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Background: Gestational diabetes mellitus (GDM) and preeclampsia (PE) are two of the most prevalent high-risk pregnancy
problems, with significant consequences for maternal health, emotional well-being, and quality of life (QoL).

Aim: This study aimed to compare the medication adherence, depression, and QoL among women with GDM and PE.

Patients and Methods: This was a cross-sectional study conducted in 1306 women with GDM and PE. A total of 7 hospitals were
included across Punjab, Pakistan, conducted between November 2024 to June 2025. Data were collected using the Medication
Adherence Report Scale (MARS-5), Patient Health Questionnaire-9 (PHQ-9) and WHOQOL-BREF. Statistical analyses, including
frequency, Mann—Whitney U-tests and Kruskal-Wallis test to compare the median across different factors. Exploratory data analysis
(EDA) was used to assess the relation between medication adherence, depression, and QoL for different conditions. Linear regression
models were employed to assess the medication adherence, depression, and QoL, among women with GDM and PE.

Results: The preeclamptic women showed higher medication adherence than those with GDM (Median=14, Q1-Q3=12-16, p=0.012).
Depression scores were significant in physical health domain of QoL in preeclamptic patient (p=0.001). QoL scores (p<0.05) were
higher in physical, psychological, social, and environmental domains, particularly among women with GDM than those with PE.
Overall education level, parity, and social support were significant (p<0.05) predictor of adherence and QoL across both conditions.
Conclusion: Preeclamptic women were more likely to take their medication as prescribed than GDM women. However, our study
highlights the depression as a predictor of physical health in preeclamptic patients with WHOQOL scores while women with GDM
reported a better overall QoL than PE.
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Introduction

Gestational diabetes mellitus (GDM) and preeclampsia (PE) are significant common complications in pregnancy with
similar risk factors, such as obesity, advanced age, and recurrent pregnancy.' In the 21% century, the global burden of
high-risk pregnancies such as GDM and PE has shown a concerning rise, largely driven by increased maternal age,
sedentary lifestyles, obesity, pre-existing chronic diseases, and socio-environmental stressors.”> GDM is defined as
glucose intolerance that is identified for the first-time during pregnancy, while PE is clinically characterized by the
development of hypertension after 20 weeks of gestation, along with the presence of proteinuria or signs of end-organ
dysfunction.*> These conditions (GDM and PE) are linked to a heightened risk of negative outcomes,®’ including
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preterm birth, low birth weight, fetal growth restriction, cesarean delivery, and neonatal death.®*’ There has been
a worrying uptick in the incidence of GDM and PE in lower-middle-income countries, where challenges with health
literacy and access to prenatal care are widespread.'®!!

With this background, attention must be given to medication adherence, a critical component of effective healthcare
especially in the treatment of these conditions. Non-compliance with antihypertensive or hypoglycemic regimens might
aggravate the progression of illness and compromise maternal and newborn safety.'>'? Consequently, a high level of
adherence to medication results in reduced health risks and improved therapeutic outcomes.'*

In addition to adherence-related challenges, maternal depression following the prenatal phase is associated with several
detrimental effects for children, including impaired cognitive and physical growth, behavioral issues, and an elevated risk of
subsequent common mental illnesses in offspring.'>'® Depression during the gestational period and postpartum phase is
prevalent, which leads to significant decline in quality of life (QoL), social functioning, and both parental and maternal
capabilities.''® To address the burden of depression, healthcare systems must prioritize routine mental health screenings as
part of prenatal and postpartum care.'**° GDM can negatively affect maternal, child development, maternal and fetal health,
particularly QoL, while PE can cause headache, right upper quadrant pain, vision abnormalities, and fatigue, which can
negatively impact emotional and mental well-being.*'** These medical conditions not only impair clinical results but also
influence QoL and lead to psychological discomfort during pregnancy, underscoring the need to better understand the factors
contributing to these challenges.>*** Despite evidence on the clinical burden of GDM and PE, there is limited comparative
research investigating how these conditions affect medication adherence, depression and QoL in pregnant women. This study
aimed to compare medication adherence, depression and QoL among women diagnosed with GDM and those with PE.

Materials and Methods
Study Design and Setting

This was a cross-sectional study conducted between November 2024 to June 2025 in tertiary care hospitals. The data was
recruited from a total of 7 hospitals, comprising 2 governments (Allied Hospital, Faisalabad, THQ Hospital, Burewala)
and 5 private maternal health facilities (National Hospital, Faisal Hospital, Naila Medical Center, Faisalabad; Al Nafees
Medical College and Hospital, Islamabad and City Hospital, Multan) across Punjab, Pakistan. Informed consent was
obtained in writing from all participants prior to data collection. The confidentiality was strictly maintained throughout
the study period. Ethical approval (ref. no. GCUF/ERC/492-A) was obtained from the Ethics Review Board of
Government College University, Faisalabad.

Participants and Sampling

This study included all pregnant women who visited the hospital during the specified period. Out of 1306 women enrolled,
71 were eliminated for providing incomplete data, and 24 were ineligible due to study inclusion and exclusion criteria.
Moreover, the statistical power associated with this sample size exceeded 90%. The final 1211 patients were comprised of
644 with GDM and 567 with PE, attending maternity clinics in the selected healthcare facilities in Punjab, Pakistan. The
participants were divided into two groups on the basis of demographics: GDM or PE, based on standard clinical criteria.
Only pregnant women with gestational age >20 weeks, aged >18 years and those with a confirmed diagnosis of GDM and
PE were included in the study. Women with multiple pregnancy (eg, twins), comorbid life-threatening conditions,
diagnosed with type 1 or type 2 diabetes mellitus and chronic hypertension before pregnancy, were excluded from the study.

Clinical Rating Scales

Data collection was carried out using three standardized and pre-validated tools: the Medication Adherence Report Scale
(MARS-5), the Patient Health Questionnaire-9 (PHQ-9), and the World Health Organization Quality of Life-BREF
(WHOQOL-BREF) for this population. The MARS-5 was utilized to assess medication compliance,” and the PHQ-9
was used to investigate the depression in GDM and preeclamptic patients with a cut-off score >10.2° WHOQOL-BREF
was used to assess QoL in all four domains: physical, psychological, environmental, and social relationships with a cut-
off score <60.%’
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Statistical Analysis

Statistical analyses including frequencies and percentages were used for characteristics of the respondents. Mann—
Whitney U-tests and Kruskal-Wallis test were used to compare the median difference in score of medication adherence,
depression, and QoL for different factors. Exploratory data analysis (EDA) including the rank correlation plot, density
and scatter plot with fitted LOESS model was used to assess the relation between medication adherence, depression, and
QoL in different conditions. Linear regression models were employed to assess the medication adherence, depression and
QoL among women whereas age and education were considered as controlled variable in all the regression models.
p-value <0.05 were considered statistically significant. All the results were evaluated using R language.

Results

Participants Demographics

The demographics of the pregnant women diagnosed with GDM and PE are described in Table 1. According to the condition,
644 were diagnosed with GDM and 567 with PE. The majority of the participants were between 24 and 35 years of age, with
the 31-34 years group representing the largest proportion (48.5%), followed closely by the 24-29 years group (29.8%).

Table | Sociodemographic Characteristics of the Study

Variable Categories N (%) or Mean (SD)
Condition Gestational Diabetes 644 (53.2%)
Preeclampsia 567 (46.8%)
Age 18-23 41 (3.4%)
24-29 361 (29.8%)
30-34 587 (48.5%)
35-40 215 (17.8%)
More than 40 7 (0.6%)
BMI (kglmz) Gestational Diabetes 30.1 (3.4)
Preeclampsia 28.6 (4.9)
Education Not at all 276 (22.8%)
Primary School 331 (22.8%)
Secondary School 479 (39.6%)
Tertiary School 125 (10.3%)
Trimester I'st Trimester 8 (0.7%)
2nd trimester 530 (43.8%)
3rd Trimester 673 (55.6%)
Number of Children | 387 (32%)
2 555 (45.8%)
3 or More 269 (22.2%)
Mode of Delivery suggested C-Section 877 (72.4%)
No Confirmed Yet 67 (5.5%)
Normal delivery 267 (22%)
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Regarding mean body mass index (BMI), participants with GDM was 30.1 + 3.4 kg/m?, while those with PE had a mean BMI
of 28.6 £ 4.9 kg/m?. In terms of educational attainment, a notable proportion of the participants, 479 (39.6%), had completed
secondary education. When it comes to gestational age, more than half of the participants, 673 (55.6%), were in their third
trimester when the data were collected, and a proportion of 530 (43.8%) were in their second trimester. Regarding parity, most
of the participants had 2 children, accounting for 45.8% of the total sample. Based on clinical assessment, 877 (72.4%) of
participants were advised to have a caesarean section, mostly due to maternal or fetal signs of GDM and PE.

Medication Adherence, Depression, and QoL in Pregnant Women with GDM and PE
Figure 1 shows the correlation between medication adherence, depression, and QoL among pregnant women with GDM
and PE. An unexpected correlation was observed in the pattern of medication adherence, which showed a negative
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Figure | Exploratory Data Analysis (EDA) of medication adherence, depression, and QoL for the condition of GDM and preeclampsia (upper diagonal: condition-wise rank
correlation with significance, diagonal: condition-wise density estimation, lower diagonal: condition-wise scatter plots).
Note: * means (p<0.05), ** means (p<0.0/), *** means (p<0.001).
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correlation with overall WHOQOL (r =—0.413***) while the strongest negative correlation was observed in GDM (r =
—0.425***). This suggested that women who followed their treatment plans more closely felt that their daily well-being
was being burdened more. A weak positive correlation existed between depression and physical health (r =0.102***),
a domain of WHOQOL, statistically significant, but a weak positive correlation was observed in PE (r =0.117*%*). This
proposed that a heightened awareness of physical symptoms among women experiencing depressive symptoms, leading
them to report lower functioning in other domains while rating physical health more critically. The relationship between
different factors (depression, medication adherence, general health, physical health, psychological health, social relations,
and environment) with WHOQOL (Figure 2).

Figure 3 shows the association between domains of WHOQOL (environmental, physical, psychological, and social
connections) and different variables, including age, education, trimester, condition, medication adherence, and depres-
sion. This study used age 18-23, education level “not at all educated”, first trimester pregnancy, one child, and GDM as
reference data. These categories were the forest plot baseline.

Significant correlations were identified between WHOQOL-BREF domains and several variables in the forest plot
analysis. Medication adherence was notably significant across many domains, with the most pronounced negative
relationship observed in the environmental domain —0.47 (—0.56 to —0.37, p<0.001). This shows that women who
closely followed their treatment regimens had more environmental constraints, such as limited access to healthcare,
financial pressure, transportation issues, and lack of social support. The women with tertiary level education showed the
most substantial positive correlation in the same domain 4.60 (3.60 to 5.60, p<0.001), indicating that higher-educated
women experienced better healthcare, financial resources, and supportive living conditions. Similarly, the clinical
condition of PE demonstrated a considerable effect, exhibiting a strong negative correlation —0.73 (—1.22 to —0.25,
p=0.003). This shows that women with PE reported significantly lower satisfaction with their environmental conditions
(Figure 3A).

Depression (PHQ score) showed a strong association with the physical health domain 0.05 (0.02 to 0.09, p=0.001),
indicating that higher depression scores were significantly linked to poorer physical health QoL in preeclamptic women
(Figure 3B). All domains exhibited significance regarding age, with the most pronounced negative correlation in the
psychological domain for women over 40 years old —4.21 (—6.17 to —2.26, p<0.001), which means that advancing age is
associated with increased psychological health problems during pregnancy (Figure 3C). The women having more than
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Figure 2 Relationship between different health factors with WHOQOL. The blue line is fitted LOESS model and gray shaded area is the 95% Confidence interval.
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Figure 3 Forest plot using linear regression model of WHOQoL domains (A) Environmental, (B) Physical, (C) Psychological, (D) Social Relationships, (E) Overall
WHOQOL.

three children exhibited a substantial negative correlation with the social relationship domain —0.77 (—1.13 to —0.41,
p<0.001), indicating that women with higher parity reported lower social relationship as compared to women with fewer
or no children (Figure 3D). The combined effect of all the variables influencing WHOQOL is shown in Figure 3E. This
data visualization showed which factors substantially affect patient QOL. These differing patterns observed highlight the
complex but important interplay of variables in women diagnosed with GDM and PE. The cofounder control age was
significant in each model which can be a potentially confounder need to be controlled for the improvement of internal
validity and bias whereas the education was not significant in most of the model.

Descriptive Comparison of Medication Adherence, Depression, and QoL Across

Conditions and Trimesters

The substantial disparities in medication adherence, health dimensions, and QoL across medical conditions and
pregnancy trimesters are shown in Table 2. Women with PE had substantially higher medication adherence (median
MARS: 13 vs 14; p = 0.012) than those with GDM. Women with GDM had considerably better outcomes than those with
PE in all WHOQOL areas (p < 0.001). GDM patients reported better overall WHOQOL (median: 88 vs 82; p < 0.001).
From the first to the third trimester, there was a gradual reduction in overall health, psychological well-being, social
connections, environmental satisfaction, and overall WHOQOL (p < 0.001).

Discussion
Maternal health during pregnancy is an important predictor of both short- and long-term outcomes for mothers and
newborns. In this cross-sectional study, we investigated the relationship among medication adherence, depression and
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Table 2 Descriptive Analysis of Medication Adherence, Depression, and Quality of Life Across Conditions and Trimesters;

Median (Q1-Q3)

Variable Condition Trimester
GDM Preeclampsia | P value* 1 2m 3rd P value®*

MARS 13 (12-16) 14 (12-16) 0012 13(115-162) | 13 (12-16) | 14 (12-16) |  0.539
Depression 9 (7-12) 9 (7-13) 0.854 8.5 (7.8-10) 9(7-13) | 9(7-13) 0.597
General Health 8 (6-8) 7 (6-8) < 0.001 8 (8-8) 8 (6-8) 7 (6-8) < 0.001
Physical Health 23 (21-25) | 22(20-24) | <0.001 | 23.5(21.8-242) | 23 (21-25) | 22 20-24) | < 0.001
Psychological Health | 18 (17-21) 18 (16-19) | <0001 | 20(17.5-212) | 18 (17-20) | 18 (16-20) | < 0.001
Social Relation 12 (11-12) 12 (10-12) < 0,001 12 (12-128) | 12 (11-12) | 12 (10-12) | < 0.001
Environment 26.5 (23-30) | 24 (21-27) <0001 | 27 (258-32) | 26 (23-29) | 25 (21-28) | < 0.00!
WHoOQOL 88 (79-95) | 82 (75-89) <0001 | 92.5(84.2-99) | 88 (79-94) | 83 (75-91) | < 0.00!

Note: *Mann—Whitney U, **Kruskal-Wallis Tests.

QoL between women diagnosed with GDM and PE, two of the most common and high-risk conditions affecting pregnant
women worldwide and in Pakistan.

Medication adherence during pregnancy has demonstrated a negative but significant association with different
HRQoL categories, especially those evaluated by the WHOQOL-BREF, including physical health, psychological well-
being, and social interactions in women diagnosed with GDM. This indicates that increased treatment adherence lead to
reduced self-reported QoL. Strict regimens may increase treatment burden, lifestyle limitations, monitoring needs, or
psychosocial stress. These findings are generally consistent with the study conducted by Saleem, Fahad et al reported that
medication adherence in hypertensive patients was found to negatively correlate with HRQoL (EQ-5D).**

Our findings explored the pattern of medication adherence between women diagnosed with GDM and PE during
pregnancy. The results showed that better medication adherence was seen in pregnant women with PE as compared to
GDM. This is supported by the findings of a multi-site implementation study that observed pregnant women with PE
were more likely to adhere to severe hypertension protocols in prenatal care, which included the use of antihypertensives
and aspirin, than patients with other hypertensive diseases.?’

Depression, an important predictor of physical health in pregnant women diagnosed with PE, showed a significant
positive relation with the physical health domain of QoL. The results of our study indicate the positive correlation
between depression and physical health and illustrate how emotional discomfort influences women’s perception of their
physical well-being. This outcome is supported by the findings of Kelly et al, who observed that antenatal anxiety and
depression may enhance the impression of physical symptoms throughout pregnancy.*”

Our findings showed that women with GDM showed higher QoL on various dimensions of the WHOQOL-BREF
instrument, notably the physical health, psychological health, social relations, and environment domains. The study
linked to increased health awareness, more frequent clinical monitoring, and enhanced family support during the high-
risk pregnancy period. Contrary to these positive trends, several reports highlight that woman with GDM still demon-
strate significantly lower QoL, driven by persistent psychological and lifestyle burdens.®!

Our results indicated a notable disparity in QoL across several trimesters, with the peak QoL recorded in the first
trimester, followed by a progressive fall in the second and third trimesters. These results are in line with previous study
that also reported a lower HRQoL, physical health, and role-physical ratings were seen in the third trimester compared to
the first and second trimesters, demonstrating that gestational age is a major predictor of declining QoL.>* Our findings
revealed that an increasing number of children was associated with a decline in maternal QoL, particularly in the physical
and environmental domains. Our results coincide with a qualitative phenomenological study in North Jordan which

reported that pregnant women with four or more children (“high parity”) experienced poorer QoL during gestation
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compared to lower-parity peers.>® The findings of our study showed that higher maternal education was significantly
associated with better QoL, particularly in the physical and psychological domains of WHOQOL-BREF, supported by
a cross-sectional study of pregnant women with GDM found a significant positive association between the educational
level of the woman (and her spouse) and their GDM-specific quality of life (GDMQoL). Higher educational attainment
predicted improved psychological and general health perception, leading to better QoL scores.>

The study has several limitations. The cross-sectional approach limits the capacity to demonstrate causal links
between medication adherence, depression, and QoL. Furthermore, the study was performed in particular urban
healthcare facilities in Punjab, which may limit the implications of the results to rural populations or other provinces.
The use of self-reported measures to assess QoL and adherence may introduce recall or social desirability bias.
Furthermore, the study did not evaluate long-term maternal or neonatal outcomes, which offer a more complete picture
of the impact of these diseases. Despite these limitations, the study provides a strong foundation for future longitudinal
and interventional studies on maternal health in lower-middle income countries.

Conclusion

When compared to women with GDM, preeclamptic women were more likely to take their medication as prescribed.
The low adherence scores with WHOQOL categories in GDM patients were attributed to the presence of greater
behavioral challenges during pregnancy. However, the significance of depression as a predictor of physical health
was observed in preeclamptic patients with WHOQOL scores. Women with GDM frequently reported better overall
QoL. Furthermore, demographic variables such as age, education level, parity, and trimester at diagnosis were
discovered to impact QoL and adherence patterns, highlighting the varied nature of maternal health throughout
pregnancy. These findings underscore the critical role of integrating psychological screening and adherence-focused
interventions into standard antenatal care. Such strategies facilitate early detection of psychological distress,
enhance treatment compliance and collectively contribute to improve maternal health outcomes and QoL in high-
risk pregnancies.

Abbreviations
GDM, Gestational diabetes mellitus; GDMQoL, GDM-specific quality of life; MARS, Medication Adherence Rating
Scale; PHQ-9, Patient Health Questionnaire-9; QoL, Quality of life.
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