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SUMMARY
OBJECTIVE: To investigate sleep alterations and associated factors in pregnant diabetic women (n=141).

METHODS: Sleep profile, sociodemographics and clinical information were collected. Poor sleep quality (Pittsburgh Sleep Quality Index 

>5) and excessive daytime sleepiness (Epworth Sleepiness Scale ≥10), sleep duration (h), sleep latency (min), frequent sleep interruption 

and short sleep (≤6 h) were assessed in type 1 diabetes mellitus (16.3%), type 2 diabetes mellitus (25.5%) and gestational diabetes 

mellitus (58.2%).

RESULTS: Poor sleep quality was found in 58.8% of patients and daytime sleepiness in 25.7%, regardless of hyperglycemia etiology. No 

correlation existed between daytime sleepiness and poor sleep quality (Pearson correlation r=0.02, p=0.84). Short sleep duration occurred 

in 1/3 of patients (31.2%). Sleep interruptions due to frequent urination affected 72% of all and sleep interruptions due to any cause 

71.2%. Metformin was used by 65.7% of type 2 diabetes mellitus and 28.7% of gestational diabetes mellitus. In gestational diabetes 

mellitus, parity number was independently associated with poor sleep quality (p=0.02; OR=1.90; 95%CI 1.07–3.36) and metformin use 

was also independently associated with poor sleep quality (p=0.03; OR=2.36; 95%CI 1.05–5.29).

CONCLUSIONS: Our study originally shows that poor sleep quality and excessive daytime sleepiness are frequent in diabetic pregnancy 

due to different etiologies. Interestingly, only in gestational diabetes mellitus, metformin therapy and higher parity were associated with 

poor sleep quality.
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INTRODUCTION
Hyperglycemia complicates nearly 1/5 of pregnancies and may 

be secondary to type 1 (T1DM) and type 2 diabetes (T2DM), 
or gestational diabetes mellitus (GDM)1. Diagnosing and pro-
viding care to women with hyperglycemia in pregnancy should 
be a priority, given that diabetes during gestation is associated 
with adverse maternal and neonatal outcomes2.

Sleep alterations are also frequent in pregnancy and poor 
sleep quality is reported in about 45.7% of pregnant women3. 

Short sleep, excessive daytime somnolence and poor sleep qual-
ity due to different etiologies has also been related to adverse 
pregnancy outcomes, such as preterm birth, Cesarean delivery, 
gestational diabetes and pre-eclampsia4,5. 

There is compelling evidence that sleep alterations are linked 
to metabolic disorders and cardiovascular disease. Short sleep 
duration, sleep quality and, recently, long sleep duration have 
all been linked to poor health outcomes6. Both short and long 
sleep duration are associated with increased risk of T2DM, 
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strengthening the significance of appropriate sleep duration in 
the prevention and management of T2DM7. Obstructive sleep 
apnea (OSA), a frequent cause of sleep disruption, is associated 
with increased incidence of T2DM in large cohort studies, and 
also related to high glycated hemoglobin (Hba1c) in patients 
with T2DM8. The pathophysiological mechanisms explaining 
the elevated prevalence and significant associations between 
sleep disorders, increased mortality and comorbid conditions 
requires more clarification9.

Little is known about sleep in T1DM and even less knowl-
edge exists on sleep in pregnancy associated with T1DM. Poor 
sleep quality, shorter sleep duration, and OSA were all asso-
ciated with suboptimal glycemic control in T1DM10. It has 
been suggested that the interactions between sleep and type 
1 diabetes are bidirectional, as painful peripheral neuropa-
thy, nocturia related to poor glycemic control and hypogly-
cemic episodes may compromise sleep quality. However, it 
remains to be clarified whether improvement of sleep favors 
glycemic control10.

Extensive evidence shows an independent association of 
sleep disturbances with the development, control, and progres-
sion of disorders affecting glucose metabolism9. In short, sleep 
is a critical factor in glucose metabolism. Given the ascending 
prevalence of obesity and T2DM, the importance of lifestyle 
factors, including dietary intake, exercise, sedentariness, sleep, 
and stress in the prevention and control of  hyperglycemia in 
pregnancy cannot be understated11. Sleep duration is a poten-
tial modifiable risk factor, and can be focused upon in order 
to improve health and pregnancy8.

Sleep disturbances have been connected with GDM. 
Poor sleep quality during early pregnancy was formerly 
associated with an increased risk of GDM12. Objective 
measurements support that short sleep duration is linked 
to maternal hyperglycemia13. In partial contradiction, a 
meta-analysis including 18,203 subjects at baseline, and 
1,294 GDM cases during follow-up, showed that extreme 
sleep duration during pregnancy is closely associated with 
GDM: long but not short sleep duration would predict 
the risk of developing GDM14.

This conflicting data indicates that undetermined factors 
may influence sleep and add to the toxicity of hyperglycemia 
in pregnancy. Basic diagnosis, clinical characteristics, comor-
bidities and pharmacotherapy may influence general health 
and sleep in pregnancy. For instance, it has been demonstrated 
that factors such as maternal pregestational body mass index 
(BMI) and glycemic levels can alter placental mitochondria15. 
Questions remain regarding definition of the glucose threshold 
for diagnosis of diabetes in pregnancy and recommended phar-
macotherapy16. Previous study suggests that factors influencing 

sleep in diabetes associated with pregnancy need to be better 
understood17.

The objective of this study was to examine sleep quality 
and somnolence, and the influence of associated factors, such 
as comorbidities and pharmacotherapy, in patients with hyper-
glycemia, secondary to T1DM, T2DM or GDM, in the 2nd 
and 3rd trimesters of pregnancy.

METHODS

Study design, sample and setting
This was a cross-sectional study conducted at the Center for 

Diabetes and Hypertension (CIDH-CE) in Northeast Brazil. The 
unit serves approximately 600 pregnant women with diabetes 
per year. The study population was derived as a nonprobability 
sampling, recruiting over a 15-month period, from October 
2016 to January 2018. Women with singleton pregnancy, 18 
years of age or older, diagnosed with diabetes (T1DM, T2DM, 
GDM) according to the criteria used by Brazilian Diabetes 
Society – SBD18 were included. The study was approved by 
the Insituto para o Desenvolvimento da Educação (IPADE) 
ethics committee (1.801.860). The objectives and study pro-
cedures were explained and a written informed consent was 
obtained from all patients.

Data collection
Data was obtained using a face-to-face interview, done by 

previously trained paramedical professionals. Sleep profile, 
sociodemographics and clinical information were collected 
using a structured questionnaire. Information about maternal 
and gestational age, parity and previous history of sleep dis-
turbances were obtained from patient interview and further 
confirmed by chart review. Body mass index, blood pressure 
and information about patients’ treatments were collected 
from their records. During three consecutive days prior to 
the interview, the information about capillary fasting blood 
glucose was collected from patients’ records and expressed as 
mean fasting glucose.

For the evaluation of sleep quality, a Brazilian version of 
the Pittsburgh Sleep Quality Index (PSQI) was used19. This 
instrument consists of seven components: subjective sleep 
quality, sleep latency, sleep duration, habitual sleep efficiency, 
sleep disturbances, use of sleeping medication, and daytime 
dysfunction. The sum of the index scores range from 0–21, 
and a score greater than 5 indicates poor sleep quality20. 
Additionally, patients were asked about the average sleep 
duration (h) and sleep latency (min) in the last 30 days; sleep 
latency was defined as the time between going to bed and 
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falling asleep. Patients were asked whether they had frequent 
sleep interruption and if it was associated with urination. Short 
sleep was considered in participants who reported an average 
sleep duration ≤6 hours per night in accordance with recom-
mendations of the National Sleep Foundation, USA21. The 
validated Brazilian version of the Epworth Sleepiness Scale 
(ESS) was used to assess the level of daytime sleepiness19. ESS 
scores ranged from 0–24. Excessive daytime sleepiness (EDS) 
was defined as a total score ≥1022. 

Statistical analysis
Descriptive statistics are presented as mean ± standard 

deviation, range, and frequency (% values). Analysis between 
groups were made using Kruskal-Wallis or one-way analysis of 
varience (ANOVA), followed by Mann-Whitney or Student’s 
t-test, when appropriate. Pearson correlation test was used 
between PSQI and ESS scores. The selection of variables ana-
lyzed for association with poor quality sleep and EDS were 
based on previous reports, clinical impression, and data that 
was obtained. Variables associated with poor sleep quality were 
examined by logistic regression analysis. 

RESULTS
Initially, a total of 165 patients agreed to participate in the 

study. Out of these, 24 were excluded: 23 failed to provide com-
plete data and 1 was out of age range. Finally, the total number 
of study participants came to 141 pregnant diabetic women. 
Diabetes before pregnancy was present in 41.8%: 16.3% had 
T1DM and 25.5% T2DM. The remaining 58.2% developed 
diabetes mellitus during pregnancy (GDM). T1DM patients 
were younger, had lower BMI and were evaluated in a lower ges-
tational age. Patients with GDM had more remunerated work. 
Pharmacological treatment, i.e. metformin or insulin, was used 
by all the preexistent diabetic patients (T1DM and T2DM). 
Patients with T2DM (65.7%) and with GDM (28.7%) used 
metformin. Levels of fasting blood glucose and insulin dose 
were higher in T1DM and T2DM than in GDM. Metformin 
was more frequently used in T2DM than in GDM (Table 1). 
The association of metformin and insulin was also more com-
mon in T2DM than in GDM.

Regardless of diabetes etiology, poor sleep quality20 was observed 
in 58.8% of patients. Overall, 16% of the study group reported 
subjective sleep complaints before pregnancy. In general, PSQI 

Table 1. Clinicodemographic data of all pregnant women and as grouped by diagnosis – Type 1 diabetes mellitus, Type 2 
diabetes mellitus and Gestational diabetes mellitus.

All patients
n=141

Type 1 
diabetes 

mellitus n=23
(16.3%)

Type 2 
diabetes 

mellitus n=36
(25.5%)

Gestational 
diabetes 

mellitus n=82 
(58.2%)

p-value

Clinical Profile

Age, years mean (SD) 31.6 (5.8) 25.2 (4.6) 34.0 (4.9) 32.6 (5.2) **<0.01a

Body mass index (kg/m2) mean (SD) 30.7 (5.4) 26.2 (4.25) 30. 9 (4.6) 31.9 (5.4) **<0.01a

Glycemia (mg/dL) mean (SD) 88.9 (11.0) 98.5 90.1 83.9 **<0.005

Gestational age (weeks) mean (SD) 25.0 (8.1) 19.8 (7.2) 21.5 (8.1) 28.(6.9) *<0.01a

Parity (n) mean (SD) 1.24 (1.0) 1.0 (0.8) 1.3 (1.0) 1.28 (1.1) 0.50a

Abortion (n) mean (SD) 0.48 (1.0) 0.25 (0.5) 0.67 (0.8) 0.46 (0.7) 0.12a

Remunerated work (%) 50.8 47.8 28.1 58.7 0.01c

Any pharmacological treatment (%) 62.6 100 100 35 **<0.005c

Metformin mean (mg/day) (SD) 1.62 (0.43) – 1.8 (0.36) 1.35 (0.41) **<0.01

Insulin (UI/kg) mean (SD) 0.62 (0.34) 0.94 (0.28) 0.51 (0.27) 0.28 (0.14) **<0.005

Hypertension (%) 20 4.5 22.9 23.1 0.13c

Overweight/obesity (%) 77.1 45.5 91.2 79.7 **<0.005c

Sleep Profile

Pittsburgh Sleep Quality Index Score 
(mean±SD)

6.7±3.4 5.9 (2.7) 6.6 (3.4) 7.3 (3.5) 0.35b

Epworth Score (mean±SD) 6.9±3.9 6.9±3.9 6.5 (4.2) 7.19 (4.0) 0.52b

Sleep Duration, h (mean±SD) 7.3±1.7 7.22±1.5 7.0 (1.5) 7.46 (1.9) 0.43a

Sleep interruption (%) 71.2 73.9 86.1 63.8 0.05c

SD: standard deviation; Overweight/obesity: body mass index adjusted for gestational; aAnova; bKruskall-Wallis test; cFisher’s exact test; *p<0.05; **p<0.01.
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mean score was 6.8. Patients with GDM tended to have higher 
scores (mean=7.03, DP=3.5) than the other groups (T2DM; 
mean=6.61, DP=3.4 and T1DM; mean=5.87, DP=2.7); however, 
this difference was nonsignificant (Kruskal-Wallis, p=0.41) (Table 
1). In general, EDS (ESS ≥10), was observed in 25.7%. No cor-
relation was found between daytime sleepiness (ESS scores) and 
sleep quality (PSQI scores) (Pearson correlation test, r=02, p=84).

Furthermore, short sleep duration (≤6 hours) was registered in 
31.2% and sleep latency was 35 minutes on average. Sleep inter-
ruptions due to frequent urination occurred in 72% of all patients. 
There were no significant differences in sleep quality, sleep dura-
tion or EDS among patients with diabetes due to different etiol-
ogies. Sleep interruption of any cause (71.2%) tended to be more 
frequent in type 2 DM (Fisher’s exact test, p=0.05) (Table 1).

Table 2 exhibits logistic regression analysis between vari-
ables and poor sleep quality. After grouping by diagnosis, in 
GDM patients, parity number was associated with poor sleep 
quality (Figure 1) that was maintained after controlling for age 
(p=0.02; OR=1.90; 95%CI 1.07–3.36]. Furthermore, in GDM 
patients, metformin therapy was also associated with poor sleep 
quality (Figure 2) that was maintained after controlling for age 
and parity (p=0.03; OR=2.36; 95%CI 1.05–5.29). This was not 
the case with T2DM (Table 2). Other variables, such as BMI, 
gestational age, abortion, remunerated work or hypertension 
did not estimate the presence of poor sleep quality (Table 2).

DISCUSSION
This study shows that poor sleep quality and ESS are fre-

quent in hyperglycemia in pregnancy, despite the differential 
etiology. Higher parity was associated with worst sleep quality. 

Table 2. Logistic regression analysis of factors influencing poor sleep quality (Pittsburgh Sleep Quality Index Score>5) in 
patients with Type 1 diabetes mellitus, Type 2 diabetes mellitus and Gestational diabetes mellitus.

Type 1 diabetes mellitus Type 2 diabetes mellitus
Gestational diabetes 

mellitus

p-value; OR [95%CI] p-value; OR [95%CI] p-value; OR [95%CI]

Age, years 0.13; 0.85 [0.69–1.05] 0.66; 1.03 [0.88–1.21] 0.97; 1.00 [0.91–1.09]

Body mass index (kg/m2) 0.85; 1.01 [0.83–1.24] 0.32; 0.92 [0.79–1.07] 0.75; 1.01 [0.93–1.10]

Gestational age (weeks) 0.40; 1.05 [0.93–1.18] 0.48; 0.96 [0.87–1.06] 0.32; 0.96 [0.90–1.03]

Parity (n) 1.00; 1.00 [0.37–2.66] 0.95; 0.97 [0.49–1.92] 0.03*; 1.76 [0.03–1.10]

Abortion (n) 0.67; 0.70 [0.13–3.76] 0.69; 1.19 [0.49–2.86] 0.69; 1.14 [0.58–2.21]

Remunerated work (%) 0.53; 1.68 [0.32–8.75] 0.38; 0.49 [0.10–2.39] 0.66; 0.80 [0.31–2.11]

Lives with partner (%) 0.46; 0.85 [0.28–16.3] 1.00; 1.30 [0.88–1.21] 0.63; 1.42 [0.33–6.01]

Metformin (%) 0.83; 0.91 [0.69–1.05] 0.92; 0.93 [0.88–1.21] 0.01*; 5.03 [0.28–2.94]

Hypertension (%) 1.00; 0.85 [0.69–1.05] 0.22; 2.77 [0.53–14.5] 0.47; 0.65 [0.20–2.09]

*p<0.05.

Figure 1. Logistic regression analysis between poor sleep 
quality and parity number.

Figure 2. Poor sleep quality and metformin use in gestational 
diabetes mellitus patients.
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In patients with GDM, the use of metformin was independently 
associated with poor sleep quality. These results are vital, given 
that poor sleep is a largely modifiable parameter. Identifying 
and treating sleep disturbances in pregnancy may positively 
influence glycemic control, maternal and fetal well-being.

It is recognized that poor sleep quality generally occurs in 
pregnancy. In literature, studies on poor sleep quality vary from 
37 to 66% according to patients’ characteristics and gestational 
age23. A recent meta-analysis reported an estimate mean PSQI 
score=6.07, 95%CI 5.30–6.853, and an overall prevalence of 
poor sleep quality (PSQI ≥5) in 45.7% of pregnant women 
in general. Recently, in a study evaluating healthy pregnant 
women in a primary care setting in the city of Fortaleza/Brazil, 
poor sleep quality was found in 42% (PSQI: 5.6±3) and EDS 
in 28% (ESS: 7.6±4)24. In this study, patients with hyperglyce-
mia, in particular patients with GDM and T2DM, had worse 
sleep quality expressed as higher PSQI scores. Despite the 
common presence of poor sleep quality in healthy pregnancy, 
it is recommended that moderate/severe cases are attended to, 
given the potential maternal and neonatal adverse outcomes.

To date, studies evaluating sleep quality in diabetic preg-
nancy are scarce, and conflict regarding associated factors and 
pharmacotherapy still exist. Metformin is a widely used anti-
diabetic drug to treat insulin resistance. Its use during preg-
nancy has been increasingly common in daily practice25. Besides 
knowledge of benefits of glycemic control, weight neutral effects 
and low risk of hypoglycemia, metformin use during pregnancy 
remains a matter of concern among physicians26. Previous evi-
dence regarding the use of metformin and sleep alterations are 
mixed: metformin has been linked to improvement of sleep qual-
ity27 and, conversely, was associated with insomnia and night-
mares28. Presently, only GDM patients had poor sleep quality 
related to metformin therapy. It has been properly theorized 
that glucose control substances interfere with brain levels of 
glucose and lactate, and, as a consequence, an interference with 
cerebral metabolism and function would occur29. We speculate 
that in some GDM patients, glycemia levels are more borderline, 
exposing patients to critical levels during sleep. A prospective 
study focusing on metformin dosage, time of administration, 
or glucose levels during sleep might be clarifying. 

Excessive daytime sleepiness was found in 25.7% of patients 
evaluated in this study. Interestingly, sleep quality was not 
associated with EDS. Using a different cutoff to define EDS 
(ESS >8), Reutrakul et al.30 reported EDS in 42% of pregnant 
women evaluated, and the prevalence was similar in pregnancy 
with or without diabetes. 

In our study, BMI was noninfluential to sleep quality or EDS. 
Previously, Ribeiro et al.31 reported poor sleep quality in 67.7% 
of a group of overweight and obese nondiabetic pregnant women 

in Brazil; PSQI score was higher in overweight/obese patients 
(p=0.02). Other reports in pregnancy are similar32,33. In fact, high 
pre-pregnancy BMI is a critical determinant for sleep disturbances 
and for the development of gestational diabetes33. Considering our 
results, we hypothesize that diabetes itself is the main contributor 
to poor sleep quality and, therefore, the differences of sleep quality 
between thin and overweight pregnant woman were attenuated. 

In this study, poor sleep was not associated with hypertension. 
A relationship between hypertension and sleep in nonpregnant 
patients has been described, however, during pregnancy, the associa-
tion between PSQI score and hypertension was not demonstrated34.

In GDM patients, parity was independently associated with 
poor sleep quality. Similar findings have been reported in non-
diabetic pregnancy35.The additional overload of housework and 
worries that pregnant mothers are exposed to might influence 
sleep, and should be taken into consideration when evaluating 
sleep quality in pregnancy. Nulliparous and multiparous moth-
ers face different challenges during pregnancy and perinatal 
period, as they incorporate their new role as a mother and the 
additional demands of previously born children. 

Limitations must be acknowledged. This study involved behav-
ioral questionnaires and, as a pitfall, objective measures such as 
actigraphy and polysomnography were not available. Moreover, 
investigation of sleep breathing problems, especially in risk groups 
like overweight and older pregnant women, were not available.

Originally, and as a merit, this study shows the clinical pro-
file and factors influencing sleep alterations in pregnancy asso-
ciated with hyperglycemia due to different etiologies. 

CONCLUSION
This study shows that poor sleep quality and excessive daytime 

sleepiness are frequent in diabetic pregnancy. These findings were 
similar among T1DM, T2DM and GDM. Interestingly, a higher 
number of parities and metformin treatment were independently 
associated with poor sleep quality only in GDM patients.
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