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Purpose: To explore the association between maternal physical activity (PA) and sleep

quality during pregnancy, and the necessary PA level at different gestational stages to attain

improved sleep quality.

Methods: A total of 2443 participants were recruited from the Shanghai Maternal-Child

Pairs Cohort (Shanghai MCPC) study, who had completed questionnaires including the

Pittsburgh Sleep Quality Index (PSQI) and the International Physical Activity

Questionnaire (IPAQ) at gestational weeks (GW) of 12–16 and 32–36. PSQI scores and

their seven components at the two GW were compared, as were PSQI scores at 12–16 and

32–36 GW and the increment in PSQI relative to PA. Regression analysis was conducted to

assess the effect of PA and its change on the total PSQI score at different GW.

Results: The mean PSQI scores increased significantly during pregnancy, from 6.30 ± 3.01

at 12–16 GW to 7.23 ± 3.47 at 32–36 GW. Compared with women in low PA level, moderate

levels of PA at both 12–16 GW and 32–36 GW were significantly reduced PSQI scores of

0.42 (95% CI:-0.68,-0.16) and 0.32 (95% CI:-0.63,-0.01), respectively. At 32–36 GW, high

PA level also significantly decreased PSQI score, with a greater decline than moderate PA

level. (AOR=−0.87,95% CI:-1.57,-0.18). PA increment from 12–16 to 32–36 weeks of

pregnancy created a significant decline of 0.54 in PSQI scores.

Conclusion: The study revealed sleep quality was worse at the third trimester and moderate

PA level had the potential for improvement of sleep quality both in the first and the third

trimester. High PA level was also beneficial to improve sleep quality of pregnant women in

the third trimester.
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Introduction
Good sleep quality is essential for women at all stages of pregnancy, and improving

sleep quantity and quality during overall gestation is of utmost importance for positive

obstetric outcomes and an optimal health-related quality of life. For example, several

studies have shown that poor sleep quality increased the risk for preterm birth and

cesarean section1,2 and enhanced the likelihood of 3.34-fold for postpartum

depression.3–7 Regarding fetal outcomes, a meta-analysis8 synthesized the literature

related to maternal sleep and poor fetal outcomes and demonstrated that poor sleep

quality or sleep syndrome may manifest disadvantages of altered growth, gestational

length, and even fetal death. Sleep during pregnancy is dynamic, and its quality is

typically worse than that in the general population.9 With an increase of gestational

weeks, sleep quality during pregnancy is also affected by factors that are not easy to

control, including social, mental, and physical factors, besides the alterations in
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hormones and physiology.10,11 Gestational weeks and pre-

natal emotional problems, such as depression, anxiety, and

stress, have been emphasized in previous studies, and these

factors showed associations with sleep quality among preg-

nant women.12–15 In addition, the results of a randomized

controlled trial16 showed that moderate-intensity water exer-

cise at 20–37 gestational weeks would improve the quality

of sleep in pregnant women, both subjectively and objec-

tively in terms of latency, duration and efficiency.

However, there is a paucity of research that explores

the association between maternal physical activity and

sleep quality during pregnancy, or the proper level of

physical activity at different gestational weeks to attain

better sleep quality. A large amount of literature supports

the concept that physical activity can improve sleep qual-

ity in the non-pregnant population, of which some studies

report that exercise improves sleep quality and

continuity.17–19 A systematic review20 in 2018 claimed

that exercise improved sleep quality among patients with

primary and secondary insomnia. A cross-sectional study

of university students found that poor sleep quality was

associated with insufficient physical activity, and a 10-year

follow-up study provided corroboration that women who

maintained higher levels or increased their levels of lei-

sure-time physical activity were protected from self-

reported insomnia.21 There are, however, several other

cross-sectional studies that investigated the association

between physical activity and sleep quality during preg-

nancy, and these showed equivocal results. Baker et al

found that exercise during early pregnancy was correlated

with greater sleep continuity.22 However, Soner Ölmez23

found no significant difference of sleep quality between

groups of pregnant women with different levels of exer-

cise, who are between 5 and 40 gestational weeks. In

recent years, people have generally come to realize the

importance of physical activity during pregnancy. The

Physical Activity Guidelines for Americans and 2019

Canadian Guideline for Physical Activity Throughout

Pregnancy24,25 recommended that pregnant women per-

form at least 150 minutes (2 hours and 30 minutes) of

moderate-intensity aerobic activity per week during preg-

nancy. The former guidelines also suggested that pregnant

women who habitually engaged in vigorous-intensity aero-

bic activity or who were physically active before preg-

nancy can continue these activities during pregnancy;

however, the guidelines did not provide detailed sugges-

tions for different trimesters, and because of differences in

physical and psychologic factors, the requirements for

physical activity are probably different.

Prospective studies will be critical to evaluate the

potential impacts of physical activity on sleep quality.

In the present study, we observed maternal sleep at

12–16 gestational weeks and at 32–36 gestational

weeks, respectively. In addition, we examined the pro-

spective association between physical activity and sub-

jective sleep quality in pregnant women. Physical

activities were measured twice using the International

Physical Activity Questionnaire (IPAQ short version),

and we measured indices of subjective sleep quality as

well using the Pittsburgh Sleep Quality Index (PSQI).

We also explored the effect of changes in physical activ-

ity on maternal sleep quality. As few researchers have

examined the relationship between physical activity and

sleep quality during pregnancy, we hypothesized that

physical activity would vary during pregnancy and

necessary physical activity levels at different gestational

stages might play a role in clinical guidance, in order to

improve the quality of sleep during pregnancy.

Materials and Methods
Design and Sample
Population samples of the present study were from the

Shanghai Maternal-Child Pairs Cohort (Shanghai MCPC),

which was funded by two programs in Shanghai. We

recruited pregnant women at 12–16 gestational weeks from

two regional maternity hospitals of Shanghai’s Pudong and

Songjiang Districts hospitals from April 2016. We finally

analyzed 2443 participants who had completed question-

naires that included the Pittsburgh Sleep Quality Index

(PSQI) and the International Physical Activity

Questionnaire (IPAQ) at gestational weeks (GW) 12–16

and 32–36. The inclusion criteria were pregnant women

≥20 years of age, living in Shanghai currently, being able to

read Chinese, and willing to participate in the cohort study.

Pregnant women with syphilis or HIV were excluded. All of

the participants included were singleton pregnancy.

Sociodemographic information (eg, birth date, employment,

and education level) was collected via self-report question-

naires, and medical records were obtained from the hospital

database. This cohort study was reviewed and approved by

the Ethics Committee of the School of Public Health, Fudan

University. All participants provided written informed con-

sent, and this study was conducted in accordance with the

Declaration of Helsinki.
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Instruments
Sleep Quality: Pittsburgh Sleep Quality Index

The Pittsburgh Sleep Quality Index (PSQI) is a self-rating

questionnaire that assesses sleep quality and disturbances

over a 1-month interval of time. PSQI total scores showed

good internal consistency and construct validity. Cronbach’s

alpha for the PSQI (items were the 7 component subscale

scores) was 0.76, goodness-of-fit index (GFI) and compara-

tive fit index (CFI) were 0.95 and 0.91, respectively, RMSEA

was 0.13 and χ2 (minimum discrepancy) divided by degrees

of freedom (CMin/DF) was 2.6.26 Nineteen individual items

generated seven “component” scores: subjective sleep qual-

ity, sleep latency, sleep duration, habitual sleep efficiency,

sleep disturbances, use of sleeping medication, and daytime

dysfunction.27 Each of the sleep components yields a score

ranging from 0 to 3, with 3 indicating the greatest dysfunc-

tion. The sleep component scores are summed to yield a total

score ranging from 0 to 21, with the higher total score

(referred to as global score) indicating worse sleep quality.

A person was defined as a poor sleeper if her/his global score

was >5. The PSQI is widely used to evaluate the sleep quality

of various populations in different countries. Sleep quality

was investigated at 12–16 gestational weeks (early preg-

nancy) and at 32–36 gestational weeks (later pregnancy).

ΔPSQI was defined as the score increment (or decrement)

from 12–16 gestational weeks to 32–36 gestational weeks.

Physical Activity Level: International Physical Activity

Questionnaire (IPAQ Short Version)

The International Physical Activity Questionnaire (IPAQ

short version)28 is frequently used to assess physical activity

(PA) level in the general adult population including pregnant

women and has good reliability and validity in pregnant

women, with the test–retest intraclass-correlation of different

PA level ranging 0.81–0.84.29–31 There were 7 questions in

the questionnaire, and 6 of them referred to the intensity of

personal PA, including the frequency of walking, running, or

playing sports. We investigated PA twice (at 12–16 gesta-

tional weeks and at 32–36 gestational weeks). MET

(Metabolic Equivalents, MET)28 is an important indicator

that reflects the body’s metabolic level and energy expendi-

ture. Based on the metabolic equivalent table, the average

metabolic equivalent value of physical activity was assigned

per hour. According to corresponding standards,32,33 PA

levels were divided into three categories: low, moderate,

and high. Met levels were defined as walking = 3.3 Mets,

moderate intensity = 4.0 Mets, and vigorous intensity = 8.0

Mets. Total MET-minutes/week =Walk (METs*min*days) +

Mod (METs*min*days) + Vig (METs*min*days). The high

category was considered to include those individuals who

participated in vigorous-intensity activity at least 3 days and

accumulated at least 1500 MET-minutes/week, or 7 or more

days of any combination of walking, and moderate- or vig-

orous-intensity activities that accumulated at least 3000

MET-minutes/week. We defined the moderate category to

be equivalent to 3 or more days of vigorous activity for at

least 20 minutes per day, or 5 or more days of moderate-

intensity activity and/or walking of at least 30 minutes

per day, or 5 or more days of any combination of walking,

moderate-intensity, or vigorous-intensity activities that

achieved a minimum of at least 600 MET-minutes/week.

The low category was defined to include those individuals

who could meet any criteria for the two aforementioned

categories. PA was also investigated at 12–16 gestational

weeks and at 32–36 gestational weeks separately. The change

from 12–16 to 32–36 gestational weeks was defined as the

ΔPA (MET-minutes/week difference). Groups were divided

by increasing or not increasing PA, which consisted of the

increased group and the non-increased group.

Sociodemographic Factors
Age of pregnant women: The difference between the date

of the survey and the date of birth of the pregnant women

was calculated and divided into three categorical groups:

20–25 years old, 26–30 years old, and 31 years old and

above. The educational level was divided into high school

and below, junior college, and university and above. The

annual income of the core family was obtained by asking

“the total income of your core family last year (including

various sources such as wages and stocks)” and it was

translated into low, middle, and high-income groups. We

also asked the pregnant women in the survey whether they

worked or not in the early or middle pregnancy, and we

divided them into two groups.

Potential Confounders
Pre-Pregnancy BMI

Height and pre-pregnancy weight were based on self-reported

data from the pregnant women’s baseline interview. Height

was measured in m, with accuracy to two decimal places, and

weight was in kg, with accuracy measured to one decimal

place. Body mass index (BMI) was calculated by dividing

body weight (kg) by height-squared (m2), with the results

determined to one decimal place. Pre-pregnant women were

categorized as “underweight” (BMI < 18.5 kg/m2), “normal
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weight” (18.5 ≤BMI < 24 kg/m2), and “overweight or obese”

(BMI ≥ 24 kg/m2).34

Underlying Diseases

We asked pregnant women whether they had been diag-

nosed with hypertension, diabetes, asthma, pneumonia,

tuberculosis, periodontitis, hyperthyroidism, hypothyroid-

ism, hepatitis, congenital heart disease, nephritis, anemia,

endometriosis before becoming pregnant, uterine fibroids,

or polycystic ovary syndrome; 1 or more of which was

defined as having a history of underlying disease.

Parity and History of Abortion

Parity was determined by calculating the total number of

live births delivered in the past and with gestational weeks

≥28 weeks divided into birth history or no birth history.

Abortion history was designated as the number of abor-

tions and medical abortions, divided into a history of

abortion or no history of abortion.

Psychological Stress: Life-Events Scale for Pregnant

Women

We measured maternal stress during pregnancy using the life

events scale for pregnant women (LESPW). The LESPW has

demonstrated good reliability with a Cronbach’s alpha of

0.9607 for total and 0.7756, 0.8796, 0.8924 and 0.9024 for

four subscales, respectively.35,36 The scale contains 53 life

events, including family life, work and study, social relations,

and other aspects during pregnancy. Based on the actual events

that occurred, the pregnant women then selected an answer,

and the weighted score was calculated. A total score higher

than the critical point of 375 points showed that the events

were comparatively more stressful during pregnancy.35

Statistical Analyses
Data were statistically analyzed by SPSS (version 22.0).

PA levels as categorical variable were the primary expo-

sure variable in all analyses. Descriptive statistics were

used to characterize our population sample. Covariates

were sociodemographic factors (eg, age, education, work-

ing status), medical records (eg, pre-pregnant BMI, parity,

history of abortion), and psychological stress. PSQI scores

and their seven components during the periods 12–16 and

32–36 gestational weeks were compared by paired-sample

t-tests and the correlation analysis was conducted between

PSQI scores at the two pregnancy stages. PSQI scores for

12–16 gestational weeks and 32–36 gestational weeks and

the increment in PSQI were compared among the different

levels of physical activity, as well as the groups of

potentially related factors (such as sociodemographic fac-

tors, medical records, and psychologic stress) by

Bonferroni tests and Student’s t-tests or one-way

ANOVAs. We conducted multiple logistic regression ana-

lyses to evaluate the effect of PA and its changes on the

total PSQI score at different stages of gestation while also

controlling potential covariates (such as sociodemographic

factors, medical records and psychological stress, etc.). We

selected these confounders on the basis of previous studies

and their associations with the outcomes of a change in

effect estimate of more than 10%.

Results
From June 2017 to March 2018, after deleting rejections

and duplicate data, 4176 pregnant women in the first

trimester were recruited. Then, deleting the missing data

(Loss of follow-up due to miscarriage, transfer, withdra-

wal, etc.), 2875 pregnant women completed the Pittsburgh

Sleep Quality Index both at 12–16 and 32–36 gestational

weeks, and 2443 completed all the questionnaires, who

were included finally (Figure 1).

Total PSQI scores for different gestational weeks (GW)

and the increment for participant characteristics are sum-

marized in Table 1. The majority (77.2%) of pregnant

women were between 26 and 35 years of age, and 43.5%

of them possessed of a bachelor’s degree or higher. The

proportion of overweight and obesity before pregnancy

was 16.4%, and 62.8% of the participants were nullipar-

ous. Regarding the PSQI at 12–16 gestational weeks,

bivariate analyses showed that stress, parity, underlying

diseases, and a history of abortion were significantly asso-

ciated with maternal sleep quality, while at 32–36 gesta-

tional weeks, the analyses showed that stress and

educational level were significantly associated with mater-

nal sleep quality. For the ΔPSQI, none of the maternal

characteristics was significantly related to sleep quality. In

addition, compared with the demographic characteristics

of participants that did not complete assessments at both

visits, participants in the final included’s age of 20–25,

high school or lower, overweight or obese and employed

were significantly lower, while bachelor’s degree or higher

and underweight, unemployed groups had a relatively

higher proportion.

Table 2 shows that the mean PSQI scores increased

from 6.30 ± 3.01 in early pregnancy to 7.23 ± 3.47 in later

pregnancy (r=0.410, p<0.001). Except for the components

of “use of sleeping medication” and “daytime dysfunc-

tion”, five components showed 32–36 gestational weeks
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had higher scores than 12–16 gestational weeks, as did the

total PSQI score (all p values <0.001). However, the

component of daytime dysfunction decreased from 1.26

± 0.97 to 1.04 ± 1.00 (p<0.001). The correlation coeffi-

cients between PSQI scores at the two pregnancy stages

were between 0.238 and 0.410. At 12–16 weeks of gesta-

tion, 56.7% of pregnant women received a total PSQI

score above 5 points, with the dimensions of subjective

sleep quality, sleep disturbance, and daytime dysfunction

achieving average scores above 1. With progressing gesta-

tion, approximately 64.4% of pregnant women had 5 or

more points for their total PSQI scores at 32–36 weeks.

PSQI scores in different PA levels at 12–16 gestational

weeks had significantly differences (6.50±3.02, 6.07±3.00,

6.47±2.92, respectively, P<0.01), so have scores at 32–36

gestational weeks (7.44±3.51, 7.14±3.43, 6.65±3.36, respec-

tively, P<0.05). The pregnant women who did not increase

their PA level had a significantly greater increment in their

PSQI score (1.08 ± 3.53, p = 0.001) compared to those who

had increased PA level (0.53 ± 3.52). Further comparisons

of different PA levels in pairs were conducted using the

Bonferroni test. As shown in Figure 2, at 12–16 gestational

weeks, only the total PSQI scores for sleep quality were

significantly different between the group with a low-level

PA and that with a moderate PA level (p = 0.002). At 32–36

gestational weeks, the low PA level group had

a significantly higher total PSQI score relative to the other

two groups (p = 0.047 and 0.043, respectively). A high PA

level in the third trimester significantly reduced the PSQI

compared to the group with a low level of PA.

In Table 3, after controlling the covariate factors, com-

pared with low PA level, moderate levels of PA at both

12–16 gestational weeks and 32–36 gestational weeks were

significantly associated with lower PSQI scores (AOR=

−0.42,95% CI:-0.68,-0.16); AOR=−0.32,95% CI:-0.63,-

0.01, respectively. At 32–36 weeks, high PA level also

Total pregnant women recruited
 in the first trimester

N=4780

Pregnant women recruited 
 in the first trimester

N=4176

The final included pregnant
women 
N=2443

The included pregnant women
followed up to the third trimester

N=2875

Duplicated data or
rejection(n=604)

Loss of follow-up due to
miscarriage, transfer,

withdrawal, etc.(n=1301)

 Participants that did not
complete PA level

assessments at both
visits(n=432)

Figure 1 Flowchart of the selection process for the final included pregnant women.
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significantly decreased PSQI score, with a greater decline

than moderate PA levels (AOR=−0.87,95% CI:-1.57,-0.18).

Moreover, with pregnancy progressing from 12–16 to

32–36 weeks, the increment in PA created a significant

decline in PSQI scores of 0.54. We also compared the

variable scores subscales of PSQI with increasing PA

level under different gestational weeks, the result showed

that moderate PA level had the greatest impact on the

components of “daytime dysfunction”, significantly redu-

cing the score of this dimension. In 32–36 gestational

weeks, moderate and high PA levels significantly reduced

the scores of the components of “daytime dysfunction” and

“Sleep duration”, respectively. No significant differences in

the subscales’ scores of PSQI were found in PA increment.

Discussion
In the present study, we found that maternal sleep became

generally worse as pregnancy progressed, and a relationship

existed between the level of pregnant women’s physical

activity and their sleep quality. At 12–16 weeks of gestation,

we observed that moderate PA level was associated with

better sleep quality, while at 32–36 weeks of gestation,

moderate and high levels of PAwould improve sleep quality.

Compared with pregnant women who maintained or reduced

their PA levels in the third trimester, those who increased

their PA levels significantly improved their sleep quality.

The corresponding PA level for different gestational weeks

might, therefore, be a worthwhile adjunct treatment to com-

bating poor sleep quality during pregnancy.

Table 1 Total PSQI Scores in Different Gestational Weeks (GW) and Incremented by Participant Characteristics (N=2443)

Variable N (%) PSQI (12–16 GW) PSQI (32–36 GW) ΔPSQI

Mean±SD p-value Mean±SD p-value Mean±SD p-value

Age 0.681 0.641 0.414

20–25 281 (11.6) 6.30±2.98 7.22±3.42 0.92±3.47

26–35 1878 (77.2) 6.26±3.14 7.43±3.63 1.16±3.76

≥36 273 (11.2) 6.31±3.01 7.24±3.48 0.93±3.54

Educational level 0.159 0.014* 0.398

High school or lower 541 (22.2) 6.25±2.98 7.24±3.48 0.99±3.81

Some college 834 (34.3) 6.47±3.11 7.50±3.50 1.04±3.60

Bachelor’s degree or higher 1057 (43.5) 6.21±2.96 7.03±3.42 0.82±3.34

Pre-pregnancy BMI (kg/m2) 0.320 0.242 0.760

Underweight (<18.5) 414 (17.2) 6.14±2.88 7.10±3.39 0.96±3.45

Normal weight (18.5–23.9) 1601 (66.4) 6.32±3.05 7.22±3.49 0.90±3.54

Overweight or obese (≥24) 396 (16.4) 6.46±2.96 7.49±3.48 1.04±3.63

Parity 0.004** 0.172 0.266

Primipara 1535 (62.8) 6.16±3.03 7.16±3.48 1.00±3.56

Multipara 908 (37.2) 6.52±2.97 7.35±3.43 0.83±3.50

History of abortion 0.042* 0.282 0.500

Yes 735 (30.1) 6.48±3.00 7.35±3.44 0.86±3.48

No 1708 (69.9) 6.22±3.01 7.19±3.47 0.97±3.57

Underlying diseases 0.031* 0.224 0.519

Yes 516 (21.1) 6.55±3.01 7.39±3.53 0.85±3.55

No 1927 (78.9) 6.23±3.01 7.19±3.49 0.96±3.54

Stress at early stages <0.001** <0.001** 0.449

Normal 2116 (86.6) 6.13±2.95 7.09±3.43 0.96±3.53

More stressful 327 (13.4) 7.39±3.22 8.18±3.56 0.80±3.62

Working status 0.153 0.984 0.230

Employed 1581 (65.6) 6.23±3.01 7.22±3.43 0.99±3.51

Unemployed 828 (34.4) 6.42±3.03 7.23±3.52 0.81±3.60

Notes: P-values were calculated using Student’s t-tests or one-way ANOVAs, *p<0.05, **p<0.01.
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That sleep quality in pregnant women was worse in

later pregnancy corroborates the results by previous

researchers.37,38 A meta-analysis indicated38 that the com-

ponent of daytime dysfunction decreased as gestation pro-

gressed. There may also be an increase in sleep disturbances

in the third trimester, consistent with Sedov’s review.39 Risk

factors for poor maternal sleep quality are complex. In the

first trimester, pregnant women may have the symptoms of

nocturia, nausea, and vomiting,10 and during the third trime-

ster, fetal movements, low back pain, and nocturnal cramps

become the principal reasons for poor sleep quality.11 Our

study showed that a high level of stress, multiparity, under-

lying diseases, and a history of abortion were associated

with poor sleep quality in early pregnancy, and that a high

level of stress and moderate educational level were risk

factors for poor sleep quality in later gestation. In addition,

psychological (eg, stress, depression, and mood disturbance)

and behavioral (eg, sleep position) factors have also been

reported in prior studies to affect sleep quality.38,40,41 These

researchers revealed some mechanisms underlying poor

sleep quality but most risk factors are difficult to modify,

thus, PA levels require further investigation as a factor that

can be adjusted by intervention.

The reason we choose the PA level other than intensity

in measurement is that PA level combined the intensity and

time and it is more flexible for pregnant women to choose

the type or prolong the time of their PA activity which are

suitable for their physical condition. Our primary aim was

to evaluate the association between PA levels or increased

levels of PA and sleep quality across pregnancy. The world-

wide prevalence of PA during pregnancy is reportedly low,

with the main reasons for reduced levels of PA during

pregnancy being physical discomfort, complications asso-

ciated with pregnancy, growth of the woman’s body, and

Table 2 Comparison of Subjective Sleep Quality Between Pregnant Women in Different Gestational Weeks (N=2875)

12–16 Gestational Weeks 32–36 Gestational Weeks Correlation Coefficient p-value

(Mean±SD) (Mean±SD)

PSQI score 6.30±3.01 7.23±3.47 0.410** <0.001

Subjective sleep quality 1.69±0.66 1.79±0.64 0.330** <0.001

Sleep latency 0.71±0.75 0.93±0.80 0.363** <0.001

Sleep duration 0.69±0.96 0.99±1.10 0.332** <0.001

Habitual sleep efficiency 0.92±1.07 1.24±1.15 0.299** <0.001

Sleep disturbances 1.01±0.60 1.22±0.61 0.276** <0.001

Use of sleeping medication 0.00±0.04 0.00±0.08 −0.001 0.251

Daytime dysfunction 1.26±0.97 1.04±1.00 0.238** <0.001

Notes: Comparisons were performed using a paired t-test; *p<0.05, **p<0.01.

Figure 2 The comparison of PSQI scores between 2 groups of different PA levels at different gestational weeks (N=2443).
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a sense of insecurity.42,43 In our cohort study where we

measured all parameters twice, we found that lower PA

was associated with poorer sleep quality at the same gesta-

tional stage. However, moderate PA level in early preg-

nancy showed positive relation with sleep quality

compared with low or high PA level. For high PA level

with bad sleep quality, we speculated that the spontaneous

abortion rate during early pregnancy is about 3.6% −16.0%,

which is increased gradually.44–46 Therefore, traditional

Chinese customs does not recommend high PA level in

the first trimester, which may also increase pregnancy

response (morning sickness) and result in poor sleep qual-

ity. For low PA level with poor sleep quality, as we all know,

physical activity and exercise are associated with better

sleep quality and fewer sleep disturbances among healthy

adults.47–49 Considering the health benefits of good sleep

quality, pregnant women are an important target group to

improve and maybe the low PA level did not improve the

sleep quality as much as the moderate PA level. Specifically,

pregnant women who increased their levels of PA in later

pregnancy showed improved sleep quality, compared with

women who maintained or decreased their PA levels in later

pregnancy. In addition to improving sleep quality and con-

sidering the rapid increase in fetal size and weight, accom-

panied by the increasing relaxation of maternal ligaments

(primarily around the pelvis, but encompassing the entire

body), scientifically recommended PA levels at later stages

of gestation are closely related to pregnancy health and

outcomes. In fact, the total cesarean section rate decreases

with the increase in average physical activity in later

pregnancy.50,51 Pre-eclamptic pregnant women who

reduced their exercise levels during the second and third

trimesters appeared to have even caused untoward effects to

their lower limb muscles, blood pressure, and blood

lipids.33 To our knowledge, this is the first report entailing

prospective assessments performed twice for both sleep

quality and PA across pregnancy. These data provide new

evidence in support of our hypothesis that adequate PA is

a preventive measure against poor maternal sleep quality.

The data also augment the small but growing literature

regarding PA and pregnant women. Except for the benefits

to maternal sleep quality, PA during gestation can addition-

ally be used to prevent and treat gestational and pre-existing

diabetes during pregnancy52 and used in a positive way for

better spontaneous labor.53 In fact, moderate-intensity and

household/caregiving PA reduced the odds of unplanned

cesarean deliveries54 in Hispanic women.T
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The Chinese Nutrition Society’s Dietary Guidelines for

Women in Pregnancy (2016) recommends55 that healthy

pregnant women perform moderate-intensity physical

activity for no less than 30 minutes per day. According

to the recommendations of the American College of

Obstetricians and Gynecologists (ACOG), women with

uncomplicated pregnancies should be encouraged to

engage in physical activities: moderate-intensity and safe

exercise (eg, walking, swimming, stationary cycling, low-

impact aerobics, and strength training) for at least 20–30

minutes per day is recommended. However, the current

guidelines for activities during pregnancy in various coun-

tries lack the PA-level guidance for women at specific

weeks of gestation. Pregnant women in later pregnancy

have a single PA mode and show insufficient PA levels,

with walking being the main PA mode.56,57 The current

daily walking recommendations are 5000–7499 steps for

low-intensity PA, 10,000–12,499 for moderate-intensity

PA, and >12,500 steps for high-intensity PA.32 Pregnant

women can achieve better sleep quality when reaching

a moderate level of PA—which combined with the defini-

tions of the IPAQ and the recommendations of the ACOG

— equal to 26 minutes of slow walking per day during

early pregnancy. Surely, they can choose other physical

activity like swimming or yoga for pregnancy or other safe

exercise under the supervision to achieve ideal PA level

for better sleep quality. Our data, first, provided a novel

means to assess the association between groups perform-

ing different levels of PA. In addition, to attain better

maternal sleep quality in later pregnancy, an appropriately

increased level of PA is needed. As gestational weeks

progress, the cardiovascular system of pregnant women

undergoes adaptive changes, such as increased heart rate

and increased blood volume, and it is not advisable to

conduct high-intensity PA. However, PA level can be

enriched by increasing PA mode and time. We recom-

mended increasing the level of PA slightly on the basis

of early pregnancy and carrying out various forms of an

appropriate PA mode while walking. Borodulin’s study

showed that occupational and indoor household physical

activity modes and the recreational/indoor household

activity cluster were weakly related to sleep duration.58

Another study showed59 household or caregiving activities

were associated with worse sleep quality and shorter sleep

duration. High occupational activity and high levels of

light-intensity physical activity were associated with

lower odds of very poor sleep quality and long sleep

duration, respectively. Two of the above studies explored

the detailed modes of PA and used different questionnaires

to evaluate it, which could be the cause of the difference. It

also enlightens us to explore the association between

detailed PA and sleep quality among Chinese pregnant

women later on. The PA level should be based on the

principle of individualization and gradual progress, and

the PA level during pregnancy should not exceed the pre-

pregnancy level if there was a routine PA level prior to

pregnancy. Several randomized controlled trials60,61 of

specific exercises for maternal sleep quality have been

conducted, and although the sample sizes were small,

their results should prove the effectiveness of an appro-

priate PA level for achieving adequate sleep quality during

pregnancy.

Because pregnancy is a dynamic and regular process, it

may not be appropriate to use a single module for pregnant

women in different gestational weeks. The ACOG

emphasizes25 the effects of exercise on pregnancy-

specific conditions and recommends that outcomes will

be studied further, ie, that detailed exercise programs

may need to be explored for pregnant women who are at

different gestational weeks. Furthermore, in our study, we

found that different PA levels were needed at different

gestational weeks to ensure better sleep quality. As to

certain pregnancy complications such as hypertension or

gestational diabetes, research on suitable physical activity

levels for different weeks of gestation should also be

further conducted.

In the present study, we used longitudinal data and

adjusted related confounding factors to explore the

changes in sleep quality during pregnancy and the influ-

ence of physical activity, and demonstrated that these

methods made sleep quality more reliable. Although we

found a new relationship between PA and maternal sleep

quality within a continuous process, there were still some

limitations. We used IPAQ to measure PA levels during

pregnancy, which was brief and did not assess specific

physical activity types and energy expenditure. Although

IPAQ has been applied in pregnant women, we categorized

physical activity by using thresholds defined in non-

pregnant populations, which is the major limitation. In

addition, administering the survey for PA and sleep quality

at a second time might not represent the entire dynamic

process of pregnancy. Thus, multiple and specific surveys

should be explored in further studies. Additionally, since

we did not obtain data on PA level or sleep quality through

objective measurements, we instead used self-report ques-

tionnaire, which might add recall bias to the results. The
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final included pregnant women have relatively higher edu-

cational level and underweight, which limits the general-

izability of the results. Therefore, future studies can be

conducted in large sample size based on the results mea-

sured by objective instruments (like actigraphy).

Conclusion
Our study revealed worse sleep quality in later gestational

weeks. The moderate PA level had the potential for

improvement of sleep quality both in the first and third

trimester and high PA level was also beneficial to improve

sleep quality of pregnant women in later pregnancy.

Increases in PA levels from early pregnancy to later preg-

nancy can prospectively predict better changes in sleep

quality. We recommend moderate PA level in early preg-

nancy and to increase their PA level in late pregnancy to

improve sleep quality.
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