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Abstract
Background Depressive disorder often adversely affects psychosocial and physical functioning. Exercise
is one of the most commonly used alternatives for mood disorders and menopausal symptoms during
the menopausal transition. This study aimed to investigate the interaction between levels and duration of
exercise and their effects on menopausal symptoms and depressive symptoms.

Methods We enrolled 512 healthy women aged 40–60 years. Exercise history, menopausal symptoms
(MKS), and depressive symptoms (HAMD) were determined based on self-report. Menopausal symptoms
and depressive symptoms was analyzed using a 2-way analysis of variance(ANOVA) with levels of
exercise and duration of exercise as factors, respectively. Signi�cant main effects or interactions were
examined using Fisher’s Least Signi�cant Difference (LSD) tests. Speci�c planned comparisons were
made using Bonferroni corrections.

Results There were interactions between levels and duration of exercise on the change in menopausal
symptoms and depressive symptoms, respectively[ F (6,512) = 3.597, F (6,512) = 2.128, p <0.05]. Pairwise
comparisons of the interaction revealed that, with moderate duration of exercise, those women who did
high level of exercise had lower scores of MKS and HAMD than those who seldom exercised ( P <0.05).
Short or long duration of exercise and low or high levels of exercise was not effective at reducing scores
of MKS and HAMD( p >0.05).

Conclusions The relationship between exercise and menopausal symptoms had a U-shaped trend. The
relationship between exercise and depressive symptoms also had a U-shaped trend.

Background
Depressive disorder often adversely affects psychosocial and physical functioning, including poor
occupational functioning, role functioning, social functioning, physical health, as well as leads to high
levels of disability[1]. According to World Health Organization (WHO) reports, the major depressive
disorder will be the second leading cause of incapacitating disease by 2020[2]. Although clinical relevance
of this perceived increase in the prevalence of depressive disorder during menopausal transition has been
questioned, the prevalence of depressive symptoms is particularly high during this period and may affect
as many as one in every �ve women[3]. Therefore, it is important to gain a measure on how individuals
cope with and overcome this symptoms.

One such therapy is exercise, which is one of the most commonly used alternatives for mood disorders
and menopausal symptoms during the menopausal transition[4,5]. In a study conducted with 648 women,
aged between 40 to 60 years, it was showed that, those who exercised regularly were less depressed and
less symptomatic than women who did not exercise[5]. Another analysis of data involving 60 woman with
symptoms of anxiety and depression during study period, the menopausal women could bene�t from
physical exercise, and attenuated the effects of psychological changes associated with menopause[6].
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A number of gaps exist in our knowledge about depressive symptoms and menopausal symptoms during
the menopause transition. First, despite some studies suggested that exercise could alleviate
menopausal symptoms and depressive symptoms, the studies carried out to examine more details of
interaction between the levels and duration of exercise effect on depressive symptoms and menopausal
symptoms was limited. Therefore, it remains unclear how the levels, and duration of exercise should be,
and what combination is best[7,8,9]. Second, the duration of exercise are highly variable among studies
that have investigated the effects of exercise on depressive symptoms and menopausal symptoms[4,8,10].
Finally, some studies typically employed high intensity exercise, which may itself be stressful, and this
stress may, in turn, contributed to depressive and menopausal symptoms[4,8]. Therefore, the current study
was focused on the depressive symptoms and menopausal symptoms regulated by different levels and
duration of exercise among a sample of perimenopausal women in a clinical setting. This study provided
an initial assessment of possible impact of different levels and duration of exercise on menopausal
symptoms and depressive symptoms in perimenopausal women, and, further speci�es, which
combination between levels and duration of exercise is the best. This report also investigates whether
high intensity exercise adversely affects depressive and menopausal symptoms.

Methods
Study design& settings

In this cross-sectional study, all subjects were enrolled by means of purposive sampling from menopause
outpatient clinics in the Hangzhou Maternity Hospital. The data collection was conducted from 1th
January until 31th December 2019. In total, 1704 women were invited to participate in the study. Exercise
history, menopausal symptoms (MKS), and depressive symptoms (HAMD) were determined based on
self-report.

Participants

Inclusion criteria were age of 40-60 years, E2<30pg/L, FSH>40 IU/L, and the ability to understand a
questionnaire. Subjects with prior use of antidepressants, selective estrogen-receptor modulators or
anxiolytics and diagnosed with major systemic illness were excluded in the screening stage. In total, 1704
women were invited to participate in the study and 958 perimenopausal women were selected to
investigate the in�uence of exercise on perimenopause-associated symptoms. 201 subjects who had a
history of hormone replacement therapy for the management of menopausal symptoms, 140 subjects
with missing data on their HAMD questionnaire, 55 subjects with missing data on their MKS
questionnaire, and 50 subjects with missing information on history of exercise were excluded from the
analysis. Therefore, 512 women were �nally eligible to be enrolled for this study. The study was approved
by the ethics review board of the hospital. The study’s objectives were explained in detail to each woman,
and written informed consent was read and signed by all the participants.

Measurements
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A cross-sectional study of menopausal symptoms and depressive symptoms was undertaken with
female volunteers enrolled at menopause transition(The Early menopausal transition is de�ned as a
persistent difference of 7 days or more in the length of consecutive cycles. The late menopausal
transition is de�ned as the occurrence of amenorrhea of 60 days or longer. The early postmenopause is
de�ned as FSH continues to increase and estradiol continues to decrease until approximately 2 years
after the FMP[11].). The questionnaire was used to collect the data and translated to local
language(Chinese) by the head of the department of Obstetrics and Gynecology, Hangzhou Maternity
Hospital The variables of the participant’s details included current age, education, economy, alcohol
ingestion, cigarette smoking, levels of exercise, duration of exercise, types of exercise, Modi�ed
Kupperman Indexs (MKS) and Hamilton Depression Scale(HAMD).

Women were required to report their exercise pattern in the previous year, including levels, duration and
types of exercise. The levels of exercise was categorized as: (1) Seldom, (2) mild: 1-2times per month, (3)
moderate: 1-2 times per week, (4) high: more than 3 times per week. The duration of exercise was
categorized as: (1) short: 20-30 minutes per session, (2) moderate: 30-60 minutes per session, (3) long:
more than 60 minutes per session. The types of exercise was categorized as: (1) brisk walking, (2)
swimming, (3) dancing, (4) hiking.

The Modi�ed Kupperman Indexs[12](MKS) is a 13-item self-report measure, including hot �ushes/night
sweats, paresthesia, dizziness, arthralgia/myalgia, headache, palpitations, formication, insomnia/sleep
disturbance, depression, irritability, fatigue, urinary infection and sexual complaints. The total score
ranges from 0 to 63, calculated as the sum of all of the scores for each item. The total score were used to
rate the degree of severity and divided into four categories: 0–6 (none), 7–15 (mild), 16–30 (moderate)
and >30 (severe) .

Hamilton Depression Scale (HAMD)[13,14] was used for measuring depressive symptoms. These scales
have been used globally by various authors for measurement of depressive symptoms. The HAMD is a
24‐item questionnaire to evaluate patients for depression-associated symptoms. Higher scores indicate a
higher level of depressive symptoms and are divided into four categories: “Normal range” (score less than
8), “possibly depressive” (score 8-20), “mildly to moderately depressive” (score>20), and “markedly to
severely depressive” (score >35). The HAMD can be classi�ed into �ve categories of factor structure,
including anxiety somatization, weight, cognitive disorders, block, sleep disorders, which not only re�ect
the speci�c characteristics of the patient's condition, but also the results of clinical symptoms of target
group.

Statistical analysis

All statistical analyses were performed with SPSS 19.0. The baseline characteristics of the study
participants were expressed as mean ± standard deviation (SD), or number (%). The relationships
between menopause symptoms and depressive symptoms were assessed using Pearson’s correlation
analysis. Two-way repeated ANOVA was used to compare menopausal symptoms and depressive
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symptoms (factor 1= levels of exercise, factor 2= duration of exercise). Signi�cant main effects or
interactions were examined using Fisher’s Least Signi�cant Difference (LSD) tests. Speci�c planned
comparisons were made using Bonferroni corrections. Differences were considered statistically
signi�cant at P <0.05 for all analyses.

Results
The general characteristics of the Participants

The age of the participants ranged from 40 to 60 years with a mean age of 48.23 (SD=4.69) years. The
general characteristics of the study participants are shown in Table 1. Most menopause women were
married (93.75%), employed (75.78%), had college or higher education (67.38%), did not smoke (99.22%),
and did not consume alcohol (85.94%).

Menopausal symptoms versus depressive symptoms

The mean score of menopausal symptoms and depressive symptoms in this sample were 9.53
(SD=7.76), 5.75 (SD=7.02) respectively. The none, mild, moderate and severe level of menopausal
symptoms was 43.4%, 35.3%, 19.5%, 1.8% respectively. The normal, doubtful, mild to moderate, and
marked level of depressive symptoms was 68.75%, 26.56%, 3.32%, 1.37% respectively.

   The MKS was positively correlated with HAMD(r=0.63, p<0 .001) using Pearson’s correlations.

Menopausal symptoms versus exercise

Table 2 shows change in menopausal symptoms relative to different levels and duration of exercise in
perimenopausal woman. Two-way ANOVA revealed main effects of duration of exercise [F(2,512)=4.910,
p<0.05] and the different levels of exercise [F(3,512)=2.039, p=0.108]. Moreover, there was also an
interaction between levels and duration of exercise on changes in MKS [F(6,512)=3.597, p<0.05]. Pairwise
comparisons of the interaction revealed that, with seldom exercise, those women who did long duration
of exercise had lower menopausal symptoms scores than those who mild duration of exercised (P<0.05).
With moderate duration of exercise, those women who did high level of exercise had lower menopausal
symptoms scores than those who seldom exercised (P<0.05).

Depressive symptoms versus exercise

   Table 3 shows change in depressive symptoms relative to different levels and duration of exercise in
perimenopausal woman. Two-way ANOVA revealed main effects of duration of exercise [F(2,512)=4.661,
p<0.05] and different levels of exercise [F(3,512)=1.064, p=0.364]. Moreover, there was also a signi�cant
interaction between levels and duration of exercise on changes in HAMD [F(6,512)=2.128, p<0.05].
Pairwise comparisons of the interaction revealed that, with mild level of exercise, those women who did
long duration of exercise had lower depressive symptoms scores than those who moderate duration of
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exercised (P<0.05). With moderate duration of exercise, those women who did high level of exercise had
lower depressive symptoms scores than those who seldom exercised (P<0.05).

Discussion
Health promotion for perimenopausal women is gaining considerable attention due to the various health
care issues raised with the advent of an aging society. Women in this age group are not only bothered by
menopausal symptoms but are also at increased risk for mood disorders[15]. Some researches had
identi�ed perimenopause as a period of increased risk for both �rst-episode depression and for
depression reoccurrence[16], and a positive correlation between the menopausal symptoms and
depressive symptoms[17,18]. In the present study, we found that 31.75%, 56.6% of menopause women
were affected by the symptom of depressed mood and menopausal symptoms respectively, which was
consistent with several studies conducted in other countries, such as Spain, Japan, USA and México[19,20].
We found a positive correlation of menopausal symptoms with depressive symptoms, which provided
effective evidence suggesting that women who experienced more severe menopausal symptoms are
more likely to exhibit increased levels of depressive symptoms as they move through the menopausal
transition[17,18,20]. Reason for depressive symptoms during menopausal period may be due to alteration
in the levels of reproductive hormones which may directly affect central neurotransmitter activity and
contribute to a dysregulation of the hypothalamicpituitaryadrenal axis, leading to onset of depressive
symptoms in vulnerable women[21,22,23]. Another reason is that menopausal period could improve the
levels of pro-in�ammatory cytokines, such as IL-6, IL-8, TNF-α, which are associated with the expression
of behavioral characteristic of decreased psychological well-being[24,25]. Moreover, Women may meet
great changes and experienced many negative events in their social lives during menopausal transition
such as �nancial hardship, stressful life events, poor social support, empty nest and gap generation,
which brings stress to them and contributes to develop major depressive disorder or depressive
symptoms[26]. Finally, Other observational studies have found that past depression was a robust predictor
of depression during menopausal transition and an early menopause may increase the risk of depressive
symptoms, as may the presence of persistent vasomotor symptoms[3]. However, a cross-sectional and
longitudinal population-based studies concluded that although depressive symptoms were more frequent
during menopausal transition, depressive disorders were not[27], which need further research.

Previous studies had shown a positive association between physical exercise and the promotion of
physical, mental and social health, thus enhanced quality of life during this stage of life[6,16]. Regular
physical exercise during the menopausal age have shown to alleviate the menopausal symptoms as
reported in some studies with women who exercise regularly tend to have fewer symptoms. But the
evidence for the effectiveness of exercise interventions for menopausal symptoms is still unclear, with
some studies �ndings bene�ts and others not[5,21,28−31]. It is possible that bouts of strenuous exercise
might trigger hot �ushes[4,32]. Our study indicated that the relationship between exercise and menopausal
symptoms had a U-shaped trend. Although the relationship between short duration of exercise and
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menopausal symptoms having clinical signi�cance is questionable, it is estimated that from seldom to
high level of exercise would result in 0.6 times decrease in MS when the duration of exercise is short. In
this regard, short duration of exercise may relieve menopausal symptoms by increasing levels of exercise.
Moreover, the decreased MKS by increasing levels of exercise, experienced only in moderate duration of
exercise condition might suggest that there is bene�cial effect of exercise on menopause[33], which needs
to be further con�rmed by prospective studies. For example, �exibility in exercise, such as 20–60 minutes
each day yoga, could reduced menopause symptoms[31]. However, one randomized controlled trial study
suggested that just 10 minutes of mild exercise before bedtime decreased menopausal symptoms during
their menopausal transition, and they focused on the effects of light-intensity exercise, speci�cally
stretching, on menopausal symptoms[34]. These contrasting results maybe explained by differences in
the type of exercise, which are categorized into four broad areas of physical �tness: aerobic exercise,
muscle strengthening, �exibility, and balance[23]. In our study, we almost used aerobic exercise, which
involves the use of large muscle groups, including brisk walking, swimming, dancing and hiking. In
addition, our data showed that high level and long duration of exercise usually practiced by those with
incident menopausal disorders[9] did not seem to be effective in lowering menopausal symptoms. These
negative �ndings have important clinical implication. The effect of exercise was not dose dependent,
since the high level and long duration of exercise group experienced more symptoms than the moderate
level and duration of exercise group[9]. Hence, on the one hand, with short or moderate duration of
exercise, those women could relieve menopausal symptoms by increasing levels of exercise. On the other
hand, with lower moderate levels of exercise, those women could relieve menopausal symptoms by
increasing duration of exercise. We also strongly didn’t recommend high level and long duration of
exercise for perimenopausal women to alleviate their menopausal symptoms.

This study demonstrated that low levels and short duration of exercise had no signi�cant effect on
depressive symptoms in line with previous research on perimenopausal women[7,35]. This is inconsistent
with the �nding that, 10 minutes of light-intensity exercise before bedtime decreased depressive
symptoms in middle-aged women[34]. These contrasting results maybe explained by differences in the
etiology of depressive symptoms and intensity of exercise, which may be interacting with one another.
Moreover, the decreased HAMD by increasing level of exercise experienced in moderate duration of
exercise condition, might suggest that there is bene�cial effect of exercise on depressive symptoms[1]. Is
it plausible that different mechanism are at work with respect to the moderate and short duration of
exercise? Several studies have demonstrated that oxidative stress and pro-in�ammatory cytokines, such
as IL-1β, IL-6, NLRP3,8-hydroxy-2′-deoxy -guanosine, which were increased during menopause contributes
to development of depression like behavior[13,36−38]. However, exercise could decrease this pro-
in�ammatory cytokines and oxidative stress and consequently ameliorate depressive
symptoms[13,15,16,39], whereas the short duration of exercise may not be adequate for such a change.
Furthermore, Schuch et al[40] showed that moderate intensity water-base exercise appeared to be an
e�cient strategy to improve the quality of life in women by their anti-depressing effect. Therefore,
regarding depressive symptoms, we suggest that moderate duration exercise is ideal. Another interesting
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�nding is the lack of difference in depressive symptom when exercise level and/or duration were high.
Although one would expect that people suffering from depressive symptoms would be ameliorated by
high intensity exercise[7,35], the data does not support this assumption. The possible explanation
concerned with this phenomenon could be, post-exercise depression (PED) that persists for 20-30times
after exhaustive exercise due to muscle fatigue[41]. PED may be caused by intracortical mechanisms,
because of not changing spinal re�exes, peripheral and subcortical components[31,42]. Another potential
explanation for PED include long-term depression, decreased excitability of intracortical glutamatergic
networks, and increased excitability of inhibitory GABAergic networks[41,43]. However, due to paucity of
studies and methodological limitations, conclusions regarding the underlying mechanisms for the
antidepressant effect of high intensity exercise in depressive symptoms are not currently possible.

To our knowledge, this is one among the few studies which investigated the relationships between
depressive symptoms and menopausal symptoms in perimenopausal women, and explored the duration
and levels of exercise as to achieve the best dose-response. However, there are some study limitations.
First, the cross-sectional study design means that a causal relationship cannot be identi�ed; thus a
longitudinal study is required to achieve higher levels of evidence regarding a causal relationship.
Second, there may have been some information bias in terms of menopausal symptoms and depressive
symptoms because these variables were measured using self-reported questionnaires. Studies of
depression in perimenopausal women have generally relied on the assessment of depressive symptoms
rather than a formal diagnosis of depression, and therefore, it is possible that misclassi�cation could
have occurred. Moreover, exercise measurement relies on memory of exercise, over one year memory
could be a problem and levels of exercise may vary over this period. Lastly, although physical exercise is
widely promoted as a nonpharmacological intervention for menopausal symptoms and depressive
symptoms prevention, not all types of exercise appear to be useful in reducing the risk of menopausal
symptoms and depression in woman. Our study in perimenopausal women have not explored the type of
exercise, which needs further research.

Conclusions
In conclusion, there was a signi�cant positive correlation between the severity of menopausal symptoms
and depressive symptoms. With short or moderate duration of exercise, those women could relieve
menopausal symptoms and depressive symptoms by increasing levels of exercise. With lower moderate
levels of exercise, those women could relieve menopausal symptoms and depressive symptoms by
increasing duration of exercise. High levels and long duration of exercise did not seem to be effective in
lowering menopausal and depressive symptoms.

Abbreviations
MKS
Modi�ed Kupperman Indexs
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HAMD
Hamilton Depression Scale
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Tables
Table 1 Characteristics of the study population

  Number of cases Percentage (%)
Age (years)    

40-50 291 56.84
50-60 221 43.16

Marital status    
Married 480 93.75
Single 2 0.39

Separated 1 0.20
Widowed 4 0.78
Divorced 25 4.88

Other 0 0
Educational background    

Elementary school 66 12.89
Middle school 101 19.73

College 338 66.01
Other 7 1.37

Employment status    
Unemployed 388 75.78
Employed 124 24.22

Smoking status    
No smoking 508 99.22

Smoking 4 0.78
Alcohol consumption    

No 440 85.94
Yes 72 14.06
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Table 2 MKS (mean ± standard error) at different duration and levels of exercise and a
two-way repeated measure ANOVA from differences duration and levels of exercise.

  MKS (mean ± standard error)
Levels of exercise Duration of exercise

  short moderate long
Seldom 10.32±7.97△ 19.30±8.21*△ 4.00±0.10△

mild 13.50±5.04 11.42±8.22* 6.29±5.25

moderate 7.83±12.05 8.72±7.36* 10.86±6.54

high 4.00±4.10 8.10±6.88* 8.32±7.20

Two-way repeated measures ANOVA F-value P-value

Levels of exercise 2.039 0.108
Duration of exercise 4.910 0.008

Levels of exercise × Duration of exercise 3.597 0.002

* = statistically significant between different levels of exercise (p < 0.05). 

  △ = statistically significant between different duration of exercise (p < 0.05).
 
Table 3 HAMD (mean ± standard error)at different duration and levels of exercise and a
two-way repeated measures ANOVA from different duration and levels of exercise.

  HAMD  (mean ± standard error)
Levels of exercise Duration of exercise

  short moderate long
Seldom 6.47±7.56 11.90±10.79* 1.00±0.10

mild 7.00±4.96 7.36±7.34*△ 2.00±2.15△

moderate 5.00±6.47 5.46±7.17* 5.93±6.63

high 0.67±1.03 4.97±6.73* 5.02±6.25

Two-way repeated measures ANOVA F-value P-value

Levels of exercise 1.064 0.364
Duration of exercise 4.661 0.010

Levels of exercise× Duration of exercise 2.128 0.049

a
* = statistically significant between different levels of exercise (p < 0.05). 

  △ = statistically significant between different duration of exercise (p < 0.05).

Figures
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Figure 1

The interaction betweenlevels and duration of exercise on MKS

Figure 2
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effect of different levels and duration of exercise on menopausal symptoms Levels of exercise 1.
Seldom, 2.mild: 1-2 times per month, 3. moderate: 1-2 times per week, 4. high:more than 3 times per week.
Duration of exercise: 1.short: 20-30 minutes per session, 2. moderate:30-60 minutes per session, 3.
long:more than 60 minutes per session. *= statistically signi�cantbetweendifferent levels of exercise (p <
0.05). △ = statistically signi�cant betweendifferent duration of exercise (p < 0.05).

Figure 3

The interaction between levels and duration of exercise on HAMD. Levels of exercise 1. Seldom, 2.mild: 1-
2 times per month, 3. moderate: 1-2 times per week, 4. high:more than 3 times per week. Duration of
exercise: 1.short: 20-30 minutes per session, 2. moderate:30-60 minutes per session, 3. long:more than 60
minutes per session.
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Figure 4

Effect of different levels and duration of exercise on depressive symptoms Levels of exercise 1. Seldom,
2.mild: 1-2 times per month, 3. moderate: 1-2 times per week, 4. high:more than 3 times per week.
Duration of exercise: 1.short: 20-30 minutes per session, 2. moderate:30-60 minutes per session, 3.
long:more than 60 minutes per session. * = statistically signi�cant between different levels of exercise (p
< 0.05). △ = statistically signi�cant betweendifferent duration of exercise (p < 0.05).
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