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Abstract

Objective: To elucidate the correlation between sleep disturbances and blood pressure during pregnancy in women with no
pre-existing hypertension. Design: Prospective cohort study. Setting: Outpatient specialist clinics at KK Women’s and
Children’s Hospital, Singapore. Population: Women with viable singleton pregnancies confirmed by ultrasonography at less
than 14 weeks of amenorrhea at first visit. Methods: 926 subjects were recruited for this study in the outpatient specialist
clinics at KK Women’s and Children’s Hospital, Singapore, between September 1, 2010, and August 31, 2014. They were
followed up throughout pregnancy with sleep quality, blood pressure and uterine artery doppler assessed at each visit. Main
outcome measures: sleep quality, blood pressure and uterine artery doppler. Results: Sleep progressively worsened as pregnancy
advances. Shorter sleep duration and poorer sleep efficiency were associated with higher blood pressure, especially in the first
trimester. Mixed model analysis demonstrated overall positive correlation between sleep quality represented by Pittsburgh
Sleep Quality Index (PSQI) score and diastolic blood pressure (DBP) (p<0.001) and mean arterial pressure (MAP) (p=0.005)
during pregnancy after considering all trimesters. Sleep duration was found to be negatively correlated with both systolic
blood pressure (SBP) (p=0.029) and DBP (p=0.002) while sleep efficiency is negatively correlated with DBP (p=0.002) only.
Overall poor sleep during pregnancy was also found to be correlated to higher uterine artery pulsatility index. Conclusion: Our
prospective study demonstrated that sleep quality is significantly correlated with blood pressure during pregnancy with most
prominent effect in the first trimester.

INTRODUCTION

The association between sleep disturbances and elevated blood pressure has been well studied in the general
population1-4. However, relatively few studies focused on the association between sleep quality and blood
pressure during pregnancy. Sleep disturbances are very common throughout pregnancy5-6. Besides the
adverse psychosocial effect of poor sleep, it can also lead to significant adverse maternal and foetal outcomes.
Studies have shown that sleep disturbances are associated with pregnancy induced hypertension, gestational
diabetes, pre-eclampsia and even adverse cardiac events7-13. Blood pressure varies throughout pregnancy.
A cohort study by Grindeheim et all showed that both systemic blood pressure (SBP) and diastolic blood
pressure (DBP) normally fall in early pregnancy by 5-10 mm Hg, reaching a mean of 105/60 mm Hg in
the 2nd trimester, and then gradually rise to pre-pregnancy values by term14. William et al showed similar
pattern15. However, one prospective study using 24-hour ambulatory blood pressure monitoring for 4 stages
of pregnancy (9-17 weeks, 18-22 weeks, 26-30 weeks and >30 weeks of amenorrhea) showed average SBP/DBP
of 130/77, 132/79, 133/81, 135/86 respectively, with no dip16. While sleep and BP change during pregnancy
and relationship of sleep and BP in non-pregnant individuals were well studied, studies investigating the
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effect of sleep on BP during pregnancy are relatively limited, the majority of which focused on the effect of
sleep disturbances on the risk of pregnancy induced hypertension. Thus far, there is no cohort study focusing
on sleep quality throughout pregnancy along with blood pressure changes among the pregnant population
with no pre-existing hypertension.

Uterine artery doppler studies have long been employed to identify patients at risk of developing hypertensive
disorders in pregnancy especially preeclampsia. First, second and third trimester uterine artery pulsatilty
indexes have been found to be of modest predictive value of developing preeclampsia17-18. Abnormal dopplers
in early trimesters are associated with subsequent perinatal complications19. The effect of sleep on uterine
artery doppler was not reported in the literature.

In this prospective study, we aim to delineate the correlation between sleep quality and blood pressure
throughout the entire pregnancy in individuals with no pre-existing hypertensive disorder. Uterine artery
resistance and pulsatility indexes were also assessed in relation to sleep quality.

MATERIALS AND METHODS

NORA study

The Neonatal and Obstetric Risk Assessment (NORA) study is a longitudinal prospective study conducted
in KK Women’s and Children’s Hospital, Singapore, between September 1, 2010, and August 31, 2014.
Participants are women with singleton pregnancies who attended antenatal clinics from 1st trimester. Women
with viable singleton pregnancies confirmed by ultrasonography at less than 14 weeks of amenorrhea were
considered eligible. Patients with chronic medical conditions known to be associated with adverse pregnancy
outcomes (such as systemic lupus erythematosus) and pregnancies complicated by aneuploidy or foetal
anomalies were excluded. These women were followed up throughout the antenatal course. Women with
unsuccessful pregnancies (termination, miscarriage were also excluded. Gestational age was calculated from
the estimated due date which was confirmed from the ultrasound scan in the 1st trimester based on crown
rump length. A written informed consent was obtained from all participants. NORA study was approved
by the SingHealth Centralised Institutional Review Board Ethics Committee, Singapore (CIRB Ref No.
2010/214/D). In the present analysis, 10 women who had pre-existing hypertension were excluded, making
the final number of subjects 916.

Maternal demographics

Information on sociodemographic and lifestyle characteristics was collected mainly during the 1st antenatal
visit: age, parity, race, education level, marital status, occupation, income, BMI, lifestyle characteristics
such as drinking, smoking, exercise and caffeine intake. BMI and lifestyle characteristics were also recorded
in all subsequent visits. Age and BMI were continuous variables while all the other factors were categorical
variables.

Sleep assessment

Sleep quality and BP were assessed at 4 visits: 9 to 14 weeks of gestation (visit 1), 18 to 22 weeks of gestation
(visit 2), 28 to 32 weeks of gestation (visit 3) and 34 to 39 weeks of gestation (visit 4). During each visit,
sleep quality was assessed via the Pittsburgh Sleep Quality Index (PSQI) questionnaire. Four main questions
were asked in the questionnaire: (1) “During the past month, what time have you usually gone to bed at
night”; (2) During the past month, how long (in minutes) has it usually taken you to fall asleep each night”;
(3) During the past month, what time have you usually got up in the morning”; (4) During the past month,
how many hours of actual sleep did you get at night, which may be different from the number of hours you
spent in bed”. PSQI score was calculated after combining the scores for each question. Women with poorer
sleep quality have higher PSQI scores. Furthermore, specific aspects of sleep quality including sleep latency
(question 2), sleep duration (question 4) and sleep efficiency (calculated by actual hours of sleep over total
hours from time in bed to time of getting up) were also individually assessed and compared in relation to
blood pressure.
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Blood pressure and uterine artery doppler assessment

Non-invasive systolic and diastolic blood pressure was taken during each visit and MAP was calculated from
SBP and DBP with the formula of MAP = 1/3 SBP + 2/3 DBP. Uterine artery flow velocity waveforms
with colour-pulsed Doppler was performed during each visit via transabdominal ultrasound. Resistance and
pulsatility indexes were recorded.

Statistical analysis

Statistical analysis of the data was performed using SPSS 22.0 (IBM, Armonk, NY, USA). For maternal
demographic and lifestyle characteristics, continuous variables were described as mean ± standard deviation.
Categorical variables were described as the sample number and frequency of each category. Step wise linear
regression was performed across the four visits on the following variables: PSQI, sleep latency, sleep dura-
tion and sleep efficiency to establish the relationship between sleep quality and blood pressure throughout
pregnancy, after considering potential confounding factors. Data from each individual visit was analysed se-
parately. Mixed model analysis was employed to study the overall correlation between sleep and BP as well
as sleep and uterine artery resistance and pulsatility index, combining the information from all 4 antenatal
visits. Analysis was adjusted for possible confounders.

RESULTS

As shown in Table 1a, our study subjects consist of a multiracial population with average age of 30 years
and different educational levels, occupations and social status. Chinese and Malay women made up most of
our study subjects (50.7% and 27.3% respectively) with small numbers of Indians and others. Most of the
subjects have education levels of high school/junior college and above. Their household income ranges from
<3500 to more than 8500 Singapore dollars a month, with most women working as white-collar workers.
Similar percentage of nulliparous (54.4%) and multiparous (45.6%) women were included in this study.

Life style, BMI, blood pressure and sleep quality throughout pregnancy were presented in Table 1b. A small
percentage of women continued to drink coffee during pregnancy (21-33.4%). A smaller percentage of women
remained actively drinking (0.8-2.5%) or smoking (1.8-2.6%) during pregnancy. Average BMI of the patients
increased expectedly throughout pregnancy (from 24.1 at the first visit to 28.1 at the last visit). The average
SBP/DBP (MAP) in the 4 visits were 108/66 (80) mmHg, 109/65 (79) mmHg, 110/66 (81) mmHg and 112/69
(83) mmHg respectively, showing an overall upward trend. Sleep quality score, as represented by PSQI, had
an average range of 6.3-8. The average of individual aspects of sleep quality including sleep duration (6.5-7.0
hours), latency (20-26mins) and efficiency (82-85%) were also shown in Table 2. Overall sleep quality, sleep
efficiency and latency worsen while sleep duration shortens as pregnancy progresses.

During the first visit, it was found that SBP (p=0.019), DBP (p=0.023) and MAP (p=0.014) were all signi-
ficantly lower in women with longer duration of sleep (Table 2a). Likewise, SBP (p=0.016), DBP (p=0.017)
and MAP (p=0.014) were significantly lower in women with better efficiency of sleep (Table 2a). No signifi-
cant difference in BP was found in women with different sleep qualities during the 2nd and 4th visits (Table
2a). DBP (p=0.011) and MAP (p=0.027) were significantly lower in subjects with better sleep efficiency
during the 3rd visit (Table 2).

When overall sleep and BP were assessed throughout the whole pregnancy, Lower PSQI score (p<0.001),
shorter sleep latency (p=0.008) and better sleep efficiency ((p=0.008) were found to be correlated to lower
DBP (Table 2b). Longer sleep duration was associated with lower SBP (p=0.049) and DBP (p=0.008) (Table
2b).

Assessment of the overall relationship between sleep and uterine artery doppler throughout pregnancy showed
that poorer sleep quality (higher PSQI, longer sleep latency, shorter sleep duration and worse sleep efficiency)
were associated with higher UA PI (Table 3). Patients with higher PSQI and shorter sleep duration were
also found to have higher UA RI (Table 3).

Discussion
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Our result showed that blood pressure (SBP and/or DBP and/or MAP) was lower in the pregnant women
with better sleep quality: shorter sleep latency, longer duration of sleep, better efficiency and lower PSQI
scores. UA PI was similarly lower in women with better sleep quality. The correlation between sleep and BP
was the most significant in the first trimester as demonstrated by liner regression analysis.

Sleep latency, duration and efficiency were important aspects of sleep with significant correlation to BP. A
previous cohort study by William et al. found that mean 1st and 2ndtrimester SBP and DBP values were
similar among women reporting to be short sleepers ([?] 6 hours) versus women reporting to sleep >9 hours.
However, both short and long sleep duration in early pregnancy were associated with increased mean 3rd

trimester SBP and DBP compared to women who sleep for 9 hours in their study15.Their study findings
were in line with some previous studies done in the non-pregnant population1-4. The analysis in our study
differed from these previous studies. Sleep duration, sleep efficiency, latency and PSQI were considered
as continuous variables in mixed model and linear regression analysis instead of categorical variables as in
those studies. We believe that correlation analysis using continuous variables offers a more comprehensive
comparison. The sleep duration for our study subjects fell between 4.7 and 8.7 hours. There was no subject
with > 9 hours of sleep. This may also explain the different findings as William et al’s study showed higher
BP in women who slept > 9 hours.

The mechanism linking sleep and blood pressure is very complex. One possible mechanism is increased oxida-
tive stress and reduced nitric oxide (NO) in poor sleepers. NO is an important mediator in vascular function
causing dilatation of the vessels and thus resulting in lower BP. In the case of obstructive sleep apnoea, noc-
turnal hypoxemia induces oxidative stress which triggers an inflammatory response and reduction in NO20-21.
Another possible mechanism is through the sympathetic pathway and the hypothalamic-pituitary-adrenal
axis. In some experimental studies, increased secretion of catecholamines, altered sympathovagal balance
and disruption in cortisol levels were postulated to link poor sleep with elevated blood pressure22-25. A few
interesting studies showed that increase in pro-inflammatory cytokines such as Interleukin-1 and Tumour
necrosis factor-alpha alter sleep pattern and may potentially cause elevated blood pressure26-28. However,
the exact underlying mechanism remains to be elucidated.

UA PI and RI were significantly lower in women with better sleep as shown in our study. The association
between sleep quality and uterine artery blood flow was reported in literature. One postulation is that poor
sleep may lead to suboptimal trophoblastic invasion of myometrium and consequently higher blood flow
resistance. In other words, higher blood pressure in people with poorer sleep can potentially be contributed
by placental dysfunction. Another possible explanation is that sleep is associated with worse uterine artery
doppler and higher blood pressure via a common mechanism such as reduced NO which leads to vasocon-
striction.

Strength and Limitations of study

Our study is the first large cohort study that demonstrated gradual change in sleep quality along with
blood pressure changes throughout pregnancy, via which the correlation between sleep and BP was better
scrutinized. As sleep pattern may gradually change over time, sleep quality in the first visit may not be
representative of the overall sleep pattern throughout pregnancy. The correlation between sleep and BP were
individually assessed at each visit and that accounts for the most direct correlation if there is any. Follow
up rate of our study is very high which makes the data more reliable.

Blood pressure varies throughout the day and is affected by activities immediately prior to blood pressure
measurement. Our study only used a single point blood pressure during each visit for assessment. This may
cause some inaccuracy and error as it may not be representative of the actual blood pressure. If possible,
24-hour ambulatory pressure would be a better modality for the accurate assessment of blood pressure,
although it is logistically much more difficult to execute. Presence of sleep disorders such as sleep apnoea
and subjects’ psychiatric history such as and history of depression were not explored in our study. These
factors can potentially affect sleep quality and blood pressure and it would be ideal if these factors can be
adjusted in the analysis.
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Implications of study

The correlation between sleep disturbances and higher blood pressure urges clinicians and researchers to
recognize the importance of sleep during pregnancy and explore ways to improve sleep antenatally. Screening
for sleep disruption is not routinely done in most obstetric units. Short questionnaire on sleep quality can
be incorporated into routine obstetric care. Early identification of patients at risk of sleep disturbances and
intervention at early stage may offer some benefit in pregnancy outcome. Studies on potential interventions
in improving sleep in pregnancy are rather limited. Stremler R et al conducted a randomized controlled trial
on the effect of behavioural-educational intervention in improving sleep in postpartum women. Although
no significance was found in the primary outcome of nocturnal sleep, it is still worth exploring intervention
during early pregnancy instead of postpartum when sleep is interfered by breastfeeding significantly. Another
interesting study recently reported significant improvement of sleep in terms of longer sleep duration and less
sleep disruption with home-based cognitive-behavioural training program during late pregnancy29. Further
studies on possible interventions antenatally to improve sleep and potentially lower blood pressure would be
valuable.

Conclusion

Our cohort study is among the first to show the correlation between sleep and blood pressure throughout
pregnancy in the population without pre-existing hypertensive disorder. Most significant correlation was
found in the first trimester. Uterine artery doppler was worse in poorer sleepers suggesting a potential
association between sleep and placental function which may affect blood pressure. Future studies should
focus on interventions to improve sleep antenatally with an effort to optimize blood pressure and pregnancy
outcome.
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