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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% CI 1.0–1.9, 
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1  |  INTRODUC TION

Sleep problems increase during pregnancy,1,2 most typically in late 
pregnancy.3,4 Common sleep problems include insomnia symptoms, 
both initiation and maintenance insomnia,3 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.6,7

Gestational diabetes mellitus (GDM) affects around 14% of 
pregnancies globally.8 In Finland, in 2019, the GDM diagnosis level 
was 21% for expectant women,9 but importantly, the incidence of 
GDM is constantly rising.10,11 The main pathogenesis for GDM is  
β-cell dysfunction and insulin resistance.12 Known risk factors in-
clude abnormal BMI (both under 18.5 kg/m2 and over 25 kg/m2), 
GDM in a previous pregnancy, a family history of type II diabetes, ad-
vanced maternal age, and polycystic ovarian syndrome.12 However, 
the risk factors for GDM are likely multifactorial,13 and therefore, 
additional investigation is required.

Maternal compromised sleep during pregnancy is associated 
with pregnancy complications.14,15 Sleep problems may influence 
the onset of diabetes in several ways, including decreased glucose 
metabolism and elevated growth hormone and cortisol levels.16,17 
Despite these obvious connections, previous research on the asso-
ciation between GDM and sleep problems is sparse and conflicting. 
In two Chinese studies,18,19 poor sleep quality in early pregnancy 
and, in a Singaporean study,20 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.21 In a Canadian study22 there was no association 
between sleep quality and GDM incidence. Furthermore, previous 
studies have mostly been cross-sectional; only in a Chinese study18 
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.

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.24 
The study subjects were recruited during routine early pregnancy 
appointments by trained research nurses in the Turku and Åland 
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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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% CI 
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% CI 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.

K E Y W O R D S
gestational diabetes mellitus, insomnia, mother, pharmacotherapy, sleep quality, sleepiness, 
woman

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.
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a reminder was sent twice via text message 2 and 3 weeks after the 
original questionnaire. Responses of ≥12 to <20 gestational weeks 
(gwks, mean 15 + 0 gwks, SD 1 + 1 gwks) were accepted as early 
pregnancy, of ≥20 to <30 gwks (mean 25 + 2 gwks, SD 1 + 2 gwks) 
as mid-pregnancy, and of ≥30 to ≤36 gwks (mean 34 + 6 gwks, SD 
0 + 4 gwks) 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 + 2 gwks).

A background information questionnaire was sent with the 
early pregnancy questionnaire, including questions on age (years), 
body mass index (BMI, kg/m2), 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)25,26 and anxiety symptoms with 
the Symptom Checklist-90/Anxiety Scale (SCL-90/anxiety scale).27 
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),28 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). 

TA B L E  1  Characteristic of the study subjects (total n = 3738).

Non-GDM GDM all

pa

Medical nutritional 
subgroup

Pharmacotherapy 
subgroup

pb

n = 3214 n = 524 n = 422 n = 102

Mean (range) Mean (range) Mean (range) Mean (range)

Age 30 (17, 46) 31 (18, 44) <0.0001 31 (18, 42) 31 (18, 44) 0.511

BMI

Missing 23.12 (15.62, 
60.61) na = 99

27.01 (17.56, 57.81) 
na = 1

<0.0001 26.53 (17.72, 57.81) 
na = 1

30.41 (17.56, 47.88) <0.0001

Number (%) Number (%) p Number (%) Number (%) p

Parity 0.436 0.001

Nulliparous 1353 (42) 228 (44) 197 (47) 31 (30)

Multiparous 1288 (40) 199 (38) 146 (35) 53 (52)

Missing 573 (18) 97 (19) 79 (19) 18 (18)

Education 0.032 0.916

Low 983 (31) 181 (35) 144 (34) 37 (36)

Middle 765 (24) 126 (24) 101 (24) 25 (25)

High 900 (28) 119 (23) 97 (23) 22 (22)

Missing 566 (18) 98 (19) 80 (19) 18 (18)

Pre-eclampsia 0.066 0.165

No 3129 (97) 502 (96) 407 (96) 95 (93)

Yes 85 (3) 22 (4) 15 (4) 7 (7)

Smoking 0.289 0.386

No 2680 (83) 428 (82) 341 (81) 87 (85)

Yes 518 (16) 95 (18) 80 (19) 15 (15)

Missing 16 (0) 1 (0) 1 (0)
aBetween non-GDM and GDM group.
bBetween GDM nutritional therapy and GDM pharmacotherapy.
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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/m2) and no family history of diabetes, 
nullipara under 25 years of age, or multipara under 40 years of age 
with no diabetes in previous pregnancies. Women who were mark-
edly obese (BMI ≥30 kg/m2) 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 75 g of glucose in a 
solution after fasting for 10–12 h. If the fasting blood glucose level 
was ≥5.3 mmol/L, the blood glucose level 1 h after glucose solution 
ingestion was ≥10 mmol/L, or the blood glucose level 2 h after glu-
cose solution ingestion was ≥8.6 mmol/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 ≥5.5 mmol/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 (non-GDM group; n = 3,214). 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% CIs). 
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 pB.

The analyses were conducted using R 4.2.2.29 Figures were 
made with the ggplot2 package.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 pB = 0.001 and 
all other pB-values <0.001) and in the GDM group (between early 
and mid-pregnancy pB = 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 pB = 0.033 and all other pB-values 

F I G U R E  1  Flow chart of the study.
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<0.001). In the GDM pharmacotherapy subgroup, insomnia symp-
toms did not change between early and mid-pregnancy (adj pB = 1)  
or between late pregnancy and delivery (adj pB = 1), but increased 
between other comparisons (early versus late, early versus delivery, 
mid versus late, mid versus delivery, all pB-values <0.001).

Regarding the sleepiness scores, changes were observed in the 
non-GDM group: the sleepiness score decreased from early to mid-
pregnancy (pB < 0.001) and increased from mid- to late pregnancy 
(pB < 0.001) and further from late pregnancy to delivery (pB < 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 = 0.111, mid versus late pB = 1, late versus delivery pB = 0.811). 
These findings were similarly non-significant in both GDM subgroup 
analyses: in the GDM medical nutritional subgroup (early versus mid 
pB = 0.219, mid versus late pB = 1, late versus delivery pB = 0.281) and 
in the pharmacotherapy subgroup (all pB = 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.

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).

F I G U R E  2  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.
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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 symptoms, 
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 study19 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.20

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.16 
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.21 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.32 In the general population, sleepiness has 
strongly shown to be associated with diabetes.33 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 trimester34 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,35 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.33,36,37 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.38,39

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 enrollment 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.5,40 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 women41,42 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,19 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 validated28 and is commonly used in 
studies with pregnant women.4,43 It 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.44,45 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,46 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.
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