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Abstract

Background: Gestational diabetes mellitus (GDM) is a common pregnancy complication
associated with significant maternal and neonatal risks. In low- and middle-income
countries such as Tanzania, the rising burden of GDM is compounded by limited
healthcare resources. Poor sleep quality has emerged as a modifiable factor linked to
worsened insulin resistance and adverse pregnancy outcomes. However, data on sleep
quality among women with GDM in sub-Saharan Africa remain scarce. This study aimed
to assess sleep quality and its associations with glycemic control and maternal and
neonatal outcomes among Tanzanian women with GDM.
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Methods: A prospective longitudinal study was conducted in seven regional referral
hospitals in Tanzania from August to October 2025. Convenience sampling enrolled
pregnant women (18-45 years) diagnosed with GDM in the second trimester. The
Pittsburgh Sleep Quality Index (PSQI) was administered at enrollment to evaluate
participants’ sleep quality over the preceding month retrospectively. Demographic and
glycemic data were collected at enroliment, while maternal-neonatal outcomes were
extracted within 24 hours post-delivery. Data were analyzed using Stata 19.5 with
descriptive statistics and linear and multivariate logistic regressions.

Results: A total of 360 women with GDM were enrolled in this study. The mean PSQI
score was 10.8 £ 4.83, with poor sleep quality (PSQI >5) highly prevalent at 91.4%. Higher
education and being separated/widowed were associated with worse sleep. The overall
glycemic control of participants was poor, with a mean fasting blood glucose of 13.6 +
5.80 mmol/L. Poor sleep quality was independently associated with higher fasting blood
glucose (B = 0.28, 95% CI: 0.20-0.36, P < 0.001). For maternal outcomes, each 1-point
increase in PSQI score raised the risk of gestational hypertension (AOR=1.11, 95% CI:
1.01-1.22, P=0.036) and sepsis/infection (AOR=1.14, 95% CI: 1.03—-1.26, P < 0.001); no
significant association was found between sleep quality and postpartum hemorrhage. For
neonatal outcomes, each 1-point increase in PSQI raised the odds of neonatal
hypoglycemia by 16% (AOR 1.16, 95% CI 1.07-1.27, P < 0.001).

Conclusion: Poor sleep quality is highly prevalent among Tanzanian women with GDM
and is independently associated with poorer glycemic control, hypertensive disorders,
maternal infection, and neonatal hypoglycemia. Integrating routine sleep screening and
low-cost sleep interventions into antenatal GDM care may improve glycemic control and
maternal-neonatal outcomes in resource-limited settings.

Keywords: Gestational diabetes mellitus; Sleep quality; Glycemic control; Maternal
outcomes; Neonatal outcomes; Tanzania

Clinical Trial Number: Not applicable



Background

Gestational diabetes mellitus (GDM) is a major global public health problem, with
prevalence ranging from 6.07% to 20.4% [1]. GDM is associated with serious adverse
outcomes for mothers and neonates, including hypertensive disorders of pregnancy,
macrosomia, neonatal hypoglycemia, and increased risk of type 2 diabetes mellitus [1,2].
In low- and middle-income countries (LMICs) such as Tanzania, the burden of GDM is
rising rapidly due to urbanization, physical inactivity, and increasing obesity rates [3]. This
trend places additional pressure on already overstretched healthcare systems facing
resource shortages and competing priorities [4]. Glycemic control is the core component
of GDM management and directly determines maternal and neonatal outcomes [5].

Emerging evidence indicates that modifiable non-traditional factors, particularly sleep
quality, play a critical role in metabolic health during pregnancy [6]. A bidirectional
correlation exists between sleep deprivation and impaired glucose metabolism [7]. In this
correlation reduced sleep duration, increased nocturnal awakenings, and poor sleep
efficiency leading to glycemic variability, heightened insulin resistance, and significant
risks to both mother and newborn [8—-10]. These risks translate directly into adverse
clinical outcomes, including newborn hypoglycemia, macrosomia, cesarean section, and
preeclampsia [11,12].

Studies in high-income countries have confirmed that sleep interventions can improve
glycemic control in GDM [8]. Despite growing evidence from high-income countries, data
regarding sleep quality and its relationship with GDM, glycemic control, and pregnancy
outcomes remain scarce in sub-Saharan Africa (SSA) [13,14]. Cultural, environmental,
and healthcare system differences in Tanzania may alter sleep behaviors and their health
impacts [15].

Historically, Tanzanian studies have focused on classical risk factors such as obesity,
poor diet, hypertension, anemia, with little consideration of sleep patterns [14,16]. GDM
prevalence in Tanzania has increased from less than 1% in 1991 to as high as 27.5% in
recent studies, with significant urban-rural disparities and obesity rates ranging from 19.5%
to 27.5% in certain regions [17,18]. However, there remains a profound knowledge gap
regarding the baseline status of sleep quality among Tanzanian women with GDM and
how local sleep patterns correlate with GDM complications and management. Therefore,
this study aimed to assess sleep quality and its associations with glycemic control and
maternal and neonatal outcomes among Tanzanian women with GDM.

Material and methods

Study design

A prospective longitudinal study was conducted from 1 August 2025 to 1 February 2026
across seven regional referral hospitals (RRHs) in mainland Tanzania. This two-point-in-



time data collection design was adopted to establish a temporal sequence between
prenatal sleep exposure and subsequent delivery outcomes, which reduces reverse
causality bias compared with cross-sectional research. Data were collected at two distinct
stages: (1) second-trimester enrollment for baseline sleep, sociodemographic, and
glycemic indicators; and (2) within 24 hours post-delivery to abstract maternal and
neonatal clinical outcomes from hospital medical records.

Study Setting

The research was carried out at seven public regional referral hospitals geographically
distributed across different regions of Tanzania: Dodoma, Morogoro, Singida, Songea,
Shinyanga, Kitete (Tabora), and Manyara Regional Referral Hospitals. Each regional
referral hospital delivers comprehensive tertiary obstetric care; manages high-risk
pregnancies, including women with GDM; and maintains complete standardized
maternal-neonatal medical records, which enabled reliable outcome extraction for this
study. These facilities receive antenatal and delivery referrals from surrounding rural and
peri-urban dispensaries and health centers, capturing a mixed urban-rural patient
population representative of Tanzanian women with GDM.

Participants

The study sample consisted of pregnant women with GDM in their second trimester
receiving care at selected regional referral hospitals in mainland Tanzania. Eligible
participants were (1) aged 18-45 years, in the second trimester of pregnancy; (2)
receiving routine antenatal care at one of the selected regional referral hospitals; and (3)
diagnosed with GDM according to the criteria of the International Association of Diabetes
and Pregnancy Study Groups (IADPSG). Women were excluded (1) if they had serious
underlying medical conditions (e.g., chronic hypertension, renal disease, or psychiatric
disorders) that may independently affect sleep quality or pregnancy outcomes, or (2) if
they were using sleep-altering medications, including sedatives, stimulants, or other
drugs known to affect sleep quality significantly.

Sample size and sampling

The single proportion formula was used to determine the size of the sample to use in this
study, and it was calculated using the estimated GDM prevalence of 27.5 in Tanzania, a
95% confidence interval, and a 5% margin of error (z-score of 1.95). The initially used
sample was 306 pregnant women. This was estimated with a non-response rate of 15
percent, which resulted in a final sample of 360 participants. The purposive sampling
method was used to recruit the participants, with proportional representation of each of
the seven sampled centers, with women recruited daily until the required sample size was
achieved in each center. Convenience sampling with proportional allocation across the
seven hospitals was used to recruit participants (Table 1). The allocation ensured
adequate representation from each facility based on the estimated GDM caseload.



Table 1: Proportional allocation across the seven hospitals

Hospital GDM Caseload Proportion Sample (n)
Dodoma RRH 90 0.164 59

Songea RRH 85 0.155 56
Shinyanga RRH 100 0.182 65

Kitete RRH (Tabora) 95 0.173 62
Manyara RRH 80 0.145 52
Morogoro RRH 55 0.100 36

Singida RRH 45 0.082 30

Total 550 1.000 360

RRH = Regional Referral Hospital; GDM = Gestational Diabetes Mellitus

Data collection

Maternal sleep quality was assessed using the Pittsburgh Sleep Quality Index (PSQlI), a
validated 19-item instrument measuring subjective sleep quality, sleep latency, sleep
duration, sleep efficiency, sleep disturbances, sleep medication use, and daytime
dysfunction. Scores range from 0 to 21, with scores > 5 indicating poor sleep quality
(Cronbach's a = 0.746 in pregnant populations) [19]. Sleep quality was measured
retrospectively for the previous month at enrollment. Glycemic control parameters
collected at enroliment included fasting blood glucose (mmol/L); HbA1c (where available);
frequency and method of blood glucose monitoring (fingerstick, continuous glucose
monitoring, or laboratory tests); and GDM treatment modality (diet, oral agents, or insulin).
Demographic and clinical data collected included age, education level, marital status,
obstetric history (gravidity, parity, miscarriage history), pre-pregnancy BMI, and
gestational age at GDM diagnosis.

Glycemic Control Assessment Tools: Objective biochemical markers and self-reported
glycemic control behaviors were used to assess glycemic control. Fasting blood glucose
(mmol/L) was measured after an 8-hour overnight fast and is a basic metabolic indicator.
The frequency with which blood glucose was monitored was grouped into multiple times
daily, once daily, a few times a week, or rarely/never. A fingerstick glucose meter, a
continuous glucose monitoring (CGM) device, or a laboratory blood test was used to
monitor the method. Information on glycemic treatment was documented as diet alone,
oral hypoglycemic agents, insulin therapy, or a combination of these.

Maternal outcomes were abstracted from delivery records and included mode of delivery
(spontaneous vaginal, vacuum, or cesarean section), estimated blood loss, postpartum
hemorrhage (>500 mL), hypertensive disorders of pregnancy, and sepsis/suspected
infection. Hypertensive disorders were defined according to standard criteria: gestational
hypertension as blood pressure 2140/90 mmHg on two occasions 24 hours apart and
preeclampsia as gestational hypertension with proteinuria or end-organ dysfunction.



Neonatal outcomes measured immediately after birth included birth weight (low birth
weight <2500 g, normal weight 2500-3999 g, and macrosomia 24000 g), gestational age
at birth (preterm <37 weeks, term 37—41 weeks, and post-term 242 weeks), neonatal
hypoglycemia (blood glucose <2.2 mmol/L in first 24—48 hours), NICU admission (>24
hours), and stillbirth. (Supplementary File 1)

Data quality and management

Four research assistants received two days of standardized training on study objectives,
ethical considerations, and data-collection instruments to ensure consistent interpretation
and uniform questionnaire completion. Interview-administered questionnaires were
completed using ODK (Open Data Kit) software. The principal investigator monitored all
activities daily, reviewed questionnaires for completeness and errors, and addressed
issues on the same day to minimize information loss and recall bias. Data were entered
into Stata 19.5 and Excel for cleaning, coding, and categorization. Quality control
measures included logic checks to ensure responses fell within expected ranges,
independent verification through cross-checking and investigation of suspicious values,
and regular validations of completeness and consistency. All data were kept confidential
in a secure location accessible only to authorized researchers.

Statistical Analysis

Data were analyzed using Stata version 19.5 (Stata Corp, College Station, Texas, USA)
[20]. Descriptive statistics were generated to summarize participants’ characteristics.
Continuous variables were presented as mean + standard deviation (SD) for normally
distributed data or median with interquartile range (IQR) for non-normally distributed data.
Categorical variables were summarized as frequencies and percentages.

Bivariate analyses were performed to examine the relationship between
sociodemographic and clinical variables and sleep quality (PSQI score). Independent-
samples t-tests or one-way ANOVA were used for continuous outcomes, while chi-square
tests were applied for categorical variables.

For multivariable analyses, a linear regression model was fitted to identify factors
independently associated with sleep quality (PSQI score as the dependent variable). All
potential covariates were entered simultaneously into the model. Model fit was assessed
using R-squared, F-statistic, and mean square error (MSE). Multivariable logistic
regression analysis was performed to determine the association between sleep quality
(PSQI score) and maternal outcomes (e.g., hypertensive disorders of pregnancy), with
adjustment for potential confounders including age, marital status, education level,
residence, gravidity, parity, pre-pregnancy BMI, miscarriage history, and GDM treatment
modalities. Adjusted odds ratios (AORs) with 95% confidence intervals (Cls) were
reported.



Statistical significance was set at p < 0.05 for all analyses. Assumptions for linear
regression (linearity, normality of residuals, homoscedasticity, and multicollinearity) were
checked and satisfied. No imputation was performed for missing data; complete-case
analysis was used where applicable.

Results

Demographic characteristics of pregnant women with GDM

Table 2 summarizes the demographic and baseline clinical characteristics of 360 women
diagnosed with GDM. The majority of participants were older than 25 years (59.7%), with
a median age of 27.5 years (IQR: 23-33). Most were married (80.6%), housewives
(62.8%), and resided in urban areas (62.2%). The mean gravidity was 2.87 + 2.06 and
mean parity was 2.55 t 1.75; 83.1% were multiparous. Among those with available data
(n = 228), 32.5% reported a history of miscarriage, with a median of one previous
miscarriage. The mean pre-pregnancy BMI was 22.8 £ 5.82, and 79.2% of women had a
normal weight. The median distance to the nearest health facility was 3 km (IQR: 2-5),
and the median gestational age at the first antenatal care visit was 18 weeks (IQR: 12-
24). Only 9.2% had chronic conditions. GDM was typically diagnosed at a median of 23
weeks’ gestation (IQR: 20-28). Regarding treatment, 74.4% managed their condition with
diet, 84.7% used oral medication, and 9.2% required insulin therapy (categories not
mutually exclusive).

Table 2. Demographic and baseline clinical characteristics of women with GDM (n =

360)
Variable GDM Cohort n (%) or mean * SD or
Median (IQR)
Age group (years)
18-25 145 (40.3)
>25 215 (59.7)
Age (years), Median (IQR) 27.5 (23-33)
Marital status
Married 290 (80.6)
Other (single/divorced/widowed) 70 (19.4)
Occupation
Housewife 226 (62.8)
Other occupations 134 (37.2)
Residence
Urban 224 (62.2)
Rural 136 (37.8)
Gravidity, Mean + SD 2.87 +2.06
Parity, Mean + SD 2.55+1.75
Parity status
Multipara 299 (83.1)
Primipara 61 (16.9)




History of miscarriage (n = 228)
No 154 (67.5)
Yes 74 (32.5)
Number of miscarriages, Median (IQR) 1(1-2)
Pre-pregnancy BMI, Mean + SD 22.8 £5.82
BMI category
Normal weight 285 (79.2)
Underweight/Overweight/Obese 75 (20.8)
Distance to nearest health facility (km), Median 3 (2-5)
(IQR)
Gestational age at first ANC visit (weeks), Median 18 (12-24)
(IQR)
Chronic conditions
Yes 33 (9.2)
No 327 (90.8)
Gestational week of GDM diagnosis, Median (IQR) | 23 (20-28)
Current GDM treatment *
Diet-controlled 268 (74.4)
Oral medication 305 (84.7)
Insulin therapy 33 (9.2)

Note: t Categories are not mutually exclusive.

Sleep quality, glycemic control, and maternal-neonatal outcomes in women with
GDM

Table 3 presents sleep quality assessments, glycemic control and monitoring practices,
and maternal-neonatal outcomes among women with GDM. Sleep quality was generally
poor: the mean PSQI score was 10.8 + 4.83, and 91.4% of participants had poor sleep
quality (PSQI > 5). Common sleep problems included fairly bad subjective sleep quality
(50.8%), sleep duration of only 5-6 hours (32.8%), habitual sleep efficiency below 65%
(37.2%), and sleep disturbance due to nocturia (83.9%). Glycemic control was
suboptimal, with a mean fasting blood glucose of 13.6 £ 5.80 mmol/L and a median HbA1c
of 10% (IQR: 5.9-10). Blood glucose monitoring frequency varied, with 38.9% checking a
few times a week and only 15.0% monitoring multiple times daily. Most women used a
fingerstick blood glucose meter (76.1%). Hypoglycemia occurred in 21.7% of participants
(mean 2.36 £ 1.08 episodes among those affected). Nearly all women (93.3%) were on
medication for blood sugar, and overall satisfaction with management was moderate
(38.9% somewhat satisfied, 18.9% very satisfied). Among 343 women with available
delivery data, maternal complications included hypertensive disorders of pregnancy
(30.9%), postpartum hemorrhage (12.5%), and sepsis/suspected infection (9.6%).
Delivery was by spontaneous vaginal birth in 63.0% and cesarean section in 35.8%.
Neonatal outcomes showed a live-birth rate of 93.6% and stillbirth rate of 6.4%. Mean
birth weight was 3.5 + 0.56 kg; macrosomia (2 4.0 kg) occurred in 26.5% of infants, while



low birth weight was rare (1.8%). Neonatal hypoglycemia (60.6%) and NICU admission

(46.9%) were common.

Table 3. Sleep quality, glycemic control, and maternal-neonatal outcomes in women with

GDM

Variable

GDM Cohort n (%) or mean % SD or
Median (IQR)

Sleep Quality Assessments (n = 360)

Mean PSQI score, Mean + SD 10.8 +4.83
Sleep quality category

Poor sleep quality (PSQI > 5) 329 (91.4)

Good sleep quality (PSQI < 5) 31 (8.6)
Selected PSQI Components

Subjective sleep quality “Fairly bad” 50.8%

Sleep duration 5—6 hours 32.8%

Habitual sleep efficiency < 65% 37.2%

Sleep disturbance due to nocturia 83.9%
Glycemic Control & Monitoring (n = 360)

Fasting blood glucose (mmol/L), Mean+SD 13.6 £ 5.80

HbA1c, Median (IQR) 10 (5.9-10)
Frequency of blood glucose monitoring

Multiple times daily 54 (15.0)

Once daily 121 (33.6)

A few times a week 140 (38.9)

Rarely or never 45 (12.5)
Method to monitor blood sugar t

Fingerstick blood glucose meter 274 (76.1)

Continuous glucose monitoring (CGM) device 21 (5.8)

Laboratory blood tests only 155 (43.1)
Experienced hypoglycemia during pregnancy

No 282 (78.3)

Yes 78 (21.7)

Number of episodes, Mean + SD (n = 78) 2.36 £1.08
Currently on medication for blood sugar

No 24 (6.7)

Yes 336 (93.3)
Satisfaction with blood sugar management

Very dissatisfied 0 (0.0)

Somewhat dissatisfied 23 (6.4)

Neutral 129 (35.8)

Somewhat satisfied 140 (38.9)

Very satisfied 68 (18.9)

Maternal Outcomes (n = 343)

Hypertensive disorders of pregnancy

106 (30.9)




Sepsis / suspected infection 33 (9.6)
Postpartum hemorrhage 43 (12.5)
Spontaneous vaginal delivery 216 (63.0)
Cesarean section 123 (35.8)
Neonatal Outcomes (n = 343)
Live birth 321 (93.6)
Stillbirth 22 (6.4)
Mean birth weight (kg), MeantSD 3.5+0.56
Macrosomia (= 4.0 kg) 91 (26.5)
Low birth weight (< 2.5 kg) 6 (1.8)
Neonatal hypoglycemia 208 (60.6)
NICU admission 161 (46.9)

Note: t Categories are not mutually exclusive. Maternal and neonatal outcomes are
reported for n = 343 participants with available delivery data.

Association between glycemic control and other covariates with sleep quality

The multivariable linear regression analysis examined the associations between sleep
quality, glycemic status, and clinical management factors. The cohort demonstrated
highly suboptimal glycemic control, with a mean fasting blood glucose of 13.6 mmol/L and
a median HbA1c of 10%. Blood glucose monitoring quality varied, with 38.9% checking
blood sugar several times per week, 33.6% once daily, 15.0% multiple times daily, and
12.5% rarely or never. Fingerstick meters were the dominant monitoring tool (76.1%),
followed by laboratory tests (43.1%) and continuous glucose monitoring devices (5.8%).
While 93.3% of participants utilized glucose-lowering medication (98.8% via prescription),
21.7% experienced hypoglycemia, averaging 2.36 episodes during pregnancy.
Regarding treatment satisfaction, the majority reported favorable or neutral perceptions,
with 38.9% somewhat satisfied, 35.8% neutral, and 18.9% very satisfied, while only 6.4%
were somewhat dissatisfied and 0.3% were very dissatisfied. (Table 4)

Table 4. Association of glycemic control and related factors with sleep quality among
women with GDM (n = 360)

Variable SE (t-value) 95% CI (p-value)

Age category (years)

18-25 — —




26-30 0.52 (-0.48) -1.27 t0 0.77 (0.632)

31-35 0.56 (-0.04) -1.13 to 1.08 (0.966)

236 0.57 (-1.84) -2.18 to0 0.07 (0.067)
Marital status

Single — —

Married 0.60 (0.25) -1.04 to 1.34 (0.803)

Separated/Widowed 0.95 (2.12) 0.15 to 3.89 (0.035)
Highest education level

No formal education — —

Primary education 0.65 (2.10) 0.08 to 2.63 (0.037)

Secondary education 0.75 (2.68) 0.53 to 3.48 (0.008)

College and above 1.03 (3.22) 1.28 to 5.32 (0.001)
Employment status

Housewife — —

Self-employed 0.81 (0.64) -1.07 to 2.11 (0.523)

Employed 0.51 (-0.91) -1.48 to 0.54 (0.364)
Residence

Urban — —

Rural 0.49 (1.46) -0.25 to 1.67 (0.146)
Fasting blood glucose (mmol/L) 0.04 (6.72) 0.20 to 0.36 (<0.001)
Frequency of blood glucose monitoring

Rarely or never — —

Once daily 0.74 (1.81) -0.12 t0 2.79 (0.072)

A few times per week 0.62 (4.77) 1.72 to 4.14 (<0.001)

Multiple times daily 0.99 (3.99) 2.01 to 5.91 (<0.001)

Method of blood glucose monitoring




Fingerstick blood glucose meter (Yes vs No) 0.76 (-3.25) -3.96 to -0.97 (0.001)

Continuous glucose monitoring (Yes vs No) 0.84 (-2.59) -3.81 to -0.52 (0.010)

Laboratory blood test (Yes vs No) 0.62 (0.95) -0.63 to 1.82 (0.341)
Experienced hypoglycemia during pregnancy

No — —

Yes 0.46 (-0.31) -1.06 to 0.77 (0.756)
Currently on medication for blood glucose control

No — —

Yes 0.78 (1.83) -0.10 to 2.95 (0.068)
Satisfaction with blood sugar management

Somewhat dissatisfied — —

Neutral 0.82 (0.87) -0.90 to 2.33 (0.386)

Somewhat satisfied 0.80 (0.73) -0.99 t0 2.16 (0.464)

Very satisfied 0.87 (-1.24) -2.80t0 0.64 (0.217)

*Note: Bold font indicates statistical significance at the p < 0.05 level. Blank entries (—)

indicate reference categories.

Association between sleep quality and maternal outcomes

Table 5 presents the adjusted multivariate logistic regression analysis of the association
between sleep quality and hypertensive disorders of pregnancy among women with GDM.
After adjusting for sociodemographic and clinical confounders, each one-unit increase in
PSQI score was significantly associated with an 11% increase in odds of developing
hypertensive disorders (AOR = 1.11, SE = 0.05, 95% CI: 1.01-1.22, p = 0.036).
Significant predictors in the model included secondary education level (AOR =7.15, p =

0.048), rural residence (AOR = 0.29, p = 0.023), and underweight pre-pregnancy BMI

(AOR = 9.03, p = 0.012).




Table 5. Adjusted association between sleep quality and maternal hypertensive disorders

of pregnancy

Variable N AOR 95% CI p-value
PSQI score - 1.11 1.01-1.22 0.036
Age category (years)

18-25 145 1

26-30 84 1.24 0.32-4.87 0.758

31-35 62 2.77 0.63-12.13 0.175

36 and above 69 1.73 0.36 — 8.35 0.494
Marital status

Single 45 1

Married 290 0.62 0.13 - 3.01 0.552

Separated/Widow 25 - - -
Highest education level

Non-formal 40 1

Primary level 176 2.63 0.56 — 12.37 0.222

Secondary level 87 7.15 1.02 -50.23 0.048

College and above 57 9.40 0.77 - 114.36 0.079
Employment status

Housewife 226 1

Self employed 62 0.22 0.04 —1.33 0.099

Employed 72 0.74 0.22-2.52 0.632
Residence

Urban 224 1

Rural 136 0.29 0.10-0.85 0.023




Category of gravidity

Primigravida 133 1

Multigravida (2-4) 156 0.41 0.13-1.27 0.122

Grand multigravida 71 - - -
Category of parity

Nullipara 27 1

Primipara 34 1.67 0.31-9.04 0.549

Multipara 299 1.14 0.27 - 4.82 0.856
Ever experienced miscarriage

No 154 1

Yes 74 1.83 0.74 —4.57 0.193
Pre-pregnancy BMI

Normal 285 1

Underweight 12 9.03 1.61-50.57 0.012

Overweight 37 1.32 0.33-5.26 0.692

Obesity 26 - - -
History of chronic conditions

No 327 1

Yes 33 0.83 0.19-3.55 0.801
Diet-controlled

No 92 1

Yes 268 2.37 0.74 — 7.51 0.147
Oral medication

No 55 1

Yes 305 0.87 0.20-3.85 0.851




Insulin therapy

No 327 1

Yes 33 0.79 0.16 — 3.94 0.770

Abbreviations: n=frequency; SE=Standard error; Min=Minimum; Max=Maximum;

Cl=Confidence interval; p-value=Probability value; OR=0dds Ratio

Association between sleep quality and neonatal hypoglycemia

Table 6 presents the adjusted multivariable logistic regression analysis for the association
between sleep quality and neonatal hypoglycemia among women with gestational
diabetes mellitus. After adjusting for sociodemographic and clinical confounders, each
one-unit increase in PSQI score was significantly associated with a 16% increase in the
odds of neonatal hypoglycemia (AOR = 1.16, SE = 0.05, 95% CI: 1.07-1.27, p < 0.001).
Insulin therapy during pregnancy was also significantly associated with a strong protective
effect (AOR = 0.19, 95% CI: 0.05-0.74, p = 0.017). The crude OR for PSQI score was

1.13 (95% CI: 1.08-1.19, p < 0.001).

Table 6. Adjusted association between sleep quality and neonatal hypoglycemia among

women with gestational diabetes mellitus

Variable N AOR 95% CI p-value
PSQI score - 1.16 1.07 —1.27 <0.001
Age category (years)

18-25 145 1

26-30 84 0.97 0.38 —2.47 0.941

31-35 62 1.94 0.66 — 5.68 0.228




36 and above 69 0.68 0.21-2.21 0.527
Marital status

Single 45 1

Married 290 417 0.74 — 23.64 0.107

Separated/Widow 25 3.53 0.45 - 27.51 0.228
Highest education level

Non-formal 40 1

Primary level 176 0.55 0.18 -1.74 0.310

Secondary level 87 0.72 0.17-2.98 0.649

College and above 57 0.41 0.06 - 3.03 0.384
Employment status

Housewife 226 1

Self employed 62 1.24 0.26 — 5.84 0.783

Employed 72 0.58 0.23-1.43 0.236
Residence

Urban 224 1

Rural 136 2.00 0.89 —4.50 0.092
Category of gravidity

Primigravida 133 1

Multigravida (2-4) 156 0.71 0.27 - 1.82 0.473

Grand multigravida 71 - - -
Category of parity

Nullipara 27 1

Primipara 34 2.54 0.70-9.18 0.154

Multipara 299 1.96 0.68 — 5.61 0.210




Ever experienced miscarriage

No 154 1

Yes 74 1.40 0.63-3.08 0.409

Pre-pregnancy BMI

Normal 285 1

Underweight 12 3.37 0.69 — 16.55 0.135
Overweight 37 1.26 0.40 - 3.98 0.699
Obesity 26 0.53 0.13-2.19 0.382

History of chronic conditions

No 327 1

Yes 33 1.42 0.44 - 4.64 0.560

Diet-controlled

No 92 1

Yes 268 0.91 0.42-1.99 0.821

Oral medication

No 55 1

Yes 305 0.39 0.12-1.30 0.126

Insulin therapy

No 327 1

Yes 33 0.19 0.05-0.74 0.017

Abbreviations: n=frequency; SE=Standard error; Min=Minimum,; Max=Maximum;
Cl=Confidence interval; p-value=Probability value; OR=0dds Ratio
Discussion

This study demonstrates that poor sleep quality is a highly prevalent and

independently modifiable factor associated with adverse maternal and neonatal



outcomes. Each unit increase in PSQI score was independently associated with 11%
higher odds of hypertensive disorders of pregnancy, 14% higher odds of maternal
infection, and 16% higher odds of neonatal hypoglycemia. Additionally, fasting blood
glucose was significantly higher in women with poor sleep quality, suggesting that sleep
disturbance mediates dysglycemia in the GDM population.

Our findings reveal that 91.4% of women with GDM experience poor sleep quality,
which substantially exceeds population-based estimates for non-pregnant populations
[21,22]. While studies generally agree that hyperglycemia in pregnancy is associated with
worse sleep, the reported prevalence for GDM cohorts has traditionally ranged from
approximately 46% to 69% [23,24]. One study found that 69.2% of GDM patients
experienced poor sleep quality with a mean score of 7.7, while another recorded a
prevalence of 63.9% [25,26]. Furthermore, the mean PSQI of 10.8 in this study is notably
higher than the global estimate for pregnant women, which meta-analyses have reported
as approximately 6.07 to 7.54 [26,27]. This disparity may be attributed to specific factors
such as advanced maternal age, higher parity, or the use of medications like metformin,
which have been independently linked to increased sleep fragmentation and higher PSQ
scores in diabetic pregnancies [24]. Consequently, while our findings align with the
established trend that GDM exacerbates sleep disturbances through mechanisms such
as increased nocturia and sympathetic nervous system activity, the magnitude suggests
an exceptionally high level of daytime dysfunction and nocturnal awakenings in this
specific population [25].

The robust association between poor sleep quality and elevated fasting blood
glucose in our cohort aligns with established mechanistic pathways in pregnant

populations [21,22,28]. Sleep deprivation reduces insulin secretion, impairs glucose



utilization, and increases hepatic glucose production through activation of the sympathetic
nervous system and elevation of counter-regulatory hormones, including cortisol and
catecholamines [24]. In pregnhancy, these mechanisms are amplified by physiological
insulin resistance that progressively increases across trimesters, particularly in women
with GDM [29]. Our finding that frequent blood glucose monitoring was associated with
worse sleep, while fingerstick meters and continuous glucose monitoring devices were
associated with better sleep, suggests a bidirectional relationship. Previous studies
showed women with poor glycemic control require more intensive monitoring. Yet, the
cognitive burden and anxiety associated with frequent monitoring itself may further disrupt
sleep and worsen glucose control, creating a vicious cycle [28,29]. This finding has
important clinical implications, whereby implementing user-friendly glucose monitoring
technologies with minimal cognitive burden may improve sleep quality and potentially
enhance glycemic control.

Our findings showed poor sleep quality conferred 11% increased odds of
hypertensive disorders of pregnancy, consistent with emerging evidence linking sleep
dysfunction to preeclampsia in both general and high-risk pregnant populations [30]. The
mechanistic pathway involves sleep deprivation activating the renin-angiotensin-
aldosterone system (RAAS), increasing systemic vascular resistance and endothelial
dysfunction, and exacerbating insulin resistance, all of which are implicated in the
pathogenesis of preeclampsia [31,32]. Additionally, sleep fragmentation impairs vascular
endothelial function and reduces nitric oxide bioavailability, compromising vasodilatory
capacity and placental perfusion [33]. In our model, secondary education and
underweight pre-pregnancy BMI were independently associated with hypertensive

disorders, while rural residence appeared protective [34—36]. These sociodemographic



associations likely reflect complex interactions between healthcare access, awareness of
hypertension, and health-seeking behavior, warranting further investigation in future
studies.

Another finding showed that poor sleep quality raised the odds of neonatal
hypoglycemia by 16%, which is supported by previous studies [37]. The most likely
mechanistic pathway involves maternal hyperglycemia driving fetal hyperinsulinemia, as
evidenced by our documented association between maternal sleep quality and elevated
fasting glucose [38]. The fetal pancreas responds to maternal hyperglycemia by
increasing insulin secretion, and excessive fetal insulinemia suppresses neonatal
gluconeogenesis and glycogenolysis immediately post-delivery, precipitating neonatal
hypoglycemia [38,39]. Sleep deprivation may independently alter placental function,
reduce transplacental amino acid transfer, and impair fetal metabolic programming [39].
Notably, insulin therapy during pregnancy was strongly protective against neonatal
hypoglycemia, suggesting that insulin use achieves superior glycemic stability compared
to diet-controlled or oral medication approaches, thereby reducing glucose oscillations
that trigger fetal hyperinsulinemia [37].

In SSA, the relationship between socioeconomic status and sleep health among
women is complex, as evidenced by findings where widowed or separated status often
correlates with poor sleep due to social isolation and grief, as seen in other studies as
well in communicable and non-communicable diseases [40,41]. While socioeconomic
disadvantage generally predicts higher odds of insomnia across many African populations,
some research indicates a counterintuitive trend where higher education levels are linked
to restless sleep [42]. This association may be driven by increased health awareness

leading to more accurate symptom reporting, alongside the intense occupational and



household stress faced by formally employed women [42,43]. Consequently, educated
women in regions like Tanzania often navigate competing demands from work, pregnancy
management, and domestic responsibilities, which serve as a significant driver of sleep
deprivation in these contexts [42,44].

Implications

By addressing an important evidence gap in SSA, this study highlights sleep quality
as a potentially modifiable factor associated with maternal and neonatal health among
women with GDM. These findings provide a foundation for developing cost-effective and
sustainable strategies to improve pregnancy outcomes in Tanzania and other resource-
limited settings.

From a clinical perspective, routine sleep assessment may facilitate the early
identification of women at increased risk of adverse maternal and neonatal outcomes.
Incorporating sleep screening and sleep hygiene education into existing antenatal care
services may represent a feasible and scalable strategy to improve maternal metabolic
health and pregnancy outcomes, particularly in resource-constrained settings. In addition,
promoting effective self-management strategies, including appropriate glucose
monitoring, may provide further benefits for both sleep quality and glycemic control.

At the health system level, the findings support the integration of sleep health into
current GDM management guidelines and antenatal care programs. Greater awareness
among healthcare professionals regarding the role of sleep-in metabolic regulation and
pregnancy outcomes may contribute to more holistic and patient-centered care.
Policymakers should consider the inclusion of sleep assessment and behavioral sleep
interventions within routine maternal healthcare services. Future research should focus

on establishing causal relationships between sleep quality and adverse outcomes through



larger longitudinal studies and randomized controlled trials. The use of objective sleep
assessment methods and investigations into the biological mechanisms linking sleep
disturbance, glycemic dysregulation, and pregnancy complications may further
strengthen the evidence base. In addition, implementation research is needed to identify
effective and the culturally appropriate approaches for integrating sleep assessment and
intervention into routine antenatal care in low-resource settings.
Limitations

Important limitations should be considered when interpreting findings. Convenience
sampling of women attending antenatal care at referral hospitals introduces potential
selection bias. Women with severe sleep deprivation or those in rural areas with limited
healthcare access may be underrepresented. The PSQI is a self-reported measure that
is vulnerable to recall and social desirability biases; women may over- or underreport
sleep disturbance based on perceived expectations. The cross-sectional analysis of
sleep-glycemic control associations cannot establish temporality; bidirectional causal
relationships likely exist, with poor sleep worsening glucose control and hyperglycemia-
induced osmotic diuresis disrupting sleep. Critical unmeasured confounders include
maternal mental health (depression, anxiety, pregnancy-related distress), obstructive
sleep apnea, and environmental factors (housing quality, noise, temperature, food
insecurity) that may independently influence both sleep and outcomes.

The study was conducted in secondary and tertiary care settings; generalizability to
primary care settings, populations using alternative GDM diagnostic criteria, or different
seasonal periods may be limited. Finally, reverse causation cannot be entirely excluded;

women who developed acute pregnancy complications (preeclampsia, infection) may



have experienced acute sleep disruption from illness symptoms, which could be
misattributed to chronic poor sleep.
Conclusion

Poor sleep quality was highly prevalent among women with gestational diabetes
mellitus in Tanzania and was independently associated with poorer glycemic control,
hypertensive disorders of pregnancy, and neonatal hypoglycemia. These findings identify
sleep quality as a potentially modifiable factor linked to adverse maternal and neonatal
outcomes. Integrating sleep assessment and management into routine antenatal care
may help improve pregnancy outcomes in resource-limited settings. Further longitudinal
and interventional studies are needed to clarify causal relationships and evaluate the
effectiveness of sleep-focused interventions.

Declaration
Abbreviation

ANOVA | Analysis of variance

CBT-l Cognitive behavioral therapy for insomnia

IADPSG | International Association of Diabetes and Pregnancy Study Groups
GDM Gestational diabetes mellitus

LMIC Low- and middle-income countries

PSQI Pittsburgh Sleep Quality Index

SSA Sub-Saharan Africa

SD Standard deviations

Ethical Approval and consent to participate

Ethical approval was obtained from the Central South University Xiangya School of
Nursing Institutional Review Board (protocol number: 2025WJ030) and the United
Republic of Tanzania Ministry of Health (Ref No: GA.314/604/01A/10). This study
confirms that all methods were performed in accordance with Tanzania Medical Research
guideline and adhering to the Declaration of Helsinki. Written informed consent was
obtained from all participants before enrollment. Participants were assured of
confidentiality, anonymity, and data protection. Data collection procedures complied with
ethical standards of non-maleficence, autonomy, and privacy.



Consent for publication
Not available.

Availability of data and material
De-identified individual participant data will be made available, along with the statistical
analysis plan and the analytic code (STATA do-file).

Competing interests
No competing interests.

Funding
This study received no specific funding. Partial support was obtained from Xiangya
School of Nursing, Central South University.

Author contributions

FK and GJ conceptualized the idea and study design. FK, GJ, and PAS participated in
project execution, data collection, data analysis, and results interpretation. EES, SJM,
CES, and YZ participated in manuscript writing and subsequent version revision. All
authors reviewed and approved the final manuscript.

Acknowledgment
We express our gratitude to all participants in the current study.

References

1. Majeed NG, Mohammed PA, Abdullah SH, Ahmad SM, Khdir RH, Abdul Aziz JM, et
al. Prevalence of gestational diabetes and associated risk factors among pregnant
women. Ann Med Surg (Lond) [Internet]. 2025 [cited 2026 May 22];87:6340-5.
https://doi.org/10.1097/MS9.0000000000003837

2. Meza Monge K, Rivera Guevara AN, Melara Ruiz NS, Mendez J de los A, Idrovo J-P.
Maternal and Fetal Complications Associated With Gestational Diabetes Mellitus in a
Nicaraguan Tertiary Care Hospital: A Cross-Sectional Study. Cureus [Internet]. [cited
2026 May 22];17:e81901. https://doi.org/10.7759/cureus.81901

3. Liu J, Bai R, Chai Z, Cooper ME, Zimmet PZ, Zhang L. Low- and middle-income
countries demonstrate rapid growth of type 2 diabetes: an analysis based on Global
Burden of Disease 1990-2019 data. Diabetologia [Internet]. 2022 [cited 2026 Sept
21];65:1339-52. https://doi.org/10.1007/s00125-022-05713-6

4. Liu J, Bai R, Chai Z, Cooper ME, Zimmet PZ, Zhang L. Low- and middle-income
countries demonstrate rapid growth of type 2 diabetes: an analysis based on Global



Burden of Disease 1990-2019 data. Diabetologia [Internet]. 2022 [cited 2026 May
22];65:1339-52. https://doi.org/10.1007/s00125-022-05713-6

5. Bitar G, Fishel Bartal M. Intrapartum Glycemic Control and Clinical Outcomes.
Diabetes Spectr [Internet]. 2025 [cited 2026 May 22];38:400-6.
https://doi.org/10.2337/dsi25-0010

6. Mislu E, Terefe A. Poor quality of sleep and associated factors among pregnant
women attending antenatal clinic in Woldia Comprehensive Specialized Hospital,
Ethiopia, 2023. BMC Pregnancy Childbirth [Internet]. 2025 [cited 2026 May 22];25:1013.
https://doi.org/10.1186/s12884-025-08023-y

7.Yu J, Chen Z, Chen Y, Wang X, Luo Z, Fan J, et al. Neglected sleep quality problems
in women with gestational diabetes mellitus: a multi-center cross-sectional study. BMC
Pregnancy Childbirth [Internet]. 2024 [cited 2026 May 22];24:794.
https://doi.org/10.1186/s12884-024-06940-y

8. Twedt RM, Buysse DJ, Franzen PL, Hamm ME, Facco FL. Sleep intervention and
glycemic control in gestational diabetes mellitus: a feasibility study. Am J Obstet
Gynecol MFM. 2023;5:100836. https://doi.org/10.1016/j.ajogmf.2022.100836

9. Pinheiro MC, Costa HE, Mariana M, Cairrao E. Sleep Deprivation and Its Impact on
Insulin Resistance. Endocrines [Internet]. Multidisciplinary Digital Publishing Institute;
2025 [cited 2026 May 22];6. https://doi.org/10.3390/endocrines6040049

10. Brinkman JE, Reddy V, Sharma S. Physiology of Sleep. StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2026 [cited 2026 May 22].
http://www.ncbi.nlm.nih.gov/books/NBK482512/. Accessed 22 May 2026

11. Gao H, Miao C, Liu W, Sun Y, Li H, Wu Z, et al. Association of sleep duration and
sleep quality with gestational diabetes mellitus in pregnant women after treatment with
assisted reproductive technology: A birth cohort study. Journal of Sleep Research
[Internet]. 2024 [cited 2026 May 22];33:14191. https://doi.org/10.1111/jsr.14191

12. Zhu H, Liu X, Wei M, Gao R, Liu X, Li X, et al. Association Between Sleep Quality
and Duration During Pregnancy and Risk of Infant Being Small for Gestational Age:
Prospective Birth Cohort Study. Healthcare (Basel). Basel, Switzerland; 2024;12:2400.
https://doi.org/10.3390/healthcare12232400

13. Zhu B, Shi C, Park CG, Reutrakul S. Sleep quality and gestational diabetes in
pregnant women: a systematic review and meta-analysis. Sleep Medicine [Internet].
2020 [cited 2026 May 22];67:47-55. https://doi.org/10.1016/j.sleep.2019.11.1246

14. Fentahun S, Tinsae T, Rtbey G, Andualem F, Kelebie M, Kibralew G, et al. Quality
of Sleep and Its Determinants Among People with Diabetes Mellitus in Sub-Saharan
Africa: A Systematic Review and Meta-Analysis. Behav Sleep Med. 2024;22:803-19.
https://doi.org/10.1080/15402002.2024.2367469



15. Axwesso WJ, Sakwari G, Nyarubeli IP, Moen BE, Pallesen S, Mamuya SH.
Relationship Between Workplace Noise Exposure and Sleep in Tanzania. Noise Health
[Internet]. 2025 [cited 2026 May 22];27:934—-44.
https://doi.org/10.4103/nah.nah_107_25

16. Mukona DM, Kusemwa P, Zvinavashe M, Dodzo L, Makoni P. Knowledge of
gestational diabetes mellitus and self care practices in pregnancy. EC Diabetes and
Metabolic Research. 2019;3:26-34.

17. Grunnet LG, Hjort L, Minja DT, Msemo OA, Mgller SL, Prasad RB, et al. High
Prevalence of Gestational Diabetes Mellitus in Rural Tanzania—Diagnosis Mainly
Based on Fasting Blood Glucose from Oral Glucose Tolerance Test. Int J Environ Res
Public Health [Internet]. 2020 [cited 2026 May 22];17:3109.
https://doi.org/10.3390/ijerph17093109

18. Mwanri AW. Gestational diabetes mellitus in Tanzania : public health perspectives.
2015 [cited 2026 May 22]; https://doi.org/10.18174/334077

19. Carpenter JS, Andrykowski MA. Psychometric evaluation of the Pittsburgh Sleep
Quality Index. J Psychosom Res. 1998;45:5-13. https://doi.org/10.1016/s0022-
3999(97)00298-5

20. StataCorp LLC. Statistical software for data science | Stata [Internet]. 1996 |[cited
2026 Apr 29]. https://www.stata.com/. Accessed 29 Apr 2026

21. Zhou X, Hong X, Huang K, Ding X, Yu H, Zhao J, et al. Poor sleep quality in early
pregnancy increases the risk of developing gestational diabetes mellitus: a propensity
score matching analysis. Sleep Breath [Internet]. 2022 [cited 2026 May 23];1-9.
https://doi.org/10.1007/s11325-022-02748-2

22. Peivandi S, Habibi A, Hosseini SH, Khademloo M, Raisian M, Pournorouz H.
Evaluation of sleep quality and duration in pregnancy and risk of gestational diabetes
mellitus: A prospective follow-up study. Biomedicine (Taipei) [Internet]. 2021 [cited 2026
May 23];11:24-9. https://doi.org/10.37796/2211-8039.1139

23. Wu Q, Meng Z, Liu Q, Zhang L, Mao B, Wang C, et al. Sleep quality in women with
diabetes in pregnancy: a single-center retrospective study. BMC Pregnancy Childbirth.
2023;23:597. https://doi.org/10.1186/s12884-023-05905-x

24. Facanha C, Bruin V de, Bruin P de, Fagcanha A, Rocha HC, Araujo M, et al.
Hyperglycemia in pregnancy: sleep alterations, comorbidities and pharmacotherapy.
Rev Assoc Med Bras (1992). 1992; 2021;67:45-51. https://doi.org/10.1590/1806-
9282.67.01.20200216

25. Reutrakul S, Zaidi N, Wroblewski K, Kay HH, Ismail M, Ehrmann DA, et al. Sleep
Disturbances and Their Relationship to Glucose Tolerance in Pregnancy. Diabetes Care
[Internet]. 2011 [cited 2026 May 23];34:2454—7. https://doi.org/10.2337/dc11-0780



26. Smyka M, Kosinska-Kaczynska K, Sochacki-Wéjcicka N, Zgliczyrnska M, Wielgos M.
Sleep quality according to the Pittsburgh Sleep Quality Index in over 7000 pregnant
women in Poland. Sleep Biol Rhythms [Internet]. 2021 [cited 2026 May 23];19:353-60.
https://doi.org/10.1007/s41105-021-00324-x

27.Yang Y, LiW, Ma T-J, Zhang L, Hall BJ, Ungvari GS, et al. Prevalence of Poor
Sleep Quality in Perinatal and Postnatal Women: A Comprehensive Meta-Analysis of
Observational Studies. Front Psychiatry [Internet]. Frontiers; 2020 [cited 2026 May
23];11. https://doi.org/10.3389/fpsyt.2020.00161

28. Chen H, He Y, Zeng X, Chen Q, Zhou N, Yang H, et al. Sleep Quality is an
Independent Predictor of Blood Glucose and Gestational Diabetes Mellitus: A
Longitudinal Study of 4550 Chinese Women. NSS [Internet]. Dove Press; 2022 [cited
2026 May 23];14:609-20. https://doi.org/10.2147/NSS.S353742

29.Yang Y, Li W, Ma T-J, Zhang L, Hall BJ, Ungvari GS, et al. Prevalence of Poor
Sleep Quality in Perinatal and Postnatal Women: A Comprehensive Meta-Analysis of
Observational Studies. Front Psychiatry [Internet]. Frontiers; 2020 [cited 2026 May
23];11. https://doi.org/10.3389/fpsyt.2020.00161

30. Zhao H, Wen P, Xiong Y, Xu Q, Zi Y, Zheng X, et al. Association of sleep traits with
risk of hypertensive disorders of pregnancy: a mendelian randomization study. Journal
of Hypertension [Internet]. 2024 [cited 2026 May 23];42:1606.
https://doi.org/10.1097/HJH.0000000000003771

31. Georgiou N, Fasoulakis Z, Theodora M, Pappas VA, Papamanolis V, Kalagasidou
S, et al. Association of Pregestational Maternal Sleeping Disorders and Preeclampsia: A
Retrospective Cohort Study and Review of the Literature. Cureus [Internet]. [cited 2026
May 23];11:e4338. https://doi.org/10.7759/cureus.4338

32. Bais B, Zarchev MG, Luik Al, van Rossem L, Steegers-Theunissen RPM. Maternal
Sleep Problems in the Periconceptional Period and the Impact on Health of Mother and
Offspring: A Systematic Review. Clocks Sleep. 2022;4:688—713.
https://doi.org/10.3390/clockssleep4040052

33. Atkeson A, Yeh SY, Malhotra A, Jelic S. Endothelial Function in Obstructive Sleep
Apnea. Prog Cardiovasc Dis [Internet]. 2009 [cited 2026 May 23];51:351-62.
https://doi.org/10.1016/j.pcad.2008.08.002

34. Xiong Y, Chen J, Wu Y, Zhao P, Liao M, Guo J, et al. The effect of maternal pre-
pregnancy body mass index on hypertensive disorders of pregnancy (HDP): a
systematic review and dose-response meta-analysis of cohort studies involving 50
million pregnancies. EClinicalMedicine. 2025;86:103395.
https://doi.org/10.1016/j.eclinm.2025.103395

35. Kahsay HB, Gashe FE, Ayele WM. Risk factors for hypertensive disorders of
pregnancy among mothers in Tigray region, Ethiopia: matched case-control study. BMC
Pregnancy Childbirth. 2018;18:482. https://doi.org/10.1186/s12884-018-2106-5



36. Alur A, Phipps JE, Simmons LA. Socioecological factors influencing the risk of
developing hypertensive disorders of pregnancy in India: a rapid review. BMC
Pregnancy Childbirth. 2024;24:669. https://doi.org/10.1186/s12884-024-06879-0

37. Andrews C, Maya J, Schulte CCM, Hsu S, Thaweethai T, James KE, et al. Risk of
Neonatal Hypoglycemia in Infants of Mothers With Gestational Glucose Intolerance.
Diabetes Care [Internet]. 2024 [cited 2026 May 23];47:1194-201.
https://doi.org/10.2337/dc23-2239

38. Metzger BE, Persson B, Lowe LP, Dyer AR, Cruickshank JK, Deerochanawong C,
et al. Hyperglycemia and adverse pregnancy outcome study: neonatal glycemia.
Pediatrics. 2010;126:1545-1552. https://doi.org/10.1542/peds.2009-2257

39. Schwartz R, Teramo KA. Effects of diabetic pregnancy on the fetus and newborn.
Seminars in Perinatology [Internet]. 2000 [cited 2026 May 23];24:120-35.
https://doi.org/10.1053/sp.2000.6363

40. Pengpid S, Peltzer K. Prevalence and social and health correlates of insomnia
symptoms among middle- and older-age persons in rural South Africa. J Psychol Afr
[Internet]. 2018 [cited 2026 May 23];28:472-8.
https://doi.org/10.1080/14330237.2018.1539897

41. Gomez-Olivé FX, Rohr JK, Roden LC, Rae DE, von Schantz M. Associations
between sleep parameters, non-communicable diseases, HIV status and medications in
older, rural South Africans. Sci Rep. 2018;8:17321. https://doi.org/10.1038/s41598-018-
35584-0

42. Sosso FAE, Matos E, Papadopoulos D. Social disparities in sleep health of African
populations: A systematic review and meta-analysis of observational studies. Sleep
Health. 2023;9:828—45. https://doi.org/10.1016/j.sleh.2023.08.021

43. EI-Sheikh M, Keiley M, Bagley EJ, Chen E. Socioeconomic Adversity and Women'’s
Sleep: Stress and Chaos as Mediators. Behav Sleep Med. 2015;13:506-23.
https://doi.org/10.1080/15402002.2014.940110

44. Alhasan DM, LaPorte F, Gaston SA, Harmon QE, Vines Al, McGrath JA, et al.
Multiple psychosocial stressors and coping strategies in relation to sleep health. Sleep.
2026;49:zsaf190. https://doi.org/10.1093/sleep/zsaf190



	Note: Ϯ Categories are not mutually exclusive.
	Sleep quality, glycemic control, and maternal-neonatal outcomes in women with GDM
	Table 3 presents sleep quality assessments, glycemic control and monitoring practices, and maternal–neonatal outcomes among women with GDM. Sleep quality was generally poor: the mean PSQI score was 10.8 ± 4.83, and 91.4% of participants had poor sleep...
	Table 3. Sleep quality, glycemic control, and maternal–neonatal outcomes in women with GDM
	Note: Ϯ Categories are not mutually exclusive. Maternal and neonatal outcomes are reported for n = 343 participants with available delivery data.
	Table 4. Association of glycemic control and related factors with sleep quality among women with GDM (n = 360)

