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Abstract

Introduction: Sleep quality typically deteriorates during pregnancy, and poor sleep
is a risk factor for pregnancy complications, including gestational diabetes mellitus
(GDM). The present study is the first longitudinal study addressing associations be-
tween sleep quality and GDM at separate time-points throughout the pregnancy.
Material and Methods: This study was a part of the FinnBrain cohort, including
3808 pregnant women. Sleep quality was assessed using the Basic Nordic Sleep
Questionnaire four times during pregnancy, and GDM was diagnosed by glucose
tolerance testing. Four groups were formed: non-GDM, GDM, and two subgroups
of GDM (medical nutritional therapy and GDM with pharmacotherapy). Paired com-
parisons within the groups between different time-points were conducted, and cross-
sectional logistic regression analyses were carried out. The results were adjusted by
maternal age, body mass index, parity, education, smoking, mood symptoms, and
pre-eclampsia.

Results: In paired comparisons between time-points, the insomnia score increased
during pregnancy, albeit similarly in the GDM and non-GDM groups. However, the
pattern of changes in sleepiness score differed between the groups during pregnancy.
In the non-GDM group, mean scores showed a U-shape, decreasing in mid-pregnancy.
This decrease was not observed in the GDM group, with scores remaining similar
between early and mid-pregnancy and higher compared with the non-GDM group.
These differences were more pronounced in the pharmacotherapy subgroup. In the
cross-sectional analysis, only a few differences emerged between the groups. Women
in the GDM group were more likely to report poor general sleep quality in mid-

pregnancy compared with women in the non-GDM group (aOR 1.4, 95% Cl 1.0-1.9,

Abbreviations: aOR, adjusted odds ratio; BMI, body mass index; BNSQ, Basic Nordic Sleep Questionnaire; Cl, confidence interval; EPDS, Edinburgh Postnatal Depression Scale; GDM,

gestational diabetes mellitus; OR, odds ratio; pB, Bonferroni-corrected p-value; SCL-90, Symptom Checklist ~90/Anxiety Scale.
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1 | INTRODUCTION

Sleep problems increase during pregnancy,i'2 most typically in late
pregnancy.>* Common sleep problems include insomnia symptoms,
both initiation and maintenance insomnia,® as well as symptoms of
sleepiness and fatigue.3‘5 Deterioration in sleep is caused by several
factors, such as hormonal reasons, physio-anatomical changes, and
alterations in mental state.®’

Gestational diabetes mellitus (GDM) affects around 14% of
pregnancies globally.S In Finland, in 2019, the GDM diagnosis level
was 21% for expectant women,” but importantly, the incidence of
GDM is constantly rising.)®** The main pathogenesis for GDM is
B-cell dysfunction and insulin resistance.'? Known risk factors in-
clude abnormal BMI (both under 18.5kg/m? and over 25kg/m?),
GDM in a previous pregnancy, a family history of type Il diabetes, ad-
vanced maternal age, and polycystic ovarian syndrome.12 However,
the risk factors for GDM are likely multifactorial,’® and therefore,
additional investigation is required.

Maternal compromised sleep during pregnancy is associated
with pregnancy complications.’*'> Sleep problems may influence
the onset of diabetes in several ways, including decreased glucose
metabolism and elevated growth hormone and cortisol levels.*¢*”
Despite these obvious connections, previous research on the asso-
ciation between GDM and sleep problems is sparse and conflicting.

1819 hoor sleep quality in early pregnancy

In two Chinese studies,
and, in a Singaporean study,?° poor sleep quality in mid-pregnancy,
were associated with increased risk for GDM. In the US study, how-
ever, no connection between sleep quality and the incidence of
GDM was found.?? In a Canadian study?? there was no association
between sleep quality and GDM incidence. Furthermore, previous
studies have mostly been cross-sectional; only in a Chinese study*®
was sleep evaluated at two pregnancy measurement points and an
Indian study23 tracked sleep quality in different points of pregnancy
but did not address whether specific time of pregnancy is more

impactful.

p=0.037), but no differences in distinct insomnia symptoms emerged. Sleepiness
symptoms were more common in the GDM group in early pregnancy (aOR 1.1, 95% Cl
1.0-1.1, p=0.028) and in mid-pregnancy (aOR 1.1, 95% CI 1.0-1.1, p=0.030). Women
in the GDM pharmacotherapy subgroup reported daytime napping more often in mid-
pregnancy (aOR 1.8, 95% Cl 1.0-3.3, p=0.049).

Conclusions: Insomnia was found to increase as pregnancy proceeds, independently
of GDM. However, the decrease in sleepiness found in women without GDM in mid-
pregnancy was not observed in women with GDM, possibly indicating that the effec-

tiveness of sleep is compromised in GDM patients.

gestational diabetes mellitus, insomnia, mother, pharmacotherapy, sleep quality, sleepiness,

Key message

Insomnia increases as pregnancy proceeds, but indepen-
dently of gestational diabetes mellitus (GDM). However,
the evolvement of sleepiness during pregnancy is differ-
ent regarding GDM. Sleepiness is more common in women
with GDM in early and mid-pregnancy, especially in women
needing pharmacotherapy for GDM.

The aim of our study was to examine the association between
maternal sleep quality and GDM in a longitudinal study design. We
were especially interested in whether there is a critical time win-
dow between sleep problems and GDM. Further, in order to study
sleep more in detail, we investigated various insomnia and sleepi-
ness symptoms. We hypothesized that maternal sleep problems are
associated with GDM and that more severe GDM, manifesting in the

need for pharmacotherapy, is linked to more severe sleep problems.

2 | MATERIAL AND METHODS

This study was a part of the FinnBrain study, which is a prospec-
tive longitudinal birth cohort survey conducted in Turku University,
Finland. The study design has been described in detail previously.?*
The study subjects were recruited during routine early pregnancy
appointments by trained research nurses in the Turku and Aland
hospital districts in Western Finland.

To be eligible, the women had to have adequate Finnish or
Swedish skills for filling in the questionnaires. After being provided
with information on the research study, volunteers signed a written
consent form. To collect sleep quality information, the sleep ques-
tionnaires were sent in early pregnancy, mid-pregnancy, and late
pregnancy either by post or by e-mail. If a response was not received,
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TABLE 1 Characteristic of the study subjects (total n=3738).

Non-GDM GDM all
n=23214 n=>524
Mean (range) Mean (range) p?
Age 30 (17, 46) 31(18, 44) <0.0001
BMI
Missing 23.12(15.62, 27.01(17.56, 57.81) <0.0001
60.61) na=99 na=1
Number (%) Number (%) p
Parity 0.436
Nulliparous 1353 (42) 228 (44)
Multiparous 1288 (40) 199 (38)
Missing 573 (18) 97 (19)
Education 0.032
Low 983 (31) 181 (35)
Middle 765 (24) 126 (24)
High 900 (28) 119 (23)
Missing 566 (18) 98 (19)
Pre-eclampsia 0.066
No 3129 (97) 502 (96)
Yes 85(3) 22 (4)
Smoking 0.289
No 2680 (83) 428 (82)
Yes 518 (16) 95 (18)
Missing 16 (0) 1(0)

Medical nutritional Pharmacotherapy
subgroup subgroup
n=422 n=102
Mean (range) Mean (range) p°
31(18,42) 31(18, 44) 0.511
26.53(17.72,57.81) 30.41 (17.56, 47.88) <0.0001
na=1
Number (%) Number (%) p
0.001
197 (47) 31(30)
146 (35) 53(52)
79 (19) 18 (18)
0.916
144 (34) 37 (36)
101 (24) 25 (25)
97 (23) 22(22)
80 (19) 18 (18)
0.165
407 (96) 95(93)
15 (4) 7(7)
0.386
341 (81) 87 (85)
80 (19) 15(15)
1(0)

2Between non-GDM and GDM group.
bBetween GDM nutritional therapy and GDM pharmacotherapy.

a reminder was sent twice via text message 2 and 3weeks after the
original questionnaire. Responses of 212 to <20 gestational weeks
(gwks, mean 15+0gwks, SD 1+1gwks) were accepted as early
pregnancy, of 220 to <30gwks (mean 25+2gwks, SD 1+2gwks)
as mid-pregnancy, and of 230 to <36gwks (mean 34+ 6gwks, SD
0+4gwks) as late pregnancy data. Additionally, women filled in the
same sleep questionnaire after delivery in the maternity ward, which
was used as a delivery time-point. Delivery time-point answers were
given in gwks of >36 to <43 (mean 40+ 0 gwks, SD 1+2gwks).

A background information questionnaire was sent with the
early pregnancy questionnaire, including questions on age (years),
body mass index (BMI, kg/m?), marital status (married/cohabited/
divorced/single), parity (nulliparous/multiparous [number of chil-
dren]), education (low/middle/high), and smoking status (yes/no).
Possible depressive symptoms were assessed with the Edinburgh
Postnatal Depression Scale (EPDS)?>2° and anxiety symptoms with
the Symptom Checklist-90/Anxiety Scale (SCL-90/anxiety scale).?”
In addition, the occurrence of pre-eclampsia during the present
pregnancy was verified from patient records (yes/no). Altogether,
3808 women formed the cohort, of which 3738 women completed
and returned at least one questionnaire and 1099 women completed

and returned all four questionnaires in the accepted time window.
Participant characteristics are described in Table 1.

Sleep quality in the previous month was assessed with the Basic
Nordic Sleep Questionnaire (BNSQ),?® including questions on gen-
eral sleep quality and distinct insomnia and sleepiness symptoms.
General sleep quality was assessed on a five-point scale from good
to poor quality. Insomnia symptoms included difficulty falling asleep,
frequency of nocturnal awakenings (separately both nightly and
weekly), and waking up too early in the morning (without being able
to fall asleep again). Sleepiness symptoms covered morning sleepi-
ness, daytime sleepiness, and daytime napping. The five-point sleep
variables were dichotomized to differentiate the severity of sleep
problems. Answers ranging from “1” to “3” represented problems <2
nights/times per a week/night (no problem) and “4” or “5” >3 nights/
times per week/night (problem).

Insomnia scores were calculated by adding up the rates for gen-
eral sleep quality and insomnia symptoms of difficulty to fall asleep,
frequency of nightly awakening (both nightly and weekly), and wak-
ing up too early in the morning (range 5-25). Sleepiness scores were
calculated by adding up the rates for sleepiness symptoms of morn-
ing sleepiness, daytime sleepiness, and daytime naps (range 3-15).
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Recruiment site
ultrasound visits (n=8995)

Women informed about

the study (n=5790)
Unwilling to participate
(n=1982)
Submitted study consent
(n=3808)

No responses (n=108)

Response to any prenatal
questionnaire (n=3700)

v v

Response in early Response in mid-
pregnancy (n=2985) pregnancy (n=2533)

v v
Response in late Response at delivery
pregnancy (n=2080) (n=3606)

FIGURE 1 Flow chart of the study.

Higher scores both in insomnia and sleepiness scores indicated a
higher occurrence of symptoms.

The women were screened for GDM according to the Finnish
screening protocol. All women underwent glucose tolerance test-
ing between gwk 24 and 28, unless they met the exclusion criteria
of healthy BMI (18.5-24.9 kg/m?) and no family history of diabetes,
nullipara under 25years of age, or multipara under 40years of age
with no diabetes in previous pregnancies. Women who were mark-
edly obese (BMI 230kg/m?) or had known risk factors for GDM un-
derwent glucose tolerance testing between gwk 12 and 16, and the
standard test between gwk 24 and 28 if the first test was negative.
Glucose tolerance testing was carried out using 75g of glucose in a
solution after fasting for 10-12h. If the fasting blood glucose level
was 25.3mmol/L, the blood glucose level 1h after glucose solution
ingestion was 210 mmol/L, or the blood glucose level 2h after glu-
cose solution ingestion was 28.6mmol/L, the women were diag-
nosed with GDM.

Once getting the GDM diagnosis, all patients received nutritional
therapy. Pharmacotherapy was given for patients with two or more
abnormal values (fasting value of 25.5mmol/L or post-prandial value
>7.8 mmol/L) within a 1-week period in follow-up despite following
nutritional therapy that was given repeatedly at the appointments.
In the present study, two groups were formed: women with a GDM
diagnosis (GDM group; n=524) and women without a GDM diagno-
sis (hon-GDM group; n=23,214). Furthermore, two GDM subgroups
were formed according to the therapy provided: a GDM medical nu-
tritional therapy group (n=422) and a GDM pharmacotherapy group
(n=102).

2.1 | Statistical analysis

In paired comparisons between different time-points, the changes in
both insomnia and sleepiness scores were evaluated using Wilcoxon's
paired-sample rank test in each group separately: GDM all, medical
nutritional therapy, pharmacotherapy, and non-GDM. p-values were

corrected for multiple testing using Bonferroni correction. Changes
were also examined visually with boxplots (Figure 2). In the event of
one missing answer, the total score was created by substituting the
missing value with the mean value of the answers of the same woman.

In the cross-sectional analysis, logistic regression was used
at four time-points (early-, mid-, and late pregnancy, and delivery)
and between the GDM group and the non-GDM group (unadjusted
model, data not shown). Thereafter, the models were adjusted for
age, BMI, parity, education, smoking, EPDS, SCL, and pre-eclampsia.
Age, BMI, EPDS, and SCL were used as continuous and parity; ed-
ucation, smoking, and pre-eclampsia were used as categorical.
Subsequently, both unadjusted and adjusted analyses were carried
out comparing the two GDM subgroups (GDM medical nutritional
therapy group and GDM pharmacotherapy group) to the non-GDM
group. The results are expressed as odds ratios (ORs in unadjusted
and aORs in adjusted models) with confidence intervals (95% Cls).
p-values (two-tailed) of <0.05 were considered statistically signifi-
cant. The significance levels in paired comparisons within the groups
between different time-points were Bonferroni corrected and are
indicated with p®.

The analyses were conducted using R 4.2.2.%° Figures were

made with the ggplot2 pat:kage.30

3 | RESULTS

The distributions of the median and mean values in the insomnia and
sleepiness scores for the four groups are shown in Figures 1 and 2
for all four pregnancy points. As a sign of sleep deterioration, insom-
nia scores increased between all consecutive time-points both in the
non-GDM group (between early and mid-pregnancy p%=0.001 and
all other pB-values <0.001) and in the GDM group (between early
and mid-pregnancy p=0.029 and all other pB-values <0.001). In the
subgroup analysis, in the GDM medical nutritional therapy subgroup,
insomnia scores increased between all consecutive time-points

(between early and mid-pregnancy p®=0.033 and all other pB-values
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Sleepiness score
Insomnia score

@

GDM: Medical
nutritional therapy

Control GDM (all) GDM: Pharmacotherapy

FIGURE 2

<0.001). In the GDM pharmacotherapy subgroup, insomnia symp-
toms did not change between early and mid-pregnancy (adj p®=1)
or between late pregnancy and delivery (adj p®=1), but increased
between other comparisons (early versus late, early versus delivery,
mid versus late, mid versus delivery, all pB—vaIues <0.001).

Regarding the sleepiness scores, changes were observed in the
non-GDM group: the sleepiness score decreased from early to mid-
pregnancy (p&<0.001) and increased from mid- to late pregnancy
(pB<0.001) and further from late pregnancy to delivery (p&<0.001).
In the GDM group, the sleepiness score did not differ in a similar
manner between the consecutive time-points, but the differences
between the two groups were non-significant (early versus mid
pB=O.111, mid versus late pB=1, late versus delivery pB=O.811).
These findings were similarly non-significant in both GDM subgroup
analyses: in the GDM medical nutritional subgroup (early versus mid
p®=0.219, mid versus late p®=1, late versus delivery p®=0.281) and
in the pharmacotherapy subgroup (all p®=1).

The results for general sleep quality at different time-points are
shown in Tables 2-5. In the cross-sectional analysis, in early preg-
nancy, the majority of the women in both the non-GDM group and
the GDM group reported good general sleep quality, at 85.5% and
86.4%, respectively. In the GDM subgroups, 86.9% of women in the
GDM medical nutritional therapy subgroup and 84.2% of women in
the GDM pharmacotherapy subgroup reported good general sleep
quality. The frequencies in all GDM groups were similar compared
with the non-GDM group. In mid-pregnancy, compared with the
non-GDM group, women in the GDM group were more likely to re-
port poor general sleep quality (adj p=0.037). Corresponding dif-
ferences were not found when the subgroups were compared with
non-GDM data. The frequencies of poor general sleep quality were
over 25% in late pregnancy and over 40% at delivery in all groups,

with no differences between the groups.

Timepoint
E3 Gwk 14
— Gwk 24
E3 Gwk34
E3 Delivery

GDM: Medical
nutritional therapy

Control GDM (all) GDM: Pharmacotherapy

Insomnia and sleepiness score distributions (medians and quartiles) for non-GDM, GDM, and GDM medical nutritional therapy
and GDM pharmacotherapy subgroups at four pregnancy time-points.

The results for insomnia symptoms at the different time-points
are also shown in Tables 2-5. No difference was found in the insom-
nia scores between the non-GDM group and the GDM group at any
of the pregnancy time-points. The same result was found in GDM
subgroup comparisons with the non-GDM group. When assessed as
distinct insomnia symptoms, nocturnal awakenings per week were
the most frequent symptoms in both non-GDM and GDM groups at
all pregnancy time-points. Already in early pregnancy over 74% in
both groups reported these symptoms, and at delivery over 93% of
women reported them, with no group differences.

Nocturnal awakenings per night were infrequent in early preg-
nancy, with a median of one nocturnal awakening in both the non-
GDM and GDM groups. In late pregnancy, nocturnal awakenings
become more common, with 75% of women in both groups report-
ing having them 1-4 times per night, with a median of two times.
The GDM medical nutritional therapy subgroup did not differ from
the non-GDM group, but the GDM pharmacotherapy subgroup had
more nocturnal awakenings (adj p=0.026), with a median of three to
four times per night in late pregnancy. At delivery, the awakenings
became more common in all groups, and 75% of women reported
2-4 awakenings per night in both the non-GDM and GDM groups
and in both GDM subgroups.

The frequencies in difficulty to fall asleep were also similar be-
tween the non-GDM groups and the GDM group, and in the subgroup
analysis. In terms of too early morning awakening, the symptoms in-
creased in all groups during pregnancy, although the increase was
not as marked as in other insomnia symptoms. The women in the
GDM group had a tendency for higher frequencies of the symptom
in early pregnancy (adj p=0.061) but not at the other pregnancy
time-points. In the subgroup analysis, too early morning awakenings
were more common in mid-pregnancy in the GDM pharmacotherapy

subgroup compared with the non-GDM group (adj p=0.037).
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The results for sleepiness symptoms at different time-points
are shown in Tables 2-5. Compared with the non-GDM group, the
sleepiness score was higher in the GDM group in early (adj p=0.028)
and in mid-pregnancy (adj p=0.030) but not in late pregnancy or
at delivery. In the GDM subgroup analysis, the GDM medical nutri-
tional therapy subgroup did not show differences to the non-GDM
group at any time-points. In the GDM pharmacotherapy subgroup,
the sleepiness score was higher in early (adj p=0.029) and mid-
pregnancy (adj p=0.027). Of the distinct sleepiness symptoms, day-
time sleepiness was the most common symptom in early and late
pregnancy in the GDM group and the most common in early, mid-,
and late pregnancy in the non-GDM group. Daytime napping was
the least common symptom in the GDM and the non-GDM groups
in early and mid-pregnancy, but at delivery, it was the most common
sleepiness symptom in both groups.

Women in the GDM group were more likely than those in the
non-GDM group to have morning sleepiness in mid-pregnancy (adj
p=0.005). The same result was found for both GDM subgroups
(adj p=0.039 for the GDM medical nutritional subgroup and adj
p=0.011 for the GDM pharmacotherapy subgroup). There were no
other differences in sleepiness symptoms between the GDM and
non-GDM groups, but the women in the GDM pharmacotherapy
subgroup were more likely than the women in the non-GDM group
to have daytime napping in mid-pregnancy (adj p=0.049).

4 | DISCUSSION

In our follow-up study, we found that insomnia increased as pregnancy
proceeded, but independently of GDM. Similarly, general sleep quality
worsened during pregnancy in all groups, but the women with GDM
were more likely to report poor general sleep quality in mid-pregnancy
compared to the women without GDM. Regarding distinct insomnia
symptoms, the differences between the GDM and non-GDM groups
were marginal. Nocturnal awakening, assessed on a weekly basis, was
the most frequent symptom in all groups. However, the evolvement of
sleepiness during pregnancy was different between the GDM and non-
GDM groups. The decrease in sleepiness shown in mid-pregnancy in
the non-GDM group was not found in women with GDM. In the GDM
group, sleepiness did not change between early and mid-pregnancy
and was also marginally higher at both pregnancy points compared
to women without GDM. This finding was especially apparent in the
GDM pharmacotherapy subgroup. As in distinct insomnia symptomes,
the differences in distinct sleepiness symptoms between the GDM and
non-GDM groups were minor.

Our results contradict those of a previous Chinese study18 in
which sleep quality in 4,066 pregnancies was evaluated twice, in
early and mid-pregnancy. In that study, poor sleep quality in early
pregnancy but not in mid-pregnancy was associated with higher
risk for GDM, while we found an opposite association. Of note
is that in their study, the early pregnancy sleep was assessed
retrospectively in mid-pregnancy, whereas we evaluated sleep
quality during the restricted time-points, which possibly at least

partly explained the differences. Another Chinese study®’ with
1216 pregnant women also found a connection between early
pregnancy sleep quality and GDM, a finding, which we could not
confirm. The study designs were alike, but that study was con-
ducted in a lower latitude than our study. Mid-pregnancy poor
sleep quality has previously been shown to be associated with
higher fasting blood glucose levels in a Singaporean study of 686
women.?°

Insomnia symptoms may lead to sleep deprivation,31 which
has been shown to be linked to diabetes mellitus (DM) in non-
pregnant patients at least via growth hormone and cortisol levels. X
Accordingly, one could hypothesize a similar connection between
insomnia symptoms during pregnancy and GDM. To best of our
knowledge, only one previous cross-sectional study has evaluated
this connection.?! In the study from the US, a cohort of 307 women
showed no increased risk for GDM associated with insomnia symp-
toms. Similarly, in our cross-sectional analysis including four differ-
ent pregnancy time-points, we could find practically no associations
between distinct insomnia symptoms and GDM.

Daytime sleepiness has many causes, including insufficient
sleep, poor sleep quality, sleep-disordered breathing, and cir-
cadian disorders.®? In the general population, sleepiness has
strongly shown to be associated with diabetes.?3 As for the con-
nection between maternal sleepiness during pregnancy and GDM,
previous literature is sparse. A cross-sectional US study of 1,588
women recruited in the third trimester®® found no association
between sleepiness symptoms and GDM. In that study, the di-
agnosis of GDM was made before the assessment of sleepiness.
Contrary to this, in a Chinese study of 1,402 women,* sleepiness
was related to both GDM and pre-pregnancy DM. Similar to the
US study, sleepiness was assessed in late pregnancy after estab-
lishing the GDM diagnosis. In our study, in the cross-sectional
analysis, women in the GDM group were marginally more likely
to have higher sleepiness scores both in early and mid-pregnancy,
before GDM was diagnosed in most of the women. In addition, the
development of sleepiness symptoms during pregnancy differed
between the GDM and non-GDM groups. Sleepiness lessened
in mid-pregnancy in the non-GDM group, but a similar decrease
was not found in the GDM group or in the GDM subgroups.
One possible cause for our finding could be existence of sleep-
disordered breathing, which has been linked to both sleepiness
and GDM.333%37 Another connective factor could be cytokine
concentrations, which have been shown to be associated with
tiredness and differ between healthy individuals and patients
with diabetes.38%?

Our study was the first conducted in high Northern latitude with
considerable seasonal variation in daylight time. Furthermore, in
Finland, a seasonal effect is considerable. In winter, the diurnal light
time is extremely short, whereas in summer, the days are mainly light.
The enroliment of the women in our study took place throughout the
year. Therefore, some women entered the study in winter and the
others in summer. This seasonal change, along with a phase delay
of circadian rhythms, could have interfered with our results. This at
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least to some extend made it difficult to compare our results with
previous studies conducted in other latitudes with stable diurnal
lightness throughout the year. However, our results concur with a
Canadian case control study conducted closer to our latitude showing
no correlation between sleep quality and GDM. Furthermore, socio-
economic conditions and lifestyle are also likely to have an effect on
sleep.>* In general, studies from Global North seem to match our
results better than studies from countries with lower income levels.

The strengths of our study include a large sample size and a rel-
atively high response rate. In Finland, GDM screening is conducted
for all women at risk in maternity healthcare clinics, free of charge
and attended by practically all pregnant women***? In the Finnish
medical system, all GDM diagnoses are reported in a structured
manner on the electronic medical record. We used this information,
and thus, the GDM diagnosis information could be considered reli-
able. As several insomnia and sleepiness symptoms were assessed
at different time-points of the pregnancy, we were able to evaluate
the occurrence of symptoms throughout the pregnancy and their
connection to GDM. However, as we did not evaluate sleep qual-
ity before pregnancy, possible pre-pregnancy differences in sleep
between the groups could not be assessed. Sleep hygiene, which
could have offered an additional way of addressing risk factors for
poor sleep quality,'? was not assessed in our study.

Self-report questionnaires for data collection carry both posi-
tive and negative factors. This method allowed us to form a large
sample size and lowered the threshold of participation. The ques-
tionnaire utilized has been validated?® and is commonly used in
studies with pregnant women.**3 |t permitted a detailed sleep eval-
uation, distinguishing various insomnia and sleepiness symptoms.
Despite a detailed sleep evaluation, we did not collect any objec-
tively measured sleep data. There is a known difference between
objectively measured sleep quality and subjectively evaluated sleep
quality. This mismatch can be explained at least by the different
time frames of evaluation: Polysomnography evaluates sleep during
one or at most several nights, while questionnaires are used to eval-
uate sleep over a longer period—in our study, a previous month.
Previous studies have shown that subjective sleep quality is usu-
ally sufficient and can be more predictive for realization of risks
than objective evaluation.***> The sleep questionnaire we used
was available only in Finnish or Swedish, the official languages in
Finland, and therefore, the women without these language skills
presumably did not take part in the study. However, at the time the
recruitment took place, the majority of the population in Finland are
Finnish or Swedish speaking,*® and thus, this issue was not likely to

cause a significant bias.

5 | CONCLUSION

Our study reaffirmed that insomnia increases and sleep quality
worsens during pregnancy. However, this worsening was found to
be independent of GDM. Sleepiness was showed to be more com-
mon in women with GDM in early and mid-pregnancy, especially in

women needing pharmacotherapy for GDM. These findings were
novel. Our results may indicate that although no differences were
discovered in the occurrence of insomnia symptoms, sleep was not
refreshing enough in GDM patients. In future studies, addressing
possible contributory factors for these findings, including the ef-
fects of sleep disorders such as sleep-disordered breathing as well

as sleep deprivation in GDM patients, is warranted.

AUTHOR CONTRIBUTIONS

OF is the principal investigator and writer of the paper. PP-K is the
leader and co-writer of the present study. EJP, LA, IM, and SR are
the co-investigators in the present study. LP is the statistician of
the study. LK and HK are the leaders of the FinnBrain study. EJP
is the principal investigator of the sleep studies in the Finnbrain

study.

ACKNOWLEDGMENTS
The authors thank Anni Heikonen, MD, for data collection. Open
access publishing facilitated by Turun yliopisto, as part of the Wiley

- FinELib agreement.

FUNDING INFORMATION

EJP: Research Council of Finland (no. 308588, no. 342747). LK:
Research Council of Finland (no. 325292, no. 308589, no. 342748);
Signe and Ane Gyllenberg Foundation; Finnish State Grants for
Clinical Research (ERVA). H.K.: Research Council of Finland (no.
317080, no. 134950, no. 253270), Jane and Aatos Erkko Foundation,
and Signe and Ane Gyllenberg Foundation.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from
FinnBrain research. Restrictions apply to the availability of these
data, which were used under license for this study. Data are avail-

able from the author(s) with the permission of FinnBrain research.

ETHICAL STATEMENT

The study had the approval of the Joint Ethics Committees of the
University of Turku and Turku University Hospital, Turku, Finland
(number 8/180/2010). 57/180/2011 on June 14, 2011, § 168.

ORCID
Otto Forsbom " https://orcid.org/0009-0004-3261-4047

Laura Perasto " https://orcid.org/0009-0003-3209-0506

Linda Aukia "= https://orcid.org/0000-0003-1930-2984
E. Juulia Paavonen "= https://orcid.org/0000-0002-1421-9877
Inka Mattila " https://orcid.org/0009-0006-6076-0484

Sanni Reinild "= https://orcid.org/0000-0001-5548-7352
https://orcid.org/0000-0002-4992-1893
https://orcid.org/0000-0002-4725-0176

https://orcid.org/0000-0003-0665-0306

Hasse Karlsson
Linnea Karlsson

Pdivi Polo-Kantola

85Us017 SUOWWIOD aAIEa1D) 8|qeot|dde ays Aq peusenob a1e 9ol VO ‘88N JO S9INI 10 A%iq1T8UIIUQ A1 UO (SUOTIPUOD-PUR-SWBIALI0D" A3 1M AeIq 1 BUI|UO//Sd1Y) SUOIPUOD PUe SWS | 81 88S *[5202/80/82] U0 A%iqi8uljuO AB[1M ‘Pi1Suoiedliand IIPSIN Wwivepona Aq €100 'SB0R/TTTT 0T/I0p/woo 48| imAriqijeutiuouABaoy/:sdny wouy papeojumod ‘6 ‘G202 ‘ZT#0009T


https://orcid.org/0009-0004-3261-4047
https://orcid.org/0009-0004-3261-4047
https://orcid.org/0009-0003-3209-0506
https://orcid.org/0009-0003-3209-0506
https://orcid.org/0000-0003-1930-2984
https://orcid.org/0000-0003-1930-2984
https://orcid.org/0000-0002-1421-9877
https://orcid.org/0000-0002-1421-9877
https://orcid.org/0009-0006-6076-0484
https://orcid.org/0009-0006-6076-0484
https://orcid.org/0000-0001-5548-7352
https://orcid.org/0000-0001-5548-7352
https://orcid.org/0000-0002-4992-1893
https://orcid.org/0000-0002-4992-1893
https://orcid.org/0000-0002-4725-0176
https://orcid.org/0000-0002-4725-0176
https://orcid.org/0000-0003-0665-0306
https://orcid.org/0000-0003-0665-0306

FORSBOM ET AL.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Sedov ID, Cameron EE, Madigan S, Tomfohr-Madsen LM.
Sleep quality during pregnancy: a meta-analysis. Sleep Med Rev.
2018;38:168-176.

Mindell JA, Cook RA, Nikolovski J. Sleep patterns and sleep distur-
bances across pregnancy. Sleep Med. 2015;16(4):483-488.

Aukia L, Paavonen EJ, Jank3la T, et al. Insomnia symptoms increase
during pregnancy, but no increase in sleepiness: associations with
symptoms of depression and anxiety. Sleep Med. 2020;72:150-156.
Polo-Kantola P, Aukia L, Karlsson H, Karlsson L, Paavonen EJ. Sleep
quality during pregnancy: associations with depressive and anxiety
symptoms. Acta Obstet Gynecol Scand. 2017;96(2):198-206.
Fernandez-Alonso AM, Trabalon-Pastor M, Chedraui P, Pérez-Lopez
FR. Factors related to insomnia and sleepiness in the late third tri-
mester of pregnancy. Arch Gynecol Obstet. 2012;286(1):55-61.
Goyal D, Gay CL, Lee KA. Patterns of sleep disruption and de-
pressive symptoms in new mothers. J Perinat Neonatal Nurs.
2007;21(2):123-129.

Okun ML, Kiewra K, Luther JF, Wisniewski SR, Wisner KL. Sleep
disturbances in depressed and nondepressed pregnant women.
Depress Anxiety. 2011;28(8):676-685.

International Diabetes Federation, ed. IDF Diabetes Atlas. 8th ed.
International Diabetes Federation; 2017.

Gestational diabetes. Current Care Guidelines. Working group set
up by the Finnish Medical Society Duodecim, the Finnish Diabetic
Society's Doctor Council and the Finnish Society of Obstetrics
and Gynaecology. Helsinki: The Finnish Medical Society
Duodecim, 2024. Available at: www.kaypahoito.fi [Accessed 3rd
March 2024]

Dabelea D, Snell-Bergeon JK, Hartsfield CL, Bischoff KJ,
Hamman RF, Mcduffie RS. Increasing prevalence of gestational
diabetes mellitus (GDM) over time and by birth cohort: Kaiser
Permanente of Colorado GDM Screening Program. Diabetes Care.
2005;28(3):579-584.

Zhu'Y, Zhang C. Prevalence of gestational diabetes and risk of pro-
gression to type 2 diabetes: a global perspective. Curr Diab Rep.
2016;1:1-11.

Plows JF, Stanley JL, Baker PN, Reynolds CM, Vickers MH. The
pathophysiology of gestational diabetes mellitus. Int J Mol Sci.
2018;19(11):3342.

Shah NS, Wang MC, Freaney PM, et al. Trends in gestational dia-
betes at first live birth by race and ethnicity in the US, 2011-2019.
JAMA. 2021;326(7):660-669.

Lu Q, Zhang X, Wang Y, et al. Sleep disturbances during pregnancy
and adverse maternal and fetal outcomes: a systematic review and
meta-analysis. Sleep Med Rev. 2021;58:101436.

Jiang M, Sui R, Wu X. Association between sleep quality and
duration during pregnancy and risk of gestational diabetes:
a systematic review and meta-analysis. Gynecol Endocrinol.
2024;40(1):2391925.

Ip M, Mokhlesi B. Sleep and glucose intolerance/diabetes mellitus.
Sleep Med Clin. 2007;2(1):19-29.

Singh T, Ahmed TH, Mohamed N, et al. Does insufficient sleep
increase the risk of developing insulin resistance: a systematic re-
view. Cureus. 2022;14:e23501.

Zhong C, Chen R, Zhou X, et al. Poor sleep during early pregnancy
increases subsequent risk of gestational diabetes mellitus. Sleep
Med. 2018;46:20-25.

Ma G, Cai Y, Zhang Y, Fan J. Sleep conditions and sleep hygiene
behaviors in early pregnancy are associated with gestational dia-
betes mellitus: a propensity-score matched study. Sleep Breath.
2024,28:2421-2430.

Cai S, Tan S, Gluckman PD, et al. Sleep quality and nocturnal sleep
duration in pregnancy and risk of gestational diabetes mellitus.
Sleep. 2017;40:zsw058.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Okun ML, O'Brien LM. Concurrent insomnia and habitual snor-
ing are associated with adverse pregnancy outcomes. Sleep Med.
2018;46:12-19.

Bisson M, Sériés F, Giguere Y, et al. Gestational diabetes mellitus and
sleep-disordered breathing. Obstet Gynecol. 2014;123(3):634-641.
Sharma S, Nehra A, Sinha S, et al. Sleep disorders in pregnancy and
their association with pregnancy outcomes: a prospective observa-
tional study. Sleep Breath. 2016;20(1):87-93.

Karlsson L, Tolvanen M, Scheinin NM, et al. Cohort profile:
the FinnBrain birth cohort study (FinnBrain). Int J Epidemiol.
2018;47(1):15-16j.

Rubertsson C, Bérjesson K, Berglund A, Josefsson A, Sydsjo G. The
Swedish validation of Edinburgh postnatal depression scale (EPDS)
during pregnancy. Nord J Psychiatry. 2011;65(6):414-418.

Gibson J, McKenzie-Mcharg K, Shakespeare J, Price J, Gray R. A
systematic review of studies validating the Edinburgh postna-
tal depression scale in antepartum and postpartum women. Acta
Psychiatr Scand. 2009;119:350-364.

Holi MM, Sammallahti PR, Aalberg VA. A Finnish validation study of
the SCL-90. Acta Psychiatr Scand. 1998;97(1):42-46.

Partinen M, Gislason T. Basic Nordic sleep questionnaire (BNSQ):
a quantitated measure of subjective sleep complaints. J Sleep Res.
1995;4:150-155.

R Core Team. R: A language and environment for statistical comput-
ing. 2021 Vienna, Austria: R Foundation for Statistical Computing.
https://www.R-project.org/

Wickham H. ggplot2: Elegant Graphics for Data Analysis. Springer-
Verlag; 2016.

Roth T. Insomnia: definition, prevalence, etiology and conse-
quences. J Clin Sleep Med. 2007;3(5 Suppl):7-10.

Pérez-Carbonell L, Mignot E, Leschziner G, Dauvilliers Y.
Understanding and approaching excessive daytime sleepiness.
Lancet. 2022;400(10357):1033-1046.

Yusuf FLA, Tang TS, Karim ME. The association between diabetes
and excessive daytime sleepiness among American adults aged
20-79years: findings from the 2015-2018 National Health and nu-
trition examination surveys. Ann Epidemiol. 2022;68:54-63.
O'Brien LM, Levine RS, Dunietz GL. The Berlin questionnaire
in pregnancy predominantly identifies obesity. J Clin Sleep Med.
2021;17(8):1553-1561.

Wu Q, Meng Z, Liu Q, et al. Sleep quality in women with diabetes
in pregnancy: a single-center retrospective study. BMC Pregnancy
Childbirth. 2023;23(1):597.

Luque-Fernandez MA, Bain PA, Gelaye B, Redline S, Williams MA.
Sleep-disordered breathing and gestational diabetes mellitus.
Diabetes Care. 2013;36(10):3353-3360.

Li L, Zhao K, Hua J, Li S. Association between sleep-disordered
breathing during pregnancy and maternal and fetal outcomes:
an updated systematic review and meta-analysis. Front Neurol.
2018;9:91.

Bogdanet D, Reddin C, Murphy D, et al. Emerging protein biomark-
ers for the diagnosis or prediction of gestational diabetes: a scoping
review. J Clin Med. 2021;10(7):1533.

Kaartinen M, Karlsson L, Paavonen EJ, et al. Maternal tiredness
and cytokine concentrations in mid-pregnancy. J Psychosom Res.
2019;127:109843.

Wang M, Qian J,Cho Y, Guo Z, Yu X, Li J. Trajectories of sleep health
during the perinatal period: a systematic review and meta-analysis.
Sleep. 2025;zsaf095.

Vuori E, Gissler M. Finnish Institute for Health and Welfare peri-
natal statistics: Parturients, deliveries and newborns 2014. 2015
https://urn.fi/URN:NBN:fi-fe2015093014230

Kiuru S, Heino A, Gissler M. Finnish Institute for Health and Welfare
Perinatal Statistics: Parturients, Deliveries and Newborns 2021.
2022 https://www.julkari.fi/bitstream/handle/10024/145615/

85Us017 SUOWWIOD aAIEa1D) 8|qeot|dde ays Aq peusenob a1e 9ol VO ‘88N JO S9INI 10 A%iq1T8UIIUQ A1 UO (SUOTIPUOD-PUR-SWBIALI0D" A3 1M AeIq 1 BUI|UO//Sd1Y) SUOIPUOD PUe SWS | 81 88S *[5202/80/82] U0 A%iqi8uljuO AB[1M ‘Pi1Suoiedliand IIPSIN Wwivepona Aq €100 'SB0R/TTTT 0T/I0p/woo 48| imAriqijeutiuouABaoy/:sdny wouy papeojumod ‘6 ‘G202 ‘ZT#0009T


http://www.kaypahoito.fi
https://www.r-project.org/
https://urn.fi/URN:NBN:fi-fe2015093014230
https://www.julkari.fi/bitstream/handle/10024/145615/Perinatal statistics - parturients%2C delivers and newborns 2021.pdf?sequence=7&isAllowed=y

43.

44,
45,

46.

FORSBOM ET AL.

Perinatal%20statistics%20-%20parturients%2C%20delivers%
20and%20newborns%202021.pdf?sequence=7&isAllowed=y
Peltonen H, Paavonen EJ, Saarenpaa-Heikkila O, Vahlberg T, Paunio
T, Polo-Kantola P. Sleep disturbances and depressive and anxiety
symptoms during pregnancy: associations with delivery and new-
born health. Arch Gynecol Obstet. 2023;307(3):715-728.

SateiaMJ, Nowell PD.Insomnia.Lancet.2004;364(9449):1959-1973.
Bei B, Milgrom J, Ericksen J, Trinder J, Redmond Barry F. Subjective
perception of sleep, but not its objective quality, is associated with
immediate postpartum mood disturbances in healthy women.
Sleep. 2010;33(4):531-538.

Statistics Finland. Immigrants and integration. https://pxdata.stat.
fi/PXWeb/pxweb/fi/Maahanmuuttajat_ja_kotoutuminen/Maaha

nmuuttajat_ja_kotoutuminen__Maahanmuuttajat_ja_kotoutumin
en/maakoto_pxt_11vv.px/

How to cite this article: Forsbom O, Perasto L, Aukia L, et al.
Insomnia and sleepiness during pregnancy: Associations with
gestational diabetes mellitus. Acta Obstet Gynecol Scand.
2025;104:1742-1758. doi:10.1111/a0gs.70013

85Us017 SUOWWIOD aAIEa1D) 8|qeot|dde ays Aq peusenob a1e 9ol VO ‘88N JO S9INI 10 A%iq1T8UIIUQ A1 UO (SUOTIPUOD-PUR-SWBIALI0D" A3 1M AeIq 1 BUI|UO//Sd1Y) SUOIPUOD PUe SWS | 81 88S *[5202/80/82] U0 A%iqi8uljuO AB[1M ‘Pi1Suoiedliand IIPSIN Wwivepona Aq €100 'SB0R/TTTT 0T/I0p/woo 48| imAriqijeutiuouABaoy/:sdny wouy papeojumod ‘6 ‘G202 ‘ZT#0009T


https://www.julkari.fi/bitstream/handle/10024/145615/Perinatal statistics - parturients%2C delivers and newborns 2021.pdf?sequence=7&isAllowed=y
https://www.julkari.fi/bitstream/handle/10024/145615/Perinatal statistics - parturients%2C delivers and newborns 2021.pdf?sequence=7&isAllowed=y
https://pxdata.stat.fi/PXWeb/pxweb/fi/Maahanmuuttajat_ja_kotoutuminen/Maahanmuuttajat_ja_kotoutuminen__Maahanmuuttajat_ja_kotoutuminen/maakoto_pxt_11vv.px/
https://pxdata.stat.fi/PXWeb/pxweb/fi/Maahanmuuttajat_ja_kotoutuminen/Maahanmuuttajat_ja_kotoutuminen__Maahanmuuttajat_ja_kotoutuminen/maakoto_pxt_11vv.px/
https://pxdata.stat.fi/PXWeb/pxweb/fi/Maahanmuuttajat_ja_kotoutuminen/Maahanmuuttajat_ja_kotoutuminen__Maahanmuuttajat_ja_kotoutuminen/maakoto_pxt_11vv.px/
https://pxdata.stat.fi/PXWeb/pxweb/fi/Maahanmuuttajat_ja_kotoutuminen/Maahanmuuttajat_ja_kotoutuminen__Maahanmuuttajat_ja_kotoutuminen/maakoto_pxt_11vv.px/
https://doi.org/10.1111/aogs.70013

	Insomnia and sleepiness during pregnancy: Associations with gestational diabetes mellitus
	Abstract
	1  |  INTRODUCTION
	2  |  MATERIAL AND METHODS
	2.1  |  Statistical analysis

	3  |  RESULTS
	4  |  DISCUSSION
	5  |  CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ETHICAL STATEMENT
	ORCID
	REFERENCES


