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Introduction
	 Menopause usually starts around age 50 years, and is accompanied 
by permanent cessation of ovarian function [1]. About three-quarters 
of women complain of hot flushes, night sweats, fatigue, pain, loss of 
libido, and mood changes during menopause [2]. These symptoms 
tend to persist for years after menopause and may have a significant 
impact on women’s quality of life [1,3,4]. In addition, menopause is 
known to be associated with some psychological dysfunction. For 
many women, menopause is also associated with sleep difficulties 
and changes in physical health, weight, and psychosomatic condition 
(including stress and emotional state, self-confidence, work, ability to 
make decisions, and ability to concentrate), but not in personal life 
(family life, time spent with self, hobbies, and interests)[5].

	 T﻿﻿he natural process of human aging leads to important organ 
changes that ultimately cause mental and physical changes, and affect 
the quality of life of older adults [6-8]. Sleep disorders are among the 
major health problems commonly observed among older adults; mor-
bidity increases with age, and more than 50% of older adults complain 
about the quality of their sleep [9]. For this group, medication remains 
the most common treatment for sleep disorders [10]. However, fre-
quent use of sleeping medication has been observed to alter sleep pat-
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Abstract
Objective: We used a single group pre- and post-test design to iden-
tify the effects of long-term vigorous walking on sleep quality and 
physical fitness among perimenopausal women.

Methods: Forty perimenopausal women (mean age 53.6 years, 
standard deviation 1.13 years) were recruited from a community in 
Binzhou, China. Participating women performed long-term vigorous 
walking for 1 year. The Pittsburgh Sleep Quality Index was used to 
assess their sleep quality before and 1 year after starting the walking 
program. Participants’ physical fitness was measured at the two time 
points using response time, grip strength, closed-eyes single-foot 
standing time, and anterior body flexion distance when sitting.

Result: Compared with pre-exercise, participants’ sleep quality 
score showed a significant difference post-exercise (p < 0.01). Par-
ticipants’ reaction time was significantly shortened (p < 0.01), grip 
strength significantly increased (p < 0.01), and closed-eyes sin-
gle-foot standing time and anterior flexion distance when sitting were 
significantly increased (both p < 0.05).

Conclusion: Long-term vigorous walking can improve sleep quality 
and physical fitness among perimenopausal women, and may pro-
mote physical and mental health older adults.

Keyword: Long-term; Perimenopausal women; Physical fitness; 
Sleep quality; Vigorous walking

terns in older people, and is associated with several adverse reactions, 
such as sedation, excessive daytime sleepiness, increased risk for falls, 
and increased drug dependence. Therefore, alternative strategies are 
needed to improve the quality of sleep among older adults.Physical 
exercise at mild to moderate intensity has a positive impact on the 
quality of sleep in older people, and is recommended as a non-phar-
macological intervention for prevention and treatment of sleep prob-
lems in this group [11,12]. Decline in physical fitness can also cause 
older people to fall and slow down, leading to accidents. Therefore, it 
is important to improve sleep quality and physical fitness among older 
adults.

	 Aerobic exercise is thought to reduce anxiety, boost self-esteem, 
improve stress response, and reduce depression among postmeno-
pausal women [5]. However, despite evidence that physical exercise is 
good for health and quality of life, older people rarely adhere to this 
method [13]. Walking is described as a “near perfect exercise” and is 
considered the most popular sport. Although less than 50% of people 
persist with many forms of exercise, walking tends to achieve greater 
compliance than other exercise types [14]. Positive effects of short-
term walking interventions on weight loss and changes in body com-
position have been demonstrated. Weight loss improves gait, walking 
speed, and balance control, thereby reducing the risk of falling and 
fractures [15]. A study by Stattin et al. [16] showed that walking re-
duces the incidence of all fractures, especially hip fractures, in men 
and women of all age groups. This study aimed to investigate the ef-
fect of long-term walking exercise on sleep quality and physical fitness 
among perimenopausal women.

Methods
Design and participants

	 We used a single group pre- and post-test design to evaluate the 
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effects of long-term walking exercise on sleep quality and physical fit-
ness among women during menopause. Participants were 40 commu-
nity-based perimenopausal women with a mean (standard deviation 
[SD]) age of 53.6 (1.13) years who volunteered to participate in this 
study from Binzhou, China. Thirteen of these 40 women were retired 
and 16 were in post-menopause. Inclusion criteria were: 1) women 
aged 45-60 years; 2) with good physical strength and capable of mod-
erate or above intensity of sports; 3) who could read and understand 
Chinese; 4) would be living in the community under study for at least 
1 year; and 5) that volunteered to participate in this study. Exclusion 
criteria were: 1) women with serious diseases, such as malignant tu-
mor, renal failure, heart failure, and hypertension; 2) with other dis-
eases that affect exercise, such as diabetes and fractures; and 3) using 
drugs that affect the quality of sleep currently or in the past 2 weeks.

Exercise method

	 During the 1-year study period, participants maintained a 1-hour 
vigorous walk every day. Participants were instructed to walk vigor-
ously but carefully, with a straight spine, upright chest, high head, firm 
abdomen, relaxed shoulder, and a firm and strong step. They were also 
advised that each walk should be of equal distance and at a uniform 
speed, and they should be aware of their breathing, look into the dis-
tance, and allow their arms to swing rhythmically back and forth. Par-
ticipants should walk with ease and pleasure, but aim to get slightly 
sweaty or sweaty and raise their heart rate. The mode of exercise is 
described in (Table 1). All participants were asked to complete a daily 
evaluation diary of walking performance, including the date, number 
of steps, and time of that day’s walk. Through this diary, the present 
researchers could confirm whether participants completed walking 
exercise and had mastered the method, and could then provide neces-
sary supervision and guidance.

er adults’ abilities to physically perform activities of daily living, and 
is commonly used to evaluate their functional fitness [22]. Response 
time was used to evaluate participants’ sensitivity to a stimulus and 
grip strength was used to measure muscle strength. Balance was mea-
sured by testing one-leg standing time with closed eyes. Flexibility 
was assessed by measuring the distance of anterior flexion of the body 
when participants were sitting. We tested these variables for all partic-
ipants before and 1 year after starting the walking exercise program. 
All indicators were tested in accordance with the requirements of the 
Manual of Physical Fitness Standards for Adults in China.

Statistical analyses

	 Data were analyzed using SPSS version 21.0. Data were expressed 
as mean (SD), and paired t-tests were performed before and after the 
intervention. The level of statistical significance was set at p < 0.05.

Result
Effects of vigorous walking on sleep quality among peri-
menopausal women

	 Table 2 shows the mean (SD) scores for sleep variables pre- and 
post-intervention. The mean PSQI score was 9.85 (1.24) before exer-
cise and 4.76 (0.41) after exercise, and the difference was significant (p 
< 0.01, t=1.572). The score for all PSQI items (excluding sleep med-
ication) before and after exercise was also significantly different (p < 
0.01). This analysis indicated that long-term walking improved sleep 
quality.

Series Description

Exercise intensity Maximum heart rate× 60%～70%, maximum heart rate =220- age

Exercise duration
The duration of walking is about 60 min, including preparation and 

warm-up (5-10 min), walking (45 min) and cooling down (5-10 
min)

Exercise 
frequency

Depending on the time and lifestyle of the participants, be sure to 
take a brisk walk at least five days a week

Energy 
expenditure target

The weekly energy consumption target is 1,300 kcal, with the 
formula: energy consumption (kcal) = 3.5 x intensity of movement 

(METs)×exercise time (min)×weight (kg)/200

Sleep
Pre-intervention Post-intervention

p-value
Mean (SD) Mean (SD)    

Sleep quality 1.53 (0.32) 0.82 (0.26) 0.002

Sleep latency 2.16 (0.45) 1.08 (0.22) 0.004

Duration 1.39 (0.28) 0.51 (0.14) 0.003

Sleep efficiency 1.69 (0.51) 0.92 (0.30) 0.002

Sleep disturbance 1.78 (0.43) 1.09 (0.27) 0.006

Sleep medication 0.03 (0.12) 0.02 (0.14) 0.104

Daytime dysfunction 1.28 (0.41) 0.55 (0.11) 0.004

Total score 9.85 (1.24) 4.76 (0.41) 0.005

Table 1: Mode of exercise.

Table 2: Sleep quality pre- and post-intervention.
SD= standard deviation.

Evaluating sleep quality

	 We used the Pittsburgh Sleep Quality Index (PSQI) [17] to assess 
quality of sleep. This is a validated scale for assessing the quality of 
sleep and is applicable for various groups. The PSQI contains 19 items 
and provides seven component scores for subjective sleep quality, 
sleep latency, duration, habitual sleep efficiency, sleep disturbance, 
sleep medication, and daytime dysfunction [18,19]. In addition, the 
PSQI gives a total score for overall quality of sleep [20,21] ranging 
from 0-21; a higher score indicates worse sleep quality. The scale has 
been validated in different populations (with Cronbach’s alpha 0.8) 
and is considered an effective screening tool 17. The PSQI was admin-
istered to all participants before starting the walking program and 1 
year after starting walking exercise.

Testing physical fitness

	 The physical fitness test was designed to effectively evaluate old-

Effects of vigorous walking on physical fitness among peri-
menopausal women

	 Table 3 shows that after 1 year of walking exercise, participants had 
significantly shorter response time (p < 0.01), significantly increased 
grip strength (p < 0.01), significantly longer one-leg standing time 
with closed eyes (p < 0.05), and significantly increased body anterior 
flexion distance when sitting (p < 0.05). These results indicated that 
long-term walking can improve physical fitness among menopausal 
women.

Discussion

Long-term walking exercise improves sleep quality among 
perimenopausal women

	 Adults and older adults that engage in more physical activity have 
better sleep quality and a healthier quality of life that those that per-
form less exercise [23,24]. We found that 1 year of vigorous walking 
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had a positive effect on sleep quality among perimenopausal women. 
This finding was congruent with a study by Bonardi et al. [25] that 
found aerobic exercise can reduce sleep fragmentation index and im-
prove sleep efficacy and quality. The decrease in sleep latency, longer 
sleep duration, and a marked increase in sleep quality and efficiency 
may be attributable to relief of mental stress, diversion of focus ex-
citation, and the promotion of sleep. In addition, moderate exercise 
consumes a certain amount of energy. In response, the body accel-
erates sleep through active compensatory mechanisms that increase 
sleep depth and promote physical recovery.

Pre-intervention Post-intervention
p-value

Mean (SD) Mean (SD)    

Response time (s) 0.34 (0.02) 0.22 (0.02) 0.003

Grip strength (N) 233.28 (22.46) 257.53 (21.18) 0.002

Single foot standing time (s) 15.42 (4.45) 17.42 (4.27) 0.031

Anterior flexion of sitting body 
(cm)

6.56 (2.38) 7.38 (2.59) 0.028

Table 3: Physical fitness pre- and post-intervention.
SD= standard deviation.

	 There was no difference in sleep medication use before and after 
exercise among our participants, mainly because most of the peri-
menopausal women in this study did not need drugs to sleep. Brandao 
et al. found that sleep disorders can cause mental disorders (e.g., anx-
iety and depression), and the rates of these disorders are significantly 
higher in people with sleep disorders than those without [9]. In turn, 
mental disorders can lead to decreased sleep quality, and depression 
and anxiety have a more pronounced effect on sleep disorders among 
older people. While the kind of aerobic exercise (e.g., walking) has 
a positive effect of regulating mood, it can also improve the quality 
of sleep and reduce bad moods, therefore promoting the mental and 
physical health among older adults.

Long-term walking exercise improves physical fitness 
among perimenopausal women

	 Physical fitness indicators include response time, grip power, 
closed-eyes single-foot standing time, and anterior body flexion dis-
tance when sitting. Consistent with the findings of Gaba et al. [15], 
we showed that vigorous walking had a positive effect on postural sta-
bility in perimenopausal women aged over 50 years with sedentary 
occupations. Response time reflects the body’s ability to respond to 
unexpected events and stimuli. This is largely controlled by the brain; 
exercise can increase blood flow to the brain, making the brain more 
responsive. Grip strength reflects the strength of upper limb mus-
cles, and vigorous walking with constantly swinging upper limbs can 
fully exercise upper limb muscle groups, thicken muscle fibers, and 
increase strength. Handgrip strength is a rapid, simple, and noninva-
sive method to measure muscle fitness [26]. Handgrip is a sign of an 
individual’s overall strength, and also provides an indication of mus-
cle mass, body function, nutritional status, and general health [27]. 
Single-foot standing time with closed eyes reflects the body’s balance 
ability [28]. The decrease in the balance ability of older adults is main-
ly due to decreases of joint muscle coordination and muscle strength, 
and insufficient blood supply to brain tissue and vestibular organs 
28. During walking (particularly over a long period), all lower limbs 
are involved in the movement. This enhances coordination, increas-
es muscle strength, and improves the blood oxygen supply to brain 
tissue and vestibular organs. These improvements result in improved 

balance ability. Finally, the anterior flexion distance reflects the flexi-
bility of the hip joint 28. As age increases, flexibility decreases because 
of degeneration of joints and decline of ligament elasticity. Vigorous 
walking repeatedly bends the hips and knees, which increases the ac-
tivity of the hip and knee joints. In addition, long-term adherence to 
exercise can prevent the rapid loss of bone calcium, and help to im-
prove the flexibility of older adults.

	 This study had some limitations. First, the use of a singlegroup pre- 
and post-test design lowered the statistical power.Furthermore, this 
study had a small sample size and lacked a control group. Therefore, 
a randomized controlled trialwith a larger sample is needed in future 
studies.

Implications for future research

	 Although this study had limitations, it offers promising evidence 
regarding the effect of vigorous walking on sleep quality and physical 
fitness among perimenopausal women. Furthermore, vigorous walk-
ing is a widely accepted form of exercise by both men and women. 
Therefore, people may readily engage in walking exercise and improve 
their sleep quality and physical fitness. We recommend testing the en-
during effects of vigorous walking on sleep quality and physical fitness 
by conducting studies with long-term follow-up periods.

Conclusion
	 This study shows that the long-term walking exercise improves 
sleep and physical fitnessamong perimenopausal women. Because a 
walking intervention is simple and easy to implement, it can be used 
with older adult populations.However, our use of a single group pre- 
and post-test design lowered the statistical power of this study. A con-
trol group is recommended in future research. More studies are need-
ed to confirm the effectiveness of long-term walking exercise among 
this population.
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