscle strength. Although
HGS has been known to be affected by physical, psychologi-
cal, and other factors in previous literature, few studies have
analyzed those factors comprehensively in a large-sample
population. In this study, we further explored the relation-
ship between HGS and global sleep quality in the general
US population.

Sleep-related studies have been ongoing for more than
forty years. Sleep problems are an important risk factor for
chronic health problems such as CVDs, including hyper-
tension, coronary heart disease and stroke [4-7]. However,
the mechanisms underlying the association between sleep

problems and adverse health outcomes remain unclear. The
relationship between sleep quality and physical function or
muscle power has been reported in patients diagnosed with
COPD, athletes and the elderly population [34]. As a well-
established indicator of muscle power, HGS was considered
a reliable indicator of individuals’ muscle power or overall
physical function [35]. Consistent with the literature, our
results showed a negative correlation between HGS and
global PSQI scores in Model 1 and Model 2 (Table 2), but
subjective sleep quality, sleep duration and daytime dysfunc-
tion were not associated with HGS. These inconsistent find-
ings may be at least partly explained by the different study
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Table 2 Multiple linear regression analysis for relationship between
HGS and global PSQI score

Variables B SB 95% CI P value
Crude
Global PSQI score —-0.055 -0.189 - 0.080-0.031 <0.001
1. Subjective sleep —-0.006 —0.108 —0.011-0.001 0.012
quality
2. Sleep latency -0.009 -0.114 -0.015-0.002 0.008
3. Sleep duration -0.006 —0.093 -0.011-0.001 0.032
4. Habitual sleep -0.014 -0.165 —0.021-0.007 <0.001
efficiency
5. Sleep disturbances —-0.003 -0.067 - 0.007-0.001 0.121
range
6. Sleeping medication -0.012 -0.136 - 0.019-0.004 0.002
7. Daytime dysfunction ~ —0.006 —0.113  —0.011-0.002 0.009
Model 1
Global PSQI score —-0.031 -0.104 -0.046-0.015 <0.001
1. Subjective sleep —-0.002 -0.041 - 0.005-0.001 0.162
quality
2. Sleep latency —-0.009 -0.120 - 0.014-0.005 <0.001
3. Sleep duration -0.002 -0.026 —0.005-0.002 0.398
4. Habitual sleep —-0.007 —-0.086 —0.012-0.002 0.004
efficiency
5. Sleep disturbances —0.004 -0.081 — 0.006-0.001 0.006
range
6. Sleeping medication —0.008 —0.091 —0.013-0.003 0.003
7. Daytime dysfunction 0.001 0.027  —0.001-0.004 0.329
Model 2
Global PSQI score -0.024 -0.081 - 0.040-0.007 0.004
1. Subjective sleep —-0.001 -0.015 - 0.004-0.002 0.620
quality
2. Sleep latency —0.008 —-0.104 —0.013-0.003 0.001
3. Sleep duration -0.001 -0.015 -0.005-0.003 0.634
4. Habitual sleep —0.007 -0.080 —0.012-0.001 0.012
efficiency
5. Sleep disturbances —0.003 —-0.058 —0.006-0.000 0.060
range
6. Sleeping medication —-0.006 —0.068 —0.011-0.000 0.034
7. Daytime dysfunction 0.001 0.023 - 0.002-0.004 0.429

Crude: Adjusted for age and gender

Model 1: Adjusted for age, gender, race, education, BMI, currently
married, current smoker, number of drinking years, exercise, anxiety
score, depression score, perceived stress score, CVDs (heart disease,
hypertension, and TIA or stroke), mellitus diabetes and cholesterol
problems and respiratory diseases (asthma and emphysema/COPD),
cancer and arthritis

Model 2: Adjusted for age, gender, race, education, BMI, currently
married, current smoker, number of drinking years, exercise, anxiety
score, depression score, perceived stress score, CVDs (heart disease,
hypertension, and TIA or stroke), mellitus diabetes and cholesterol
problems and respiratory diseases (asthma and emphysema/COPD),
cancer and arthritis, blood parameters (IL6, TNF-a, C-reactive pro-
tein, DHEA, DHEA-S and creatinine)

PSQI pittsburgh sleep quality index; HGS handgrip strength; BMI
body mass index; TIA transient ischemic attack; COPD chronic
obstructive pulmonary disease; IL-6 interleukin-6; TNF-a tumor
necrosis factor-a; DHEA dehydroepiandrosterone; DHEAS dehydroe-
piandrosterone sulfate; S standardization coefficient
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populations selected and study designs used, the hypotheses
being investigated and the different methods of analyzing
data. Previous studies have also suggested that muscle power
or physical function is an important indicator for major geri-
atric syndromes, such as impaired mobility, falls, frailty and
sarcopenia. Declines in physical function have been linked
with poor recovery from illness.

The results of our study mainly contributed to the litera-
ture in four aspects. First, the data of this study were from
the MIDUS study, a longitudinal study of a national (US)
sample of middle-aged and elderly populations. The study
proved that lower HGS was closely associated with global
PSQI scores, which expands upon the sparse research to
date on associations between muscle power and sleep status.
Second, we first used the measurement method of calculat-
ing the global PSQI score to assess an individual’s overall
sleep quality. This global PSQI score represents stable sleep
status over a long period, which can further support the
reliability of the research results. Third, an inverse correla-
tion between HGS and global PSQI scores was proven after
adjustments were made for confounding factors, including
sociodemographic characteristics, lifestyle factors, age-
related comorbidities, inflammation and hormones. Hor-
mone insufficiency and activation of inflammatory reactions
have been reported to contribute to loss of muscle power.
We collected biochemistry data that had not been adjusted
for in previous studies. Moreover, the additional sensitivity
analysis (Table 4) revealed a significant association between
lower HGS and poorer sleep quality, which was affected by
hypnotic use.

Limitations

There are a few limitations to the present study. First, this
is a cross-sectional study and thus it is not possible to make
causal inferences. Secondly, the PSQI is used for assessing
participants’ self-reported sleep quality. A more objective
tool such as polysomnography is better to assess sleep status
for the study population.

Conclusions

Lower HGS is associated with poor sleep quality among
middle-aged and elderly people, which may be particularly
important for the middle-aged and elderly population to pre-
vent chronic health problems, such as sleep disorders.
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Table 3 Multivariate logistic

. . Variables n Cut off Crude Model 1 Model 2

regression analysis for

association bet\fveen HGS and Hang grip strength

fg’(‘)’rreﬂe;p quality (global PSQI Quartile 1 (low) 289 <25.67  1.000 (ref) 1.000 (ref.) 1.000 (ref.)
Quartile 2 288 25.67-32.67 0.683 (0.482-0.969) 0.801 (0541-1.186) 0.798 (0.536-1.188)
Quartile 3 282 23.67-42.67 0.496 (0.345-0.712) 0.533 (0.352-0.807) 0.645 (0.415-0.942)
Quartile 4 (high) 283 >42.67 0.395 (0.268-0.583) 0.504 (0.323-0.786) 0.574 (0.342-0.964)
P-trend <0.001 <0.001 0.002

Table 4 Sensitivity analysis
performed by adding hypnotics
use as a covariate in the
association between HGS and
poor sleep quality (global PSQI
score > 5)
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Crude: Adjusted for age and gender

Model 1: Adjusted for age, gender, race, education, BMI, currently married, current smoker, number of
drinking years, exercise, anxiety score, depression score, perceived stress score, CVDs (heart disease,
hypertension, and TIA or stroke), mellitus diabetes and cholesterol problems and respiratory diseases
(asthma and emphysema/COPD), cancer and arthritis

Model 2: Adjusted for age, gender, race, education, BMI, currently married, current smoker, number of
drinking years, exercise, anxiety score, depression score, perceived stress score, CVDs (heart disease,
hypertension, and TIA or stroke), mellitus diabetes and cholesterol problems and respiratory diseases
(asthma and emphysema/COPD), cancer and arthritis, blood parameters (IL6, TNF-a, C-reactive protein,
DHEA, DHEA-S and creatinine)

PSQI pittsburgh sleep quality index; HGS handgrip strength; BMI body mass index; TIA transient ischemic
attack; COPD chronic obstructive pulmonary disease; /L-6 interleukin-6; TNF-a tumor necrosis factor-a;
DHEA dehydroepiandrosterone; DHEAS, dehydroepiandrosterone sulfate

Variables N Cut off Crude Model 1 Model 2

HGS
Quartile 1 (low) 289 <25.67 1.000 (ref.) 1.000 (ref.) 1.000 (ref.)
Quartile 2 288 25.67-32.67 0.707 (0.492-1.016) 0.812 (05.43-1.214) 0.791 (0.525-1.191)
Quartile 3 282 23.67-42.67 0.498 (0.343-0.721) 0.540 (0.354-0.824) 0.629 (0.403-0.984)
Quartile 4 (high) 283 >42.67 0.442 (0.297-0.659) 0.546 (0.347-0.858) 0.617 (0.364-0.903)
P-trend <0.001 0.002 0.015

Crude: Adjusted for age, gender and hypnotics use

Model 1: Adjusted for age, gender, race, education, BMI, currently married, current smoker, number of
drinking years, exercise, anxiety score, depression score, perceived stress score, CVDs (heart disease,
hypertension, and TIA or stroke), mellitus diabetes and cholesterol problems and respiratory diseases
(asthma and emphysema/COPD), cancer, arthritis and hypnotics use

Model 2: Adjusted for age, gender, race, education, BMI, currently married, current smoker, number of
drinking years, exercise, anxiety score, depression score, perceived stress score, CVDs (heart disease,
hypertension, and TIA or stroke), mellitus diabetes and cholesterol problems and respiratory diseases
(asthma and emphysema/COPD), cancer, arthritis, blood parameters (IL6, TNF-a, C-reactive protein,
DHEA, DHEA-S and creatinine) and hypnotics use

PSQI pittsburgh sleep quality index; HGS handgrip strength; BMI body mass index; TIA transient ischemic
attack; COPD chronic obstructive pulmonary disease; /L-6 interleukin-6; TNF-a tumor necrosis factor-a;
DHEA dehydroepiandrosterone; DHEAS dehydroepiandrosterone sulfate
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