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Abstract

Background: Nausea and vomiting of pregnancy (NVP) deteriorates many aspects of daily lives of women.
However, little is known about associations between NVP and sleep quality.

Methods: Women attending to routine mid-pregnancy visits in maternity health care clinics in Turku city area and
surrounding municipalities, Finland, during 2011-2014, were invited to participate. A cohort of 1203 volunteers
(mean age 30 years, mean gestational week 16.6, mean BMI 24.4 kg/m?, nulliparous 46%) was recruited. The severity
of NVP in the worst 12-h period of current pregnancy was assessed with Pregnancy Unique Quantification of
Emesis Questionnaire (PUQE) and categorized accordingly into no/mild/moderate and severe NVP. Sleep
disturbances during the past 3 months were assessed with selected questions (difficulty falling asleep, night
awakenings, too early morning awakenings and sleepiness during the day) from Basic Nordic Sleep Questionnaire
(BNSQ). In addition, general sleep quality, as well as physical and mental quality of life (QoL) were rated with three
visual analog scales (VAS). Associations between PUQE categories (severity of NVP) and sleep disturbances, general
sleep quality, physical QoL and mental QoL were evaluated with multinomial regression analysis.

Results: According to PUQE, NVP was most frequently moderate (n =629, 52.3%), followed by mild (n =361, 30.0%)
and severe (n =77, 6.4%). Only 11.3% had no NVP (n=136). The most frequent sleep disturbance was night
awakenings (69.9%, n = 837), followed by sleepiness during the day (35.7%, n=427), too early morning awakenings
(12.0%, n = 143) and difficulty falling asleep (7.1%, n=81). In adjusted analysis (age, parity, body mass index,
smoking, employment), more severe NVP was associated with night awakenings (AOR 3.9, 95% Cl 1.79-847, P <
0.0001) and sleepiness during the day (AOR 4.7, 95% Cl 2.20-9.94, P < 0.0001). In VAS, women with more severe NVP
rated worse general sleep quality and worse physical and mental QoL. However, in multivariable analysis, the
association between the severity of NVP and physical and mental QoL was stronger than that of sleep .

Conclusions: More severe NVP is associated with sleep disturbances and in close relation to lower physical and
mental QoL. Thus, in comprehensive care of women with NVP, also sleep quality should be evaluated.
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Background

Nausea and vomiting of pregnancy (NVP) manifests as
various degrees of severity, at the worst as hyperemesis
gravidarum (HG) [1, 2]. Even mild NVP has been shown
to decrease women’s quality of life (QoL), activities of
daily living and ability to perform family duties [3-6]. In
addition, NVP typically causes absences from work [6]
and women with HG often end up being repeatedly hos-
pitalized [2].

Sleep quality is one cornerstone in QoL. Previous lit-
erature has described worsening of sleep quality and in-
crease in sleep disturbances during pregnancy [7-9].
These changes in sleep begin already during the first tri-
mester [7, 10, 11]. Sleep disturbances can be specified as
sleep onset disturbances (difficulty falling asleep) and
sleep maintenance disturbances (night awakenings, too
early morning awakenings) [12-14], however, occur-
rence of these distinct sleep disturbances especially in
early pregnancy are less studied [7, 9, 10, 13]. Despite
this evident deterioration of sleep quality during preg-
nancy, little is known about the mechanisms and con-
tributing factors. Mental health state has an important
influence: depression and anxiety can worsen sleep qual-
ity but sleep disturbances may also induce mental symp-
toms or increase their severity [9, 15-17]. In addition,
several physical discomforts often induce sleep distur-
bances during pregnancy [13, 18].

Previous studies evaluating associations between NVP
and sleep quality are sparse [11, 13, 19, 20]. In a study
by Mindell et al. [13], nausea was frequently reported as
a symptom disturbing sleep, whereas Ertmann et al. [11],
Ebrahimi et al. [19] and Heitmann et al. [20] found no
association. Despite the term “morning sickness”, NVP
symptoms are usually experienced throughout the day
and also nighttime [21]. Therefore, we hypothesized that
NVP may induce both sleep onset and sleep mainten-
ance disturbances, and to assess them using only one
question of general sleep quality in questionnaires is in-
sufficient. Thus, our aim was to study the associations
between the severity of NVP and specific sleep distur-
bances. To address this, we used a detailed sleep ques-
tionnaire and questionnaire for the severity of NVP.

Methods

The study population of this cross-sectional study con-
sisted of 2411 pregnant women who were recruited from
33 maternity health care clinics (MHCCs) in Turku city
area and surrounding municipalities in Finland during
their routine mid-pregnancy visits between October
2011 and November 2014. In Finland, more than 99% of
pregnant women attend free of charge public MHCCs
[22]. After receiving oral and written information about
the study by the trained nurses, the volunteer women
filled in the study questionnaire. Capability to
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understand Finnish language was required. Joint Ethics
Committees of University of Turku and Turku Univer-
sity Central Hospital, Turku, Finland (58/180/2011) gave
ethical approval. All participants gave a written informed
consent. The study was conducted in accordance with
the ethical standards as laid down in the 1964 Declar-
ation of Helsinki and its later amendments.

The basic characteristics were collected from the Med-
ical Birth Register of Finnish Institute for Health and
Welfare, including parity (nulliparous/multiparous), pre-
pregnancy body mass index (BMI, kg/m?) calculated by
weight and height, smoking (no/yes), marital status (co-
habited/single) and employment (working/not working).
Age (years) was calculated by comparing the date of
birth to the answering date. Nationality (Finnish/others)
and gestational week (gwk) were gathered from the
study questionnaire (Table 1).

The severity of NVP was evaluated with Pregnancy-
Unique Quantification of Emesis (PUQE) questionnaire
[23] which has been validated also among Scandinavian
population [24, 25]. With permission from the PUQE
owners, the PUQE was translated into Finnish by profes-
sional translator and re-translated by another profes-
sional translator [26]. PUQE questionnaire rates NVP
symptoms with three short questions: duration of nausea
in hours and the quantity of both vomiting and retching
episodes in a five-point scale, where higher points indi-
cate more severe symptoms. PUQE total score ranges

Table 1 Basic characteristics. Total n = 1203

n Mean + SD Range
or n (%)

Age (years) 1194 30+5 18-44
Gwk 1203 166+2 7-20
Parity 1169

Nulliparous 536 (45.9)

Multiparous 633 (54.2)
BMI (kg/m?) 1168 244448 16.7-57.8
Smoking 1166

Non-smokers 1014 (87.0)

Smokers 152 (13.0)
Marital status 1157

Cohabited 1115 (96.4)

Single 42 (3.6)
Employment 1029

Working 847 (82.3)

Not working 182 (17.7)
Nationality 1190

Finnish 1174 (98.7)

Others 16 (1.3)

BMI Body mass index, Gwk Gestational week
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between 3 to 15 points and the questionnaire categorizes
NVP into ‘no NVP’ (3 points), ‘mild’ (4—6 points), ‘mod-
erate’ (7-12 points) and ‘severe NVP’ (=13 points). In
our study, the women were instructed to reply according
to the worst 12 h of current pregnancy.

The primary outcomes included sleep quality measure-
ments. General sleep quality during the worst 12-h period
of NVP was measured with visual analog scale (VAS) of
0-100 where higher number indicated better sleep quality.
The various sleep disturbances during the past 3 months
were evaluated with Basic Nordic Sleep Questionnaire
(BNSQ) [27]. In the BNSQ, the occurrence of sleep distur-
bances is rated with a five-point scale: 1 ‘never or less than
once per month’; 2 ‘less than once per week’; 3 ‘on 1-2
nights per week’; 4 ‘on 3-5 nights per week’; 5 ‘every or al-
most every night’. In our study questionnaire, BNSQ ques-
tions concerning ‘difficulties falling asleep’, ‘night
awakenings’, ‘too early morning awakenings’ and ‘sleepi-
ness during the day’ were selected. The answers were di-
chotomized (yes: >3 times a week vs no: <1-2 times a
week) as previously established to represent clinically rele-
vant sleep disturbances [28] and also used in studies of
pregnant populations [9, 16].

As for secondary outcomes, estimations of physical
and mental quality of life (QoL) during the worst 12-h
period of NVP were measured with two different VAS of
0-100 where higher number indicated better QoL. In
analysis, all VAS items were reversed and thus in our re-
sults higher VAS number indicated worse sleep quality
and worse physical and mental QoL.

Statistical analyses

Continuous variables were characterized using means,
standard deviations (SD) and ranges and categorical vari-
ables using frequencies and percent. The severity of
NVP was categorized by PUQE total score as no/mild/
moderate and severe NVP. Frequencies and percentages
of each PUQE category were calculated. According to
questions from the BNSQ, frequencies and percentages
of sleep disturbances (yes: > 3 times a week vs no: <1-2
times a week) in each PUQE category were calculated.
Similarly, means, SD and ranges of general sleep quality
and physical and mental QoL, measured by VAS scales,
in each PUQE category were calculated. The assump-
tions for each statistical model were checked at first.
Univariate associations between the severity of NVP
(PUQE) and general sleep quality (VAS), sleep distur-
bances (BNSQ), physical QoL (VAS) and mental QoL
(VAS) were calculated separately using multinomial lo-
gistic regression analysis. Further, all these analyses were
adjusted for basic characteristics age, parity, BMI, smok-
ing and employment. The characteristics for adjustment
were selected because these variables have been shown
to be associated with NVP in previous studies [1, 2] as
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well as with sleep disturbances during pregnancy [9, 16].
Thereafter, three different multivariable analyses (multi-
nomial logistic regression analysis) were performed.
First, model 1, between PUQE total score, sleep distur-
bances (BNSQ), basic characteristics (age, parity, BMI,
smoking, and employment) and physical QoL. Secondly,
model 2, between PUQE total score, sleep disturbances
(BNSQ), basic characteristics and mental QoL. And fi-
nally, model 3, between PUQE total score, sleep distur-
bances (BNSQ), basic characteristics and both physical
and mental QoL. General sleep quality (VAS) was not
included in the multivariable models 1-3 because of
interrelation with BNSQ variables. The results are pre-
sented with p-values, OR and 95% CI. Statistical analyses
were carried out using a 9.4 version of SAS Institute Inc.
(Cary, NC, USA) for Windows, and p-values of <0.05
were considered as statistically significant.

Results

Clinical characteristics of the study population

To target the study period to the first and part of second
trimester, women who responded after 20 gwk (n=
1134) were excluded. Furthermore, incomplete question-
naires (n =74, missing data of PUQE/BNSQ/VAS/gwk/
register data) were excluded, and thus 1203 women
(mean aged 30vyears [SD 5, range 18—44] years, mean
gwk 16.6 [SD 2, range 7-20]) formed the final study co-
hort (Fig. 1). Basic characteristics of the women are pre-
sented in Table 1.

The women suffered most frequently from moderate NVP
(52.3%). Of all women, mild NVP was reported by 30.0%
and severe NVP by 6.4%. Only 11.3% reported no NVP. The
most frequent sleep disturbance was night awakenings
(69.9%,). In addition, 35.7% of the women reported sleepiness
during the day and 12.0% too early morning awakenings.
Only a smaller proportion of the women experienced diffi-
culty falling asleep (7.1%) (Table 2).

Associations between sleep disturbances and the severity
of NVP

All in all, women with more severe NVP had more sleep
disturbances. In univariate analysis, women with more
severe NVP rated worse general sleep quality. As for dis-
tinct sleep disturbances, women with both moderate and
severe NVP had higher odds for night awakenings and
too early morning awakenings. Further, moderate NVP
was associated with difficulties falling asleep. In addition,
NVP in all severity levels was associated with sleepiness
during the day (Table 2).

After adjusting the results for age, parity, BMI, smok-
ing and employment, both moderate and severe NVP
were associated with night awakenings, and moderate
NVP with too early morning awakenings. Furthermore,
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Fig. 1 Flowchart of the study

NVP in all severity levels was associated with sleepiness
during the day (Table 2.)

Associations between QoL and the severity of NVP

The women with more severe NVP reported worse
physical and worse mental QoL accordingly. These find-
ings remained the same after adjusting for age, parity,
BMI, smoking and employment. (Fig. 2 and Table 2).

Associations between sleep disturbances, QoL and the
severity of NVP

In multivariable model 1 including PUQE total score,
sleep disturbances (BNSQ), physical QoL and basic char-
acteristics (age, parity, BMI, smoking and employment),
worse physical QoL was associated with all severity
levels of NVP, whereas the sleep disturbances lost their
associations with NVP. In multivariable model 2 includ-
ing PUQE total score, sleep disturbances (BNSQ), men-
tal QoL and basic characteristics, both moderate and
severe NVP were associated with nighttime awakenings
and moderate NVP with sleepiness during the day. Fur-
thermore, worse mental QoL was associated with all se-
verity levels of NVP. (Table 3). In multivariable model 3,
including PUQE total score, sleep disturbances (BNSQ),
physical and mental QoL and basic characteristics, both
worse physical QoL (p <0.0001; mild NVP AOR 1.19,
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95% CI 1.14-1.25, moderate NVP AOR 1.23, 95% CI
1.18-1.29, severe NVP AOR 1.30, 95% CI 1.24-1.37)
and worse mental QoL (p =0.007; mild NVP AOR 1.03,
95% CI 1.00-1.08, moderate NVP AOR 1.04, 95% CI
1.00-1.08, severe NVP AOR 1.05, 95% CI 1.01-1.09)
were associated with more severe NVP, whereas sleep
disturbances lost their associations with NVP.

Discussion

Our study confirmed the findings of the few previous re-
ports of an association between worse general sleep
quality and NVP. Using a detailed sleep questionnaire,
we further showed that disturbances in sleep mainten-
ance were associated with NVP, mostly in a dose re-
sponse manner; the worse the NVP the higher the odds
for sleep disturbances. Furthermore, women with even
mild NVP suffered from sleepiness, presumably indicat-
ing that sleepiness does not stem only from sleep distur-
bances but also from pregnancy per se.

Previously, only few studies have evaluated associa-
tions between NVP and sleep quality. Ebrahimi et al.
[19] studied sleep quality by calculating the total re-
ported hours of sleep as part of the validation study of
PUQE-24 questionnaire (n =311 women) and found no
associations with NVP. In a population-based Norwegian
study [20] with 712 presently pregnant or recently deliv-
ered women, occurrence of sleep problems was 53—64%
regardless of the severity of NVP. In their web-based
questionnaire, women could simply tick a box of exist-
ence of sleep problems. Contrary to these studies, using
one VAS question as a measure of general sleep quality,
we found an association between the severity of NVP
and worse sleep quality. The different outcomes in these
studies could at least partly be explained by the different
formulations of the questions concerning general sleep
quality. We used a VAS question, which is a generally
established tool to assess various sensations and symp-
toms in medicine [29].

Sleep disturbances form a combination of symptoms,
for the estimation of which structured and validated
questionnaires bring accuracy and diversity. In a cohort
study by Mindell et al. [13], designed to estimate sleep
patterns and sleep disturbances with Pittsburgh Sleep
Quality Index in all months of pregnancy in 2427
women, nausea was frequently reported as a symptom
disturbing sleep in the first 3 months of pregnancy. On
the contrary, Ertmann et al. [11] studied 1338 women
for sleep complaints in early pregnancy with questions
from Nottingham Health Profile (long time to fall asleep,
waking up too early and lying awake most of the night)
and associated pregnancy-related physical symptoms. In
their study, waking up too early was the most prevalent
sleep complaint (47%) but nausea or vomiting were not
associated with any sleep complaints in the multivariable
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Fig. 2 General sleep quality, physical and mental QoL in women with NVP. Presented as means and confidence intervals. Higher score in scales
indicates worse quality: the worse the NVP the worse general sleep quality and physical and mental QoL. NVP = Nausea and vomiting of
pregnancy. QoL = Quality of life. VAS = Visual analog scale
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analysis which included physical and mental health sta-
tus. However, in the adjusted analysis (age, sociodemo-
graphic characteristics and reproductive background),
nausea was associated with moderate and severe sleep
complaints. We utilized validated BNSQ [27], which has
previously been used also in pregnant populations [9, 16].
In our study, more severe NVP was associated especially
with sleep maintenance disturbances: both nighttime

awakenings and too early morning awakenings were
increased.

The importance of sleep disturbances is pronounced
by their daytime consequences, fatigue, tiredness and
sleepiness. In sleep medicine, there is actually a clear dif-
ference in definitions of these terms, nevertheless, in the
literature they are often mixed. Fatigue signifies exhaus-
tion related to insomnia and feeling of sub alertness,

Table 3 Multivariable associations between sleep disturbances, physical and mental QoL and the severity of NVP. Total n = 1203

No NVP Mild NVP Moderate NVP Severe NVP
PUQE 3 PUQE 4-6 points PUQE 7-12 points PUQE > 13 points
points
n=136 n=361 n=629 n=77
p° p° AOR AOR® 95% AOR® 95% AOR® 95% AOR® 95% AOR® 95% AOR’® 95%
cl cl cl cl cl cl
Difficulty falling asleep 0367 0466 1 026 003- 033 008 046 006- 049 012- 043 004- 048 0.09-
192 1.39 3.54 2.00 4.21 2.59
Night awakenings 0421 0011 1 077 039- 130 079- 083 042- 184 110- 142 051- 352 149-
152 2.14 1.84 3.09 3.96 835
Too early morning 0730 0842 1 050 010- 062 021- 050 070- 063 021- 036 006- 055 0.14-
awakenings 2.51 1.89 2.64 192 2.29 2.17
Sleepiness during the 0321 0024 1 167 060- 237 116- 172 060- 283 141- 106 032- 204 082-
day 4.63 4.83 495 5.90 3.52 5.10
Physical QoL VAS < NA 1 121 1.16- NA NA 126 1.20- NA NA 133 127- NA NA
0.0001 1.26 131 140
Mental QoL VAS NA < 1 NA NA 113 1.10-  NA NA 116 1.12-  NA NA 119 1.15-
0.0001 117 1.20 123

Odds ratios presented with 95% confidence interval

AOR Adjusted odds ratio, BMI Body mass index, NA Not applicable, NVP Nausea and vomiting of pregnancy, PUQE Pregnancy-Unique Quantification of Emesis
questionnaire, Sleep disturbances were assessed with Basic Nordic Sleep Questionnaire, QoL Quality of life, VAS Visual analog scale

#Model 1: PUQE score, sleep disturbances, physical QoL, basic characteristics (age, parity, BMI, smoking, employment) (multinomial logistic regression analysis)
PModel 2: PUQE score, sleep disturbances, mental QoL, basic characteristics (age, parity, BMI, smoking, employment) (multinomial logistic regression analysis)
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tiredness is related to decreased freshness and vigor,
whereas sleepiness indicates drowsiness and is typically
connected to sleep loss [30]. According to some previous
studies, fatigue is shown to correlate with nausea in early
pregnancy [31-33]. As for tiredness, in early pregnancy it
may be promoted by several hormonal factors [34]. Of
daytime consequences, we evaluated sleepiness and found
that women with more severe NVP suffered more daytime
sleepiness. This could be expected, since more severe
NVP was also associated with night awakenings and too
early morning awakenings, which typically cause sleep loss
[35] and thus may be reflected as sleepiness [36].

Previous studies have confirmed that NVP decreases
QoL [33, 37]. In our study, too, women with more severe
NVP rated worse physical and mental QoL. Sleep quality
is important in connection with both physical and men-
tal QoL [38]. Furthermore, the associations are bilateral.
Physical symptoms and diseases decrease sleep quality
[18] and sleep disturbances induce physical symptoms as
well [35]. The same holds true also between mental
symptoms and diseases and sleep quality [15-17, 39]. In
our study, this interrelation between mental QoL and
specific sleep disturbances was reflected in multivariable
analysis of women with more severe NVP.

Our study has some limitations. First, we enquired
women to evaluate NVP symptoms during the worst 12-
h period of current pregnancy, but 24-h scale would
have covered also nighttime more accurately. In
addition, we did not record the exact gwk of the occur-
rence of the worst 12-h period of NVP. Since the women
were recruited between 7 to 20 gwk it is possible that
some women in early gwk had not yet reached their
worst period of NVP and, on the other hand, some
women had already recovered weeks ago. In most
women NVP resolves at least after 20 gwk [21] and as
the mean gwk in our study was 16.6, it presumably cov-
ered the main occurrence of NVP in most of the women.
Secondly, NVP treatment includes medications, specific-
ally antihistamines, which can induce tiredness. Unfortu-
nately, we did not have the information of the
medication used by our study participants. However, in
Finland, the first line medication in NVP is metoclopra-
mide and antihistamines are not used in this indication.
Thereafter the number of women with sedative treat-
ment could be estimated to be very low. Third, because
the data of NVP symptoms and sleep quality were col-
lected from questionnaires instead of health records, we
were not able to evaluate the associations between NVP,
sleep and health status. In addition, the pre-pregnancy
sleep quality and mental health state were not inquired.
Therefore, we were not able to exclude that the associ-
ation between NVP and sleep disturbances were
dependent on pre-pregnancy sleep disturbances or men-
tal health problems. Fourth, only voluntary women were
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recruited, the women were not consecutive clients. Thus,
it is possible that only women with worse NVP or more
sleep disturbances may have been overrepresented. How-
ever, the percentage of women with no NVP was higher
than those with severe NVP. Moreover, the frequency of
sleep disturbances fell into the similar range as previously
reported in pregnant populations [9, 16, 39]. Fifth, the
questionnaires of 74 women were excluded from the study
because of incomplete or missing data, hence we were un-
able to carry out the drop-out analysis. Further, we lack
the full record of reasons for non-participation and the
exact number of women who refused to participate.

The enrollment from public free of charge MHCCs, in
which practically all pregnant women attend in Finland,
could be considered as a merit. Thus, the women in our
study represented general Finnish pregnant population
which is quite homogenous. In addition, this kind of
study protocol enabled us to recruit women with differ-
ent severity of NVP and also asymptomatic women. To
minimize recall bias of the severity of NVP, only women
responding in the first and early second trimester were
included in the analysis. Further strengths were a high
number of participants and the use of validated ques-
tionnaires, PUQE and BNSQ [23, 27]. The BNSQ in-
quires sleep disturbances during the past 3 months and
as mean gestational age of the women was 16.6 gwk, this
period of 3 months covered the first trimester in most of
the women. In addition, as QoL and sleep quality are
closely related, the self-reported physical and mental
QoL assessments were included in the analysis. More-
over, the results were adjusted for basic characteristics
of age, parity, BMI, smoking and employment because in
previous studies these confounders have been linked
with NVP [1, 2] as well as with sleep quality during
pregnancy [9, 16].

Conclusions

According to our study, using a detailed sleep question-
naire, we found that more severe NVP was associated
with sleep maintenance problems. Further, women suf-
fering from more severe NVP had not only worse phys-
ical and mental QoL but also worse general sleep
quality. In clinical care, the importance of sleep quality
as part of women’s QoL should be acknowledged when
treating women with NVP.
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