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Abstract 

Background: Persistent inequities in prenatal care that worsen during global pandemics continue 

to contribute to adverse perinatal outcomes. Pregnant women are at increased risk of infections 

which require antibiotic treatment, yet safe and appropriate use remains a challenge. In this 

thesis, I investigated adverse perinatal outcomes, prenatal care utilization, and antibiotic 

utilization during pregnancy and assessed the influence of the COVID-19 measures on these 

outcomes. 

Methods: Three population-based studies were conducted using Manitoba’s administrative 

health databases, including all women giving birth. The first study examined the immediate and 

lagged effect of COVID-19 measures and the influence of different durations of exposure on seven 

perinatal outcomes using interrupted time series analysis. The second investigated trends and 

determinants of prenatal care frequency and adequacy, using multivariable logistic and 

multinomial regression models. The third study examined the annual trends in antibiotic 

utilization during pregnancy using generalized linear models. 

Results: Pregnancies fully exposed to the pandemic experienced higher rates of preterm birth by 

16.2% in year 1 (β100%year1=0.14,p=0.01) and 11.3% in year 2 (β100%year2=0.11,p<0.01), and cesarean 

deliveries by 25.4% (p=0.01). No significant changes in neonatal intensive care unit (NICU), 

stillbirth, and low birthweight were observed during the pandemic. Prenatal care frequency and 

adequacy were stable; however, there was a relative increase in <5 visits by 

38.2%(β100%year1=0.29,p=0.02), and inadequate care by 2.3% (β100%year1=0.2,p<0.01) during the 

first year of the pandemic. Rural residence (adjusted relative risk (aRR)=1.42, 95% confidence 

interval (CI):1.40-1.45), low income (aRR=1.41, 95% CI: 1.39- 1.43), and multiparity 
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(aRR=2.46,95%CI:2.42-2.50) were associated with higher risk of inadequate care. Among 474,054 

pregnancies, 33.1% filled at least 1 antibiotic prescription during pregnancy, with a slight annual 

increase of 0.19% (95% CI 0.02–0.35); however, there was a temporary immediate decline by 

4.6% (βimmediate_change=−0.17,p<0.01). While β-lactam penicillins remained the most prescribed 

class, their use gradually decreased over time. 

Conclusions: The COVID-19 measures were associated with disruptions in perinatal outcomes and 

care. Significant inequities persist, with rural residence, low income, and multiparity being 

barriers to adequate care. Antibiotic utilization during pregnancy remained stable, with 

approximately one-third of pregnancies receiving at least one prescription. Overall, these findings 

highlight the need to strengthen prenatal care systems and address inequities.  
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Chapter 1: Background and Objectives 

Maternal health refers to the overall well-being of women during pregnancy, childbirth, 

and the postnatal period, a period marked by major physiological, psychological, and 

immunological changes(1). Each year, about 140 million births take place globally, yet in 2020, 

an estimated 287,000 women died during pregnancy or childbirth, largely from preventable 

causes such as infection and excessive blood loss(1). Limited access to timely, high-quality 

prenatal care remains a key factor for adverse perinatal outcomes, revealing persistent 

inequalities within and across countries. Key determinants of late initiation or inadequate 

prenatal care include younger maternal age, lower education and income, rural residence, higher 

parity, and minority or immigrant status(2). While progress has been made over the past two 

decades, it remains critical to expand efforts that address social and structural inequities 

influencing maternal and neonatal health outcomes. The World Health Organization (WHO) has 

identified maternal and newborn health as a global priority, highlighting the need to improve 

access to high-quality perinatal services and prevent maternal and neonatal complications. 

Investing in maternal and newborn health is crucial because it invests in stronger families and 

healthier societies(1). 

Pregnant women face a higher risk of severe infections due to their unique physiologic 

and immunological characteristics(3). According to the WHO, approximately 11.9 million cases of 

maternal infections were reported in 2017, of which 5.7 million women experienced sepsis during 

or after pregnancy or during childbirth(4). Common infections during pregnancy are urinary tract 

infections (UTIs) (28%), respiratory tract infections (RTIs) (9%), sexually transmitted infections, 

and group B streptococcus (GBS) infections(5,6). If untreated, these infections can lead to severe 
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maternal and neonatal morbidity and mortality(7). These complications can be prevented 

through the rational use of antibiotics and improved adherence to the antimicrobial stewardship 

framework. The optimal use of antibiotics, particularly macrolides, is challenging because it 

requires balancing maternal benefits with maximal fetal safety(3,8). 

Due to ethical and safety concerns, pregnant women have historically been excluded from 

randomized drug trials. As a result, there are significant evidence gaps in pregnancy-specific 

dosing, pharmacokinetics/pharmacodynamics, and risk–benefit assessment needed to balance 

maternal benefit against potential fetal risk. Recent guidance by the U.S. FDA recommends 

ethically including pregnant women when suitable and developing pregnancy-specific evidence 

to guide care(9). Medication use is common in pregnancy, and treatment decisions should 

balance maternal benefit with fetal safety. A Canadian study showed that approximately one-

third of pregnancies have at least one prescription throughout pregnancy, and antibiotics were 

the most frequently prescribed class(10). 

The COVID-19 pandemic has affected perinatal health directly through infection with the 

novel coronavirus and indirectly by the implemented public health measures(11,12). Studies 

indicated that maternal infection with SARS-CoV-2 has been consistently associated with higher 

risks of preterm birth, neonatal intensive care unit admission, maternal morbidity, and 

mortality(13,14). The implementation of these measures has disrupted how individuals seek and 

receive medical care. Evidence indicates that changes in health care delivery, such as limiting in-

person visits and increasing barriers to timely assessments, disproportionately impacted the 

health of pregnant women and their infants(11,12). 
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Understanding the broader context of maternal health provides the foundation for 

examining key aspects that directly influence maternal and neonatal outcomes. The following 

sections focus on four domains: (1) perinatal outcomes, (2) prenatal care utilization, (3) drug 

utilization during pregnancy, with a focus on antibiotic use, and (4) the implemented COVID-19 

pandemic measures and their impact on perinatal care, perinatal outcomes, and antibiotic 

utilization. 

 

1.1. Perinatal Outcomes 

 Perinatal outcomes, including preterm birth, low birth weight, small for gestational 

age, stillbirth, NICU admissions, and breastfeeding initiation, are considered key indicators of 

maternal and infant health(15). These outcomes are strongly associated with short-term infant 

survival, long-term child development, maternal well-being, and healthcare costs.  

1.1.1. Preterm Birth 

Definition 

Preterm births (PTB), defined by the WHO as delivery before 37 weeks of gestation, generally 

constitute around 10% of all live births(16).  

Epidemiology 

In Canada, recent reports estimate PTB rates at approximately 8% (17,18), which is comparable 

to WHO estimates for high-income countries(16). In contrast, rates in low- and middle-income 

countries are higher, ranging from 10.3% to 11%(16). 
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Health Impact 

Despite representing around 10% of births, more than 80% of neonatal deaths occur among 

those born prematurely(19–21). The risk of infant mortality increases with decreasing gestational 

age; where infants born at 28 weeks have a 45-fold higher risk of death, while those born at 32 

weeks of gestation had a 7-fold higher risk compared with infants born at 36 weeks(22). Beyond 

mortality, PTB is associated with short-term neonatal and infant morbidities and long-term 

complications among the survived infants. These include respiratory problems, intraventricular 

hemorrhage, infection, developmental delays, impairment, and disability, all occurring at higher 

rates compared to term infants(23–25). PTB also heavily burdens health systems, especially 

neonatal intensive care units.  

1.1.2. Low Birth Weight 

Definition 

Low birth weight (LBW) refers to newborn infants with a birth weight of less than 2500 grams at 

delivery and is a critical indicator of general neonatal health(26).  

Epidemiology 

According to the WHO, it is estimated that 15-20% of all births worldwide, equivalent to more 

than 20 million births annually, are affected by LBW(26). The majority of LBW occur in low- and 

middle-income countries, which could be attributed to the fact that maternal health, nutrition, 

and access to prenatal care remain significant challenges(26). Over the last decade, Canada has 

reported LBW rates of approximately 6.5% among all live births, which is slightly lower than the 

8.2% reported in the United States(27). 
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Health Impact 

LBW presents a major public health challenge as its associated with increased fetal and neonatal 

mortality and morbidity, inhibited growth, impaired neurodevelopment, and elevated risks of 

chronic diseases later in adulthood(28). Infants born with LBW face a markedly higher risk of 

adverse outcomes, including a 20-fold greater risk of neonatal death compared to infants born 

at higher birth weights(28). 

1.1.3. Small for Gestational Age 

Definition 

Small for gestational age (SGA) is widely used in both clinical and public health practice as a 

measure of fetal growth(29,30). SGA is defined as any live birth with a birth weight below the 

10th percentile for gestational age and sex. This classification was first introduced by the WHO 

1995 expert committee and is based on comparing infants’ birthweight for gestational age 

measure to sex-specific reference population(31). 

Epidemiology 

While SGA rates increased from 7.2% in 2000 to 8.0% in 2016(32), the rates in low- and middle-

income were relatively high, ranging between 8.6% and 27%(33). 

Health Impact 

SGA could be associated with neurodevelopmental disorders, a higher risk of obesity, and a 

higher risk of chronic diseases such as type 2 diabetes and cardiovascular diseases in 

adulthood(34,35). 
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1.1.4. Stillbirth 

Definition 

Stillbirth, one of the leading causes of perinatal death worldwide, is defined as fetal death at ≥20 

weeks of gestation(36).  

Epidemiology 

The WHO estimates that approximately two million stillbirths occur globally each year, with 

approximately 40% occurring during childbirth(37). The stillbirth rate in Canada is reported to be 

around 8.9 per 1,000 births(38). Although this rate is consistent with rates observed in other high-

income countries, direct comparison is limited by inconsistent definitions of stillbirth.  

Health Impact 

While Stillbirth rates are influenced by many factors, such as maternal age, comorbidities, and 

access to timely prenatal care(36), its impact extends beyond the loss of life. Stillbirth has 

profound psychological, emotional, and social impacts on families and places a significant 

emotional burden on healthcare providers and health systems(39). 

1.1.5. Cesarean Delivery 

Definiton 

Cesarean delivery is the surgical procedure to deliver the baby by incisions in the abdomen and 

uterus when vaginal delivery is contraindicated or poses a significant risk to the mother or fetus. 

Although cesarean delivery can be lifesaving when medically indicated, the steady rise in its use 

has raised concerns about the potential overuse(40–42).  
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Epidemiology 

In Canada, cesarean deliveries are the most common surgical procedure, with rates exceeding 

recommended levels(40–42). According to the Public Health Agency of Canada, the cesarean 

delivery rate increased to 33.9% in 2022(43,44). The rate depends on multiple factors, including 

health status, sociodemographic characteristics, clinical and health system-level factors(45). 

Health Impact 

The rise in cesarean delivery rates reflects complex interactions between clinical practice 

patterns, patient preferences, and healthcare system factors. While cesarean delivery can be 

lifesaving when medically indicated, non-medically indicated cesarean deliveries contribute to 

maternal morbidity through increased infection risk, hemorrhage, venous thromboembolism, 

and complications in subsequent pregnancies, including placenta accreta spectrum disorders. 

Understanding trends in cesarean delivery rates, therefore, serves as a proxy for healthcare 

system medicalization(46). 

1.1.6. Neonatal Intensive Care Unit Admission 

Definition 

Neonatal intensive care units (NICU) are specialized facilities designed to provide critical care for 

newborns born preterm (before 37 weeks of gestation) or with serious medical complications 

(47). 

Epidemiology 
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The rates of infants admitted to NICUs in Canada were stable between 2015 and 2019 at around 

12%(48). In the United States, the percentage of infants admitted to a NICU increased among all 

gestational age and birthweight categories from 8.7% in 2016 to 9.8% in 2023(47). 

Health Impact 

Evidence consistently shows that high-risk infants have improved survival when managed in 

NICUs, compared to non-specialized care settings(47). However, NICU has been linked to longer-

term implications, including increased risk of neurodevelopmental conditions, parental 

psychological distress, and significant burdens on families and health-care systems(49,50).  

1.1.7. Breastfeeding Initiation 

Definition 

Breastfeeding initiation refers to the practice of beginning breastfeeding or providing breast milk 

to the infant shortly after birth(51). Early breastfeeding, defined as breastfeeding within one hour 

after birth, supports the infants and mothers, including reduced infection risk and improved 

maternal recovery(52).  

Epidemiology  

 In Canada, more than 9 in 10 women (91%) initiate breastfeeding or provide breast milk to their 

infant shortly after birth, but this varies by region and socioeconomic status. Breastfeeding 

initiation is influenced by several factors such as maternal education, age, comorbidities, mode 

of delivery and access to breastfeeding education and support(53). Breastfeeding initiation rates 

are lower in the United States (84%) and the United Kingdom (81%) than Canada, while Australia 

reports higher rates at around 96%(52) . 
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Health Impact 

The benefits of breastfeeding during the first six months of infant life are well established in terms 

of infants’ mortality and morbidity. For mothers, breastfeeding is also associated with reduced 

risk of obesity, diabetes, and breast and ovarian cancer(54). Delayed or lower rates of 

breastfeeding initiation may lead to higher risks of infant morbidity and may reflect underlying 

inequities in maternal education, support, or access to lactation services(54). 

 

1.2. Prenatal Care Utilization 

1.2.1. Importance of Prenatal Care for Maternal and Neonatal Health 

 Prenatal care refers to the health care provided to a woman during pregnancy to 

promote healthy pregnancy and delivery(55). Prenatal care is a cornerstone of mother and infant 

health as it offers opportunities for early detection and management of pregnancy-related 

complications, timely interventions, and continuity of care throughout gestation. Prenatal care is 

multidisciplinary and requires coordination among a wide range of healthcare professionals, 

including physicians, midwives, nurses, dietitians, social workers, mental health providers, and 

community-based workers. Therefore, effective communication and thorough documentation 

are essential when multiple providers are involved, which adds complexity to prenatal care 

delivery(55). Ideally, pregnant women should be informed of their choices since access to 

different types of prenatal care depends on the geographic location, community size, and 

available resources. The Maternity Experiences Survey (MES) indicate that in Canada, most 

women (58%) receive care from obstetricians, followed by family physicians (34%) and midwives 
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(6%)(56). However, evidence suggests that women at low obstetrical risk can be managed by 

primary care providers such as family physicians or midwives, thereby reserving the specialist 

services for high-risk pregnancies. Studies show that maternal and infant outcomes are similar 

across these models of care providers(57,58). 

 The WHO issued recommendations to improve the quality of prenatal care to reduce 

stillbirths and pregnancy complications in 2016(59). These guidelines serve to promote a healthy 

pregnancy for both mother and infant and ensure a smooth transition to labour and delivery. 

Despite these recommendations, pregnancy-related deaths and illnesses are still high worldwide, 

with an estimated 303,000 women dying from pregnancy-related causes in 2015. Additionally, 

2.7 million newborns died within the first 28 days of birth, and 2.6 million infants were stillborn. 

These high rates are partly attributed to inadequate prenatal care access, as evidence shows that 

only 64% of pregnant women worldwide receive at least four prenatal care visits throughout their 

pregnancy(59). Over the past two decades, the WHO has aimed to increase access and utilization 

of high-quality perinatal care to prevent many deaths and complications. Currently, only 64% of 

women worldwide receive at least four prenatal care visits during pregnancy(59). Studies have 

shown that adequate prenatal care was associated with reduced adverse maternal and neonatal 

outcomes and preventable hospitalization(60–62). 

1.2.2. Frequency of Prenatal Care 

 Regular prenatal care can help manage risk factors associated with pregnancy 

complications by enabling timely diagnosis and management of maternal health conditions such 

as gestational diabetes and hypertension, as well as screening and support for mental health 

issues(63–66). Prenatal care should be tailored to the mother and infant's physical and 
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psychosocial needs and to each country's healthcare system. Recommended prenatal care 

should be initiated early, during the first trimester, and continue regularly to offer opportunities 

for timely assessment and intervention throughout pregnancy(67). Early initiation is 

recommended because the first trimester, which is a critical period of fetal organ development, 

allows for screening of congenital anomalies, prevention of neural tube defects and early 

detection of maternal conditions. Delayed initiation of care may miss this optimal window for 

prevention, increase the risk of undiagnosed complications, and lead to adverse maternal and 

neonatal outcomes(67). 

 The Society of Obstetricians and Gynecologists of Canada (SOGC) recommend visits 

every 4–6 weeks in early pregnancy, every 2–3 weeks after 30 weeks, and weekly or biweekly 

after 36 weeks of pregnancy(68). However, there is no universal or Canadian consensus on the 

ideal number of prenatal visits required to achieve optimal maternal and fetal outcomes(69). The 

frequency and timing of these visits should be tailored to the physical and psychosocial health 

needs of the pregnant woman and her newborn. In high-income countries, women typically 

receive seven to eleven prenatal care visits at regular intervals(70). The WHO defines insufficient 

prenatal care as receiving only four visits based on its 2002 Focused Antenatal Care model, which 

considered five visits adequate for low-risk pregnancies in low-resource settings(71). In 2016, the 

WHO recommended a minimum of eight visits as women receiving fewer than four visits may 

limit early detection, prevention, and management of complications(71). Furthermore, if a 

pregnant woman receives less than 50% of the recommended care visits, this is also considered 

insufficient(72). This criterion captures women who have significantly fewer visits and are least 

likely to benefit from early detection of complications, ongoing risk monitoring, or timely 
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interventions. On this basis, researchers from Canada and Finland defined insufficient care as 

fewer than five prenatal visits throughout pregnancy or initiating care late in pregnancy (≥28 

weeks of gestation)(73–75) . 

1.2.3. Adequacy of Prenatal Care and Utilization Indices  

  Prenatal care influences the pregnant woman and newborn’s health in 

multifactorial ways, and timely, regular care is associated with better maternal and infant 

health(68). Several indices have been used in past research to quantify the adequacy of prenatal 

care use among low-risk pregnancies. Different scoring systems with each index applying 

different algorithms have been developed over the last few decades.  Early measures of prenatal 

care adequacy included the Kessner Index(76) and the Graduated Prenatal Care Utilization Index 

(GINDEX)(77), while recent indices include the Kotelchuk (also known as the Adequacy of Prenatal 

Care Utilization Index (APNCUI)) and the Revised GINDEX (R-GINDEX)(78,79).  

 Kessner index 

The Kessner Index, developed in 1973 and represents one of the earliest measures of prenatal 

care adequacy(76). The index classifies prenatal care based on two components: the trimester 

when care began and the total number of visits adjusted for gestational age. Pregnancies are 

then assigned to one of three categories: adequate, intermediate, or inadequate. While the 

Kessner Index is simple and has been used for historical comparisons, it has several 

methodological limitations. The index does not adequately adjust for gestational age at delivery, 

which leads to misclassification. For instance, PTB are classified as inadequate care simply 

because there were fewer opportunities for visits. In addition, the index cannot identify 

pregnancies with excessive visits since it lacks an intensive care category(76). 
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Adequacy of Prenatal Care Utilization Index (APNCUI)/ Kotelchuk Index  

The APNCUI, commonly called the Kotelchuk Index after its developer Milton Kotelchuck, was 

introduced in 1994 to address the limitations of the Kessner Index (78,80).This index uses two 

main domains for low-risk pregnancies: the time when prenatal care began and the ratio of 

observed visits to expected visits. The ratio is calculated by dividing the observed visits by the 

expected number (based on ACOG recommended schedule) and adjusted for both gestational 

age at delivery and when the care was initiated. The APNCUI classifies pregnancies into four 

categories: Inadequate (less than 50% of expected visits), Intermediate (50-79% of expected), 

Adequate (80-109% of expected), and Adequate Plus or intensive (110% or more of expected 

visits).  The APNCUI includes an extra category of intensive care that the Kessner Index does not. 

In addition, the observed/expected ratio eliminates the bias against PTB, and using ACOG 

guidelines provides a nationally recognized clinical standard(78,80). Despite these strengths, the 

APNCUI has limitations as the adequate-plus category combines medically necessary intensive 

care for high-risk pregnancies with potential over utilization in low-risk cases, making 

interpretation challenging without clinical context. The index treats all prenatal visits equally, 

regardless of who provided the care or the kind of care provided during the visit, thus does not 

focus on content or quality of care.  

Revised Graduated Prenatal Care Utilization Index (R-GINDEX)  

Alexander and Kotelchuck developed the R-GINDEX in 1996, which is a revised version of the 

GINDEX and based on recommended schedules from the ACOG guidelines for prenatal visits(78–

80). The index is based on: gestational age of the newborn, the trimester that prenatal care 

began, and the total number of prenatal care visits during pregnancy. Each pregnancy is classified 
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into one of six categories: no care, inadequate, intermediate, adequate, intensive, or missing 

care.(78,80)  Within each category, the index has subcategories based on the trimester prenatal 

care is initiated. For example, a pregnant woman (around 40 weeks of gestation) would have 

received adequate care if she started prenatal care in the first trimester with 13–16 visits. 

However, pregnant women who initiated care in the second trimester or later and had fewer 

than eight visits would be classified as inadequate. The intensive care category captures high-risk 

pregnancies, with a significantly higher-than-expected number of visits(78,80). Prenatal care is 

classified as missing if there is Insufficient data to classify adequacy due to missing information 

on the number of visits, gestational age, or timing of care initiation. A key strength of R-GINDEX 

is that it adjusts the expected number of visits for gestational age. So, preterm deliveries are not 

penalized for having fewer visits, late care initiators are evaluated based on what they could 

reasonably have attended, and pregnancies extending beyond 41 weeks have a higher expected 

number of visits. R-GINDEX uses six mutually exclusive categories, which are more granular than 

other indices. However, this index has not undergone rigorous validation, and it does not clearly 

define what constitutes adequate care for women with high-risk pregnancies. 

 
Comparability and Choice of Index 

 Although these indices are widely used, they are not interchangeable, and their 

comparability in assessing the adequacy of care for low-risk pregnancies remains unexamined. 

The classification of prenatal care adequacy depends on the index applied, which may introduce 

misclassification and affect the observed associations between prenatal care utilization and 

perinatal outcomes(78,79). Moreover, these indices only measure the quantity and timing of 

visits, disregarding the quality or content of the care provided(78,79). A recent systematic review 
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of various indices reported that the commonly used indices have only moderate to limited 

evidence supporting their validity(78). Therefore, there is insufficient evidence to determine the 

best index, as the choice can vary depending on which measurement properties are most 

important to the users. The choice of index is guided by the local clinical practice and specific 

research or policy question being addressed(78).  

 A study examined the association between adequate prenatal care and neighborhood 

risk and demonstrated how index choice significantly influenced the results(79). When adequacy 

was measured using the APNCUI, 80.9% of pregnant women received adequate care compared 

to 55.6% using the R-GINDEX(79). These discrepancies may be attributed to differences between 

the two measurement methods. The APNCUI emphasizes starting early care within the first four 

months of pregnancy and at least 11 visits during pregnancy to be considered adequate. In 

contrast, R-GINDEX uses a gestational-age–specific framework and counts only visits with a 

health professional, excluding other types such as non-physician services and supportive visits. 

This more restricted definition probably explains its more conservative classification of 

adequacy(79). 

 While the indices described above quantify the frequency and timing of care, they do 

not capture the effectiveness of care delivered during those visits. Evidence suggests that the 

“what” of prenatal care, including screening comprehensiveness, patient-centered 

communication, cultural competency, provider continuity, and integration of social services, may 

be as important as the “when” and “how many” of visits(2,81,82). This limitation becomes 

relevant when interpreting trends during the COVID-19 pandemic. During this time, virtual care 
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partially replaced in-person visits, which changed both the content and experience of prenatal 

care without necessarily changing visit counts(83). 

1.2.4. Rates of inadequate care  

 In developed countries the prevalence of inadequate prenatal care is substantially 

lower than in developing countries, with an average range of 17%(84,85). Data from ten 

European countries showed that approximately 11% of women received inadequate prenatal 

care, with 11% both initiated care late and attended fewer than three visits(86). In the United 

States, Kotelchuck found that 6.7% of women attended fewer than 50% of the recommended 

prenatal visits(84). Notably, comparison inadequacy rates across studies should be interpreted 

with caution, as definitions of adequate care and the thresholds for recommended visits vary 

considerably. These methodological differences limit the validity of direct comparisons between 

countries and regions.  

 In Canada, the Maternity Experiences Survey (MES) was conducted in 2006-2007 with 

the participation of over 6,400 women across the country(56).  According to the MES, 94.9% of 

women initiated prenatal care in the first trimester, while 31.7% (95% CI: 30.4–32.9) had between 

five and ten visits. Around 1.1% (95% CI: 0.8–1.3) reported receiving inadequate care, defined as 

having four or fewer prenatal care visits(56). 

Inadequate care in Manitoba 

 Several studies have examined the adequacy of prenatal care within the province 

across different population subgroups. Heaman et al. (2005–2009) reported that 11.5% of 

women received either no care or inadequate prenatal care, while 33.3% adequate and 4.1% 
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intensive prenatal care(80). Another Manitoba-based study focused on women whose first child 

was placed in out-of-home care and assessed the adequacy of prenatal care using the R-GINDEX. 

Findings showed that these mothers had more than four times higher odds of receiving 

inadequate care than mothers whose first child was not placed in care (OR 4.29, 95% CI: 3.68–

5.01)(87). Moreover, a study by Heaman et al. reported that 15.7% of Aboriginal women received 

inadequate care compared to 3.6% of non-Aboriginal women(88). 

1.2.5. Disparities in Prenatal Care Utilization 

 Prenatal care affects maternal and neonatal health through complex and multifaceted 

factors(68). Women from socioeconomically disadvantaged backgrounds, racialized 

communities, and those residing in rural or remote areas face persistent barriers to adequate 

care. These barriers may be psychosocial, attitudinal, economic or structural factors which are 

more pronounced among low-income groups(2). Importantly, these determinants do not operate 

in isolation but intersect to create compounded disadvantages. For example, a young, low-

income, multiparous woman living in a rural area faces compounded barriers to care. 

Understanding maternal health inequities, globally and in Canada, requires examining how 

multiple marginalized identities intersect with structural barriers to shape prenatal care access 

and outcomes.  

Global Inequities in Prenatal Care 

Studies have identified several factors associated with differences in prenatal care utilization such 

as young maternal age, multiparity, low educational attainment, low socio-economic status, lack 

of health insurance, maternal ethnicity and marital status. Using the Demographic and Health 
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Surveys data from 32 low-income countries across Asia, Sub-Saharan Africa, and Latin America, 

Gulliani et al. found that several sociodemographic factors strongly influenced both the likelihood 

of attending prenatal care and the total number of visits. Predictors include maternal age, 

educational attainment, desirability of pregnancy, household income, area of residence, and 

regional poverty levels(89). A case-control study conducted across ten European countries 

involving 1,283 women with inadequate prenatal care found that lack of health insurance 

(OR=30.1, 95% CI 20.1-47.1) and stable income (OR=3.6, 95% CI 3.0–4.3) are significant risk 

factors for inadequate prenatal care(86). Women with inadequate care were also more likely to 

face issues related to health services organization (OR=1.8, 95% CI 1.4–2.3), cultural barriers 

(OR=2.9, 95% CI 2.1–3.9), and lack of childcare (OR=1.8, 95% CI 1.1–2.9) compared to 

controls(86). A recent study by Habtemariam et al. examined the association between 

neighborhood-level disadvantage and inadequate prenatal care in Rhode Island using a 

neighborhood risk index that captures multiple dimensions of socioeconomic and environmental 

vulnerability(90). The study found that individuals living in high-risk neighborhoods were 

significantly less likely to receive adequate care, as measured by both the APNCU Index 

(aOR=0.91, 95% CI 0.87–0.95) and the R-GINDEX (aOR=0.88, 95% CI 0.85–0.91), compared with 

those living in low-risk neighborhoods(90). 

 A systematic review of eight studies investigated factors affecting prenatal healthcare 

utilization in high-income countries(91). Several individual-level characteristics were consistently 

associated with lower use of prenatal services, such as being a young mother (under 20 years), 

unmarried, or having less than nine years of education. Ethnicity was found to be a significant 

determinant, with racialized women more likely to experience delayed initiation of care. 
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Additionally, uninsured women and those with Medicaid or private prepaid insurance were more 

likely to initiate care late and experience inadequate care compared to women with private fee-

for-service insurance(91). Findings regarding medical or obstetric risk factors were inconsistent: 

one study(92) indicated that primiparous women with at least one risk factor were 13.4% more 

likely to start prenatal care late than the low-risk group (aOR 1.134, 95% CI 1.011, 1.272). In 

contrast, Perloff and Jaffee(93) found no significant association between late initiation and 

medical risk factors. Multiparous women, defined as those with three or more previous live 

births, were more likely to initiate care after the third month of pregnancy and experienced 

higher rates of inadequate care(91). The review also identified geographic disparities, with 

women living in remote areas or neighbourhoods with limited access to primary care physicians 

being more likely to start prenatal care late and consequently receive inadequate care(91). 

Although all studies included in the review examined the determinants of prenatal healthcare 

utilization, there was substantial methodological heterogeneity. Across the studies, 12 different 

definitions were used to describe both the determinants and the measurement of prenatal care 

utilization, making direct comparison and synthesis of findings challenging(91). 

Inequities in Canada and Manitoba 

Canada Context 

Although Canada provides universal access to health care, challenges in the consistent use and 

retention of prenatal care exist. The specific barriers contributing to these gaps are not fully 

understood, and universal uptake of prenatal services has yet to be achieved(94). In a large 

community-based randomized controlled trial of prenatal care in Alberta, researchers examined 

the characteristics of 1561 pregnant women who were not retained in prenatal care(94). The 
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study involved three intervention groups: the current standard of care, and two additional groups 

receiving either support from nursing staff or home visits(94). Researchers noted that women of 

non-Caucasian ethnicity, young maternal age, low education, single marital status, and low levels 

of social support were associated with dropping out of any intervention and receiving inadequate 

care(94). 

 The Maternity Experiences Survey, a nationwide cross-sectional study, examined peri- 

and post-natal experiences of mothers across Canadian provinces and territories(56). This study 

found that women from Prairie (OR = 1.62; 95% CI: 1.27–2.08) or Central Provinces (OR = 1.36; 

95% CI: 1.08–1.70) were more likely to receive inadequate care compared with mothers from the 

Atlantic Provinces. The authors attributed these differences to variations in healthcare system 

resources and population characteristics within each province(56).  

 Additionally, a study by Jarvis et al. conducted at two family practice centres in 

Montreal, Quebec, revealed that over 60% of uninsured women, who were more likely to be 

immigrants, received inadequate prenatal care compared to insured pregnant women(95). In 

Ontario, women in the inadequate care group were more likely to be unemployed, uninsured or 

receiving social assistance compared to the control group(96). Ng et al. conducted a population-

based study of over 1.1 million pregnancies in Ontario between 2002 and 2011 and found 

disparities in prenatal care utilization among women living with HIV(97). Compared with women 

without HIV, those living with HIV were significantly less likely to receive adequate prenatal care 

(aOR 0.74, 95% CI 0.62–0.88) or to initiate care in the first trimester (aOR 0.51, 95% CI 0.43–0.60). 

Within the HIV-positive population, recent immigrants (≤5 years) from Africa and the Caribbean 
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had even lower adequacy of care (aOR 0.51, 95% CI 0.32–0.81) compared with Canadian-born 

women(97). 

Manitoba Context 

Similar patterns of persistent inequities were observed within Manitoba across different 

geography and socioeconomic conditions. A population-based study examining disparities in 

prenatal care utilization among women in Manitoba found substantial geographic variation in 

rates of inadequate care, ranging from 1.1% to 21.5%. The highest rates were observed in 

northern and remote regions, socioeconomically deprived areas, and within rural regions (98).  

 In addition to geographic differences, it was found that both individual and 

neighbourhood-level characteristics significantly influenced inadequate prenatal care in 

Manitoba. After adjusting for individual factors, single-parent families, Indigenous populations, 

immigrants, and smokers exhibited two to three times higher rates of inadequate care than those 

in more advantaged communities(98). Evidence shows that women in Manitoba who received 

inadequate prenatal care, defined based on both the timing of the first visit and total number of 

visits, were more likely to live in poverty, face high levels of life stress, and be Aboriginal(88). 

 A recent study examined the individual-level factors associated with inadequate 

prenatal care among 64,166 Manitoban women(69). Pregnant women with medical conditions 

such as hypertensive disorders (aOR 0.76, 95% CI 0.66–0.85), diabetes (aOR 0.47, 95% CI 0.41–

0.53), and prenatal psychological distress (aOR 0.80, 95% CI 0.79–0.85) were less likely to receive 

inadequate prenatal care. In contrast, women receiving income assistance (aOR 2.15, 95% CI 

2.00–2.30), multiparous women (aOR 2.29, 95% CI 2.09–2.50), or with a short inter-pregnancy 
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interval of less than 180 days (aOR 3.11, 95% CI 2.79–3.48) were more likely to receive 

inadequate care utilization(80).  

 

1.3. Medication Use in Pregnancy 

 Medication use in pregnancy is common, yet for many drugs the evidence on fetal 

safety is limited. Despite the need for improved understanding of drug use in pregnancy, clinical 

trials involving pregnant women are rare(99,100). Since the thalidomide disaster more than sixty 

years ago, precaution and fear have influenced clinical research and prescribing practices in 

pregnancy. Thalidomide was widely used in the late 1950s and early 1960s for the treatment of 

nausea in pregnant women, causing severe birth defects in thousands of children and leading to 

major regulatory reforms and strict requirements for fetal-safety testing to prevent a similar 

catastrophe(99,100). Thus, prescribing medications for pregnant women requires a careful 

balance between the risks of untreated conditions and the potential complications of medication 

use(101). While some medications are generally considered safe, others, like tetracyclines and 

phenytoin, should be avoided due to their associated risks(102,103). Traditionally, the FDA used 

a five-category system to assess the risk of medication use during pregnancy, but this method 

was often misleading and did not accurately reflect the severity of the risk(104). To address these 

issues, the FDA introduced the Pregnancy and Lactation Labelling Rule in 2015, which provides a 

more detailed and structured approach to guide medication use during pregnancy(103). The 

labelling in Canada follows Health Canada’s product monograph framework with narrative, 

evidence‑based pregnancy and lactation statements that are evaluated and updated on a 

case‑by‑case basis instead of applying a uniform letter category system(105). 
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 In Canada, nearly two-thirds of pregnant women (61%) are prescribed medications 

during pregnancy, and among these, with most (89%) prescribed during the first trimester, the 

critical period of organogenesis(10). This pattern is consistent with the literature and is likely 

influenced by the high proportion of unplanned pregnancies which increases the likelihood of 

inadvertent drug exposure(10). The most prescribed medication classes, in Canada, included 

antibiotics (26%), antiemetics (14%), asthma therapies (8%), high-dose folic acid (7%), and 

antidepressants (4%) (10). Similarly, in the province of Manitoba, the proportion of pregnancies 

with at least one prescribed medication increased slightly from 62.3% in 2001 to 68.8% in 2013 

(p<0.01)(106).  

1.3.1. Antibiotic Use During Pregnancy 

Risk of Infections during pregnancy 

Common infections during pregnancy are urinary tract infections (UTIs), respiratory tract 

infections (RTIs), sexually transmitted infections, and group B streptococcus (GBS) infections(5). 

Untreated infections during pregnancy have been associated with adverse perinatal outcomes 

such as spontaneous abortion, LBW and PTB(107). Antibiotics are commonly prescribed to treat 

these infections, with about one in four pregnant women receiving at least one antibiotic, which 

accounts for nearly 80% of all prescription medications used during pregnancy(107). Penicillins, 

other beta-lactams, and macrolides are commonly prescribed during pregnancy(107).  

 

Potential Risks Associated with Prenatal Antibiotic Exposure 

Antibiotic use in pregnancy is frequent and clinically important during pregnancy; however, it has 

been associated with both short- and long-term effects on the infant’s health. Conflicting 



41 
 

evidence is growing on the potential link between prenatal antibiotic exposure and congenital 

malformations(108,109), neurological development such as cerebral palsy and epilepsy(108), 

childhood obesity(110,111), and asthma(112,113). Thus, the optimal use of antibiotics is 

challenging as it requires balancing maternal benefits with maximal fetal safety. 

Antimicrobial Stewardship during Pregnancy 

Antimicrobial stewardship during pregnancy presents additional challenges in risk–benefit 

assessment. Infections require timely treatment to prevent progression to maternal sepsis and 

adverse fetal outcomes. At the same time, it is essential to minimize fetal exposure to potentially 

teratogenic or developmentally disruptive medications. The microbiome hypothesis adds further 

complexity as evidence suggests that prenatal antibiotic exposure may alter infant’s gut 

colonization, potentially affecting immune development, metabolic programming, and long-term 

risks of allergic or autoimmune conditions. These considerations highlight the importance of 

evidence-based prescribing that optimizes maternal treatment while minimizing unnecessary 

fetal exposure(114,115). 

 

 Global Trends in Antibiotic Utilization 

A large population-based Danish study by Broe et al. analyzed nearly one million pregnancies 

over a ten-year period and reported a steady increase in antibiotic use during pregnancy(116). 

More than 38% of all deliveries filled one or more prescriptions for antibiotics during pregnancy, 

with considerable variation across maternal sociodemographic characteristics. The use of 

systemic antibiotics showed a similar upward trend, increasing from 28.4% of deliveries in 2000 

to 37% in 2010(116). Servadio et al. conducted a population-based study including 449,012 
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women who gave birth between 2016 and 2018 across eight Italian regions. Researchers found 

that the overall prevalence of antibiotic use was 33.9% (95% CI 33.8–34.0) before pregnancy, 

31.8% during pregnancy, and 29.3% (95% CI 29.2–29.4) after pregnancy(117). A U.S. study 

showed that antibiotics were among the most frequently prescribed medications during 

pregnancy(118). Among women with private insurance, amoxicillin (13.5%) and azithromycin 

(12.4%) were the most common medications prescribed, while nitrofurantoin (22.2%) was most 

often dispensed to those with public insurance(118). A large French population-based study 

reported a decreasing trend in antibiotic use during pregnancy, dropping from 38.0% in 2010 to 

32.1% in 2019(119). In a meta-analysis of 116 studies, the pooled prevalence of antibiotic use 

during pregnancy was 23.6% (95% CI: 20.1%−27.5%)(120). The prevalence varied by region, with 

the highest at 34.4% (95% CI: 13.4–64.1) in the Western Pacific and the lowest at 8.2% (95% CI: 

3.4–18.3) in South-East Asia(120).  These findings indicate that healthcare management varied 

across regions and does not align with national recommendations. Penicillins were the most 

frequently prescribed antibiotic throughout pregnancy, with use peaking in the second trimester 

at 7.9% (95% CI 7.8–8.0). Macrolide prescriptions also peaked during the second trimester, 

reaching 5.1% (95% CI 5.0–5.1) (117).  

Canadian Trends in Antibiotic Utilization  

Data from the Canadian Mother-Child Cohort Active Surveillance Initiative (CAMCCO) indicate 

that antibiotics were among the most prescribed medications during pregnancy, accounting for 

26% of all prenatal medications across four provinces(10). Within Manitoba, a study examined 

all prescribed medications during pregnancy and reported that amoxicillin, nitrofurantoin, and 

cefalexin were listed among the five most prescribed prenatal medications(121). Loewen et al. 
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further reported that 36.8% of mothers had at least one antibiotic prescription during pregnancy; 

16.2% occurred in the first trimester, 18.4% in the second, and 14.7% in the third trimester(113). 

β-lactam penicillins were the most frequently prescribed antibiotic class during pregnancy(113). 

 
 
 

1.3.2. Determinants of Antibiotic Use         

 Several sociodemographic and clinical factors were associated with higher prenatal 

antibiotic prescriptions. Younger women (<20 years) had higher odds of antibiotic exposure (OR 

1.35, 95% CI 1.30–1.39) than those of age 20-29 years(116). Additionally, obesity was a strong 

predictor of antibiotic use, possibly due to the higher prevalence of diabetes and related 

infections. Women with BMI 30–34 kg/m² had 1.3 times higher odds of receiving antibiotics than 

those with BMI 18-24 kg/m² (95% CI 1.27–1.33)(116). Similarly, women with higher parity (OR 

1.28, 95% CI 1.27–1.30) and those who smoked during pregnancy (OR 1.22, 95% CI 1.20–1.23) 

were more likely to receive antibiotics(116). In contrast, a Finnish study reported greater 

antibiotic use among older-aged women (>35 years) and those of higher socioeconomic 

status(122). Evidence suggests that social deprivation, area of residence, lower education levels, 

and chronic diseases(119,123). Recent meta-analysis found that the most examined and 

significant determinants of antibiotic use were maternal age, socioeconomic status, and the 

presence of chronic diseases(120). Additionally, researchers observed structural and behavioural 

disparities in antibiotic use based on region, country income level, ethnicity, and whether 

antibiotics were prescribed by healthcare providers or obtained through self-medication(120). 
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1.4. COVID-19 pandemic and public health measures 

     The WHO declared coronavirus disease 2019 (COVID-19) a pandemic in March 

2020(124,125). Public health measures are collectively the set of measures implemented in an 

individual country or city to limit the spread of the novel Severe Acute Respiratory Syndrome 

(SARS-CoV-2) virus. These measures were highly variable between and within countries over the 

course of the pandemic(126–130). The local and provincial Canadian governments-imposed 

measures, such as wearing masks and physical distancing between individuals, as policies to 

reduce the spread of the novel coronavirus(131–133). The implemented measures may have 

differentially affected vulnerable individuals’ health and access to routine health services in 

numerous pathways, including a reduction in services offered, a change to virtual visits, a limited 

health workforce, and a shortage in drug supply(134–138). In addition, the financial and 

economic repercussions of the pandemic, fear of contracting the viral infection, and gathering 

and transportation restrictions may have constrained access to healthcare and impeded the 

quality of healthcare services(137,139–142). 

1.4.1. COVID-19 pandemic public health measures implemented in Manitoba  

            On March 12, 2020, Manitoba reported the first confirmed COVID-19 case, and the 

Premier of Manitoba declared a state of emergency for 30 days on March 20, 2020(143–145). A 

Pandemic Response System called “RestartMB” was introduced in Manitoba to provide a clear 

and responsive overview of the current risk of COVID-19 and the measures implemented(146). 

Several public health measures were applied, including physical distancing, closure of several 

facilities, and changes to health-care services, such as a shift to virtual care, postponement of 

non-urgent elective surgeries, and restriction to a one-month supply for all prescribed 
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medications(138,143,145,147–150). During the first wave, the daily number of COVID-19 cases 

declined after the widespread mitigation measures, including physical distancing, gathering 

restrictions, and closure of several facilities and businesses. Whereas during the second wave, 

upon lifting some of the measures, the numbers increased exponentially, which required more 

strict strategies, such as mandated mask wearing, limiting visits to household members, and 

closure of many public commercial spaces (144). Thus, all of Manitoba was declared to be at the 

highest Pandemic Response System level (“critical”) in November 2020. The number of positive 

cases stabilized during December and continued declining until January 2021. While some 

measures were lifted during January and February 2021, strict measures were reintroduced 

during the third wave of COVID-19 (April 2021). In April–May 2021, the gamma variant was 

reported in Manitoba, and the infection rate peaked on May 12 at 42.5 per 100,000 (144). Thus, 

further measures were applied, limiting gatherings to household members only and reducing 

retail capacity to 10%. As critically ill patients in ICU surged, Manitoba sent ICU patients to 

hospitals in Ontario and Saskatchewan (144). Between June and September 2021, reported cases 

stabilized, some measures were relaxed, and Manitoba launched a three-stage reopening plan 

on June 26. As of October 1, 2021, over 70% of eligible Manitobans were fully vaccinated, but 

there has been an increase in Delta variant cases and hospitalizations(144). The province moved 

to the “restricted” level and issued new public health measures limiting many activities for 

unvaccinated, vaccine-eligible residents. The province reported its first Omicron variant on 

December 7, 2021, and cases peaked on January 7, 2022, at 202.2 infections per 100,000. Public 

measures were extended through January, and by February 15, 2022, the infection rate had fallen 

to 21.8 per 100,000, and Manitoba moved to a lower restriction level; however, proof of 
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vaccination was still required for most activities(144). Figures 1.1 and 1.2 demonstrate the daily 

reported cases and measures applied in Manitoba during the pandemic. 

 These changes were abrupt, population-wide, and disproportionately affected 

vulnerable populations. The onset of the pandemic and the implementation of public health 

measures created a unique opportunity for research, as the implemented measures beginning in 

March 2020 can be a form of a “natural experiment” in epidemiology.  

 

 

Figure 1.1 Measures applied and reported COVID-19 cases in Manitoba (MB) from March 1, 2020 
to February 28, 2021. (Red line represents the 7-day moving average of reported cases). 

Adapted from: Aboulatta, L., Kowalec, K., Delaney, J. et al. Trends of COVID-19 incidence in 
Manitoba and public health measures: March 2020 to February 2022. BMC Res Notes 15, 162 
(2022). https://doi.org/10.1186/s13104-022-06049-5  (144) 
 

https://doi.org/10.1186/s13104-022-06049-5
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Figure 1.2 Measures applied and reported COVID-19 cases in Manitoba (MB) from March 1, 2021 
to February 28, 2022. (Red line represents the 7-day moving average of reported cases). 

Adapted from: Aboulatta, L., Kowalec, K., Delaney, J. et al. Trends of COVID-19 incidence in 
Manitoba and public health measures: March 2020 to February 2022. BMC Res Notes 15, 162 
(2022). https://doi.org/10.1186/s13104-022-06049-5 (144) 

 

 

https://doi.org/10.1186/s13104-022-06049-5
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1.4.2. Impact Of the COVID-19 Pandemic Measures on Prenatal Care and Maternal and 

Neonatal Outcomes 

    In addition to changes and challenges in drug utilization, the pandemic measures led to 

enormous changes in perinatal care and neonatal health. Zonarado et al. noted that changes 

adopted due to the pandemic were associated with reduced rates of breastfeeding initiation and 

increased psychological distress among women who delivered in an Italian hospital (151). The 

reduced access to prenatal services created an obstacle for pregnant women to receive optimal 

care, thus potentially increasing the risk of adverse pregnancy outcomes(152–158). In fact, 

evidence indicates that the pandemic and the implemented measures exacerbated the existing 

social inequalities(159–162). While telehealth improved access for some women, women with 

limited internet access or lower digital literacy faced additional barriers to virtual care(163–165). 

This technological inequity could likely contribute to the increase in inadequate care during the 

pandemic. A scoping review of 95 studies reported a decline in the number of prenatal visits and 

the quality of care during the pandemic(11). Studies conducted across Canada and Ontario 

province have shown a disruption in prenatal care access during the COVID-19 pandemic, largely 

due to changes in how prenatal care was delivered and healthcare restrictions(166–168). 

          In developing countries, as Nepal, a nationwide study of nine hospitals found that 

hospital births decreased by more than 50% during the pandemic lockdown (March-May 2020), 

with a reduced quality of care(161). Ashish et al. stated a rise in the rates of PTB (aRR=1.3, 95% 

CI 1.2, 1.4), cesarean deliveries (p=0.01), neonatal mortality (p<0.01), and stillbirth (aRR=1.46, 

95% CI 1.13, 1.89) during the lockdown(161). The pandemic was also associated with a significant 

3.5% (95%CI -4.6,-2.6) reduction in breastfeeding initiation within 1 hour of birth(161). These 
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results contrast with a prospective population-based study in 6 low- and middle-income 

countries, which examined pregnancy and neonatal outcomes before (March 2019-

February2020) and during (March 2020-February 2021) the pandemic lockdown(169). The risk of 

cesarean deliveries increased (aRR=1.11, 95% CI 1.03, 1.19) during the pandemic, while there was 

a decrease in LBW (aRR=0.94, 95% CI 0.89, 0.99). However, no change in rates of stillbirth, PTB, 

and 28-day neonatal death was observed(169). Moreover, based on an observational study at 

eight government wards in Botswana with 68,448 women, Caniglia et al., reported a 7% relative 

reduction in SGA during the post-lockdown period (95% CI 2.26%, 0.12%) while a 0.47% reduction 

(95% CI -1.35%, 2.29%) during lockdown (April to May 2020) compared to pre-lockdown(170). 

PTB rates decreased significantly in the post-lockdown period, underscoring that pandemic-

related measures may have delayed effects(170). 

     In contrast, in developed countries, a quasi-experimental study by Been et al. 

examined over 1.5 million singleton births in the Netherlands(171). The first wave lockdown 

measures were associated with a decrease in PTB rates (OR=0.84, p=0.023)(171). The study also 

showed no association between the implemented measures and adverse pregnancy outcomes 

while accounting for maternal socioeconomic status as an effect modifier(171). These findings 

were consistent with a Danish study conducted, which reported a significant reduction of 86.8% 

(OR=0.09, p<0.01) in premature babies born at a gestational age of 27 weeks or less(172). Non-

significant differences were detected in other gestational age categories, such as 28-31 weeks 

(p=0.589) and 32-36 weeks (p=0.742)(172). During the first year of the pandemic in Denmark, 

PTB rates were slightly lower with RR of 0.96 (95% CI 0.93, 0.99), however, non-significant 

changes in the rates of stillbirth (RR=1.04, 95% CI 0.86, 1.26) and SGA (RR=0.90, 95% CI 0.79, 1.03) 
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were detected(173). A study that included data on stillbirths and live births in Sweden, Norway, 

and Denmark between January 2014 and December 2020 reported no decline in PTB and stillbirth 

rates(174). Similarly, evidence from UK national cohort studies showed that pandemic measures 

were not associated with significant changes in PTB, stillbirths, caesarean deliveries, and neonatal 

intensive care unit (NICU) admissions(175–177). In contrast, a study from 3 maternity hospitals 

in Melbourne, Australia, reported a significant drop in PTB during lockdown (OR=0.81, 95% CI 

0.67, 0.98)(178). Gallo et al. examined stillbirth rate in 10,044 singleton pregnancies in 

Queensland between 16 March and 1 May 2020 and found that the rate did not change from 

previous years (p=0.70)(179). A recent single-centre study in Queensland examining a longer 

duration of the pandemic (April-July 2020) found a 40% decline in rates of PTB (p=0.02) and a 

significant drop in emergency caesarean deliveries (p<0.01)(180). 

In Canada, Alshaikh et al. conducted a cohort study in Calgary between January 2015 and 

June 2020(181). During the pandemic (March to June 2020), stillbirth and PTB rates remained 

unchanged; however, a significant drop in very PTB (<32 weeks of gestation) and VLBW was 

observed(181). There was also no change in the rates of NICU admissions during the examined 

pandemic period compared to the corresponding period before the pandemic (p=0.40)(181). 

Three retrospective cohort studies, in the Canadian province of Ontario, examined the influence 

of the pandemic first wave lockdown measures on perinatal health outcomes and reported non-

significant changes in PTB and stillbirth rates(182–184). Moreover, other adverse perinatal 

outcomes, including NICU admission and 28-day neonatal death, did not change significantly 

during the pandemic(182,184). A Canadian study, using the Discharge Abstract Database 

(excluding Quebec), examined 136,445 singleton births during the pandemic and found no 
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change in PTB rates, while caesarean deliveries declined(185). Although stillbirth rates remained 

unchanged in Canada, Ontario had higher rates during March (p<0.001) and May (p=0.005) 

2020(185). Furthermore, studies conducted in Argentina(186), France(187), Turkey(188), 

Israel(189,190), US(191–195), China(196–198), India(199), Pakistan(200), Spain(201), 

Switzerland(202), and Austria(203) have shown conflicting results regarding the influence of the 

pandemic-related measures on adverse neonatal and maternal outcomes.  

In a meta-analysis of 36 studies, Yang et al. observed a significant reduction in single-

center studies (uOR=0.99, 95% CI 0.86, 0.94); however, a non-significant decline in the odds of 

PTB during the pandemic period in national studies (uOR=0.99, 95% CI 0.94, 1.03)(204). 

Furthermore, there was no difference in stillbirths in both national and single-centre studies 

between before and during the pandemic periods(204). Although an increase in mean 

birthweight was observed during the pandemic (mean difference=17, 95% CI 7, 28), there was no 

difference in the odds of LBW and VLBW compared with the pre-pandemic period(204). Six 

studies assessed neonatal mortality, and no significant difference was reported before and during 

the pandemic (uOR=1.34, 95% CI 0.71, 2.55)(204). A meta-analysis of 17 studies noted an 

association between the pandemic-related measures and stillbirths (RR=1.33, 95% CI 1.04, 1.69) 

but not PTB (RR=0.93, 95% CI 0.84, 1.03).(205) Also, no significant risks of VLBW and LBW during 

the pandemic were observed(205). 
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1.4.3. Impact of the Pandemic Measures on Antibiotic Utilization  

Antibiotic Utilization in General Population      

Challenges in healthcare access may have led to a disruption in the utilization of 

medications to treat chronic and acute diseases. Evidence shows a drop in the prescribed 

antibiotics during the pandemic period, as in Italy, the overall consumption of antibiotics 

decreased; however, there was a rise in azithromycin, possibly due to theories of its role in the 

treatment of COVID-19(206). A similar pattern was observed among children; Barbieri et al. noted 

a sudden 80% decline in the monthly prescribed antibiotics in an Italian primary care setting(207). 

Likewise, studies conducted in the US(208–210), Australia(211), Finland(212), and 

Canada(213,214) reported a drop in the antibiotic use once the pandemic started. However, in 

Australia(211), a 20% rebound increase was observed when the restrictions were lifted. The 

authors hypothesized that the observed trends are attributable to the fact that the pandemic 

measures may have potentially affected the development of microbial infections that are 

commonly treated with outpatient antibiotics(206,208,209,215,217). 

Antibiotic Utilization in Pregnant Women 

Despite the increasing evidence on the impact of pandemic measures on medication use 

in the general population, few studies have assessed the trends of medication use among 

pregnant women. Across five European countries, Ceulemans et al. conducted a survey study to 

assess medication use in breastfeeding and pregnant women during the first wave(218). Of the 

8,378 women examined, 60% were prescribed at least one medication in the three months 

before the survey, with nervous system and respiratory medications being the most 

prevalent(218). A cohort study by Esposito et al. noted an immediate decline of 0.54% in 
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antibiotic dispensing after the onset of the pandemic, followed by a significant increase in the 

subsequent months in Lombardy, Italy(219). 

 

1.5. Knowledge gaps 

          During the COVID-19 pandemic, pregnant women faced risk of infection with the 

novel coronavirus and limited access to maternal and neonatal healthcare. The effect of the 

COVID-19 pandemic measures on perinatal outcomes has shown conflicting results in Canada. 

Few studies showed no significant changes in NICU admissions, stillbirths, and preterm birth 

during the examined pandemic period compared to the pre-pandemic period(220), while other 

studies reported changes in stillbirths, preterm birth, and caesarean deliveries(221,222). These 

differences across studies highlight that pandemic’s impact on pregnant women was inconsistent 

by different regions. While several studies examined pandemic effects on perinatal outcomes, 

most treated the pandemic as a binary exposure (pre- vs. during pandemic). Studies did not 

examine dose-response relationships based on the proportion of pregnancy spent under 

pandemic measures, limiting understanding of critical exposure windows and cumulative effects 

of prolonged healthcare disruption.  

 Canadian prenatal care utilization studies cover short time periods and long-term trend 

examining whether universal insurance translates to equitable prenatal care utilization, 

particularly across socioeconomic and geographic subgroups, remain limited. In Manitoba, 

pregnant women experienced a significant increase in inadequate prenatal care between 2004 

and 2009, which was associated with underlying social inequalities(80). Given these changes and 
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the time elapsed since the last estimates, there is a need to examine the current trends and 

determinants to understand whether access and quality of health services have improved or 

further declined in recent years, and whether existing inequalities have widened or narrowed. 

Furthermore, the pandemic's impact on pre-existing inequities requires examination to 

understand whether the pandemic exacerbated or mitigated existing disparities. Yet, no studies 

in Manitoba have examined how the pandemic influenced prenatal care use, the number of visits, 

or the adequacy of care.   

 Medication use during pregnancy remains a complex and challenging issue for 

both pregnant women and clinicians. As pregnant women are more susceptible to infections, 

antibiotics are among the most used medications during pregnancy. However, the use of 

antibiotics should be weighed against the benefits to the mother and the potential risks to the 

fetus. Existing studies in Manitoba have focused primarily on the overall medication use during 

pregnancy, thus provided limited evidence on how antibiotic prescribing patterns have shifted in 

response to changes in clinical practice and rising antimicrobial resistance. Over the past two 

decades, there have been shifts in antimicrobial resistance, updates to clinical practice, and the 

introduction of national and provincial antimicrobial stewardship frameworks. While previous 

research in Manitoba has examined outpatient antibiotic prescribing in the general population, 

there is limited population-based evidence describing antibiotic prescribing patterns during 

pregnancy. A Comprehensive, long-term study of prescribing patterns, class-specific trends, and 

trimester-specific utilization is therefore needed. Such evidence is imperative to establish 

baselines for antibiotic safety research, antimicrobial stewardship initiatives and to evaluate 

whether national and provincial stewardship frameworks have influenced obstetric prescribing. 
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1.6. Thesis Framework 

 

Figure1.3. Thesis framework and projects based on the WHO Commission on Social Determinants of Health (CSDH) framework 

 

Based on the knowledge gaps identified, my thesis is organized around the WHO Commission on 

Social Determinants of Health (CSDH) framework (223). The CSDH framework is well suited to this 

thesis because it conceptualizes how structural determinants, such as health system organization, 

policy responses, and socioeconomic position, shape intermediary determinants including access 

to and quality of prenatal care, maternal comorbidities, psychological stress, and infection, which 

in turn influence perinatal outcomes and patterns of antibiotic use. Within this thesis, Manitoba’s 

universal healthcare system, provincial prenatal care models, and evolving antimicrobial 

stewardship policies are treated as key structural determinants, while prenatal care trajectories 

and maternal clinical characteristics constitute intermediary pathways through which these 

factors affect antibiotic utilization and perinatal health. The COVID‑19 pandemic, and the 

associated public health measures, are conceptualized as an exogenous structural shock that 

disrupted these pathways, providing a natural experiment to observe whether and how existing 
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inequities in access to care and maternal–infant outcomes were amplified or mitigated. Framing 

the research within the WHO CSDH model thus offers a coherent, theory-driven rationale for the 

thesis. This framework provides a clear way to connect the three thesis objectives to how 

pregnancy outcomes are produced in real-world settings, because it places health equity and the 

health system at the center of interpretation rather than treating them as secondary 

considerations. Using this framework, the three studies provide Manitoba evidence that aligns 

with WHO priorities for ending preventable maternal mortality, including the need for strong 

measurement and surveillance and for reducing inequities in access to quality maternal care.   
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1.7. Objectives 

Overall objective: I aim to investigate maternal and neonatal health outcomes, prenatal care 

utilization, and antibiotic utilization during pregnancy in Manitoba, and to assess the influence of 

the COVID-19 measures on these outcomes. 

Chapter 2 Objective:  To test the impact of the COVID-19 measures on rates of seven perinatal 

outcomes: preterm birth, stillbirth, mode of delivery, small for gestational age, and low birth 

weight, Neonatal Intensive Care Unit (NICU) admissions, and breastfeeding initiation, from 

January 2008 to March 2022. 

Hypothesis: COVID-19 measures were associated with an increase in preterm birth, stillbirth, 

cesarean delivery, small for gestational age, low birth weight, and a decrease in NICU admissions, 

and breastfeeding initiation. 

Chapter 3 Objective: To test temporal trends in the frequency of prenatal visits and prenatal care 

adequacy, categorized using R-GINDEX. In addition, to investigate determinants of inadequate 

care and fewer than five visits, as well as to assess the impact of COVID-19 measures on prenatal 

care utilization in Manitoba from January 2010 to March 2022.   

Hypothesis: The pre-pandemic trends in prenatal visit frequency and prenatal care adequacy 

were stable. Maternal clinical and sociodemographic characteristics were key determinants of 

prenatal care utilization. COVID-19 measures were associated with higher rates of inadequate 

care and fewer than 5 visits. 

Chapter 4 Objective: To examine the trend of antibiotic use among pregnant women and the 

impact of the COVID-19 public health measures on antibiotic utilization during pregnancy in 

Manitoba from January 2000 to March 2023.  
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Hypothesis: Percentage of pregnancies with antibiotic use did not change during the study period. 

COVID-19 measures were associated with a decrease in rates of antibiotic utilization during 

pregnancy. 

 

1.8. Research questions 

This thesis aims to answer three key questions: 

Research question 1: What is the effect of COVID-19 measures on preterm birth, stillbirth, mode 

of delivery, small for gestational age, low birth weight, NICU admissions, and breastfeeding 

initiation in Manitoba? 

Research question 2: What are the trends in the frequency and adequacy of prenatal care among 

women who gave birth in Manitoba, and what is the effect of COVID-19 measures on prenatal 

care utilization, including inadequate care and fewer than five visits? 

Research question 3: What are the trends of antibiotic use among pregnant women, and what is 

the impact of the COVID-19 measures on antibiotic utilization during pregnancy in Manitoba? 
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Chapter 2: Disruptions in Perinatal Outcomes Across Manitoba, Canada: Before and Over Two 

Years of the COVID-19 Pandemic 

Aboulatta, L.; Kowalec, K.; Lix, L. M.; Tadrous, M.; Delaney, J. A.; Leong, C.; Falk, J.; Alessi-Severini, 

S.; Raimondi, C.; Kearns, K.; Haidar, L.; Peymani, P.; Tan, Q. & Eltonsy, S. Disruptions in perinatal 

outcomes across Manitoba, Canada: before and over two years of the COVID-19 pandemic. 

Scientific Reports (submitted BMJ Pediatrics Open, February 2026). 

 

2.1. Overview 

Studies from Canada on the effects of COVID-19 pandemic measures on perinatal outcomes have 

been conflicting. The observed changes in adverse pregnancy and neonatal outcomes across 

different pandemic periods highlight the varying impact of the pandemic on pregnant women. 

There is limited evidence regarding the proportion of pregnancy spent under pandemic measures 

and how this relates to prenatal outcomes. Pandemic measures such as restrictions on healthcare 

access, reduced social support, changes in hospital policies, and shifts to virtual care may have 

differentially influenced outcomes across regional and socioeconomic contexts. This project 

presents the results of perinatal outcomes during the COVID-19 pandemic in the Manitoba 

population using interrupted time series (ITS) analysis. ITS uses longitudinal data collected before 

and after the COVID-19 pandemic and is considered one of the strongest quasi-experimental 

designs for evaluating population-level interventions when randomized controlled trials are not 

feasible. This approach was therefore appropriate for examining to assess whether COVID-19 

pandemic measures were associated with changes in the level or slope of perinatal outcomes. 

We fit two ITS models to assess both the impact of immediate and lagged effects of pandemic 

measures, as well as the varying duration of exposure to these measures on adverse perinatal 

outcomes. This rigorous design enabled a comprehensive examination of perinatal outcomes, 
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including preterm birth, low birth weight, cesarean delivery, stillbirth, small for gestational age, 

neonatal intensive care unit (NICU) admissions, and breastfeeding initiation (BFI).  

2.2. Abstract 

Background 

The COVID-19 pandemic disrupted healthcare service utilization, but evidence on its impact on 

perinatal outcomes is conflicting. We investigated the pandemic impact on preterm birth (PTB), 

stillbirth, low birthweight (LBW), small for gestational age (SGA), caesarean delivery, 

breastfeeding initiation (BFI) and neonatal ICU (NICU) admissions. 

Methods 

Using linked administrative health databases, we conducted a population-based study of 

pregnancies before (January 2008-February 2020) or during (March 2020-March 2022) the 

pandemic; for the latter period, they were categorized by exposure duration. We conducted 

interrupted time series analyses using season-adjusted generalized linear models, and analyses 

were stratified by income. 

Results 

Among 221,255 pregnancies, PTB rates are higher during the pandemic than pre-pandemic 

period, with a 19.9% relative increase overall (p<0.01), a 31% rise in the lower income group 

(p=0.01) and a 9.6% rise in the higher income group (p=0.02). Pregnancies with 100% exposure 

experience higher rates of PTB by 16.2% in year 1 (β100Y1=0.14,p=0.01) and 11.3% in year 2 

(β100Y2=0.11,p<0.01). The pandemic measures are associated with no changes in stillbirth or NICU 

admissions; a 12% relative decrease in LBW (βimmediate effect=0.13,p=0.05) is observed. Pregnancies 
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spanning the entire first year of the pandemic experience higher rates of cesarean deliveries by 

25.4% (p=0.01). BFI showed a 1.6% relative decrease (p<0.01) followed by a slight increase (βlagged 

effect=0.002,p=0.01).  

Conclusions 

The COVID-19 pandemic is associated with increased PTB and cesarean delivery rates, particularly 

among pregnancies fully exposed to pandemic measures. Over the 2-year pandemic period, 

stillbirth, NICU admissions and BFI rates are stable.  

  

 

2.3. Plain language summary   

The COVID-19 pandemic disrupted healthcare, and pregnant women were especially affected. We 

examined how these disruptions influenced pregnancy outcomes in Manitoba, Canada. We found 

more premature births and cesarean deliveries, particularly when the entire pregnancy occurred 

during the pandemic. Overall, stillbirth rates did not increase, but they were higher when 

pregnancies lasted longer under pandemic conditions. Breastfeeding initiation and newborn 

admissions to intensive care remained stable. These results suggest that reduced access to 

prenatal care and differences in income may have played a role. Protecting routine prenatal 

services and ensuring fair support for all women will be important in future health emergencies. 
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2.4. Introduction 

Perinatal outcomes, including preterm birth, stillbirth, low birth weight, and NICU admissions, are 

considered key indicators of maternal and infant health(1). Recent reports from Canada has 

described rates of preterm birth (PTB) at approximately 8%(2,3) and stillbirth rates around 8.9 

per 1,000 total births(4). The rate of cesarean deliveries, Canada’s most common surgical 

procedure, has steadily risen, exceeding the World Health Organization’s recommended level(5–

7). COVID-19 public health measures exacerbated social inequalities and impacted the health of 

vulnerable individuals and their access to routine care(8–11). Reduced access to prenatal 

services, fear of contracting the novel coronavirus infection, and gathering and transportation 

restrictions may have created an obstacle for pregnant women to receive optimal care, thus 

potentially increasing the risk of adverse pregnancy outcomes(12–25). 

While the effects of COVID-19 pandemic measures on rates of adverse perinatal outcomes have 

been widely documented across countries,(26–34) the precise impact remains less certain. A 

study based in a hospital in Northeastern Italy reported that changes in hospital policies and 

prenatal care adopted due to the pandemic were associated with reduced rates of breastfeeding 

initiation and increased psychological distress among women who delivered there(35). Public 

health measures in the Netherlands and Denmark were associated with a decrease in PTB rates 

during the early months of the pandemic(30,31). However, pandemic measures in the United 

Kingdom were not associated with significant changes in PTB, stillbirths, cesarean deliveries, and 

neonatal intensive care unit (NICU) admissions(32–34). A meta-analysis of 36 studies found no 

difference in PTB, stillbirths and low birth weight in both national and single-center studies before 
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and during the pandemic(36). A meta-analysis of 17 studies found an association between the 

pandemic-related measures and stillbirths, but not PTB and low birth weight(37). 

Reports from Canada on the effects of COVID-19 pandemic measures on perinatal outcomes have 

been conflicting. While some studies showed no significant changes in NICU admissions, 

stillbirths, and PTB during the examined pandemic period compared to pre-pandemic period,(26–

29) other studies reported an increase in stillbirths and PTB and a decline in cesarean 

deliveries(38,39). The observed changes in adverse pregnancy and neonatal outcomes across 

different periods highlight the varying impact of the pandemic on pregnant women. However, 

there is limited evidence with respect to the length of exposure to pandemic measures, i.e. during 

how much of their pregnancy were pandemic measures in place, and how this relates to prenatal 

care and associated outcomes. Pandemic measures—such as restrictions on healthcare access, 

reduced social support, changes in hospital policies, shifts in hygiene practices, and physical 

distancing—may have differentially impacted perinatal outcomes across different regional and 

socio-economic settings.  

In this province-wide study, we observe that the COVID-19 pandemic measures are linked to 

higher rates of preterm birth (PTB) and cesarean deliveries, which vary across different income 

groups and exposure periods. The duration of exposure to the pandemic measures emerges as a 

crucial factor influencing perinatal health, with heightened risks of PTB, cesarean deliveries, and 

LBW among pregnancies that occur entirely during the pandemic. Our findings suggest that the 

short- and long-term pandemic measures have a minimal influence on stillbirths, breastfeeding 

initiation (BFI), neonatal intensive care unit (NICU) admissions, and small for gestational age 

(SGA), during the study period that extended till 2022. Addressing regional and socioeconomic 
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disparities is critical to advancing the understanding of maternal and neonatal outcomes and to 

guiding evidence-based healthcare policies for vulnerable populations in future public health 

crises. 

2.5. Methods 

2.5.1. Study Design and Period 

This population-based cohort study used data from 1 January 2008 to 31 March 2022. We 

examined the monthly rate of each outcome over two periods: (1) pre-COVID-19, from 01 January 

2008 to 29 February 2020, and (2) during COVID-19, from 01 March 2020 to 31 March 2022. More 

than ten years of data from 2008 to 2019 allowed us to account for the underlying trends in the 

perinatal outcomes of interest during the pre-pandemic period. 

2.5.2. Data source 

We used the Population Research Data Repository hosted at the Manitoba Centre for Health 

Policy (MCHP), a secure provincial health and administrative database containing de-identified 

individual health information for the entire province's population eligible to receive health 

services. The reliability and validity of the MCHP Repository for epidemiological research have 

been documented in prior studies(40–45). Our study included multiple databases to capture 

demographic, clinical, and socioeconomic information. The hospital discharge abstract database 

captured perinatal outcomes, age, and comorbidities, with diagnoses coded using the 

International Classification of Diseases (ICD) system, Tenth Revision, with Canadian 

enhancements (ICD-10-CA)(46). Medical claims and services databases provided physician 

records to identify comorbidities, with diagnoses reported using ICD-9-CM codes(46). The 
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Manitoba Health Insurance Registry provided information on age and area of residence, while the 

Drug Program Information Network (DPIN) was used to capture prescription drug dispensations. 

Statistics Canada census data provided information on household income.  

2.5.3. Study Population  

An established mother-infant linked data cohort from Manitoba was used to create pregnancy 

cohorts pre- and during the pandemic. We included all pregnant women giving birth, either live 

birth or stillbirth, in hospitals in Manitoba during the study period. The delivery date was defined 

as the date associated with procedure code of delivery as recorded in the hospital discharge 

abstract database(47,48). We excluded out-of-hospital deliveries, pregnancies ending in 

miscarriage (pregnancy loss prior to 20 weeks gestation), and ectopic pregnancies. The following 

variables were examined: maternal age at delivery, income quintile,(49) parity (primipara or 

multipara),(50) pre-existing comorbid diseases (validated definitions of diabetes(51) and 

hypertension(52) as well as maternal psychological distress(53), and area of residence (urban or 

rural)(54). Maternal psychological distress in our population before and during the pandemic 

which is defined as mood and anxiety disorders with a broad spectrum of conditions that range 

from anxiety state to anxiety disorders, phobic disorders, obsessive-compulsive disorders, 

depressive disorders, affective psychoses, and neurotic depression. In this study, maternal 

psychological distress was identified if diagnosed within the eight months before birth using ICD 

Codes from hospital abstracts and medical claims databases and Prescription Drug Data 

(DPIN)(53). 

Within Manitoba, there are five regional health authorities (RHA) responsible for organizing and 

delivering healthcare services within specific geographic regions to which individuals are assigned 
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based on address of residence: Winnipeg (includes the city of Winnipeg and the town of 

Churchill), Interlake-Eastern (Interlake, North Eastman), Prairie Mountain (Assiniboine, Brandon, 

Parkland), Southern (Central, South Eastman), and Northern (Burntwood, NOR-MAN)(55,56). 

Variations in healthcare services and access exist across Manitoba's RHAs, which might contribute 

to disparities in maternal and neonatal care and an increased risk of adverse outcomes. As a proxy 

for maternal socioeconomic status, we used the classification based on the median neighborhood 

income quintile: lower income (lowest (1st) and 2nd median quintile), higher income (3rd) to 

highest (5th) median neighborhood income quintiles), and Income unknown (individuals who 

cannot be assigned a neighbourhood income)(57). Race and ethnicity are not available in our 

database; thus, we could not examine differences across racial and ethnic groups. 

2.5.4. Pandemic Measures and Exposure Levels 

Pregnancies exposed to pandemic measures between March 2020 and March 2022 were 

compared to those occurring in the decade prior to the pandemic. Manitoba’s first COVID-19 case 

was reported on March 12, 2020, and public health measures began to influence clinical practices 

by the end of that month(58,59). In March 2020, the provincial government implemented strict 

measures, including lockdown, physical distancing, limiting the numbers at gatherings, changes 

to health-care services, non-urgent medical care restrictions, and limiting supply of drug 

prescriptions, followed by a temporary relaxation of some restrictions between June and July 

2020. Additional restrictions were reinstated in August 2020, and Manitoba reached its peak 

levels of restriction measures in November 2020 and May 2021(58,59). 
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We examined the impact of the duration of exposure to COVID-19 public health measures on 

perinatal outcomes. To reflect this, delivery dates were categorized into groups based on the 

approximate fraction of time that each pregnancy was under COVID-19 measures. Categories 

include unexposed (birth between January 2008 to March 2020); 25% exposed (birth in April or 

May 2020); 50% exposed (birth between June and August 2020); 75% exposed (September to 

November 2020); and fully exposed (December 2020 to March 2022). However, there were 

differences between the first and second years of the fully exposed period; COVID-19 vaccination 

for pregnant women began in Manitoba in 2021, and in the second year, gathering and healthcare 

restrictions were eased as the province announced phase re-opening plans based on 

immunization targets(58,59). Therefore, pregnancies occurring entirely during the pandemic 

were divided into 100% exposed year 1 (December 2020 to March 2021) and 100% exposed year 

2 (April 2021 to March 2022).   

2.5.5. Perinatal Outcomes  

We examined seven perinatal outcomes. The primary outcomes were preterm birth (PTB)(60) and 

stillbirth(61). Secondary outcomes included low birth weight (LBW)(62), small for gestational age 

(SGA)(63,64), neonatal intensive care unit (NICU) admission(65), cesarean delivery(66), and 

breastfeeding initiation (BFI)(67). The definitions and corresponding codes used are summarized 

in Supplementary Table S2.1. 

2.5.6. Analyses 

The demographic and clinical characteristics of pregnant women were described before and 

during the pandemic using percentages and their 95% confidence intervals (CI) for categorical 
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variables and means and standard deviations (SD) for continuous variables. Monthly incidence 

rates of perinatal outcomes were estimated and the crude relative risk (RR) and 95% CI for each 

outcome were calculated. The denominator for PTB, LBW, SGA, NICU admissions, and BFI 

outcomes included the total number of live births in Manitoba for each month. For cesarean 

delivery and stillbirth, the denominator included the total number of pregnancies, such as live 

births, stillbirths, multiple births, and singletons, in each month.  

The effect of the pandemic measures on the outcomes was examined using interrupted time 

series (ITS) analysis through generalized linear models, with March 2020 chosen as the 

intervention point for the pandemic measures. We used the monthly rates in our analyses when 

the number of reported cases in each month was ≥80 events, while bimonthly or quarterly rates 

were used otherwise. This recommended cut-off was chosen as a sufficient number of outcome 

events per time point to achieve desired efficiency for ITS models(68–70). Relative percentage 

change was calculated as the relative change in the percentage between March 2020 and April 

2020.  

We fit two models for each outcome: Model 1 (immediate and lagged changes) was used to 

estimate the abrupt change in the outcomes of interest following the onset of pandemic 

measures and the changes during the 2-year pandemic period. Model 1 included an indicator 

variable for the pandemic measures (COVID-19: 1/0), a continuous variable for the COVID-19 

period (24-time points, April 2020=1 to March 2022=24), and season (fall/winter/spring/summer) 

to account for seasonality. Model 1 provided estimates for the abrupt effect using immediate 

change in level (βimmediate effect) from pre- to post-COVID-19(71–73). The change during the 

pandemic was estimated using the change in slope (βlagged effect) from pre- to post-interruption in 



69 
 

the monthly outcomes rates while accounting for any secular trend in the pre-pandemic 

period(74–80). Model 2 (change by exposure) was used to estimate the outcome change 

according to varying lengths of exposure to pandemic measures. Model 2 included a variable for 

exposure: 0%, 25%, 50%, 75% and 100%year 1, 100% year 2 and season 

(fall/winter/spring/summer) to account for the seasonality. In this model, β25%exposed, β50%exposed, 

and β75%exposed represent the estimated differences in the outcomes at 25%, 50%, and 75% 

exposure compared with 0%, respectively. β100%Y1 represents the estimated difference in the 

outcome for 100% exposure during the first year of the pandemic, while β100%Y2 represents the 

difference for 100% exposure during the second year. The models fit were evaluated using the 

scaled deviance(81). Model fit for ITS analyses using GLM was evaluated using the scaled deviance 

(deviance divided by the degrees of freedom). However, relying on a single statistic has limitations 

because scaled deviance primarily reflects overall dispersion and does not assess residual 

patterns, model misspecification, or the presence of autocorrelation. To further evaluate model 

assumptions, residual plots and autocorrelation diagnostics were examined to assess whether 

systematic patterns or autocorrelation were present. The full model equations are provided in 

supplementary.  

Subgroup analyses were conducted by income group (higher vs. lower); however, we did not 

examine differences between income groups. We conducted the primary ITS analyses (Models 1 

and 2) to investigate the effect of the pandemic measures among income groups. To examine 

regional differences, we calculated the relative change in the outcomes of interest between the 

average rates two years before the pandemic and the average rates during the pandemic. A 
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nominal α=0.05 was used to assess statistical significance. Analyses were conducted using SAS 

version 9.4 (SAS Institute, Inc). 

 

2.6. Results 

2.6.1. Population Characteristics 

Table 2.1 shows the characteristics of pregnant women who gave birth during the study period 

from January 2008 to March 2022. We identified pregnant women who gave birth before 

(n=190,694) and during (n=31,942) the COVID-19 pandemic. Among those, there were 189,538 

live births before the pandemic and 31,717 live births during the pandemic. The average age of 

women was 28.6 years (SD=5.8) before the pandemic and 29.9 years (SD=5.6) during 

the pandemic. Around half of the pregnant women lived in urban areas and were in the higher-

income group in both periods.  

2.6.2. Perinatal Outcomes  

Preterm birth (PTB) 

Monthly rates of PTB across all pregnancies and by income group over the study period are shown 

in Figure 2.1(A). In the pre-pandemic period, 8% of live births were PTB compared to 9.1% during 

the pandemic period, with a relative increase of 14% (crude RR=1.14, 95% CI, 1.1-1.18, Figure 

2.2). PTB rates differed by region during the pandemic period, with the Southern region 

experiencing the highest relative increase (9.9%), followed by the Northern region (6.7%, 

Supplementary Table S2.2 and Figure S2.1).  

Pandemic measures were associated with an immediate relative increase of 19.9% (βimmediate 

effect=0.2, p<0.01) in PTB monthly rates among all pregnancies, 9.6% (βimmediate effect= 0.18, p=0.02) 
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in the higher income group, and 31% (βimmediate effect=0.24, p=0.01) in the lower-income group 

(Table 2.2). During the pandemic period, there was a decrease in PTB monthly rates in the lower-

income group (βlagged effect= -0.02, p=0.03). Analysis by exposure duration indicated the pandemic 

was associated with a statistically significant relative increase in PTB rates among those exposed 

to pandemic measures for 50% of their pregnancies compared to the pre-pandemic period, with 

a peak increase of 31.8% (β50%exposed=0.25, p<0.01) among all pregnancies, 26.8% (β50%exposed=0.27, 

p=0.01) and 37.1% (β50%exposed=0.24, p=0.01) for higher and lower income groups, respectively. 

Pregnancies that occurred entirely within the first or second year of the pandemic period 

experienced higher rates of PTB by 16.2% (β100%Y1=0.14, p=0.01) and 11.3% (β100%Y2=0.11, p<0.01), 

respectively, compared to the pre-pandemic period (Table 2.2 and Figure 2.1(A)). 

 

Low birth weight (LBW) 

During the pandemic period, the percentage of live births with low weight increased compared 

to the pre-pandemic period, with a relative increase of 15% (crude RR=1.15, 95% CI, 1.01-1.21, 

Figure 2). A similar pattern was observed across all regions in Manitoba. During the pandemic 

period, the Northern region showed a relative increase of 16.1%, while Winnipeg showed a 

smaller relative increase of 5.8% (Supplementary: Table S2.2 and Figure S2.1). 

The pandemic measures were associated with an immediate relative drop in LBW occurrence of 

12% (βimmediate effect=0.13, p=0.05) among all live births, although there was a relative increase of 

7.9% (βimmediate effect=0.22, p=0.01) in the lower income group (Table 2.2). Rates of LBW peaked for 

pregnancies with 50% pandemic exposure compared to pre-pandemic, with a relative increase of 

32.6% (β50%exposed=0.26, p=0.01) among all pregnancies and 38.9% (β50%exposed=0.33, p=0.01) in the 
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lower-income group. Although LBW rates for pregnancies that spanned the full term during the 

second year of the pandemic showed a reduction compared to those during the first year, the 

rates remained elevated and did not return to the pre-pandemic level (Table 2.2 and Figure 

2.1(B)). 

Small for gestational age (SGA) 

During the pandemic period, the percentage of SGA infants among live births increased by 4% 

relative to pre-pandemic period levels (crude RR=1.04, 95% CI, 1.01-1.09, Figure 2.2). During the 

pandemic period, average SGA rates differed by region, with Winnipeg having the highest average 

SGA rate before and during the pandemic period (10.02% and 10.49%, respectively, 

Supplementary: Table S2.2 and Figure S2.1). Among all pregnancies, the pandemic was not 

associated with significant changes in SGA monthly rates (Table 2.2). We found an increase in the 

incidence of SGA rate among the higher income group for pregnancies exposed 100% during the 

second year (β100%Y1=0.14, p<0.01) (Table 2.2 and Figure 2.1(C)). 

NICU admissions 

NICU admissions among live births remained stable at 8.2% before and during the pandemic 

period, with no change in the relative risk (RR:1.00, 95% CI, 0.96-1.04, Figure 2.2). However, 

across regions of Manitoba, the Prairie Mountain region showed an 11.5% relative increase, while 

the other regions showed reductions (Supplementary: Table S2.2 and Figure S2.1). NICU 

admission rates by region, income groups, and exposure groups did not differ significantly from 

the pre-pandemic period. For pregnancies that were fully exposed during the second year of the 

pandemic period, NICU admission rates returned to pre-pandemic period levels among all 

pregnancies and different income groups (Table 2.2 and Figure 2.1(D)).  
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Breastfeeding initiation (BFI) 

During the pandemic period, rates of BFI in hospital were similar with a relative risk of 0.98 (95% 

CI, 0.98-0.99) (Figure 2.2) and with the largest reduction in the Northern region (6.9%, 

Supplementary Table S2.2 and Figure S2.1). Pandemic measures were associated with an 

immediate relative decline in BFI by 1.6% among all pregnancies (βimmediate effect=-0.04, p=0.01), 

followed by a minor increase in breastfeeding monthly rates during the 2-year pandemic period 

(βlagged effect<0.01, p=0.02, Table.2.2). The ITS analyses of BFI rates by exposure duration showed 

no statistically significant changes (Table 2.2 and Figure 2.3(A)). 

Cesarean delivery 

During the pandemic period, 28% of all pregnancies were cesarean deliveries compared to 23% 

pre-pandemic, representing a relative increase of 22% (crude RR=1.22, 95% CI, 1.19-1.25) (Figure 

2.2). Cesarean delivery rates were notably higher in higher income groups compared to lower 

income groups (Figure 2.3(B)). The increase occurred across most regions in Manitoba during the 

pandemic, with the exception of Prairie Mountain (Supplementary: Table S2.2 and Figure S2.1). 

Following the onset of pandemic measures, an immediate relative increase of 11.7% in cesarean 

delivery rates was observed among all pregnancies (βimmediate effect=0.20, p<0.01), 16.2% (βimmediate 

effect=0.19, p<0.01) in the higher-income group, and 7.4% (βimmediate effect=0.22, p<0.01) in the lower 

income group (Table 2.2). The pandemic period was associated with a significant relative increase 

in monthly rates among those exposed to restrictions for 50% of their pregnancy, with a peak 

increase of 26.5% (β50%exposed=0.24, p<0.01) among all pregnancies, 27.9% (β50%exposed=0.24, 

p<0.01) in higher income, and 25.3% (β50%exposed=0.24, p<0.01) in the lower income group. 

Pregnancies occurring entirely within the first or second year of the pandemic period experienced 
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higher rates of cesarean deliveries by 25.4% (β100%Y1=0.22, p<0.01) and 21.3% (β100%Y2=0.19, 

p<0.01), respectively (Table 2.2 and Figure 2.3(B)). 

Stillbirth 

The average pre-pandemic period stillbirth rate among all pregnancies was 0.6% and rose to 0.7% 

during the pandemic period (Figure 2.3(C)). The relative risk of stillbirth increased to 1.16 (95% 

CI, 1.01-1.34) during the pandemic period (Figure 2.2). Stratified by income, these results became 

non-significant but in a similar direction. We observed no change in the stillbirth quarterly rates 

following the onset of the pandemic period (p=0.1) or over the 2-year pandemic period (p=0.37, 

Table 2.2). Given the relatively low rate of stillbirths in Manitoba, it was not feasible to conduct 

monthly rate analyses and ITS analyses by exposure duration (Figure 2.3(C)).  

2.7. Discussion  

In this study of 222,636 pregnancies, we observed significant effects for the pandemic measures 

on perinatal outcomes, including PTB and LBW, which varied across income groups and certain 

rural regions. The exposure duration under the pandemic measure was also a significant 

determinant for perinatal health, where increased risks of PTB, cesarean delivery, and LBW were 

observed among pregnancies that spanned in its entirety during the pandemic. Our analyses 

suggest that the short- and long-term measures had minimal effect on breastfeeding initiation, 

NICU admissions and SGA rates during the study period. 

Previous studies have not included the influence of duration of exposure to pandemic measures 

on prenatal care and the associated perinatal and delivery outcomes. A US study categorized 

pregnancies based on exposure to multimodal prenatal healthcare (combined in-person and 

virtual visits) between July 2018 and October 2021(82). Their findings showed a decrease in NICU 
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admissions among the partially exposed group (change/4-week: −0.91%; 95%CI: –1.77% to 

−0.03%), but an increased risk in fully exposed pregnancies (change/4-week: 1.75%; 95%CI: 0.49% 

to 3.02%), with no significant changes in PTB, cesarean delivery, or SGA rates(82). In contrast, our 

study found that NICU admission rates by exposure did not differ from the pre-pandemic period, 

whereas we found a significant increase in PTB and cesarean delivery rates among those exposed 

to 50% of their pregnancy during the pandemic. The COVID-19 pandemic has strained the 

healthcare system across the province. Factors such as staff shortages, the redeployment of 

nurses, the return of retired nurses to the workforce, and challenges in maintaining continuity of 

care while supporting the staff well-being could explain the observed changes in perinatal 

outcomes. Previous studies have defined exposed cohort of pregnancies based on any period 

during the pandemic(27–29,82–84). In our view, this carries the risk of inaccurate exposure 

assignments and potentially biased and conflicting results. For instance, women who gave birth 

shortly after the onset of pandemic measures likely had different pregnancy experiences 

compared to those who spent a longer time under the pandemic measures, experiencing altered 

prenatal care due to changes in healthcare access. When categorized as a dichotomous measure, 

this difference could account for the conflicting results seen across studies.  

Meta-analyses of early-pandemic studies have reported mixed findings. A meta-analysis of 31 

studies suggested pandemic measures were associated with an increase in stillbirths and a 

reduction in PTB (<37 weeks of gestation), particularly in high-income European countries(85). 

However, no significant differences were found in LBW, NICU admissions, or cesarean delivery 

rates(85). A larger meta-analysis examined the first nine months of the pandemic and found a 

reduction in PTB (<34 weeks) in countries with stringent implemented measures (OR=0.71, 95% 
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CI 0.58–0.88), while no changes were observed for PTB (<37 weeks of gestation), NICU 

admissions, stillbirths, or LBW(86). Studies covering 12 months or more during the pandemic 

found either no change or an increase in adverse perinatal outcomes compared to pre-pandemic 

periods(87–92). However, these studies did not address the differential impact of the duration of 

pregnancy that was spent under pandemic measures. Our results suggest that the duration of 

exposure to the implemented COVID-19 pandemic measures was a strong determinant of adverse 

perinatal outcomes, with a dose-response relationship observed in stillbirth, PTB and cesarean 

deliveries. 

Socio-economic disparities, including fears of contracting COVID-19 at healthcare facilities, 

transportation restrictions, reduced social support, exacerbated financial insecurity, stress, and 

mental health challenges, could have negatively impacted maternal health and contributed to 

higher rates of PTB and stillbirths(93). In addition, more strict pandemic measures, such as travel 

restrictions and 14-day isolation requirements, in northern and remote communities may have 

disproportionately affected pregnant women by limiting their access to timely prenatal care in 

Manitoba. The shift to virtual prenatal care during the pandemic may have added further 

challenges for these communities. However, a recent study in the Canadian province of Ontario 

that examined the first 21 months of the pandemic found a 15% reduction in PTB (adjusted 

OR=0.85, 95%CI; 0.82 to 0.87) compared to the pre-pandemic period(87). Differences in findings 

between Ontario study and the current study may be due to differences in the pandemic 

measures implemented across provinces, or differences in the analytical methods applied. 

Specifically, the Ontario study did not account for the pre-pandemic trend nor the exposure 

duration to pandemic measures, which may explain their reported reduction in PTB.    
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Several previous studies noted higher rates of cesarean deliveries during the pandemic period 

compared to the pre-pandemic period, which is consistent with the findings of the current 

study(87,94,95). A cohort study conducted in the Canadian province of Ontario reported 

increased odds of cesarean deliveries during the pandemic period compared to the pre-pandemic 

period (adjusted OR of 1.09, 95% CI; 1.08 to 1.11)(87). The observed increase in rates may reflect 

the efforts of obstetricians to provide the optimal care, and “best services” adapting to changes 

in guidelines aimed at better neonatal outcomes during the pandemic(95,96). Additionally, the 

rise in cesarean deliveries may have been driven by concerns over adverse events such as 

respiratory complications, placental infections, potential vertical transmission and neonatal death 

associated with vaginal delivery(97). The increase might also be attributed to the rise in maternal 

requests for cesarean deliveries, which might have been influenced by anxiety over restrictive 

hospital policies and limited support networks during the pandemic(93,96). These factors may 

also explain the increased rates associated with longer exposure durations.  

Our study found no changes in NICU admissions and SGA rates, consistent with evidence from 

Denmark, Botswana, and other Canadian studies(27,28,98–100). Other studies have shown 

either an increase(101) or a decrease in NICU admissions(87,102) during the COVID-19 pandemic. 

The current study found that the breastfeeding initiation rate was largely unchanged over time, 

which may be attributed to the short follow-up period as we only captured the initiation recorded 

after delivery in hospitals and not after discharge. The slight initial decline during the early 

pandemic, especially among lower income and rural populations, highlights the need for targeted 

support to address these disparities. Varying access levels to breastfeeding support, reduced face-

to-face professional support, or differences in maternal preferences across different regions 
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during the pandemic could have led to minor changes in breastfeeding rates in Manitoba(103–

105). Studies from Spain and the UK reported increased breastfeeding rates at discharge for term 

infants, while others from Italy and Canada observed decline or no change in breastfeeding rates 

during the pandemic(106–110). A UK survey conducted during early pandemic, between May and 

June 2020, found two contrasting experiences: around 41% of mothers felt that breastfeeding 

was supported, while 27% struggled with support and subsequently stopped breastfeeding(111).  

The current study has several strengths. First, our province-wide database captures all births in 

the province of Manitoba over 2 years during the pandemic and 12 years prior. Second, the use 

of interrupted time series analysis by exposure level provided the temporal detail to distinguish 

the immediate effect of the pandemic from its cumulative long-term effects. Third, we examined 

the pandemic differential effect across income groups and different regions within Manitoba. 

Limitations of this study should be acknowledged. A causal interpretation of the impact of 

pandemic measures cannot be inferred, as pregnant women were also exposed to the novel 

coronavirus and restrictions to healthcare access; thus, the results should be interpreted 

cautiously.  While breastfeeding initiation was defined as any exclusive or partial breastfeeding 

within the first 3 days postpartum, we did not capture breastfeeding initiation after hospital 

discharge. Although this is unlikely to significantly affect the reported initiation rates, assessing 

the continuation of breastfeeding after discharge would be important for understanding longer-

term breastfeeding patterns. Administrative data does not include variables such as race and 

ethnicity, limiting our ability to fully investigate disparities and inequities in perinatal outcomes. 

In addition, we did not examine the effect of COVID-19 infection on perinatal outcomes, though 

the small number of COVID-19-positive pregnancies (n=225) in our cohort during the first wave 
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makes it unlikely that this would strongly influence the results of our immediate effect models. 

Despite the increase in stillbirth rates with more prolonged exposure, rates were relatively low, 

and our interrupted time series analysis was therefore underpowered. We examined the effect 

of the measures across different income groups; however, we did not investigate the effect 

modification through interaction terms or examine differences between income groups. 

Additionally, while we did not investigate variations in prenatal care, the changes to maternal 

healthcare were implemented consistently across the provincial healthcare system, reducing 

differential variability. However, rural regions and lower-income areas may have experienced a 

disproportionate impact compared to urban centers. Our study did not capture out-of-hospital 

births, including those attended by midwives or at nursing stations, as these are not included in 

medical services or hospital abstract databases. We therefore cannot determine whether out-of-

hospital birth rates changed during the COVID-19 pandemic. Moreover, we could not account for 

vaccination rates among pregnant women. We also did not examine other maternal outcomes 

such as morbidity, death, and hospital admissions. We could not distinguish between 

spontaneous and medically indicated preterm births, nor between planned and emergency 

cesarean sections, which may reflect different underlying mechanisms. 

2.8. Conclusions 

Our findings indicate that changes around the COVD-19 pandemic, including both mitigation 

measures, policy changes, and direction effect of the pandemic, were associated with increased 

rates of preterm births and cesarean deliveries, particularly amongst pregnancies in which the 

full term occurred during the pandemic. These observations can be attributed to changes in 

access and adequacy of care, greater socioeconomic vulnerability among certain groups, or an 
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unknown mechanism. While the pandemic measures were not associated with significant effects 

on stillbirths, the rates increased with greater pandemic exposure, followed by a drop to pre-

pandemic levels in the second year. Over the 2-year pandemic period, we observed no change in 

NICU admissions and breastfeeding initiation. Further investigation into regional and 

socioeconomic disparities is warranted to better understand the underlying mechanisms and to 

guide evidence-based maternal and neonatal healthcare policies for vulnerable populations in 

future public health crises. 
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2.14. Tables 

Table 2.1. Demographic characteristics of the included population during the study period 
(January 2008 to March 2022). 

Characteristics 
Pre-pandemic During pandemic 

(January 2008- February 2020) (March 2020 – March 2022) 

N 190,694 31,942 
Age (mean, SD) 28.6 (SD=5.8) 29.9 (SD=5.6) 
Residence (n,%)   

Rural 84,456 (44.3%) 14,316 (44.8%) 
Urban  106,122 (55.7%) 17,615 (55.2%) 

Regional Health Authority (n,%)   

Interlake Eastern 16,356 (8.6%) 2,834 (8.9%) 
Northern Health Region 19,969 (10.5%) 3,097 (9.7%) 
Southern Health-Sante 33,3506 (17.6%) 5,851 (18.3%) 
Prairie Mountain 23,731 (12.5%) 3,958 (12.4%) 
Winnipeg  97,016 (50.2%) 16,191 (50.7%) 

Income quintile group (n,%)   

Lower 90,711 (47.6%) 14,614 (45.8%) 
Higher  99,304 (52.0%) 17,262 (54.0%) 
Unknown  679 (0.4%) 66 (0.2%) 

Parity (n,%)   

Primipara 131,881 (69.2%) 21,856 (68.4%) 
Multipara 58,720 (30.8%) 10,082 (31.6%) 

Comorbidities (n,%)   

Hypertension  29,454 (15.5%) 3,484 (10.9%) 
Diabetes 17,290 (9.1%) 2,428 (7.6%) 
Psychological distress 24941 (13.1%) 6400 (20.0%) 

 

 
 
 
 
 
 
 
 

Table 2.2. Interrupted time series analyses for perinatal outcomes before and during the 
pandemic periods in the Canadian province of Manitoba.
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Outcomes 

Model 1: Immediate and lagged changes Model 2: Changes by exposure percentage+ 

Immediate changea 
Change during 

pandemicb 
25% 50% 75% 100% Year 1 100% Year2 

% 
change 

Estimate 
(β) 

p-
value 

Estimate 
(β) 

p-
value 

% 
change 

Estimate 
(β) 

p-
value 

% 
change 

Estimate 
(β) 

p-value 
% 
change 

Estimate 
(β) 

p-
value 

% 
change 

Estimate 
(β) 

p-
value 

% 
change 

Estimate 
(β) 

p- 
value 

1. Preterm birth 

All 
pregnant 

19.9% 0.2 <0.01 -0.01 0.09 16.9% 0.16 0.03 31.8% 0.25 <0.01 -0.3% 0.02 0.72 16.2% 0.14 0.01 11.3% 0.11 <0.01 

Higher 
incomee* 

9.6% 0.18 0.02 <-0.01 0.66 14.7% 0.14 0.08 26.8% 0.27 0.01 14.2% 0.09 0.27 9.5% 0.07 0.57 16.6% 0.16 <0.01 

Lower 

incomed* 
31.0% 0.24 0.01 -0.02 0.03 18.6% 0.1 0.15 37.1% 0.24 0.01 -15% -0.04 0.55 23.2% 0.13 0.17 6.3% -0.02 0.67 

2. Low birthweight 

All 
pregnant* 

-12.0% 0.13 0.05 <0.01 0.82 6% 0.06 0.41 32.6% 0.26 0.01 12% 0.13 0.09 22.4% 0.19 0.07 14.9% 0.14 <0.01 

Higher 
incomee* 

-27.5% 0.03 0.71 0.02 0.13 -3.7% -0.0001 0.99 26.7% 0.19 0.15 10% 0.09 0.39 8.9% 0.08 0.59 22.2% 0.21 <0.01 

Lower 

incomed* 
7.9% 0.22 0.01 -0.01 0.22 15.5% 0.13 0.17 38.9% 0.33 0.01 11.9% 0.15 0.11 36.5% 0.29 0.02 6.9% 0.07 0.20 

3. Small for gestational age 

All 
pregnant 

-3.0% <0.01 0.94 0.00 0.28 -3.2% 0.06 0.37 6.9% -0.03 0.65 -11.5% -0.01 0.89 -1.2% 0.09 0.07 5.2% 0.05 0.07 

Higher 
income* 

-12.3% -0.06 0.32 0.02 0.01 9.4% 0.14 0.84 -5.8% -0.05 0.49 1.7% 0.01 0.99 6.7% 0.11 0.27 14.9% 0.14 <0.01 

Lower 

incomed* 
2.6% 0.06 0.35 0.00 0.26 4.2% 0.05 0.64 3.7% 0.02 0.85 -4.5% -0.03 0.74 11.1% 0.11 0.13 -4.5% -0.05 0.28 

4. NICU admissions 

All 
pregnant 

17.3% 0.02 0.71 <-0.01 0.69 -9.1% -0.09 0.28 5.5% 0.05 0.44 -5.3% -0.06 0.40 8.6% 0.08 0.11 -1.1% -0.01 0.74 

Higher 
incomee 

-0.8% <-0.01 0.96 <0.01 0.70 -14.7% -0.11 0.24 5.6% 0.08 0.48 0.8% 0.01 0.97 7.1% 0.12 0.29 4.6% 0.04 0.44 

Lower 
incomed 

37.8% 0.06 0.35 <-0.01 0.26 -4.9% -0.03 0.67 6.3% 0.12 0.21 -10.6% -0.04 0.64 11.0% 0.10 0.30 -5.9% -0.05 0.22 

5. Breastfeeding initiation 

All 
pregnant 

-1.6% -0.04 0.01 <0.01 0.02 -2.1% -0.02 0.41 -1.6% -0.02 0.34 -1.7% -0.02 0.22 0% -0.03 0.12 0.5% 0.01 0.62 

Higher 
incomee 

4.5% -0.03 0.06 <0.01 0.01 -1.5% -0.01 0.83 0.7% -0.01 0.80 0.4% <0.01 0.87 -3.9% -0.05 <0.01 5.3% <0.01 0.62 

Lower 
incomed 

-5.5% -0.03 0.11 <-0.01 0.66 -2.8% -0.01 0.82 -4.2% <-0.01 0.80 -4.2% <0.01 0.87 -1.4% -0.01 0.66 -5.3% 0.05 <0.01 
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 +Change by exposure to pandemic measures: Exposure 25%: April 2020-May2020, Exposure 50%: June 2020 to August 2020, Exposure 75%: Sep 2020 to Nov 2020, Exposure Year 

1 100%:Dec 2020 to March 2021, and Exposure Year 2 100%: April 2021 to March 2022. 
aImmediate change examines the change in level immediately after the onset of the pandemic in outcomes rates compared to pre-pandemic period. 
bChange during pandemic examines the change in slope during the pandemic in outcomes rates compared to pre-pandemic period. 
cPercentage change= (Percentage in April2020 – Percentage in March2020)/ Percentage in March2020 * 100. 
dLower income: pregnant women in the lowest and second lowest median neighbourhood income quintile.  
eHigher income: pregnant women residing in the neighbourhoods with the three highest median neighbourhood income quintiles. 
* Analysis every 2 months 
**ITS analysis for Quarterly stillbirth rates. Analysis among lower and higher income groups was not feasible due to low rates.  
Two-sided p-values are reported; p<0.05 was considered statistically significant 

 

6. Cesarean delivery 

All 
pregnant 

11.7% 0.20 <0.01 <-0.01 0.99 17.9% 0.16 0.01 26.5% 0.24 <0.01 20.6% 0.19 <0.01 25.4% 0.22 <0.01 21.3% 0.19 <0.01 

Higher 
incomee 

16.2% 0.19 <0.01 <0.01 0.14 19.3% 0.18 0.01 27.9% 0.24 <0.01 20.1% 0.19 <0.01 26% 0.22 <0.01 30.6% 0.27 <0.01 

Lower 

incomed 
7.4% 0.22 <0.01 -0.01 0.10 16.4% 0.14 0.07 25.3% 0.24 <0.01 21.4% 0.19 <0.01 24.5% 0.22 <0.01 11.4% 0.11 <0.01 

7.Stillbirth** 

All 
pregnant 

18.6% 0.26 0.10 -0.02 0.37 NA NA NA NA NA 



85 
 

2.15. Figures 

Figure 2.1. Trend and percentage of A) preterm birth, B) low birthweight, C) small for gestational age, 
D) NICU admissions among all pregnancies, lower and higher income groups according to exposure 
duration percentage during the study period. 

A)

 

B)
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C) 
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Figure 2.2.Crude Relative Risk and 95% CI of adverse perinatal outcomes during the pandemic vs. 
before the pandemic. 
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Figure 2.3.Trend and percentage of A) breastfeeding initiation, B) cesarean delivery, C) stillbirth among 

all pregnancies, lower and higher income groups according to exposure duration percentage during the 

study period. 

A) 
. 
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2.16. Supplementary 

Supplementary Table S2.1. Perinatal outcomes definitions and diagnosis and 
procedure/intervention codes. 

Outcome Definition Diagnosis Codes and 
procedure/intervention codes 

Preterm Birth (PTB) Live birth at <37 weeks of 
gestation 

ICD-9-CM: V271, V273, V274, V276, 
V277; ICD-10-CA: Z371, Z373, Z374, 
Z376, Z377 

Stillbirth Fetal death at or after 20 
weeks of gestation 

ICD-9-CM: V271, V273, V274, V276, 
V277; ICD-10-CA: Z371, Z373, Z374, 
Z376, Z377 

Low Birth Weight (LBW) Infant weight <2500 grams 
at birth 

N/A 

Small for Gestational Age 
(SGA) 

Live birth weight at or below 
the 10th percentile for their 
gestational age and sex 
(Canadian standard) 

N/A 

Neonatal Intensive Care 
Unit (NICU) 

Any live birth with 
admission to a special care 
unit or NICU during the birth 
hospitalization 

N/A 

Cesarean Delivery Surgical extraction from the 
uterus (i.e., not a vaginal 
delivery) provided from 
hospital abstract database 

Canadian Classification of Health 
Interventions (CCI) code 5MD60  

Breastfeeding Initiation 
(BFI) 

Any live birth with partial or 
exclusive breastfeeding 
initiation during newborn 
hospitalization 

ICD-10-CA: Z38 

N/A: Not available 
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Supplementary Table S2.2. Average of perinatal outcomes before and during the pandemic by 
the Manitoba 5 Regional Health Authority (RHA). 

Outcome Region Average pre-

pandemic (%) 

Average during 

pandemic (%) 

Relative percentage 

change  

Preterm Birth (PTB) Interlake-Eastern 8.84 8.66 -2.01% 

Northern 11.46 12.22 6.69% 

Southern 7.53 8.28 9.98% 

Prairie Mountain 9.88 9.41 -4.76% 

Winnipeg 9.14 9.61 -0.99% 

Low Birth Weight (LBW) Interlake-Eastern 5.75 5.86 1.94% 

Northern 6.73 7.81 16.05% 

Southern 5.40 5.78 7.31% 

Prairie Mountain 6.49 6.88 6.02% 

Winnipeg 6.78 7.17 5.80% 

Small for Gestational Age 

(SGA) 

Interlake-Eastern 6.71 7.20 7.23% 

Northern 6.70 6.75 0.68% 

Southern 7.28 7.13 -2.09% 

Prairie Mountain 6.83 7.08 3.76% 

Winnipeg 10.02 10.49 4.68% 

NICU Admissions Interlake-Eastern 8.12 7.22 -11.07% 

Northern 5.55 4.96 -10.65% 

Southern 4.99 5.06 1.49% 

Prairie Mountain 13.24 14.82 11.49% 

Winnipeg 8.80 8.43 -4.15% 

Breastfeeding Initiation Interlake-Eastern 78.89 77.56 -1.69% 

Northern 60.87 57.59 -6.89% 

Southern 89.70 90.09 0.44% 

Prairie Mountain 82.66 83.59 1.13% 

Winnipeg 85.36 84.24 -1.31% 
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Caesarean Delivery Interlake-Eastern 22.63 24.09 6.45% 

Northern 19.69 21.35 8.44% 

Southern 25.34 26.64 5.13% 

Prairie Mountain 32.11 31.83 -0.89% 

Winnipeg 26.45 29.42 11.25% 

Stillbirth Interlake-Eastern 0.39 0.52 33.33% 

Northern 0.73 1.32 80.82% 

Southern 0.64 0.61 -4.69% 

Prairie Mountain 0.72 0.69 -4.17% 

Winnipeg 0.57 0.64 12.28% 

- Average before based on rates 2 years before pandemic: from March 2018 to March 2020 

- Relative percentage change = (Average Percentage 2 years during pandemic –  Average 
Percentage 2 years before pandemic) / Average Percentage 2 years before pandemic * 100. 
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COVID-19 

measures 

Supplementary Figure S2.1. Trends of the seven perinatal outcomes by quarter 
by health region in Manitoba before and during the COVID-19 pandemic. 
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Supplementary Figure S2.2. Trends of the seven perinatal outcomes among all pregnancies and 
income groups Manitoba before (January 2008-February 2020) and during (March 2020-March 
2022) the COVID-19 pandemic. 
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STROBE Statement—Checklist of items that should be included in reports of cohort studies  
 

Item 

No Recommendation 

Page 

 Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 

abstract 

59-60 

(b) Provide in the abstract an informative and balanced summary of what was 

done and what was found 

60-61 

Introduction  

Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported 

61-63 

Objectives 3 State specific objectives, including any prespecified hypotheses 63-64 

Methods  

Study design 4 Present key elements of study design early in the paper 64 

Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection 

64-67 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 

participants. Describe methods of follow-up 

65-66 

(b) For matched studies, give matching criteria and number of exposed and 

unexposed 

- 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 

effect modifiers. Give diagnostic criteria, if applicable 

65-66 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods of 

assessment (measurement). Describe comparability of assessment methods if 

there is more than one group 

65-67 

Bias 9 Describe any efforts to address potential sources of bias 66-69 

Study size 10 Explain how the study size was arrived at  

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 

describe which groupings were chosen and why 

67-70 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for 

confounding 

67-70 

(b) Describe any methods used to examine subgroups and interactions 67-70 

(c) Explain how missing data were addressed 67-70 

(d) If applicable, explain how loss to follow-up was addressed - 

(e) Describe any sensitivity analyses 67-70 
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Results  

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers 

potentially eligible, examined for eligibility, confirmed eligible, included in the 

study, completing follow-up, and analysed 

70 

(b) Give reasons for non-participation at each stage - 

(c) Consider use of a flow diagram - 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) 

and information on exposures and potential confounders 

70 

(b) Indicate number of participants with missing data for each variable of 

interest 

Table 1 

(c) Summarise follow-up time (eg, average and total amount) - 

Outcome data 15* Report numbers of outcome events or summary measures over time 70-74 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates 

and their precision (eg, 95% confidence interval). Make clear which confounders 

were adjusted for and why they were included 

70-74 

(b) Report category boundaries when continuous variables were categorized 70-74 

(c) If relevant, consider translating estimates of relative risk into absolute risk for 

a meaningful time period 

- 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 

sensitivity analyses 

70-74 

Discussion  

Key results 18 Summarise key results with reference to study objectives 74-75 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 

imprecision. Discuss both direction and magnitude of any potential bias 

78-79 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 

limitations, multiplicity of analyses, results from similar studies, and other 

relevant evidence 

75-78 

Generalisability 21 Discuss the generalisability (external validity) of the study results 78-79 

Other information  

Funding 22 Give the source of funding and the role of the funders for the present study and, 

if applicable, for the original study on which the present article is based 

80-81 
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Chapter 3. Trends and Determinants of Inequities in Prenatal Healthcare in the Canadian 

Province of Manitoba: A Population-Based Cohort Study (2010–2022) 

Aboulatta L, Kowalec K, Lix LM, Tadrous M, Delaney JA, Leong C, Falk J, Alessi-Severini S, Raimondi 

C, Kearns K, Haidar L, Peymani P, Tan Q, & Eltonsy S. Trends and Determinants of Inequities in 

Prenatal Healthcare in the Canadian Province of Manitoba: A Population-Based Cohort Study 

(2010–2022). Manuscript submitted for publication to Paediatric and Perinatal Epidemiology, 
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3.1. Overview 

Between 2004 and 2009, Manitoba experienced a significant increase in inadequate care, a trend 

which was associated with underlying social inequalities at both individual and community levels. 

Population-based studies assessing prenatal care adequacy have been conducted in various 

settings and using different adequacy indices. This project presents the results of prenatal care 

utilization among pregnant women in Manitoba using a population-based cohort design and 

linked administrative databases. The study examined both the frequency of prenatal visits with 

a threshold of fewer than 5 visits and the adequacy of care using the Revised Graduated Prenatal 

Care Utilization Index (R-GINDEX). This study provides a comprehensive assessment of 

longitudinal trends, determinants, and the impact of the COVID-19 pandemic on prenatal care 

access. The overall trends were stable prior to 2020; however, the onset of the COVID-19 

pandemic was associated with an increase in the proportion of women receiving inadequate care 

and fewer than five visits. Young maternal age, rural residence, lower socioeconomic status, 

multiparity, and previous healthcare use were associated with a higher risk of both inadequate 

care and fewer visits. 
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3.2. Abstract   

Background 

Adequate prenatal care is essential for optimal maternal and infant health outcomes. Exploring 

the clinical and demographic factors affecting the adequacy of prenatal care services can help 

support equitable access. This population-based study characterized trends in prenatal care 

utilization in Manitoba (2010–2022), with a focus on fewer than five visits (<5 visits) and 

adequacy of care measured by the Revised Graduated Prenatal Care Utilization Index (R-GINDEX). 

Determinants of fewer than five visits and R-GINDEX adequacy categories were examined. A 

secondary objective assessed the impact of COVID-19 pandemic measures on fewer than five 

visits and R-GINDEX-defined adequacy. 

Methods 

We conducted a cohort study using province-wide mother-infant-linked administrative health 

databases from January 2010 to March 2022. Prenatal care adequacy was assessed using the R-

GINDEX, which classifies care into 6 mutually exclusive categories: adequate, inadequate, 

intermediate, intensive, missing and no care. Annual percentages of women receiving <5 visits, 

and R-GINDEX categories (adequate, intermediate, inadequate or intensive care) were 

estimated, and trends in these percentages were analyzed using linear regression. 

Sociodemographic and clinical determinants of <5 visits were examined using multivariable 

logistic regression, while determinants of adequacy of care were examined using multivariable 

multinomial logistic regression. The impact of the COVID-19 pandemic measures on fewer than 

five visits and R-GINDEX categories was evaluated using interrupted time series analyses with 

generalized linear models. 



116 

 

 

Results 

Among 192,274 pregnancies, 3.9% (n=7,518) had <5 visits. R-GINDEX classification showed that 

65,143 (33.9%) received adequate care, 90,732 (47.2%) intermediate, 19,926 (10.4%) inadequate 

and 15,275 (7.9%) intensive care. The percentage of women who received <5 visits (p=0.58) and 

inadequate care (p=0.85) remained stable between January 2010 and January 2020. 

Determinants of inadequate care included rural residence (aRR=1.42, 95% CI: 1.40-1.45), lower 

income (aRR=1.41, 95% CI: 1.39- 1.43), and multiparity (aRR=2.46,95%CI:2.42-2.50). Women with 

frequent ambulatory visits (≥4 visits) before pregnancy had a 41% lower risk of inadequate care 

(aRR=0.59, 95%CI: 0.58–0.61). Rural residence, lower income, psychological distress, multiparity, 

and previous hospital visits were significant determinants of fewer than five visits. During the 

first year of the COVID-19 pandemic, there was a relative increase in the percentage of women 

receiving <5 visits by 38.2% (β100%year1=0.29,p=0.02), and inadequate care by 2.3% 

(β100%year1=0.2,p<0.01) compared to the pre-pandemic period, while intensive prenatal care 

increased.  

Conclusions 

A substantial percentage of Manitoba women received inadequate or intermediate prenatal 

care, and this percentage increased during the COVID-19 pandemic. Significant inequities persist, 

with rural residence, lower income, and multiparity representing key barriers to adequate care. 

Targeted, equity-oriented interventions are warranted to mitigate structural barriers and 

improve prenatal care access for vulnerable populations, and subsequent studies should evaluate 

the downstream associations between inadequate care and maternal and neonatal outcomes. 
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3.3. Introduction 

Ensuring high-quality healthcare during pregnancy is essential for improving health outcomes for 

both mothers and infants. Prenatal care utilization has been identified as a determinant of several 

maternal and neonatal health outcomes, including preterm birth, stillbirths, low birth weight, and 

other outcomes that can adversely affect infant development and long-term health(1–3). Regular 

prenatal visits can provide timely diagnosis and management of maternal health conditions such 

as gestational diabetes and hypertension, as well as screening and support for mental health 

concerns, thereby helping to control risk factors associated with pregnancy complications(4–7). 

Prenatal care should be tailored to the physical and psychosocial needs of the mother and fetus 

and to the healthcare context of each country. Notably, It is most effective when initiated early in 

pregnancy and continued at regular intervals to support timely assessment and intervention(8). 

The Society of Obstetricians and Gynecologists of Canada (SOGC) recommend prenatal care visits 

every 4–6 weeks early in pregnancy, every 2–3 weeks after 30 weeks, and every 1-2 weeks after 

36 weeks of gestation(9).  Similarly, the 2016 WHO recommendations shifted from a minimum of 

four visits to at least eight contacts, starting in the first trimester, with visits spaced across the 

second and third trimesters(10). Despite these recommendations, many pregnant women either 

initiate care after the first trimester or receive fewer contacts than recommended, with 

implications for preventable morbidity. In the United States, for instance, the percentage of 

women receiving inadequate care, defined either as care initiated during the second trimester or 

later, or having <50% of the recommended visits based on gestational age, has increased between 

2018 and 2023(11). By 2023, approximately one in six U.S. infants (15.7%) was born to a mother 

receiving inadequate care(11). Studies have shown that inadequate prenatal care is associated 
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with increased risk of stillbirth, preterm birth, low birthweight and small for gestational age(12–

14). 

Multiple sociodemographic and geographic factors, such as maternal age, region of 

residence, marital status, and education, might influence the frequency and adequacy of prenatal 

care(8,15–23). Additionally, employment status and socioeconomic status, and chronic maternal 

health conditions have been identified as potential barriers to impact prenatal care visits(8,15–

22). Between 2004 and 2009, Manitoba experienced a significant increase in inadequate care 

from 10.5% to 12.5%, a trend which was associated with underlying social inequalities at both 

individual and community levels(24). Recently, the COVID-19 pandemic exacerbated pre-existing 

social and regional disparities and led to limited access to healthcare services, including prenatal 

care(25,26). This study examined trends in prenatal care utilization among women who gave birth 

in Manitoba, focusing on: (1) frequency of prenatal visits, using a cutoff of fewer than five visits, 

and (2) adequacy of care classified by the Revised Graduated Prenatal Care Utilization Index (R-

GINDEX categories: inadequate, intermediate, adequate, intensive, missing, or no care). We also 

investigated maternal clinical and sociodemographic determinants associated with: (1) having <5 

visits and (2) adequacy of care (defined by R-GINDEX). As a secondary objective, we examined the 

impact of the COVID-19 pandemic measures on prenatal visit frequency (<5 visits) and the 

adequacy of care using R-GINDEX. 
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3.4. Methods 

3.4.1. Study Design and Population 

We conducted a population-based cohort study including all pregnant women giving birth, either 

live birth or stillbirth, in hospitals in the Canadian province of Manitoba from 1 January 2010 to 

31 March 2022. Inclusion into the cohort was defined as the delivery date, identified using the 

delivery procedure code recorded in the hospital discharge abstract database(27,28). We 

excluded pregnancies ending in miscarriage (pregnancy loss before 20 weeks of gestation), 

ectopic pregnancies, and pregnancies where no linkage could be made between mother and 

baby. 

3.4.2. Data Sources 

We used the Population Research Data Repository hosted at the Manitoba Centre for Health 

Policy (MCHP), a secure provincial health and administrative database containing de-identified 

individual-level data for all residents eligible for health services in Manitoba. The reliability and 

validity of the MCHP Repository for epidemiological research have been well-established in 

previous studies(29–34). We used multiple linked databases to capture demographic, clinical, 

and socioeconomic information. Prenatal care visits, maternal age, and comorbidities were 

obtained from the hospital discharge abstract database, with diagnoses coded using the 

International Classification of Diseases (ICD) system, Tenth Revision, with Canadian 

enhancements (ICD-10-CA)(35). Physician billing records from the medical claims database were 

used to identify prenatal care visits and comorbidities, with diagnoses coded using ICD-9-CM(35). 

Age and area of residence were obtained from the Manitoba Health Insurance Registry. The 
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province of Manitoba has five regional health authorities (RHAs), each responsible for delivering 

healthcare within specific geographic areas based on the address of residents: Winnipeg 

(including Churchill), Interlake-Eastern, Prairie Mountain, Southern, and Northern. The Drug 

Program Information Network (DPIN) was used to capture prescription drug dispensations, and 

Statistics Canada census data provided information on household income used to define area-

level income quintiles.   

 

3.4.3. Prenatal Care Outcomes 

(1) Frequency of Prenatal Care Visits 

Prenatal care visits were defined as visits that occurred either in-person or virtual, between the 

health care provider and pregnant woman during the pregnancy period until the initiation of 

labour(36). We used the hospital discharge abstracts and medical claims databases to measure 

the number of prenatal care visits. Both in-person and virtual visits were identified using tariff 

codes recorded during gestation. In Manitoba, tariff codes are unique billing codes used within 

the provincial health insurance system to record physician and other provider services. Each code 

corresponds to a specific service and associated reimbursement amount, which are reliable and 

have been used in previous population-based studies to identify healthcare provider 

services(24,37). The list of tariff codes used to capture prenatal visits is provided in 

Supplementary Table S3.1. Having seven to eleven prenatal care visits in clinical settings is 

considered standard for low-risk pregnancies(38,39). Thus, we defined fewer than five visits 

during pregnancy (including both in-person and virtual visits) as a low number of visits. This cut-
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off is consistent with previous literature, including Heaman et al. (2012), who developed and used 

indicators to assess prenatal care and categorized women receiving fewer than five visits within 

this group(38–42). 

(2) Adequacy of prenatal care (R-GINDEX) 

Several indices have been used to assess the adequacy of prenatal care utilization, such as the 

Adequacy of Prenatal Care Utilization (APNCU) index, Kessner Index, and the Revised Graduated 

Index of Prenatal Care Utilization (R-GINDEX), each using different algorithms to categorize 

adequacy of care and resulting in varying utilization patterns(43–45). Our study used the Revised 

Graduated Index of Prenatal Care Utilization (R-GINDEX) to assess the adequacy of prenatal care. 

R-GINDEX is based on the American College of Obstetricians and Gynecologists recommendations 

for prenatal visits, demonstrated reliable results, and was used in previous research in Manitoba 

and Canada(42,46–50). The R-GINDEX classifies utilization based on the month prenatal care 

began, total number of visits, and gestational age at delivery, yielding six categories: no care, 

missing, inadequate, intermediate, adequate, and intensive. For example, initiation in months 1–

6 with fewer than eight total visits is classified as inadequate, whereas first-trimester initiation 

with 13–16 visits by 40 weeks’ gestation is adequate. Intermediate indicates first 4 months’ 

initiation with 50%–79% of expected visits; intensive reflects a higher-than-expected number of 

visits and may indicate elevated clinical need. The no care category encompasses pregnancies 

without recorded visits, recognizing that services delivered by salaried providers, midwives, or 

nursing stations may not generate fee-for-service claims captured in our data. Missing care is 

defined as missing information on prenatal care in the database.   
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3.4.4. Determinants of Fewer than Five Prenatal Visits and Adequacy of Care 

The two primary outcomes examined in the determinant analyses were: (1) receiving fewer than 

five prenatal visits and (2) adequacy of care per R-GINDEX, categorized as inadequate, 

intermediate or intensive care. Based on the available literature, we examined the following 

determinants. Maternal age at delivery was categorized as: 19 years or younger, 20–34 years, 

and 35 years or older. Parity was classified as either primipara (0-1 prior birth) or multipara (>1 

prior births)(51), and plurality was defined as singleton or multiple birth. Maternal residence was 

categorized as urban or rural, according to the geographic classification of the maternal postal 

code at delivery. As a proxy for maternal socioeconomic status, we used income quintile based 

on the median household income for Statistics Canada dissemination areas, the smallest 

geographic unit for which Census data are publicly released. These quintiles were subsequently 

grouped into three categories: lower income (1st and 2nd quintiles), higher income (3rd to 5th 

quintiles), and income unknown (for individuals who could not be assigned a neighborhood 

income quintile)(52). We captured maternal psychological distress defined as any form of 

diagnosed psychological distress (e.g., anxiety and/or depression) occurring during the eight 

months before giving birth using ICD-9-CM and ICD-10-CA codes(53). In addition, we assessed 

pre-existing physical comorbid conditions using validated definitions, including diabetes(54), 

hypertension(55), and chronic respiratory diseases (including asthma(56) and chronic obstructive 

pulmonary diseases(57)). For each comorbidity, a pre-specified look-back window before the 

delivery was applied to ascertain the presence of the diagnosis. Detailed definitions, ICD codes, 

and time frames used to define these conditions are provided in Supplementary Table S3.2. We 

identified outpatient (i.e., ambulatory) and inpatient healthcare contacts the year before the first 
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day of pregnancy. Ambulatory visits included the total number of visits to physicians and nurse 

practitioners. Hospital visits were defined as the total number of inpatient hospitalizations, 

including day surgeries. For analysis, ambulatory encounters were categorized as 0, 1–3, or ≥4 

visits; hospital as 0, 1, or ≥2 admissions; categories were selected a priori and aligned with the 

empirical distribution of our data.   

3.4.5. Pandemic Measures and Exposure Levels 

The first COVID-19 case in Manitoba was reported on March 12, 2020, followed shortly by the 

declaration of a public health emergency and the introduction of widespread public health 

measures on social and healthcare services(58,59). These measures included limits on gathering 

sizes, physical-distancing requirements, lockdowns, modifications to health-care services, and 

suspension of non-urgent medical care(58,59). To capture the differential exposure lengths to 

pandemic measures, deliveries were grouped according to the approximate proportion of 

pregnancy spent under pandemic measures: unexposed (January 2010-March 2020); 25% 

exposed (April–May 2020); 50% exposed (June–August 2020); 75% exposed (September–

November 2020); 100% exposed year 1 (December 2020-March 2021), and 100% exposed year 2 

(April 2021-March 2022). 

3.4.6. Statistical Analyses 

Population Characteristics 

Descriptive analyses were conducted for the characteristics of women receiving <5 visits and the 

four categories of the R-GINDEX: inadequate, intermediate, adequate, and intensive. Pregnancies 
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with missing (less than 0.05%) and no care (around 0.1%) were excluded from all the analyses, 

given their rarity. 

Trend Analyses of Fewer than Five Prenatal Care Visits and R-GINDEX 

We examined the yearly trend in the percentage of women receiving <5 visits and four R-GINDEX 

categories. The denominator included the total number of pregnancies each year, including live 

births, stillbirths, multiple births, and singletons. A linear regression model was used to assess 

linear trends over time from January 2010 to January 2020. Subgroup analyses of the percentage 

of women receiving <5 visits and four R-GINDEX categories across the five health regions in 

Manitoba were conducted. 

Determinants of Fewer than Five Prenatal Care Visits and Adequacy of Care 

A multivariable logistic regression model was used to identify determinants of women receiving 

<5 visits, with women receiving five or more visits as a reference group. A multivariable 

multinomial logistic regression model was used to examine the adequacy of prenatal care using 

the R-GINDEX. In this model, we examined the association between the predictors and women 

receiving inadequate, intermediate care, or intensive care with those receiving adequate care as 

reference group. The models included the following predictors: maternal age, residence, income 

group, parity, plurality, chronic respiratory diseases, epilepsy, hypertension, diabetes, 

psychological distress, ambulatory, and hospital visits. Adjusted odds ratios with 95% confidence 

intervals (CI) were calculated for each independent variable. We then derived adjusted relative 

risks (aRR) with 95% CI using the formula provided by Zhang and Yu(60). 
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Impact of COVID-19 Pandemic Measures  

We conducted interrupted time series (ITS) analysis using generalized linear models, with March 

2020 as the intervention point to examine the impact of the COVID-19 pandemic measures on 

trends of percentage of women receiving <5 visits and prenatal care adequacy (using the R-

GINDEX categories). We used monthly percentages of outcomes in the ITS analyses when each 

month included ≥80 events. When monthly counts fell below 80, we aggregated the data into 

two-month intervals and applied this threshold consistently within each outcome across all time 

points. This recommended cut-off was applied to ensure that each time point contributed a 

sufficient number of outcome events to generate stable estimates, reduce random variation, and 

preserve the statistical power of the ITS models.(61–63) Our models estimated changes in 

outcomes based on varying lengths of exposure to pandemic measures by including a variable for 

exposure (6 categories: 0%, 25%, 50%, 75%, 100% year 1 and 100% year 2) and season 

(fall/winter/spring/summer) to account for a potential seasonality effect. Relative percentage 

change was calculated as the difference between the average percentage during each pandemic 

exposure period and the pre-pandemic percentage, expressed relative to the pre-pandemic 

percentage. The model fit was evaluated using the scaled deviance (deviance divided by the 

degree of freedom), with a value close to 1 indicating a good model fit. Model fit for ITS analyses 

using GLM was evaluated using the scaled deviance (deviance divided by the degrees of freedom). 

However, relying on a single statistic has limitations because scaled deviance primarily reflects 

overall dispersion and does not assess residual patterns, model misspecification, or the presence 

of autocorrelation. To further evaluate model assumptions, residual plots and autocorrelation 

diagnostics were examined to assess whether systematic patterns or serial correlation were 
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present. We compared the fit of different models using the Bayesian Information Criterion (BIC); 

the smaller the BIC, the better the fit. A nominal α = 0.05 was used to assess statistical 

significance. All analyses were conducted using SAS software, version 9 (SAS Institute Inc., Cary, 

NC). 

3.5. Results 

Population Characteristics 

The included study population and outcomes are summarized in Figure 3.1. A total of 192,274 

pregnant women were examined during the study period (Table 3.1). Among women who had 

<5 visits, the majority were 20-34 years, lived in urban areas, or were in the lower socioeconomic 

group. By R-GINDEX, 47.2% received intermediate care (n= 90,732) and 10.4% (n= 19,926) 

received inadequate care; among those with inadequate care, 11.4% were aged ≥35 years, 12.6% 

were aged <20 years, 66.8% were in the lower-income group, and 12.3% had documented 

maternal psychological distress. 

Trends of Fewer than Five Prenatal Care Visits and Adequacy of Care 

Between January 2010 and January 2020, the percentage of women with <5 visits was stable 

(p=0.58). Based on the adequacy of care, the percentage of women who received adequate, 

intermediate, intensive, or inadequate care was stable during the study period (Figure 3.1, 

supplementary Table S3.3). Regional patterns for fewer than five visits and R-GINDEX categories 

across Manitoba’s five health regions are shown in supplementary Figure S3.1. 

Determinants of Fewer than Five Prenatal Care Visits and Adequacy of Care 

Young maternal age (<20 years), multiparity, lower income, and maternal psychological distress 

were associated with an increased risk of both <5 visits and inadequate care (Table 3.2). Women 
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with frequent ambulatory care (≥4 visits) before pregnancy had a 68% lower risk of receiving <5 

visits (aRR= 0.32,95% CI: 0.30–0.35) and a 41% lower risk of receiving inadequate care 

(aRR=0.59,95% CI: 0.58–0.61), compared to those who had no ambulatory visits. In contrast, 

previous hospital visits were associated with increased risk for both outcomes. Women with one 

hospital visit had an aRR of 2.38 (95% CI: 2.25-2.52) for <5 visits, and those with ≥2 hospital visits 

had an aRR of 2.76 (95% CI: 2.52-3.02) compared to pregnant women with no hospital visits. A 

similar pattern was observed for inadequate care, with increased relative risks in those with a 

history of hospital visits (Table 3.2). Women with maternal psychological distress had 21% higher 

risks of receiving intensive compared to those receiving adequate care.  Determinants of women 

who received intermediate and intermediate care compared to adequate care are presented in 

Supplementary Table S3.4.  

Impact of COVID-19 Pandemic Measures 

The pandemic was associated with a 38.2% relative increase among women with <5 visits 

exposed to pandemic measures for their entire pregnancies during the first year of the pandemic 

(β100% year1=0.29, p=0.02; Figure 3.3, Table 3.3) compared to the pre-pandemic period. For 

adequacy of care using R-GINDEX, a 2.1% relative increase in inadequate care among those 75% 

exposed to pandemic measures followed by a 2.3% relative decrease among those who spent 

their entire pregnancies during first year of the pandemic (β75%exposed=0.22; β100% year1=0.20, both 

p<0.01, respectively) compared to the pre-pandemic period (Figure 3.3, Table 3.3). There was an 

18.8% relative increase in intermediate care increased among those exposed 50% to pandemic 

measures (β50%exposed=0.07, p<0.01), this was followed by a 6.2% relative decrease among 
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pregnancies that spanned the full term during the second year of the pandemic (β100% year2= -0.03, 

p=0.04) compared to pre-pandemic period (Figure 3.3, Table 3.3). 

3.6. Discussion 

This population-based study showed that 10.4% of Manitoban women received 

inadequate prenatal care, while 3.9% had fewer than five prenatal visits throughout their 

pregnancy. Trends in prenatal care utilization were stable during the study period; however, the 

COVID-19 pandemic was associated with increased percentages of women receiving inadequate 

care. Young maternal age, living in rural areas, lower socioeconomic status, multiparous women 

and previous use of health care were associated with a higher risk of both inadequate care and 

receiving fewer than five visits throughout their pregnancy.  

Our findings are consistent with prior Manitoba research (2004/05–2008/09), which 

documented inequities in prenatal care among younger, lower-income, and multiparous 

women(24). The previous study included 70,612 deliveries over five fiscal years and used the R-

GINDEX to examine the adequacy of care across different geographical regions. That study 

assessed determinants such as maternal education and smoking/alcohol use that were not 

available in the present analysis. Our study extends previous work by incorporating preconception 

health service utilization and examining visit frequency using a <5 visit threshold. Despite 

Manitoba’s universal coverage, the persistence of inequities over a decade indicates upstream 

system and structural barriers.  

A study from Ontario, Canada, reported that 2.1% of pregnant women giving birth at 

major health care centers received inadequate care, defined as fewer than five visits or initiation 
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of care in the third trimester(64). Differential adequacy by migration status has also been 

reported in Ontario, with lower adequacy among government-assisted refugees than privately 

sponsored refugees(65). According to the Maternity Experience Survey, 18.9% of pregnant 

women in Canada received inadequate care, with Manitoba reporting a rate of 22.5%(66). In our 

study, the inadequate care percentage was lower (10.4%), which could be explained by 

differences in study designs and the index used to measure adequacy of care. The Maternity 

Experience Survey applied the Adequacy of Prenatal Care Utilization Index (APNCUI), whereas our 

study used the R‑GINDEX. In our study, the percentage of inadequate care was comparable to 

findings from developed countries such as Southern Spain (16.5%)(67). However, international 

comparisons require caution because indices, data sources, and health system organization differ.  

 Several sociodemographic, clinical, structural barriers, and limitations within the 

healthcare system faced by women could limit their access to receiving the recommended 

prenatal care visits and adequate care(68,69). Consistent with prior literature, younger age, low 

income, higher parity, and rural residence were associated with inadequate utilization, 

highlighting the intersection of socioeconomic and geographic barriers within a publicly funded 

system(70–77). The persistence of these inequities demonstrates deeper structural challenges in 

Manitoba within the healthcare system that extend beyond individual factors(78,79). When 

health systems are strained, inequities widen as individuals with higher socioeconomic status 

often have the resources or flexible employment arrangements. In contrast, lower socioeconomic 

women face compounded barriers, exacerbating inequities in prenatal care access(80,81). 

Moreover, reliance of healthcare systems on outdated communication methods (e.g. busy phone 

lines and faxes), limited after-hours options, and lack of integrated service navigation may 
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disproportionately affect women balancing childcare, employment, and other social 

demands(80).  

Healthcare infrastructure gaps in rural and underserved regions exacerbate disparities in 

access(82,83). Despite universal healthcare coverage, indirect costs such as transportation, time 

off work, and childcare for other children disproportionately affect low-income women. These 

economic barriers could explain why income remains a significant determinant within a publicly 

funded system(81,84). Shi et al. reported that geographic barriers, such as long travel distances 

and limited transportation options, impose substantial time and financial burdens on pregnant 

women, which can delay or prevent timely and adequate care(85). A U.S. study found that 

expanding maternity care clinicians in rural areas significantly increased prenatal visit counts(86). 

Provider availability and system capacity represent critical but often overlooked determinants of 

the adequacy of care. Rural physician shortages create capacity constraints affecting rural 

communities(83,86). Manitoba's health information systems rank among the lowest across 

Canada in interoperability, meaning women displaced by various circumstances often cannot 

transfer their prenatal information between providers(87). Limitations in health information 

interoperability may further impede continuity when care is fragmented across sites and 

providers, creating barriers to timely, coordinated prenatal care.  

Psychological distress was associated with a higher risk of inadequate care in this cohort, 

consistent with prior Manitoba findings linking psychosocial adversity to lower adequacy(68). In 

Manitoba, prenatal services such as physiotherapy, psychology, and mental health care remain 

uninsured or fragmented, forcing women to resort to pharmacological alternatives because 

evidence-based non-pharmacological options are inaccessible or unaffordable. Integrating these 
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services into publicly insured perinatal care would address the most common complications of 

pregnancy, such as depression and anxiety(88).  

Manitoba has foundational assets that strengthen access to prenatal care, including the 

Healthy Baby Prenatal Benefit Program, which has demonstrated improvements in utilization and 

neonatal outcomes through income supplementation and community supports(89). A 2007 study 

by Brownell et al. demonstrated the program's effectiveness, with over one-quarter of all 

mothers giving birth in Manitoba during the study period participating in the program(90). 

Another study, in 2011, reported that women receiving the prenatal benefit experienced fewer 

adverse neonatal outcomes and were more likely to breastfeed their infants(91). However, 

eligible women who were not part of the program were more likely to be younger than 18 years, 

live in rural areas, have had prior births, and no prenatal visits, highlighting persistent gaps in the 

program(90). To address these limitations, the Manitoba Government doubled the program’s 

budget in 2024 to expand its reach and improve birth outcomes(92). Our study adds to this 

evidence by identifying specific sociodemographic and clinical characteristics of women receiving 

inadequate prenatal care in Manitoba, including the history of healthcare utilization as a key 

determinant of prenatal care frequency and adequacy. While the Healthy Baby Prenatal Benefit 

Program represents important policy innovation, the program's focus on financial support, while 

necessary, does not address structural barriers such as provider availability, transportation, or 

system navigation(93). 

The COVID-19 pandemic revealed existing inequities in Manitoba's prenatal care and 

highlighted the structural barriers that had long affected women's access to care. During the first 

2 years of the COVID-19 pandemic, our analysis showed an increase in the proportion of women 
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receiving fewer than five prenatal visits and a decline in the adequacy of care, while percentages 

of women receiving intensive care increased.  In response to the COVID-19 pandemic, Manitoba 

implemented interim prenatal care schedules for low-risk pregnancies to reduce infection 

transmission by modifying the routine care, limiting in-person visits and transitioning to virtual 

visits(94). While these adaptations were intended to maintain care during the unprecedented 

pandemic period, the observed drop in adequacy of care could be attributed to pandemic-related 

challenges faced by pregnant women. While telehealth improved access for some women, 

women with limited internet access or lower digital literacy faced additional barriers to virtual 

care(95–97). This technological inequity likely contributed to the observed increase in inadequate 

care during the pandemic and suggests that system resilience requires not just alternative service 

delivery methods, but fundamental redesign to accommodate diverse pregnant women's needs 

and circumstances(95–97). Additionally, fear of infection and the implementation of public health 

measures, especially stay-at-home orders, gathering restrictions, and reduced access to family 

and social support, could have disrupted access to prenatal care and made pre-existing structural 

barriers more pronounced.  

Building an adaptive prenatal capacity that equitably serves all women requires 

addressing structural determinants across multiple domains(78,79). In Manitoba, expanding 

midwifery services, aligning remuneration models between physicians and midwives, enabling 

collaborative care models, and implementing group prenatal care could be solutions to improve 

access. Developing innovative service delivery models is needed to address the longstanding 

challenge of travel for birth, especially in underserved communities. Thus, to address the 
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complex, multi-level barriers of prenatal care, the system should flexibly meet patient needs 

through integrated teams and locally accessible care. 

Strengths of the current study include population-based coverage of all hospital deliveries 

in Manitoba, linkage across administrative data sources, parallel assessment of visit frequency 

and R GINDEX adequacy, and incorporation of preconception healthcare services utilization as a 

determinant. Finally, by pairing a clinically supported <5‑visit cutoff with R‑GINDEX, the study 

distinguishes care frequency from adequacy and enables complementary interpretation without 

conflating frequency with adequacy. Our study has several limitations to be acknowledged. We 

did not have information on important risk factors for prenatal care adequacy, such as smoking, 

marital status, and education. We assessed the adequacy of care using the R-GINDEX, one of 

several available indices. While the R-GINDEX has been used in previous studies and has 

demonstrated reliable results compared to other indices, it has not been formally 

validated(46,47). It is strictly a measure of utilization and captures the quantity and timing of 

prenatal care received and does not reflect the content or clinical adequacy of prenatal care. 

There is also potential for misclassification due to inaccuracies in gestational age estimations, as 

we relied on data recorded in hospital abstracts. In our study, the proportion of women recorded 

as having no prenatal care or with missing care was low, despite having a hospital delivery, which 

could be due to uncaptured care. For instance, the Medical Services data may not include all 

relevant prenatal care claims. Some women classified as receiving no care may have been seen 

by salaried physicians who did not submit billing claims or receive care from midwives or at 

nursing stations, which are services not captured in Medical Services data or hospital abstracts. 
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In addition, about 5–6% of births in Manitoba are attended by midwives, and fewer than 1% of 

births occur at home and were not included in this study (98). 

3.7. Conclusions  

This study highlights significant inequities in prenatal care in Manitoba, with maternal age, 

socioeconomic status, area of residence, and previous use of healthcare representing key 

determinants for inadequate care and fewer than five visits. The COVID-19 pandemic revealed 

structural barriers, with significant increases in inadequate care. Addressing these disparities 

presents an opportunity for system-level transformation that targets structural determinants 

alongside individual-focused interventions to improve prenatal care equity and outcomes, and 

support care models that are resilient to disruptions. 
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3.12. Tables 

Table 3.1. Characteristics of pregnant women included in the study, stratified by frequency of 
prenatal visits and adequacy of care using R-GINDEX categories. 

Characteristics 
Frequency of prenatal visits R-GINDEX+ 

<5 visits ≥5 visits Adequate Intermediate Inadequate Intensive 

Numbers 7,518 184,756 65,143 90,732 19,926 15,275 

Age (n, %)       

< 19 years 946 (12.6) 9,936 (5.4) 2,147 (3.3) 5,114 (5.6) 2,518 (12.6) 971 (6.4) 

20-34 years 5,745 (76.5) 142,667 (77.2) 49,069 (75.3) 71,967 (79.3) 15,133(75.9) 11,321(74.1) 

>35 years 821 (10.9) 32,116 (17.4) 13,918 (21.4) 13,637 (15.0) 2,263 (11.4) 2,978 (19.5) 

Residence* (n, %)       

Urban 2,607 (34.8) 104,433 (56.6) 41,957 (64.4) 48,489 (53.5) 7,218 (36.3) 8,819 (57.7) 

Rural 4,883 (65.2) 80,254 (43.5) 23,176 (35.6) 42,216 (46.5) 12,657(63.7) 6,454 (42.3) 

RHA** (n, %)       

Interlake Eastern 550 (7.3) 16,0.31 (8.7) 5,272 (8.1) 8,112 (8.9) 1,734 (8.7) 1,360 (8.9) 

Northern  2,814 (37.6) 16,783 (9.1) 3,358 (5.2) 7,544 (8.3) 6,288 (31.6) 2,129 (13.9) 

Southern 774 (10.3) 33,441 (18.1) 9,786 (15.0) 19,709 (21.7) 2,855 (14.4) 1,715 (11.2) 

Prairie Mountain 912 (12.2) 22,951 (12.4) 8,834 (13.6) 10,270 (11.3) 2,266 (11.4) 2,354 (15.4) 

Winnipeg 2,440 (32.6) 95,481 (51.7) 37,883 (58.2) 45,070 (49.7) 6,732 (33.9) 7,751 (50.5) 

Parity (n, %)       

Primipara 3,049 (40.6) 129,591 (70.2) 50,204 (77.1) 61,734 (68.1) 9620 (48.3) 10,638 (69.7) 

Multipara 4,455 (59.4) 55,105 (29.8) 14,937 (22.9) 28,987 (31.9) 10,298(51.7) 4,627 (30.3) 

Income (n, %)       

Higher income 2.050 (27.3) 98,840 (53.5) 37,560 (57.7) 48,791 (53.8) 6,492 (32.6) 7,678 (50.3) 

Lower income 5,413 (72.0) 85,353 (46.2) 27,430 (42.1) 41,669 (45.9) 13,303(66.8) 7,551 (49.4) 

Comorbidities (n, %)       

Hypertension 948 (12.6) 26,024 (14.1) 11,309 (17.4) 10,248 (11.3) 2,191 (11) 3,057 (20) 

Diabetes 639 (8.5) 15,915 (8.6) 7,063 (10.8) 5,689 (6.3) 1,449 (7.3) 2,263 (14.8) 

      Chronic respiratory 
diseases 

3920 (52.1) 113,977 (61.7) 42,735 (65.6) 54,426 (60) 10,199(51.2) 9,859 (64.5) 

Psychological distress 1,029 (13.7) 26,946 (14.6) 10,465 (16.1) 12,014 (13.2) 2,458(12.3) 2,890 (18.9) 

Epilepsy 35 (0.5) 748 (0.4) 262 (0.4) 350 (0.4) 79 (0.5) 87 (0.6) 

Previous Health care utilization      

Hospital visits (n, %)       

0 4646 (61.8) 148,574 (80.4) 54,145 (83.1) 72,876 (80.3) 13,511(67.8) 11,909 (77.9) 

1 2247 (29.9) 29,984 (16.2) 9,136 (14.0) 14,899 (16.4) 5,150 (25.9) 2,710 (17.7) 

>2 625 (8.3) 6,198 (3.4) 1,862 (2.9) 2,957 (3.3) 1,265 (6.4) 656 (4.29) 

Ambulatory visits (n, %)       

0 2231 (29.7) 29,579 (16) 7,144 (10.9) 15,940 (17.6) 6111 (30.7) 2,185 (14.3) 

1 to 3 80 (31.7) 60,614 (32.8) 20,178 (30.9) 31,920 (35.2) 6,317 (31.7) 4,241 (27.8) 

>4 2907 (38.7) 94,536 (51.2) 37,821 (58.1) 42,872 (47.3) 7,498 (37.6) 8,849 (57.9) 
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+R-GINDEX: Revised Graduated Prenatal Care Utilization Index, which classifies adequacy of prenatal care as inadequate, 
intermediate, adequate, or intensive care based on the timing and number of visits adjusted for gestational age. 
*Residence: urban = Winnipeg/Brandon; rural = all other Manitoba regions, **RHA: Manitoba Regional Health Authorities 
 
 
 

Table 3.2. Adjusted Relative Risks and 95% Confidence Intervals for determinants of receiving 
fewer than five visits and receiving inadequate care. 

Determinants <5 visitsa Inadequate careb 

Adjusted RR* 95% CI Adjusted RR* 95% CI 

Age group      
 <20 vs. 20 - <35 2.6 2.41-2.81 3.38 3.17–3.61 
 >35 vs. 20 - <35 0.61 0.57-0.71 0.66 0.63-0.69 
Income      
 Lower vs. Higher 2.38 2.26-2.51 1.41 1.39-1.43 
Parity      
 Multi vs. primipara 1.21 1.16-1.27 2.46 2.42-2.50 
Plurality      
 Multiple births vs 

singleton 
1.04 0.89-1.21 0.27 0.23-0.31 

Residence**      
 Rural vs Urban 1.79 1.70-1.88 1.42 1.40-1.45 
Comorbidities      
 Hypertension 0.97 0.90-1.04 0.81 0.77-0.85 
 Diabetes 0.83 0.77-0.90 0.61 0.58-0.65 
 Chronic Resp diseases 0.75 0.72-0.79 0.89 0.88-0.90 
 Psych. Distress 1.09 1.02-1.17 1.12 1.08-1.17 
 Epilepsy 1.18 0.85-1.65 1.21 0.92-1.57 
Previous healthcare utilization 
 Hospital visits 

 1 vs 0 
2.38 2.25-2.52 2.08 2.01-2.15 

 Hospital visits 
≥2 vs 0 

2.76 2.52-3.02 2.45       2.27-2.64 

 Ambulatory visits  
1-3 vs 0 

0.53 0.50-0.57 0.69 0.67-0.71 

 Ambulatory visits 
 ≥4 vs 0 

0.32 0.30-0.35 0.59 0.58-0.61 

a <5 visits: determinants of women who received fewer than five prenatal visits with reference category women who received 
five or more prenatal visits. 
b Inadequate care: Determinants of women who received inadequate care with reference category women receiving adequate 
care as categorized by R-GINDEX. 
*Adjusted RR: adjusted relative risk 
**Residence: urban = Winnipeg/Brandon; rural = all other Manitoba regions 
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Table 3.3.  Interrupted time series analyses examining the impact of pandemic measures on pregnant women receiving <5 visits and                        
R-GINDEX categories by pandemic exposure percentage during pregnancy. 

  

Changes by exposure percentagea 

25%  
(Deliveries between  

April-May 2020) 

50% 
(Deliveries between  
June-August 2020) 

75% 
 (Deliveries between  

Sep-Nov 2020) 

100% Year 1 
(Deliveries between 

 Dec2020-March 2021) 

100% Year 2 
(Deliveries between  

April 2021-March 2022) 

Relative% 

changeb 
β25% p value 

Relative% 

changeb 
β50% p value 

Relative% 

changeb 
Β75% p value 

Relative% 

changeb 
β100%year1 p value 

Relative% 

changeb 
β100%year2 p value 

<5 visits* 29.2% 0.17 0.07 29.4% 0.19 0.16 27.6% 0.21 0.03 38.2% 0.29 0.02 14.3% 0.1 0.06 

R-GINDEXc                

         Adequate care -16.7% -0.18 <0.01 -22.6% -0.25 <0.01 -22.6% -0.28 <0.01 -16.9% -0.17 <0.01 -10.4% -0.11 <0.01 

Intermediate Care 15.1% 0.04 0.15 18.8% 0.07 <0.01 25.8% 0.03 0.2 28.5% -0.03 0.14 6.2% -0.03 0.04 

Inadequate Care 5.3% 0.13 0.06 7.9% 0.16 0.01 2.1% 0.22 <0.01 -2.3% 0.2 <0.01 -2.3% 0.04 0.21 

Intensive care 22.5% 0.24 0.06 25.3% 0.25 0.02 53.4% 0.49 <0.01 50.3% 0.46 <0.01 48.9% 0.44 <0.01 

*Interrupted time series analyses for  R-GINDEX using monthly percentages, while for <5 visits, the percentages were aggregated every 2 months.  

a Change by exposure percentage to pandemic measures: Exposure 25%: Deliveries between April 2020-May2020, Exposure 50%: Deliveries between June 2020 to August 2020, Exposure 
75%: Deliveries between Sep 2020 to Nov 2020, Exposure Year 1 100%: Deliveries between Dec 2020 to March 2021, and Exposure Year 2 100%: Deliveries between April 2021 to March 
2022. 

b Relative %change: Calculated as: ((Average % of specified period of exposure – Average % pre-pandemic period)/ Average % pre-pandemic) 
c R-GINDEX: Revised Graduated Prenatal Care Utilization Index. ITS analysis for monthly categories of R-GINDEX. 
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3.13. Figures 

Figure 3.1. Flow chart of the included pregnant women and study outcomes. 

 
        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pregnant women giving birth in hospitals in Manitoba  
Jan.2010 - March 2022 

n= 219,741

Prgnancies included 

(n=192,274)

Outcome 1:

Frequency of prenatal visits

<5 vists

(n= 7,518)

>5 visits

(n=184,756)

Outcome 2:  

Adequacy of care using R-GINDEX

Adequate Care 

(n=65,143)

Intermediate care 

(n=90,732)

Inadequate care

(n=19,926)

Intensive care 

(n=15,275)

Excluded (n= 27,467)

1. Pregnancies ending in abortion or ectopic pregnancy.

2. Deliveries with missing links to mothers
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        Figure 3.2. Trends in the annual percentage of pregnant women receiving <5 visits and R-GINDEX* 

categories during the study period. 

 
*R-GINDEX: Revised Graduated Prenatal Care Utilization Index, which classifies adequacy of prenatal care as inadequate, 

intermediate, adequate, or intensive care based on the timing and number of visits adjusted for gestational age. 
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+Change by exposure to pandemic measures: Exposure 25%: Deliveries between April 2020-May2020, Exposure 50%: Deliveries 
between June 2020 to August 2020, Exposure 75%: Deliveries between Sep 2020 to Nov 2020, Exposure Year 1 100%: Deliveries 
between Dec 2020 to March 2021, and Exposure Year 2 100%: Deliveries between April 2021 to March 2022. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.3. Percentage of pregnant women receiving <5 visits and R-GINDEX categories by change 
in exposure percentage during the pandemic measures* 
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3.14. Supplementary 

       
Supplementary Table S3.1. Tariff codes to identify prenatal visits among pregnant women                        
in Manitoba. 

Category Tariff Code(s) Condition 

Complete prenatal 

assessment 

8400 - 

Subsequent 

Prenatal visits 

8401 - 

Ambulatory visits 8501, 8507, 8509, 8529, 

8540, 8550 

Counted only if paired with pregnancy-related 

diagnosis (ICD-9-CM 630–679, V22, V23, V28) 

Virtual visits MCHP-defined virtual 

visit tariff codes 

(8001, 8005, 8100, 

8101, 8321, 8442, 8480, 

8481, 8527, 8535, 8478, 

8479, 8533, 8655, 8786) 

Counted only if paired with pregnancy-related 

diagnosis codes (ICD-9-CM 630–679, V22, V23, V28), 

restricted to physician visits during the gestational 

period. 
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Supplementary Table S3.2. Maternal comorbidities: Definitions, ICD codes, and look-back windows. 

 
ICD: International Classification of Diseases; ICD-9-CM: International Classification of Diseases, Ninth Revision, 
Clinical Modification; ICD-10-CA: International Statistical Classification of Diseases and Related Health 
Problems, Tenth Revision, Canada. 
*Validated definitions: Source: Lix L, Yogendran M MJ. Defining and Validating Chronic Diseases: An 
Administrative Data Approach. An Update with ICD-10-CA. Manitoba Cent Heal Policy, Univ Manitoba. 
Published online 2008. 

  References:  
1.  Term: Hypertension Prevalence | MCHP Concept Dictionary and Glossary for Population-Based Research | Max 

Rady College of Medicine | University of Manitoba. http://mchp-
appserv.cpe.umanitoba.ca/viewDefinition.php?definitionID=104903. 

2. Term: Diabetes - Measuring Prevalence | MCHP Concept Dictionary and Glossary for Population-Based Research | 
Max Rady College of Medicine | University of Manitoba. http://mchp-
appserv.cpe.umanitoba.ca/viewConcept.php?conceptID=1085. 

3. Term: Asthma | MCHP Concept Dictionary and Glossary for Population-Based Research | Max Rady College of 
Medicine | University of Manitoba. http://mchp-appserv.cpe.umanitoba.ca/viewDefinition.php?definitionID=102278.  

4. Term:Chronic Obstructive Pulmonary Disease (COPD)  | MCHP Concept Dictionary and Glossary for Population-Based 
Research | Max Rady College of Medicine | University of 
Manitoba.http://mchpappserv.cpe.umanitoba.ca/viewDefinition.php?definitionID=102431.  

 

Variable Definition ICD Codes 
1. 
Hypertension* 

Individuals aged >19 diagnosed with hypertension within 1 year with 
any of the following: 

• >1 hospitalizations with a diagnosis of hypertension; OR 

• >1 physician visits with a diagnosis of hypertension; OR 

• >2 prescriptions for hypertension drugs 
 
Validated: Sensitivity:77.5%, Specificity: 93.1%  

ICD-9-CM: 401-405 
ICD10-CA: I10-I13, I15 

2. Diabetes* Individuals aged >19 diagnosed with diabetes within 3 years with any 
of the following: 
▪ >1 hospitalizations with a diagnosis of diabetes, or 
▪ >2 physician visits with a diagnosis of diabetes, or 
▪ >1 prescriptions for medications to treat diabetes. 

 
Validated: Sensitivity: 88.4 %, Specificity: 98.8 % 

ICD-9-CM: 250 
ICD-10-CA: E10-E14 
 
 

3. Asthma* Individuals with asthma within 2 years with any of the following: 
▪ >1 physician visits; OR 
▪ >1 hospitalization; OR 
▪ >1 prescriptions for asthma treatment.   

 
Validated: Sensitivity: 68.6%, Specificity: 93 % 

ICD-9-CM: 493 
ICD-10-CA: J45, J46 
 
 
 

4. Chronic 
Obstructive 
Pulmonary 
Disease (COPD) 

Individuals with one of the following diagnoses: 

• >1 hospitalization in one year with a diagnosis of COPD  or 

•  >1 physician visits in one year with a diagnosis of COPD (ICD-9-CM 
codes as above). 

 

ICD-9-CM: 490, 491, 492, 
493, 496;  
ICD-10-CA: J40-J45 

http://mchp-appserv.cpe.umanitoba.ca/reference/ICD10_Final.pdf
http://mchp-appserv.cpe.umanitoba.ca/reference/ICD10_Final.pdf
http://mchp-appserv.cpe.umanitoba.ca/reference/ICD10_Final.pdf
http://mchp-appserv.cpe.umanitoba.ca/viewDefinition.php?definitionID=104903
http://mchp-appserv.cpe.umanitoba.ca/viewDefinition.php?definitionID=104903
http://mchp-appserv.cpe.umanitoba.ca/viewConcept.php?conceptID=1085
http://mchp-appserv.cpe.umanitoba.ca/viewConcept.php?conceptID=1085
http://mchp-appserv.cpe.umanitoba.ca/viewDefinition.php?definitionID=102278
http://mchpappserv.cpe.umanitoba.ca/viewDefinition.php?definitionID=102431
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Supplementary Table S3.3. Linear trend analysis of the percentage of pregnant women receiving <5 
Visits and R-GINDEX categories from January 2010 to January 2020. 

Prenatal care utilization Parameter 
estimate 

Standard error p value 

<5 visits -0.02 0.03 0.58 

R-GINDEX 
   

      Adequate Care 0.09 0.07 0.23 

      Intermediate Care -0.12 0.11 0.32 

      Inadequate Care -0.01 0.04 0.85 

      Intensive Care 0.02 0.11 0.83 

 
 
Supplementary Table S3.4. Adjusted Relative Risks (RR) and 95% Confidence Intervals (CI) for 
determinants of intermediate and intensive prenatal care relative to adequate care (R-GINDEX). 

Determinants Adjusted RR (95% CI) 
Intermediate Care Intensive Care 

Age group    
 <20 vs. 20 - <35 0.79 (0.76–0.81)  0.96 (0.94–0.98) 
 >35 vs. 20 - <35 1.61 (1.54–1.67) 1.88 (1.77–2.00) 
SES    
 Lower vs. Higher 1.04 (1.03–1.05) 1.11 (1.09–1.13) 
Parity    
 Multi vs. primipara 1.48 (1.45–1.50) 1.30 (1.26–1.35) 
Plurality    
 Multiple births vs 

singleton 
0.35 (0.33–0.38)  1.06 (0.97–1.15) 

Residence    
 Rural vs Urban 1.18 (1.17–1.20) 1.11 (1.08–1.14) 
Comorbidities    
 Hypertension 0.75 (0.73–0.77) 1.12 (1.08–1.17) 
 Diabetes 0.62 (0.60–0.65) 1.29 (1.23–1.35) 
 Chronic Resp diseases 0.96 (0.95–0.97) 0.98 (0.97–0.99) 
 Psych. Distress 0.96 (0.93–0.98) 1.21 (1.16–1.25) 
 Epilepsy 1.08 (0.92–1.27) 1.31 (1.03–1.67) 
Previous healthcare utilization 
 Hospitalization 

 1 vs 0 1.24 (1.20–1.27) 1.24 (1.19–1.29) 

 Hospitalization  
≥2 vs 0 1.19 (1.12–1.27) 1.33 (1.21–1.45) 

 Ambulatory visits  
1-3 vs 0 0.91 (0.90–0.92) 0.89 (0.88–0.91) 

 Ambulatory visits 
 ≥4 vs 0 0.88 (0.87–0.89) 0.94 (0.92–0.95) 
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Supplementary Figure S3.1. Trends in the annual percentage of pregnant women receiving <5 
visits and R-GINDEX categories during the study period across 5 regions of Manitoba: A) 
Interlake Eastern, B) Northern, C) Southern, D) Prairie Mountain, and E) Winnipeg. 

 
 

 
 

A) 

 

B) 
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STROBE Statement—Checklist of items that should be included in reports of cohort studies  
 

Item 

No Recommendation 

Page 

 Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 

abstract 

114-115 

(b) Provide in the abstract an informative and balanced summary of what was 

done and what was found 

115-116 

Introduction  

Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported 

117-118 

Objectives 3 State specific objectives, including any prespecified hypotheses 118 

Methods  

Study design 4 Present key elements of study design early in the paper 119 

Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection 

119-120 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 

participants. Describe methods of follow-up 

119-120 

(b) For matched studies, give matching criteria and number of exposed and 

unexposed 

- 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 

effect modifiers. Give diagnostic criteria, if applicable 

120-123 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods of 

assessment (measurement). Describe comparability of assessment methods if 

there is more than one group 

120-123 

Bias 9 Describe any efforts to address potential sources of bias 120-123 

Study size 10 Explain how the study size was arrived at  

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 

describe which groupings were chosen and why 

123-126 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for 

confounding 

123-126 

(b) Describe any methods used to examine subgroups and interactions 123-126 

(c) Explain how missing data were addressed 123-126 

(d) If applicable, explain how loss to follow-up was addressed - 



149 

 

(e) Describe any sensitivity analyses 123-126 

Results  

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers 

potentially eligible, examined for eligibility, confirmed eligible, included in the 

study, completing follow-up, and analysed 

126 

(b) Give reasons for non-participation at each stage - 

(c) Consider use of a flow diagram Fig 3.1 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) 

and information on exposures and potential confounders 

126 

(b) Indicate number of participants with missing data for each variable of 

interest 

Table 1 

(c) Summarise follow-up time (eg, average and total amount) - 

Outcome data 15* Report numbers of outcome events or summary measures over time 124-125 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates 

and their precision (eg, 95% confidence interval). Make clear which confounders 

were adjusted for and why they were included 

124-125 

(b) Report category boundaries when continuous variables were categorized 126-128 

(c) If relevant, consider translating estimates of relative risk into absolute risk for 

a meaningful time period 

- 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 

sensitivity analyses 

126-128 

Discussion  

Key results 18 Summarise key results with reference to study objectives 128 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 

imprecision. Discuss both direction and magnitude of any potential bias 

133-134 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 

limitations, multiplicity of analyses, results from similar studies, and other 

relevant evidence 

128-132 

Generalisability 21 Discuss the generalisability (external validity) of the study results 133-134 

Other information  

Funding 22 Give the source of funding and the role of the funders for the present study and, 

if applicable, for the original study on which the present article is based 

134-135 
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Chapter 4: Antibiotic Utilization During Pregnancy in Manitoba: A 23-Year Population-Based 

Study 

Aboulatta, L., Kowalec, K., Lix, L. M., Tadrous, M., Delaney, J. A., & Eltonsy, S. Antibiotic 

utilization during pregnancy in Manitoba: A 23-year population-based study. Manuscript to be 

submitted to the Journal of Antimicrobial Chemotherapy in March 2026. 

 

4.1. Overview 

 
This study was conducted to examine antibiotic utilization patterns during pregnancy over a 23-

year period in Manitoba. Antibiotics are among the most commonly used medications in 

pregnancy, which are used to treat infections. This project aimed to investigate the overall 

antibiotic use during pregnancy, classified by trimester, as well as within 90 days before pregnancy 

and after delivery. This project also examined the impact of the COVID-19 pandemic on antibiotic 

utilization during pregnancy. We observed a relatively stable trend in antibiotic use over time, 

followed by a temporary decline after the onset of the COVID-19 pandemic in 2020. 

Approximately one in three pregnancies were exposed to at least one antibiotic, with β-lactam 

penicillins remaining the most prescribed antibiotic class throughout the study period.  
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4.2. Abstract 

Background 

During pregnancy, women are at a higher risk of infections, and untreated infections can lead to 

maternal and neonatal complications. Therefore, antibiotics are commonly used in pregnancy. 

Evaluating patterns of prenatal use is imperative to optimizing prescribing practices among this 

vulnerable population. This study aimed to examine trends in antibiotic utilization among 

pregnant women in Manitoba, Canada. 

Methods 

A population-based cohort study was conducted using linked administrative databases from 

Manitoba, Canada, to identify all pregnancies from 2000 to 2023. Prescriptions for systemic 

antibiotics filled during pregnancy were identified and categorized into nine major classes. Annual 

prevalence and average annual percentage change were estimated, and 95% confidence intervals 

(CIs) for at least one prescription at any point during pregnancy, by trimester, and in the 90 days 

before pregnancy and after delivery. Secondly, the potential impact of the COVID-19 pandemic 

on antibiotic utilization was examined using interrupted time series analysis.  

Results 

Of 474,054 pregnancies, 33.1% filled at least one antibiotic prescription during pregnancy, with a 

slight annual increase of 0.19% (95% CI 0.02 to 0.35) over a 23-year period. β-lactam penicillins 

were the most prescribed class throughout the study period; however, there was a decreasing 

trend in their use from 2000 to 2023 (Annual Percentage Change (APC) = –0.76%, 95%CI: –1.01 

to –0.50). Annual declines were observed for macrolides (APC = –1.39%, 95%CI: –1.74 to –1.04) 

and sulfonamides and trimethoprim (APC = –4.73%, 95 % CI –4.73 to –3.94). Across different 
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trimesters, 18% (n=86,393) of women were exposed to antibiotics during the first trimester, 13% 

(n=62,011) during the second, and 11% (n=52,226) during the third trimester. Across the study 

period, amoxicillin remained the most prescribed antibiotic during pregnancy and in the 90 days 

before pregnancy. However, during the 90 days following delivery, cefalexin was the most 

prescribed antibiotic, accounting for 30% of all pregnancies with an antibiotic prescription by 

2023. Immediately after the onset of the COVID-19 pandemic, there was a temporary decline in 

the overall antibiotic use of 4.6% (βimmediate change= −0.17, p <0.01), followed by a rebound 

increase by 0.2% during the 2-year pandemic period (βchange during pandemic <0.01, p =0.04). 

Conclusions 

Antibiotic use during pregnancy in Manitoba remained largely stable from 2000 to 2023, with 

approximately one in three pregnant women prescribed at least one antibiotic. β-lactam 

penicillins remained the most prescribed class but showed a gradual decline, while non-penicillin 

β-lactams increased over the study period. Ongoing research should assess the determinants, 

safety outcomes, and effects of antimicrobial stewardship initiatives on prescribing in pregnancy. 
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4.3. Introduction 

Pregnant women are at higher risk of severe infections due to their unique physiological 

and immunological characteristics.(1) In 2017, the World Health Organization (WHO) reported 

approximately 11.9 million cases of maternal infections, of which 5.7 million women experienced 

sepsis during or after pregnancy or during childbirth).(2,3) Common infections during pregnancy 

including urinary tract infections, respiratory tract infections, and sexually transmitted 

infections(4–7), if untreated, these infections can lead to severe maternal and neonatal morbidity 

and mortality.(4,8) However, these complications can be prevented through appropriate 

antibiotic use and adherence to the antimicrobial stewardship framework.(4)  

Optimal antibiotic use is challenging as it requires balancing maternal benefits with 

maximal fetal safety while mitigating infection-related risks to both.(1,9) While some antibiotics, 

such as penicillin, are known for their safety, others should be carefully considered, weighing 

their benefits against potential risks to both mother and fetus.(1,9) Evidence on the short- and 

long-term effects of prenatal antibiotic exposure remains conflicting and varies across outcomes, 

timing, and frequency of exposure. Few observational studies have reported potential link 

between prenatal exposure to specific antibiotics and congenital malformations(10,11), 

neurological development(10), childhood obesity(12,13), and asthma(14,15); however, findings 

are inconsistent. Since antibiotics are widely used during pregnancy, treatment choices depend 

on the specific drug and gestational stage, as even small increases in fetal risk can have significant 

implications for perinatal health. For example, the use of certain macrolides during the first 

trimester has been associated with an increased risk of major congenital malformations.(10,16) 
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More than 25% of pregnant women receive antibiotics either during pregnancy or 

prophylactically during delivery.(17) In a Canadian study of four provinces, nearly two-thirds of 

pregnant women (61%) were prescribed medications during pregnancy, and among these, 89% 

of the prescriptions were in the first trimester, and 26% were antibiotics.(18) In Manitoba, the 

proportion of pregnancies with at least one prescribed medication increased from 62.3% in 2001 

to 68.8% in 2013, with amoxicillin, nitrofurantoin, and cefalexin among the most prescribed 

medications.(19) While previous studies in Manitoba have investigated the overall medication 

use during pregnancy, the trend of antibiotic use during pregnancy has not been examined. The 

aim of this study was to examine the trends in antibiotic utilization before, during, and after 

pregnancy from 2000 to 2023, and stratified by trimester and antibiotic class. A secondary 

objective assessed the impact of the COVID-19 pandemic on the monthly antibiotic use between 

March 2017 and March 2023.  

 

4.4. Methods 

4.4.1. Study Design and Data Source 

This retrospective cohort study used the de-identified, linked administrative health data from the 

Manitoba Population Research Data Repository housed at the Manitoba Centre for Health Policy 

(MCHP). The Repository contains information for nearly all Manitobans and has been validated 

and used in health services and pharmacoepidemiological studies.(20–25) The Manitoba Health 

Insurance Registry provided demographic information, including maternal age and area of 

residence. Hospital discharge abstracts were used to identify maternal and pregnancy-related 
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characteristics, such as gestational age, comorbidities, and infections diagnosed during 

pregnancy, which were coded using the International Classification of Diseases, Tenth Revision, 

Canadian Enhancement (ICD-10-CA). The physician claims database captured healthcare 

contacts, comorbidities, and infections diagnosed during pregnancy, coded according to the 

International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM).(26) 

Prescription drug data (by Anatomical Therapeutic Chemical (ATC) code) were obtained from the 

Drug Product Information Network (DPIN), which captures all outpatient prescription 

dispensations for Manitobans regardless of insurance coverage. However, drugs dispensed 

during inpatient hospitalizations are not captured in the DPIN database. The Canada census data 

were used to provide information on neighborhood-level average household income.  

4.4.2. Study Population 

The cohort included all pregnancies concluding in live births, stillbirths, abortions, or miscarriages 

in Manitoba from January 1, 2000, to March 31, 2023. Pregnancies were required to have 

continuous Manitoba health coverage from at least one year prior to conception through 90 days 

postpartum. Conception date is calculated by subtracting the weeks of gestation at delivery from 

the infant’s date of birth. Pregnancies were excluded if health data were unavailable for the one-

year preconception period or the 90-day post-pregnancy interval. Overall, 6.3% of eligible 

pregnancies were excluded due to incomplete coverage during the required observation 

windows. 
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4.4.3. Study Medications and variables 

Antibiotic use was defined as at least one prescription filled during the specified exposure 

windows identified from the DPIN. The exposure window included anytime during pregnancy 

(from the first day of gestation to the end of pregnancy), and the pregnancy period was divided 

into three trimesters: first trimester (first day of gestation to the end of week 14), second trimester 

(weeks 15–25), and third trimester (week 26 to the end of pregnancy). Antibiotic use was also 

examined during the pre-pregnancy period (defined as 90 days before the first day of gestation) 

and the post-delivery period (defined as 90 days after delivery). The 90-day window was selected 

to capture both acute and recurrent antibiotic prescribing and ensure comprehensive 

ascertainment of antibiotic prescriptions proximal to delivery. All systemic outpatient antibiotics 

(administration either via oral, IM, IV, or inhalation routes) were identified using the ATC 

classification index (ATC J01) and were categorized into 9 major groups: β-lactam penicillins, non-

penicillin β-lactams, macrolides, lincosamides, sulfonamides and trimethoprim, tetracyclines, 

fluoroquinolones, aminoglycosides, and other antibiotics. A complete list of included antibiotics 

and corresponding ATC codes is provided in Supplementary Table S4.1.  

Characteristics of the study cohort were documented including maternal age at delivery, and 

maternal income quintile based on the median household income for Statistics Canada 

dissemination areas, which were categorized as: lower income (1st and 2nd quintiles), higher 

income (3rd to 5th quintiles), and income unknown (for individuals who could not be assigned a 

neighborhood income quintile).(27) We also examined residence location, categorized as urban 

(Winnipeg and Brandon) or rural (all other regions), based on the geographic classification of the 

maternal postal code at delivery. Parity was classified as either primipara (0-1 prior birth) or 
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multipara (>1 prior birth)(28) and cesarean delivery was defined using the Canadian Classification 

of Health Interventions (CCI) code (5MD60), both identified from the hospital abstract 

database.(29) In addition, we assessed existing comorbidities frequently affecting pregnant 

women, including diabetes(30), hypertension(31), and asthma(32). For each comorbidity, a pre-

specified look-back window before the delivery was applied to ascertain the presence of the 

comorbid condition (Supplementary Table S4.2).  

Four common infections during pregnancy that are associated with antibiotic use were studied: 

respiratory, urinary tract, sexually transmitted, and intestinal infections, based on evidence from 

previous studies.(4–7) Infection episodes were identified via diagnosis codes from physician 

claims and hospital discharge data. A 14-day window was applied to define a single infection 

episode, with repeat diagnoses within 14 days considered the same episode. Definitions and ICD 

codes used to identify the infections are provided in Supplementary Table S4.2.  

4.4.4. Statistical Analyses 

Descriptive analyses were conducted to compare sociodemographic and clinical characteristics of 

antibiotic users and non-users during pregnancy. 

We calculated the annual prevalence (per 100 pregnancies) and 95% confidence interval (CI) for 

overall antibiotic use anytime during pregnancy and at each trimester of pregnancy. The 

prevalence was expressed as the percentage of pregnancies that received at least one antibiotic 

prescription during the specified window. Annual prevalence by calendar year was estimated for 

overall antibiotics, by antibiotic class, and by individual antibiotics. We also examined annual 

prevalence for the ten most commonly used antibiotics during pregnancy, as well as use within 
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90-day windows before pregnancy and after delivery. The denominator for the top ten antibiotics 

was the total number of pregnancies with at least one antibiotic prescription during each 

respective window (pregnancy, pre-pregnancy, or post-delivery). 

Infection prevalence was calculated as the percentage of pregnancies with recorded respiratory, 

urinary, sexually transmitted, or intestinal infection diagnoses per calendar year. The infection 

was examined descriptively, and we did not link or associate it with antibiotic utilization. 

We investigated annual trends in antibiotic utilization from January 2000 to December 2019, 

which were modelled using a generalized linear model (GLM) with a negative binomial 

distribution, to examine the pre-pandemic trends.(33,34) A Poisson distribution was first 

considered; however, the yearly counts of pregnancies with antibiotic prescriptions showed 

overdispersion, so the negative binomial distribution was more appropriate for modelling the 

variance and better fit our data. The dependent variable was the yearly count of pregnancies with 

antibiotic prescriptions, and the independent variable was calendar year treated as a categorical 

variable. Models were fitted using a log link, and the log of the total number of pregnancies in 

each calendar year was included as an offset to model annual rates. Model fit was assessed using 

the scaled deviance, calculated as the deviance divided by the degrees of freedom, where values 

close to 1 indicate a good fit. Annual percent change (APC) and 95% CIs were derived by 

exponentiating model coefficients. Trend analyses were conducted for overall antibiotic use and 

stratified by trimester, 90 days before pregnancy and after delivery, and by antibiotic class. 

Secondly, we estimated immediate and delayed changes in monthly antibiotic use following the 

onset of the COVID-19 pandemic. We conducted interrupted time series analyses (ITS) using 
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monthly data from March 2017 to March 2023, providing a 3-year pre-intervention baseline and 

a 3-year pandemic period. A negative binomial GLM was fitted with March 2020 as the 

intervention point. The ITS model included an indicator variable for the pandemic onset (1= 

pandemic, 0=pre-pandemic) to examine the immediate change. In addition, a continuous variable 

for the months during the pandemic (March 2017 to March 2020=0, April 2020=1 to March 

2023=36) was included to examine the change during the 3-year pandemic period. Season 

variable (fall/winter/spring/summer) was included to account for a potential seasonality effect.  

Model fit was assessed using the deviance-to-degrees-of-freedom ratio, with a value close to 1 

indicating a good model fit. Model fit for ITS analyses using GLM was evaluated using the scaled 

deviance (deviance divided by the degrees of freedom). However, relying on a single statistic has 

limitations because scaled deviance primarily reflects overall dispersion and does not assess 

residual patterns, model misspecification, or the presence of autocorrelation. To further evaluate 

model assumptions, residual plots and autocorrelation diagnostics were examined to assess 

whether systematic patterns or serial correlation were present. 

All analyses were conducted using SAS statistical software, version 9.4 (SAS Institute Inc., Cary, 

NC, USA). Statistical significance was defined as a p-value of <0.05. 

4.5. Results 

Overall, 474,054 pregnancies representing 195,627 women were captured during the 

study period. At least one antibiotic was prescribed during one third (n=156,791) of pregnancies 

(Table 4.1). Comorbidities were more prevalent among antibiotic users; asthma was nearly twice 

as common amongst users compared to non-users (11.8% vs. 6.7%). Among pregnant women 
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who received antibiotics, the most common infections were urinary tract infections (21.7%), 

followed by sexually transmitted infections (2.8%) and respiratory tract infections (1.2%). (Table 

4.1, Figure S4.1). 

The overall prevalence of pregnancies with at least one antibiotic prescribed remained 

stable between 2000 and 2019, with a small average annual increase of 0.19% (95% CI 0.02–0.35) 

(Table 4.2, Figure 4.1). β-lactam penicillins were the most prescribed antibiotic class throughout 

the study period; however, their use decreased from 2000 to 2023 (APC= –0.76%, 95% CI –1.01 

to –0.50, Table 4.2). Non-penicllin β-lactams prescribed during pregnancy increased from 4.5% in 

2000 to 11.2% in 2023, becoming the second most frequently used antibiotic class during 

pregnancy (APC=3.74%, 95% CI 3.30 to 4.19). In contrast, annual declines were observed for 

macrolides prescribed during pregnancy prescribed macrolides (APC=–1.39%, 95% CI –1.74 to –

1.04) and sulfonamides and trimethoprim (APC=–4.73%, 95% CI –4.73 to –3.94). Tetracyclines, 

fluoroquinolones, and lincosamide prescribed during pregnancy accounted for less than 2% of all 

antibiotics prescribed during pregnancy(Table 4.2, Figure 4.1). Supplementary Table S4.3 

illustrates the prevalence of pregnancies with at least one antibiotic prescription 90 days before 

pregnancy, during pregnancy (by trimester), and 90 days after delivery. 

Overall, 18% (n=86,393) of women were exposed to antibiotics during the first trimester, 

13% (n=62,011) during the second trimester, and 11% (n=52,226) during the third trimester. 

Figure 4.2 illustrates the trends in the percentage of pregnancies that received at least one 

antibiotic prescription within 90 days before pregnancy, during each trimester, and 90 days post-

delivery. There were no significant annual changes across trimesters for antibiotic use (APC = 

0.11% for the first trimester; 0.78% for the second trimester; and –0.57% for the third trimester, 
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Table 4.2). During pregnancy, β-lactam penicillins were most commonly used across all trimesters, 

peaking at 9% in the first trimester. Non-penicillin β-lactams and macrolides were the second 

most commonly prescribed antibiotics in the first trimester; macrolide use declined across 

prenatal period from 3.2% (first trimester) to 1.3% (third trimester). Use of tetracyclines, 

lincosamide, fluoroquinolones, and sulfonamides/trimethoprim declined throughout pregnancy 

to under 0.6% in the third trimester (Figure 4.3). 

The most frequently prescribed antibiotics during pregnancy were amoxicillin, 

azithromycin, cefalexin and amoxicillin–β-lactamase inhibitor combinations (Figure 4.4 A). Across 

the 24-year study period, amoxicillin remained the most prescribed antibiotic during pregnancy 

and in the 90 days before pregnancy. In contrast, during the 90 days following pregnancy, cefalexin 

surpassed amoxicillin to become the most prescribed antibiotic by 2023  (Figures 4.4 (B) and (C)). 

Table 4.3 summarizes the frequency and percentage of pregnancies with at least one antibiotic 

prescription across exposure windows, further by medication class and individual antibiotic. 

Following the onset of the COVID-19 pandemic, an immediate 4.6% decline in the overall 

antibiotic use occurred (βimmediate change = −0.17, p < 0.01), followed by a monthly rebound increase 

of 0.2% (βchange during pandemic = 0.002, p = 0.04) (Supplementary Table S4.4). 

4.6. Discussion 

This population-based study spanning 23 years, including 474,054 pregnancies, found that 

approximately one in three pregnancies in Manitoba filled at least one antibiotic prescription. 

Overall antibiotic use remained stable, with a slight annual increase before a temporary decline 

during the COVID-19 pandemic and a gradual rebound thereafter. Prescribing patterns shifted 
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over time, with the most commonly prescribed class, the β-lactam penicillins, declining steadily, 

whereas use of non-penicillin β-lactams more than doubled by 2023. Antibiotic use also differed 

across trimesters, with the highest use observed during the first trimester. 

Our findings showed that rates in Manitoba were stable, consistent with previous 

research. Broe et al. analyzed nearly one million pregnancies and reported a steady increase in 

antibiotic use, with more than 38% filling at least one prescription during pregnancy.(35) In 

addition, the use of systemic antibiotics increased from 28.4% in 2000 to 37.0% in 2010 in 

Denmark, and was similar in an Italian study.(36) Penicillins were the most frequently prescribed 

class, and macrolide prescriptions peaked during the second trimester, reaching 5.1% (95% CI 

5.0–5.1).(36) In contrast, a French population-based study reported a decreasing trend in 

antibiotic use during pregnancy, from 38.0% in 2010 to 32.1% in 2019, with trimester-specific 

prevalence ranging from 16% to 20%.(37) A meta-analysis of 116 studies estimated a pooled 

global prevalence of 23.6% (95% CI 20.1–27.5) of pregnant women who received antibiotic 

prescriptions, with regional variation ranging from 34.4% in the Western Pacific to 8.2% in South-

East Asia.(38) While these percentages are comparable to our findings, the meta-analysis 

reported lower percentages than those observed in our study and other large population-based 

cohorts. In the Americas, antibiotic use was higher in the United States than in Canada (37.4% vs. 

26.2%, respectively).(38) Variations in infection epidemiology, sociodemographic factors, 

obstetric practices, and surveillance methods may explain the observed differences. The current 

perinatal stewardship literature indicates that reductions in antibiotic exposure are often 

achievable without measurable harm; however, there is no evidence-based target rate for 

antibiotic use during pregnancy.(39)  
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Consistent with our results, a Canadian study by members of our team across four 

provinces, including Manitoba, reported that antibiotics accounted for 26% of all prenatal 

medications.(18) Similarly, data from the French Pregnancy Cohort in Quebec showed that 

antibiotics were the most commonly prescribed medication during pregnancy, accounting for 26% 

of all prescriptions.(40) In British Columbia, 30.5% of prescriptions filled during pregnancy were 

antibiotics, with penicillin or penicillin-derived antibiotics most frequently used.(41) In Manitoba, 

a cohort study observed an increase in the proportion of all prenatal medication prescriptions 

between 2001 and 2013, with amoxicillin, nitrofurantoin, and cefalexin among the five most 

prescribed medications.(19) Our findings are similar to results across the Canadian provinces, 

indicating a consistent national pattern of clinical practice. Although pregnant women are at a 

higher risk of infections than the general population, and antibiotics are commonly used and 

clinically appropriate, it is essential to monitor the overall antibiotic use. The rise in antimicrobial 

resistance and the potential impacts of fetal exposure reinforce the need for optimal prescribing 

to ensure antibiotics are used when indicated while maintaining maternal and fetal safety.  

The overall antibiotic prescribing rates during pregnancy were stable in this study; 

however, there was a concurrent shift toward broader-spectrum antibiotics (such as amoxicillin–

clavulanate, third-generation cephalosporins, or macrolides), while β-lactam penicillins declined 

steadily over time. This change in prescribing patterns may be attributed to increasing resistance 

to narrow-spectrum antibiotics, greater reliance on empiric antibiotic prescribing, evolving 

guidelines, or prescriber preferences.(42–44) However, as we did not examine prescribing 

indications, we cannot definitively determine the underlying reasons for these trends. 

Furthermore, our study observed a temporary decline in antibiotic use following the onset of the 
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COVID-19 pandemic, followed by a rebound increase over the subsequent two years. This pattern 

parallels trends in the general population in Manitoba(45), suggesting that reduced transmission 

of common respiratory pathogens and changes in care-seeking behavior may have limited  

antibiotic prescribing. Because this study did not capture indications or infection types, it remains 

uncertain whether the COVID‑19‑related reduction in antibiotic use represented improved 

stewardship or untreated infections. 

There is growing evidence that perinatal antibiotic exposure can disrupt the developing 

microbiome, promote antimicrobial resistance, and have lasting consequences for fetal 

health.(46,47) Despite the WHO's 2016 call for global action to address antimicrobial resistance 

by increasing surveillance and research on antibiotic use, gaps in perinatal antimicrobial 

stewardship remain.(42) Given the high prevalence of urinary tract infections in pregnancy, 

emerging resistance to penicillins has intensified efforts to curb inappropriate antibiotic use. 

Recent evidence from high-risk pregnancies in Korea (2015–2020) showed an increased use of 

antibiotics and resistant pathogens, which was associated with higher rates of early-onset 

neonatal sepsis.(48) Therefore, maternal antimicrobial stewardship is required to ensure effective 

treatment while avoiding unnecessary antibiotic use that increases the risk of infants carrying 

resistant bacteria.(49) 

Canada’s national antimicrobial stewardship framework, released in 2014 and 

implemented provincially in 2017–2018, was reinforced by the 2023 Pan-Canadian Action Plan on 

Antimicrobial Resistance.(50,51) However, these national efforts did not translate into 

measurable trend changes in our data. Antibiotic use during pregnancy in Manitoba remained 

stable, with a slight upward trend, which indicates the limited impact of stewardship on 
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prescribing during pregnancy. This limited impact could be potentially influenced by variations in 

implementation across provinces, with Manitoba experiencing limited or a lack of stewardship 

implementation due to funding limitations and other systemic challenges. Given the shifting 

resistance patterns and pathogen profiles over time, pregnancy-specific stewardship strategies in 

Manitoba are needed to optimize antibiotic use in this vulnerable population. Rather than 

focusing on reducing overall use, optimal antibiotic stewardship in pregnancy is achieved by 

indication-specific appropriateness, monitoring antibiotic selection and treatment duration, and 

prioritize narrow-spectrum, pregnancy-safe first-line options, when susceptibility permits, to 

better define safe thresholds for antibiotic exposure.(39) This approach aims to avoid 

unnecessary broad-spectrum antibiotic exposure, which can contribute to antimicrobial 

resistance and may have long-term health effects on the infant. In this study, infections affected 

approximately 10–12% of pregnant women annually. Although antibiotics are necessary for 

managing these infections, studies have reported association between prenatal antibiotic 

exposure and several short- and long-term infant outcomes. (10,10–15) Thus, the optimal use of 

antibiotics in pregnancy is challenging as it requires balancing maternal benefits with fetal safety. 

Over the study period, penicillins and non-penicillin beta-lactams remained the 

predominant antibiotic classes, consistent with their well-established safety profiles.(39,52) 

Penicillins are first-line treatment for various infections during pregnancy; thus, appropriate 

labelling for penicillin allergy is essential.(53) The gradual rise in cephalosporin use, particularly 

cefalexin, in this study is likely attributed to their safety and suitability for patients with mild 

penicillin allergy.(54) As part of antimicrobial stewardship in clinical practice, routine penicillin 

allergy testing is recommended to prevent the use of broad-spectrum antibiotics, which may be 
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less effective, increase maternal or neonatal adverse effects, and rise in antibiotic-resistant 

bacteria.(53,55) In the postpartum period, our findings indicate that by 2023, cefalexin had 

surpassed amoxicillin as the most commonly prescribed antibiotic within 90 days following 

delivery. This shift may be attributed to its use in managing surgical site and urinary tract 

infections after childbirth.(54) 

Antibiotic classes differ in their associated risks during pregnancy. Several antibiotic 

classes, including sulfamethoxazole-trimethoprim, tetracyclines, aminoglycosides and 

fluoroquinolones, are recommended only for restricted use due to well‑established fetal 

risks.(39) Our study indicates that these higher‑risk antibiotics were prescribed infrequently, with 

use declining across trimesters. Thus, there is a need for ongoing monitoring and 

pregnancy‑specific stewardship. Nitrofurantoin showed a modest upward trend in overall use 

during pregnancy. Within pregnancy, nitrofurantoin use declined from 2.6% in the first trimester 

to 2.3% in the second and 1.8% in the third trimester. This pattern is consistent with clinical safety 

recommendations: nitrofurantoin is considered safe for the treatment of urinary tract infections 

in the first and second trimesters, whereas its use in the third trimester or at term is generally 

avoided due to the risk of hemolytic anemia in the newborn.(56) Concerns have also been raised 

about possible associations with congenital anomalies when used in the first trimester.(39) 

However, recent guidelines continue to recommend nitrofurantoin as a first-line treatment for 

urinary tract infections in the first and second trimesters, provided the benefits outweigh the 

risks.(57)  

In contrast, sulfamethoxazole-trimethoprim, an antibiotic widely used to treat urinary 

tract infections, was infrequently prescribed (2.2% overall, 1.4% first trimester) in our study 
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during pregnancy, consistent with recommendations to avoid during the first and late trimesters 

due to potential association with birth defects.(39,56) However, for some infections, such as 

pneumocystis pneumonia, sulfamethoxazole-trimethoprim is considered first-line treatment 

regardless of pregnancy status. In this case, folic acid supplementation is recommended during 

the first trimester to reduce the risk of birth defects.(39)  

Our data showed that the percentage of tetracycline use during pregnancy is very low, 

dropping to less than 0.1% in the third trimester, consistent with evidence on their teratogenic 

risks.(39) Tetracyclines should be avoided during pregnancy and used only for certain infections, 

such as tick-borne infections, for which doxycycline is the recommended therapy. 

Aminoglycosides should be avoided throughout pregnancy due to the risk to the fetus, unless the 

benefits outweigh the risks, such as in the treatment of pyelonephritis.(39) Aminoglycosides are 

commonly used for severe gram-negative bacterial infections, but are not commonly prescribed 

in outpatient settings due to the risks of nephrotoxicity and ototoxicity.(39) For these reasons, 

aminoglycosides were rarely used before and during pregnancy in our study. Fluoroquinolones 

are broad-spectrum antibiotics used to treat a wide variety of infections, including urinary tract, 

respiratory tract, gonorrhea, and gastrointestinal infections. However, the prevalence of 

fluoroquinolone prescriptions during pregnancy was very low, consistent with published data on 

the safety of these agents. This class should be avoided in pregnant women and used only during 

pregnancy if no alternatives are available and the benefits outweigh the risks.(39,58) 

Macrolides are commonly used in pregnancy to treat respiratory tract infections, skin and 

soft tissue infections, urethritis, gonorrhea, chlamydial infections, as well as in cases of suspected 

penicillin allergy.(9,58–60) Concerns over the years about their safety during pregnancy, including 
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possible associations with major congenital malformations, cardiovascular defects, cerebral palsy, 

and miscarriage, have led to more cautious prescribing.(10,16,61,62) These concerns were 

reflected in our data, which showed a decline in overall macrolide use, specifically a decrease in 

erythromycin use, with an increase in azithromycin. In 2020, updated UK recommendations for 

prescribing macrolides during pregnancy advised avoiding erythromycin and clarithromycin 

during the first trimester and recommended azithromycin only if needed, such as for the 

treatment of gonorrhea or chlamydia.(58) 

Our study has several strengths: first, we used a comprehensive provincial database that 

captures all pregnancies, without restrictions on income, age, drug insurance coverage, or 

pregnancy outcome, providing complete coverage of Manitobans and improving the study's 

generalizability. Second, the longitudinal nature of the data allowed examination of long-term 

trends spanning more than two decades. However, several limitations must be considered. 

Prescription dispensing may not accurately reflect actual medication use, potentially leading to 

exposure misclassification.(63) DPIN captures outpatient prescriptions dispensed from 

community pharmacies but does not capture antibiotics administered during inpatient hospital 

stays, resulting in incomplete ascertainment of overall antibiotic exposure. This limitation is 

particularly relevant for third-trimester exposure assessment, as intrapartum antibiotic 

prophylaxis routinely administered in hospital at the time of delivery and is therefore not 

captured in DPIN, thus exposure may be systematically underestimated which may introduce non-

differential exposure misclassification and could partially explain lower observed dispensing 

prevalence near term. However, perinatal hospitalizations (without delivery) were relatively 

uncommon in Manitoba, with 11 per 100 pregnancies in 2008-2009, and any antibiotics 
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prescribed at discharge are captured in the administrative data.(64) In addition, we did not 

differentiate between acute and prolonged antibiotic use, nor did we assess treatment duration. 

The assumption that prescriptions filled within a trimester correspond to use during that period 

may introduce temporal misclassification. Additionally, the absence of clinical indication data 

limits the assessment of prescription appropriateness and the ability to differentiate between 

therapeutic, prophylactic, or empiric uses of antibiotics. While this does not introduce 

confounding in a utilization study, it substantially constrains interpretation of observed patterns, 

especially when examining trimester-specific trends and should be taken into account when 

interpreting prevalence estimates and temporal trends. In addition, comparisons across time 

periods or settings are further limited by unmeasured variation in infection epidemiology, 

obstetric practices, care-seeking behaviors, or antimicrobial resistance patterns. 

4.7. Conclusions 

Our study demonstrates that antibiotic use during pregnancy in Manitoba has remained largely 

stable for more than two decades, with approximately one in three pregnancies exposed to an 

antibiotic. A temporary decline in antibiotic prescribing was observed following the onset of the 

COVID-19 pandemic. While β-lactam penicillins continued as the most prescribed class, their 

usage steadily decreased, contrasted by a marked increase in non-penicillin β-lactam 

prescriptions. Future research should focus on elucidating the determinants of antibiotic use in 

pregnancy and critically evaluate the effectiveness of prenatal stewardship interventions to 

enhance appropriate antibiotic prescribing and safeguard maternal and infant health. 
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4.12. Tables  

Table 4.1. Characteristics of the included population during the study period. 

Characteristics* 
Antibiotic use during pregnancy No Antibiotic use during pregnancy 

N= 156,791 N= 317,263 

Maternal age, Mean ±SD 27.09 (6.2) 27.82 (6.2) 

Residencea, N (%)   
     Urban 88,189 (56.3%) 189,585 (59.8%) 

     Rural 68,602 (43.8%) 127,678 (40.2%) 

Income, N (%)   
     Higher income(Q3-Q5)  74,369 (47.4%) 166,733 (52.6%) 

     Lower income(Q1-Q2) 81,804 (52.2%) 149,666 (47.2%) 

     Unknown income 618 (0.4%) 864 (0.3%) 

Parityb, N (%)   
     Primipara 40,638 (25.9%) 78,516 (24.8%) 

     Multipara 75,826 (48.4%) 127,665 (40.2%) 

Mode of Delivery, N (%)   
     Cesarean deliveries 26,721 (22.8%) 44,368 (21.4%) 

Comorbidities, N (%)   
Asthma 18,560 (11.8%) 21,188 (6.7%) 

Hypertension 3,887 (2.5%) 5,448 (1.7%) 

Diabetes  4,950 (3.2%) 6,538 (2.1%) 

Infections, N (%)   
Urinary tract infection 33,948 (21.7%) 6,151 (1.9%) 

Sexually transmitted infection 4,311 (2.8%) 3,591 (1.1%) 

Intestinal infection 1,331 (0.9%) 1,248 (0.4%) 

Respiratory tract infection 1,915 (1.2%) 450 (0.1%) 

*Characteristics of included pregnancies at delivery. 
aResidence: urban = Winnipeg/Brandon; rural = all other Manitoba regions 
bParity: Primipara include pregnant women with 0-1 prior birth and multipara include pregnant women with >1 prior 
births. 
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Table 4.2. Trend analysis and annual percent change of pregnancies with ≥1 antibiotic 
prescription, overall and stratified by antibiotic class and exposure window (2000–2019). 

  
  

Estimatea P-value 
Annual Percentage Changeb 

% 95% CI 

Overall antibiotic use 0.002 0.03 0.19 (0.02 to 0.35) 

By class*   
  

β-lactam penicillin -0.008 <0.01 -0.76 (-1.01 to -0.50) 

Other β-lactams 0.037 <0.01 3.74 (3.30 to 4.19) 

Lincosamide 0.055 <0.01 5.69 (4.55 to 6.84) 

Macrolides -0.014 <0.01 -1.39 (-1.74 to -1.04) 

Fluoroquinolones 0.012 0.03 1.18 (-0.73 to 3.12) 

Sulfonamides -0.044 <0.01 -4.33 (-4.73 to -3.94) 

Tetracyclines -0.012 0.03 -1.15 (-2.20 to -0.09) 

Other classes 0.025 <0.01 2.54 (2.05 to 3.03) 

By exposure window   
  

Pre-pregnancy -0.010 <0.01 -0.96 (-1.29 to -0.62) 

Trimester 1 0.001 0.44 0.11 (-0.18 to 0.40) 

Trimester 2 -0.001 0.78 -0.05 (-0.43 to 0.32) 

Trimester 3 -0.006 0.03 -0.57 (-1.09 to -0.05) 

Post-delivery -0.015 <0.01 -1.44 (-1.79 to -1.08) 

*Aminoglycosides were excluded due to very low counts across multiple years; trends were not estimated for this class. 
aEstimate is the log rate ratio per 1-year change. 
bAnnual Percentage Change calculated as 100×[exp(estimate)−1]. 
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Table 4.3. Frequency (%) of pregnancies using antibiotics by medication classes. 

Antibiotics 

No. of pregnancies using antibiotics (%) 

Pre-
pregnancy 

During 
pregnancy 

First 
trimester 

Second 
trimester 

Third 
trimester 

Post-delivery 

1) β-lactam penicillins       

Ampicillin 70 (<0.1) 615 (0.1) 199 (<0.1) 211 (<0.1) 230 (<0.1) 189 (<0.1) 
Amoxicillin 25,976 (5.5) 81,909 (17.3) 38,078 (8.0) 29,555 (6.2) 27,960 (5.9) 27,322 (5.8) 
Cloxacillin 2,668 (0.6) 3,950 (0.8) 2,055 (0.4) 1,035 (0.2) 1,010 (0.2) 8,605 (1.8) 
Amoxicillin and β-
lactamase inhibitor 

3,516 (0.7) 6,883 (1.5) 3,484 (0.7) 2,092 (0.4) 1,575 (0.3) 6,569 (1.4) 

2) Other β-lactams       

Cefalexin 7,829 (1.7) 30,910 (6.5) 12,177 (2.6) 10,414 (2.2) 11,536 (2.4) 27,291 (5.8) 
Cefadroxil S S S S S S 
Cefuroxime 795 (0.2) 2,101 (0.4) 884 (0.2) 634 (0.1) 669 (0.1) 1,063 (0.2) 
Cefprozil 740 (0.2) 1,273 (0.3) 639 (0.1) 376 (0.1) 307 (0.1) 637 (0.1) 
Cefixime 996 (0.2) 2,640 (0.6) 1,305 (0.3) 945 (0.2) 513 (0.1) 991 (0.2) 
Aztreonam S S S S S S 

3) Lincosamide       

Clindamycin 2,807 (0.6) 4,850 (1.0) 2,609 (0.6) 1,439 (0.3) 1,017 (0.2) 5,567 (1.2) 

4) Macrolides       

Erythromycin 3,751 (0.8) 8,852 (1.9) 3,751 (0.8) 2,570 (0.5) 2,302 (0.5) 3,050 (0.6) 
Azithromycin 9,843 (2.1) 16,192 (3.4) 8,650 (1.8) 4,831 (1.0) 3,561 (0.8) 7,080 (1.5) 
Clarithromycin 3,717 (0.8) 3,525 (0.7) 2,414 (0.5) 814 (0.2) 410 (0.1) 2,254 (0.5) 

5) Fuoroquinolones       

Ciprofloxacin 7,264 (1.5) 6,103 (1.3) 4,772 (1.0) 1,137 (0.2) 332 (0.1) 6,812 (1.4) 
Norfloxacin 264 (<0.1) 220 (<0.1) 171 (<0.1) 40 ((<0.1) 10 (<0.1) 156 (<0.1) 
Moxifloxacin 324 (0.1) 237 (<0.1) 194 (<0.1) 36 (<0.1) 9 (<0.1) 193 (<0.1) 
Levofloxacin 675 (0.1) 548 (0.1) 434 (0.1) 92 (0.02) 28 (<0.1) 599 (0.1) 

6) Sulfonamides and 
trimethoprim 

      

Trimethoprim 27 (<0.1) 54 (<0.1) 20 (<0.1) 10 (<0.1) 26 (<0.1) 24 (<0.1) 
Sulfamethoxazole and 
trimethoprim 

9,100 (1.9) 10,517 (2.2) 6,702 (1.4) 2,866 (0.6) 1,346 (0.3) 7,783 (1.6) 

7) Tetracyclines       
Doxycycline 2,672 (0.6) 2,289 (0.5) 1,536 (0.3) 793 (0.2) 19 (<0.1) 3,929 (0.8) 
Tetracycline 661 (0.1) 527 (0.1) 463 (0.1) 87 (<0.1) 9 (<0.1) 428 (0.1) 

8) Aminoglycoside        
Other AG S S S S S S 
Tobramycin S S S S S S 
Amikacin S S S S S S 

9) Other classes       

Colistin S S S S S S 
Nitrofurantoin 5,842 (1.2) 28,896 (6.1) 12,458 (2.6) 10,945 (2.3) 8,717 (1.8) 5,852 (1.2) 
Others  93 (<0.1) 478 (<0.1) 226 (<0.1) 119 (<0.1) 148 (<0.1) 92 (<0.1) 
Linezolid S S S S S S 
Fosfomycin S S S S S S 
Chloramphenicol S S S S S S 

S: suppressed.  Data are suppressed (not revealed or published) when the number of persons or events 
involved is five or fewer in order to avoid potential identification of individuals in an area. 
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4.13. Figures 

Figure 4.1. Annual trends in the percentage of pregnancies with at least one antibiotic 
prescription, overall and by antibiotic class, in Manitoba, 2000–2023. 
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Figure 4.2. Trends in the percentage of pregnancies that received at least one antibiotic 
prescription within 90 days pre-pregnancy, during each trimester, and 90 days post-delivery. 

 
 

 

 
Figure 4.3. Percentage of pregnancies with antibiotic use by class and exposure window (90 days 
pre-pregnancy, by trimester, and 90 days post-delivery), Manitoba, 2000–2023. 
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Figure 4.4. Top 10 antibiotic drugs utilization A) During pregnancy, B) 90 days pre-pregnancy, and 
C) 90 days post-delivery per year in Manitoba (2000-2023). 
(A) 

     

(B) 

 

(C) 

 

 
*Ranks calculated for each year                             
**Each column represents one year.  ***Colours correspond to within-year ranks (red = highest, green = lowest). The bottom panel lists the 
antibiotics with the highest (Rank 1) and lowest (Rank 10) use for each year. 
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Top 10 Antibitoic Use During Pregnancy by Year, Manitoba (2000-2023)

**Each column represents one year. Colours correspond to within-year ranks (red = highest, green = lowest). 

***The bottom panel l ists the antibiotic with the highest (Rank 1) and lowest (Rank 10) use for each year.
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Amoxicil l in 34.3 33.4 32.0 31.3 30.9 31.8 32.4 32.8 30.4 28.4 28.1 28.9 28.0 28.6 26.8 27.9 27.9 27.0 28.0 26.9 26.7 23.7 25.6 26.4

Amoxicil l in & beta-

lactamase 2.4 2.6 2.2 3.2 3.8 4.7 5.0 4.9 5.7 6.3 7.0 7.5 8.1 7.2 8.8 Colour representing within year rank 

Azithromycin 4.6 5.7 6.3 6.9 7.6 7.9 8.3 8.9 10.9 12.1 13.0 12.4 12.8 14.6 13.0 14.2 14.8 14.1 12.8 14.1 14.7 8.9 11.7 14.6 Rank 1 (Highest percentage)

Cefalexin 5.7 5.1 6.0 5.9 7.0 6.8 8.0 7.7 8.7 9.8 9.4 8.2 9.4 8.7 10.3 10.0 10.3 9.8 10.9 10.5 9.5 13.2 11.6 11.0 Rank 2

Cefixime 1.9 2.1 2.3 Rank3

Ciprofloxacin 2.8 4.2 5.6 6.4 7.2 7.9 8.6 9.7 10.6 9.5 11.0 11.0 11.2 10.2 11.9 10.4 8.9 7.9 6.6 6.8 5.9 6.6 5.6 3.8 Rank 4

Clarithromycin 4.3 4.2 4.4 4.8 4.5 5.6 5.8 4.8 4.4 4.7 5.9 5.4 5.6 5.3 4.9 3.7 3.1 3.0 2.0 Rank 5

Clindamycin 2.3 2.8 2.5 2.8 3.0 3.1 4.2 4.0 4.0 4.3 4.2 4.3 4.6 4.5 4.1 4.4 3.8 3.0 Rank 6

Cloxacill in 5.8 6.0 6.0 5.4 4.8 4.6 4.2 4.5 3.9 3.7 3.0 3.4 Rank 7

Doxycycline 2.1 2.4 2.5 3.1 2.5 2.5 2.6 2.6 3.0 3.0 3.3 3.8 3.7 4.2 6.0 8.0 9.7 Rank 8

Erythromycin 12.0 10.8 10.2 8.1 7.7 7.8 5.2 4.3 4.2 3.1 2.2 1.5 Rank 9

Nitrofurantoin 3.6 3.6 3.8 4.2 4.0 3.3 4.0 4.3 4.2 4.5 4.1 6.0 5.3 5.8 6.4 7.7 8.0 9.8 10.5 10.4 12.4 13.6 12.0 11.3 Rank 10 (Lowest percentage)

SMX & TMP 14.9 13.6 12.3 12.9 10.9 10.6 10.2 9.9 10.7 10.8 9.9 10.3 8.6 8.7 9.0 7.9 8.8 8.5 8.6 8.6 7.7 9.4 8.5 6.6

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Lowest use per year

(Rank 10)
Doxy Doxy

Amox-

betalactam
Doxy Doxy Clinda Clinda

Amox-

bet alact a

m

Clinda Clinda Dxy

Amox-

bet alact a

m

Doxy Doxy Doxy Doxy Doxy Clarithro Erythro Clarithro Erythro Cefixime Cefixime Cefixime

Highest use per year (Rank 

1)

 *Ranks calculated for each year

***The bottom panel l ists the antibiotic with the highest (Rank 1) and lowest (Rank 10) use for each year.

Top 10 Antibitoic Use 90 Days Pre-Pregnancy by Year, Manitoba (2000-2023)
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**Each column represents one year. Colours correspond to within-year ranks (red = highest, green = lowest). 

Amoxicil l in 29.0 28.1 26.0 25.7 25.6 26.6 25.5 24.6 21.5 22.7 23.2 23.7 23.1 22.9 22.8 23.0 23.0 22.2 21.6 21.8 17.0 17.5 20.8 17.9

Amoxicil l in & beta-

lactamase
3.6 3.8 3.8 3.4 4.5 4.3 4.9 5.9 6.0 7.2 6.9 9.4 9.9 12.2 12.7 15.1 16.1

Azithromycin 3.0 3.3 4.4 4.8 4.5 4.4 5.5 6.4 6.7 6.9 6.9 7.3 6.9 7.4 6.9 6.2 7.7 7.5 6.3 6.9 4.6 4.9 7.6 7.0

Cefalexin 12.0 12.7 14.8 14.9 17.6 19.5 20.6 22.2 23.8 23.4 22.2 25.6 28.1 28.3 27.7 30.5 28.7 29.7 31.0 29.3 32.5 34.0 28.8 30.0

Ciprofloxacin 3.4 3.7 4.9 5.0 6.0 5.5 6.0 7.6 8.5 8.4 8.3 7.9 7.6 6.8 7.4 6.3 5.7 4.9 4.8 4.3 4.4 3.8 2.7 2.8

Clarithromycin 3.1

Clindamycin 4.3 5.0 4.5 4.4 4.5 4.3 4.0 4.6 4.2 4.6 6.1 5.0 5.8 5.0 5.7 5.0 5.0 6.2 5.4 5.8 5.8 5.0 4.2 2.2

Cloxacill in 14.8 15.1 14.6 12.9 12.6 11.7 11.0 8.8 8.8 7.7 7.4 6.4 5.6 5.0 3.4 3.5 3.1 3.2 2.8 2.8 2.9 2.0 1.7 1.8

Doxycycline 4.4 4.2 3.6 4.5 3.1 3.5 3.6 3.7 3.3 3.1 3.0 2.5 2.9 3.0 3.2 2.3 2.2 2.8 2.8 2.3 2.6 3.1 2.8 3.9

Erythromycin 7.9 6.1 5.9 6.4 5.1 4.1 3.5

Nitrofurantoin 3.7 3.9 3.3 3.6 3.7 3.9 3.3 3.6 3.6 3.7 4.2 4.2 5.5 5.9 5.4 5.9 6.3 6.5 7.8 8.4 7.4 7.5 7.4

SMX & TMP 8.5 8.1 7.9 7.5 6.7 6.8 6.7 6.3 6.6 6.9 7.2 6.2 5.5 5.4 5.9 6.9 6.2 5.8 6.1 5.3 6.6 6.2 5.4 6.4

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Lowest use per year

(Rank 10)
Azithro Azithro Nitrofuran Nitrofuran Doxy Clarithro Erythro Nitrofuran Doxy Doxy Doxy Doxy Doxy Doxy Doxy Doxy Doxy Doxy Cloxacillin Doxy Doxy Cloxacillin Cloxacillin Cloxacillin

Highest use per year (Rank 

1)

Top 10 Antibitoic Use 90 Days Post-delivery by Year, Manitoba (2000-2023)
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Colour representing within year rank 

Rank 1 Rank 2 Rank 3 Rank 4 Rank 5 Rank 6 Rank 7 Rank 8 Rank 9 Rank 10

Highest % Lowest %
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4.14. Supplementary 
Supplementary Table S4.1. Systemic antibiotics and corresponding ATC codes included in the 
study. 

Systemic antibiotics ATC codes 

1) β-lactam penicillins J01C 
Ampicillin J01CA01 
Amoxicillin J01CA04 
Pivmecillinam J01CA08 
Cloxacillin J01CF02 
Amoxicillin and beta-lactamase inhibitor J01CR02 

2) Other β-lactams J01D 
Cefalexin J01DB01 
Cefadroxil J01DB05 
Cefuroxime J01DC02 
Cefprozil J01DC10 
Cefixime J01DD08 
Aztreonam J01DF01 

3) Lincosamide J01FF 
Clindamycin J01FF01 

4) Macrolides J01FA 
Erythromycin J01FA01 
Azithromycin J01FA10 
Clarithromycin J01FA09 

5) Fluoroquinolone J01M 
Ciprofloxacin J01MA02 
Norfloxacin J01MA06  
Moxifloxacin J01MA14  
Levofloxacin J01MA12 

6) Sulfonamides and trimethoprim J01E 
Trimethoprim J01EA01 
Sulfamethoxazole and trimethoprim J01EE01 

7) Tetracyclines J01A 
Doxycycline J01AA02 
Tetracycline J01AA07 

8) Aminoglycoside  J01G 
Other AG J01GB 
Tobramycin J01GB01  
Amikacin J01GB06 

9) Other classes J01X  
Nitrofurantoin J01XE01  
Others  J01XX  
Linezolid J01XX08  
Fosfomycin J01XX01  
Amphenicols J01BA 
Chloramphenicol J01BA01 
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Supplementary Table S4.2. Definitions and ICD codes for existing comorbidities and infections. 

Condition Definitions/ICD Codes  

Infections 

Intestinal Infectious  ICD-10-CM: A00–A09  
ICD-9-CM: 001–009 

Respiratory Infections a ICD-9-CM: 480–486  
ICD-10-CM: J12–J18 

Sexually Transmitted 
Infections (STIs)b 

ICD-10-CM: A50–A64 (infections with a predominantly sexual mode of 
transmission) 
ICD-9-CM: 090–099 (syphilis and other venereal diseases); V01.6 
(contact or exposure to venereal diseases) 

Urinary Tract Infections 
(UTIs)c 

ICD-10-CM: N39.0 
ICD-9-CM: 599.0 (unspecified urinary tract infection) 
NB: Before 2015, ICD-9-CM 599 was used from medical claims database 
due to the absence of 4 digits codes. 

Comorbidities 

Asthmad Definition: Individuals diagnosed with asthma within 2 years based on 
any of the following criteria:  
• >1 physician visit; OR  
• >1 hospitalization; OR  
• >1 prescription for asthma treatment.  
Validation: Sensitivity = 68.6%, Specificity = 93.0%.  
ICD-9-CM: 493  
ICD-10-CA: J45, J46 

Diabetese Definition: Individuals aged >19 years diagnosed with diabetes within 3 
years based on any of the following criteria:  
• >1 hospitalization with a diagnosis of diabetes; OR  
• >2 physician visits with a diagnosis of diabetes; OR  
• >1 prescription for diabetes medication.  
 
Validation: Sensitivity = 88.4%, Specificity = 98.8%.  
ICD-9-CM: 250  
ICD-10-CA: E10–E14 

Hypertensionf Definition: Individuals aged >19 years diagnosed with hypertension 
within 1 year based on any of the following criteria:  
• >1 hospitalization with a diagnosis of hypertension; OR  
• >1 physician visit with a diagnosis of hypertension; OR  
• >2 prescriptions for antihypertensive medications.  
Validation: Sensitivity = 77.5%, Specificity = 93.1%.  
ICD-9-CM: 401–405  
ICD-10-CA: I10–I13, I15 

ICD: International Classification of Diseases; ICD-9-CM: International Classification of Diseases, Ninth Revision, 

Clinical Modification; ICD-10-CA: International Statistical Classification of Diseases and Related Health Problems, 

Tenth Revision, Canada. 

*Validated definitions: Source: Lix L, Yogendran M MJ. Defining and Validating Chronic Diseases: An Administrative 

Data Approach. An Update with ICD-10-CA. Manitoba Cent Heal Policy, Univ Manitoba. Published online 2008. 

http://mchp-appserv.cpe.umanitoba.ca/reference/ICD10_Final.pdf
http://mchp-appserv.cpe.umanitoba.ca/reference/ICD10_Final.pdf
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aRespiratory Infections: Systematic review: specificity >90% and sensitivity <80%. 

Hanquet G, Theilacker C, Vietri J, et al. Best Practices for Identifying Hospitalized Lower Respiratory Tract Infections 
Using Administrative Data: A Systematic Literature Review of Validation Studies. Infect Dis Ther. 2024;13(4):921-
940. doi:10.1007/s40121-024-00949-8  
bSexually Transmitted Infections: Positive predictive value for using ICD-9 codes alone to identify clinical pelvic 

inflammatory diseases was 79%. The positive predictive values for chlamydia, gonorrhea, and unspecified STI ICD-

10-CM codes were 87.6%, 85.0%, and 32.0%. Sensitivities were low for chlamydia and gonorrhea. 

1. Satterwhite CL, Yu O, Raebel MA, et al. Detection of pelvic inflammatory disease: development of an 
automated case-finding algorithm using administrative data. Infect Dis Obstet Gynecol. 2011;2011:428351. 
doi:10.1155/2011/428351 

2. Ho YA, Rahurkar S, Tao G, et al. Validation of International Classification of Diseases, Tenth Revision, 
Clinical Modification Codes for Identifying Cases of Chlamydia and Gonorrhea. Sex Transm Dis. 
2021;48(5):335-340. doi:10.1097/OLQ.0000000000001257  

cUrinary Tract Infections: ICD-9 and ICD-10 diagnoses codes validation: Positive predictive value 85% (95% CI 81.1–

88.2%)  

1. Germanos G, Light P, Zoorob R, et al. Validating Use of Electronic Health Data to Identify Patients with 
Urinary Tract Infections in Outpatient Settings. Antibiotics (Basel). 2020;9(9):536. Published 2020 Aug 25. 
doi:10.3390/antibiotics9090536  

2. Tieder, J. S., Hall, M., Auger, K. A., Hain, P. D., Jerardi, K. E., Myers, A. L., Rahman, S. S., Williams, D. J., & 
Shah, S. S. (2011). Accuracy of Administrative Billing Codes to Detect Urinary Tract Infection 
Hospitalizations. Pediatrics, 128(2), 323-330. https://doi.org/10.1542/peds.2010-2064 

dTerm: Asthma | MCHP Concept Dictionary and Glossary for Population-Based Research | Max Rady College of 

Medicine | University of Manitoba. 

http://mchpappserv.cpe.umanitoba.ca/viewDefinition.php?definitionID=102278.  
eTerm: Diabetes - Measuring Prevalence | MCHP Concept Dictionary and Glossary for Population-Based Research | 

Max Rady College of Medicine | University of Manitoba.  

http://mchp-appserv.cpe.umanitoba.ca/viewConcept.php?conceptID=1085. 
fTerm: Hypertension Prevalence | MCHP Concept Dictionary and Glossary for Population-Based Research | Max 

Rady College of Medicine | University of Manitoba.  

http://mchp-appserv.cpe.umanitoba.ca/viewDefinition.php?definitionID=104903. 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1542/peds.2010-2064
http://mchpappserv.cpe.umanitoba.ca/viewDefinition.php?definitionID=102278
http://mchp-appserv.cpe.umanitoba.ca/viewConcept.php?conceptID=1085
http://mchp-appserv.cpe.umanitoba.ca/viewDefinition.php?definitionID=104903
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Supplementary Table S4.3.  Prevalence of pregnancies with at least one antibiotic prescription 
90 days before pregnancy, during Pregnancy (by trimester), and 90 days after delivery, 2000–
2023. 

Year Pre-pregnancy 

Percentage (95% CI) 

First trimester  

Percentage (95% CI) 

Second trimester  

Percentage (95% CI) 

Third trimester  

Percentage (95% CI) 

Post-delivery  

Percentage (95% CI) 

2000 17.23 (16.64–17.83) 17.88 (17.29–18.50) 13.44 (12.92–13.97) 12.23 (11.74–12.74) 24.02 (23.33–24.74) 

2001 17.87 (17.28–18.49) 19.03 (18.41–19.67) 13.46 (12.95–14.00) 12.68 (12.17–13.20) 23.18 (22.50–23.88) 

2002 17.06 (16.47–17.67) 17.64 (17.04–18.26) 13.35 (12.83–13.89) 11.60 (11.12–12.11) 21.14 (20.49–21.82) 

2003 15.63 (15.07–16.20) 17.48 (16.89–18.09) 12.31 (11.82–12.83) 10.78 (10.32–11.26) 21.44 (20.79–22.11) 

2004 15.92 (15.35–16.52) 17.13 (16.53–17.74) 12.59 (12.08–13.12) 11.11 (10.63–11.61) 20.84 (20.18–21.52) 

2005 15.80 (15.22–16.39) 17.33 (16.73–17.96) 13.21 (12.68–13.75) 11.95 (11.45–12.47) 21.86 (21.18–22.56) 

2006 16.56 (15.99–17.14) 17.84 (17.25–18.45) 13.21 (12.71–13.73) 10.65 (10.20–11.12) 21.40 (20.76–22.07) 

2007 16.02 (15.47–16.58) 17.90 (17.32–18.49) 13.28 (12.79–13.80) 11.39 (10.93–11.87) 21.35 (20.72–22.00) 

2008 16.47 (15.92–17.04) 18.08 (17.51–18.68) 13.41 (12.92–13.93) 11.33 (10.88–11.81) 20.61 (19.99–21.24) 

2009 16.10 (15.56–16.65) 18.27 (17.70–18.86) 13.33 (12.84–13.83) 11.51 (11.06–11.98) 20.90 (20.28–21.53) 

2010 16.08 (15.55–16.64) 18.26 (17.68–18.85) 13.24 (12.76–13.75) 11.54 (11.08–12.01) 20.36 (19.75–20.99) 

2011 16.53 (15.99–17.09) 19.05 (18.47–19.65) 13.68 (13.18–14.19) 11.69 (11.24–12.16) 19.93 (19.33–20.55) 

2012 15.61 (15.09–16.15) 18.44 (17.87–19.03) 13.23 (12.75–13.72) 11.07 (10.63–11.52) 20.22 (19.62–20.83) 

2013 15.83 (15.31–16.38) 18.37 (17.80–18.95) 13.69 (13.20–14.20) 11.51 (11.07–11.98) 19.32 (18.74–19.92) 

2014 15.34 (14.83–15.87) 18.14 (17.58–18.72) 13.44 (12.96–13.94) 11.48 (11.03–11.94) 19.14 (18.56–19.73) 

2015 16.26 (15.73–16.81) 19.53 (18.95–20.14) 13.97 (13.47–14.48) 11.54 (11.09–12.01) 19.64 (19.05–20.24) 

2016 15.88 (15.35–16.43) 19.13 (18.54–19.73) 13.73 (13.24–14.24) 11.40 (10.95–11.87) 19.42 (18.83–20.03) 

2017 15.26 (14.74–15.80) 19.68 (19.09–20.29) 13.28 (12.79–13.78) 11.14 (10.69–11.60) 18.96 (18.38–19.56) 

2018 15.83 (15.30–16.37) 19.14 (18.56–19.73) 13.46 (12.98–13.96) 10.76 (10.33–11.21) 18.61 (18.04–19.20) 

2019 15.31 (14.79–15.84) 19.07 (18.50–19.67) 12.88 (12.41–13.37) 10.20 (9.78–10.64) 18.97 (18.39–19.56) 

2020 14.73(14.21–15.26) 18.52(17.95–19.12) 12.45 (11.98–12.94) 9.47 (9.06–9.90) 16.57 (16.02–17.13) 

2021 11.59 (11.13–12.06) 15.31 (14.79–15.86) 10.05 (9.63–10.50) 7.79 (7.42–8.18) 16.24 (15.69–16.80) 

2022 12.65 (12.16–13.16) 17.12 (16.55–17.71) 12.16 (11.68–12.66) 9.69 (9.26–10.13) 19.47 (18.87–20.10) 

2023 14.80 (13.73–15.96) 19.10 (17.88–20.41) 14.67 (13.60–15.82) 11.07 (10.15–12.08) 12.21 (11.23–13.26) 
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Supplementary Table S4.4.Interrupted time series analyses for antibiotic monthly utilization 
before and during the pandemic periods in the Canadian province of Manitoba (March 2017-
March 2023). 

Sytemic 
antibiotic* 

Immediate level changea Change in trend estimate during the 
pandemic vs. before pandemicb 

Estimate p-Value Estimate p-Value 

Overall −0.168 <0.001 0.002 0.04 

β-lactam 
Penicillins 

−0.266 <0.001 −0.011 0.034 

Other β-lactams −0.005 0.119 0.005 <0.001 

Macrolides −0.339 <0.001 0.008 0.01 

Other antibiotic 
classes 

−0.008 0.839 0.006 <0.001 

*Interrupted time series analyses were not conducted for lincosamides, fluoroquinolones, tetracyclines, 

sulfonamides, or aminoglycosides because the monthly number of pregnancies with prescriptions in these classes 

was too low to support stable model estimation 
aImmediate change examines the change in level immediately after the onset of the pandemic in outcomes rates 

compared to pre-pandemic period. 
bChange during pandemic examines the change in slope during the pandemic in outcomes rates compared to the 

pre-pandemic period. 
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Supplementary Figure S4.1. Prevalence of infections anytime during pregnancy per calendar year 
during study period (2000-2023). 

Any Infection prevalence was calculated as the count of infections (respiratory, urinary, sexually transmitted, or 
intestinal) diagnosis across all pregnancies per calendar year 
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STROBE Statement—Checklist of items that should be included in reports of cohort studies  
 

Item 

No Recommendation 

Page 

 Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 

abstract 

161 

(b) Provide in the abstract an informative and balanced summary of what was 

done and what was found 

162-163 

Introduction  

Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported 

164-165 

Objectives 3 State specific objectives, including any prespecified hypotheses 165 

Methods  

Study design 4 Present key elements of study design early in the paper 165 

Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection 

165-166 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 

participants. Describe methods of follow-up 

166-168 

(b) For matched studies, give matching criteria and number of exposed and 

unexposed 

- 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 

effect modifiers. Give diagnostic criteria, if applicable 

166-168 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods of 

assessment (measurement). Describe comparability of assessment methods if 

there is more than one group 

165-166 

Bias 9 Describe any efforts to address potential sources of bias 166-168 

Study size 10 Explain how the study size was arrived at - 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 

describe which groupings were chosen and why 

162-163 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for 

confounding 

168-170 

(b) Describe any methods used to examine subgroups and interactions 168-170 

(c) Explain how missing data were addressed - 

(d) If applicable, explain how loss to follow-up was addressed - 

(e) Describe any sensitivity analyses - 
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Results  

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers 

potentially eligible, examined for eligibility, confirmed eligible, included in the 

study, completing follow-up, and analysed 

170-171 

(b) Give reasons for non-participation at each stage - 

(c) Consider use of a flow diagram - 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) 

and information on exposures and potential confounders 

170-171 

(b) Indicate number of participants with missing data for each variable of 

interest 

Table 1 

(c) Summarise follow-up time (eg, average and total amount) - 

Outcome data 15* Report numbers of outcome events or summary measures over time 171-172 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates 

and their precision (eg, 95% confidence interval). Make clear which confounders 

were adjusted for and why they were included 

171-172 

(b) Report category boundaries when continuous variables were categorized 171-172 

(c) If relevant, consider translating estimates of relative risk into absolute risk for 

a meaningful time period 

- 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 

sensitivity analyses 

171-172 

Discussion  

Key results 18 Summarise key results with reference to study objectives 172-173 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 

imprecision. Discuss both direction and magnitude of any potential bias 

179-180 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 

limitations, multiplicity of analyses, results from similar studies, and other 

relevant evidence 

173-179 

Generalisability 21 Discuss the generalisability (external validity) of the study results 179-180 

Other information  

Funding 22 Give the source of funding and the role of the funders for the present study and, 

if applicable, for the original study on which the present article is based 

181-182 

 

 



197 

 

4.15. References 

1. 1.  Kuperman AA, Koren O (2016) Antibiotic use during pregnancy: How bad is it? BMC 

Med 14:1–7 

2.  World Health Organization. (2021) WHO recommendation on routine antibiotic 

prophylaxis for women undergoing operative vaginal birth.  

3.  World Health Organization (2021) Prophylactic antibiotics for women undergoing 

caesarean section.  

4.  Ramasethu J, Kawakita T (2017) Antibiotic stewardship in perinatal and neonatal care. 

Semin Fetal Neonatal Med 22:278–283 

5.  Barrett JFR (2023) Excerpts from the World Medical Literature : Obstetrics. Journal Obstet 

Gynaecol Canada 45:479–481 

6.  Fossum GH, Gjelstad S, Kværner KJ LM (2018) Prescribing antibiotics when the stakes are 

higher - do GPs prescribe less when patients are pregnant? BJGP Open 8:1–12 

7.  Bonet M, Brizuela V, Abalos E, et al (2020) Frequency and management of maternal 

infection in health facilities in 52 countries (GLOSS): a 1-week inception cohort study. 

Lancet Glob Health 8:e661–e671 

8.  Kumar M, Saadaoui M, Al Khodor S (2022) Infections and Pregnancy: Effects on Maternal 

and Child Health. Front Cell Infect Microbiol 12:1–15 

9.  Antonucci R, Cuzzolin L, Locci C, Dessole F, Capobianco G (2022) Use of Azithromycin in 

Pregnancy: More Doubts than Certainties. Clin Drug Investig 42:921–935 

10.  Fan H, Gilbert R, O’Callaghan F, Li L (2020) Associations between macrolide antibiotics 

prescribing during pregnancy and adverse child outcomes in the UK: Population based 

cohort study. The BMJ 368:1–10 

11.  Muanda FT, Sheehy O, Bérard A (2017) Use of antibiotics during pregnancy and the risk 

of major congenital malformations: a population based cohort study. Br J Clin Pharmacol 

83:2557–2571 

12.  Jess T, Morgen CS, Harpsøe MC, Sørensen TIA, Ajslev TA, Antvorskov JC, Allin KH (2019) 

Antibiotic use during pregnancy and childhood overweight: A population-based 

nationwide cohort study. Sci Rep 9:1–9 



198 

 

13.  Heerman WJ, Daley MF, Boone-Heinonen J, et al (2019) Maternal Antibiotic Use During 

Pregnancy and Childhood Obesity at Age Five Years. Int J Obes (Lond) 43:1202 

14.  Momen NC, Liu X (2021) Maternal antibiotic use during pregnancy and asthma in children: 

population-based cohort study and sibling design. Eur Respir J. 

https://doi.org/10.1183/13993003.00937-2020 

15.  Loewen K, Monchka B, Mahmud SM, Azad MB (2018) Prenatal antibiotic exposure and 

childhood asthma: a population-based study. Eur Respir J 52:1702070 

16.  Fan H, Li L, Wijlaars L, Gilbert RE (2019) Associations between use of macrolide antibiotics 

during pregnancy and adverse child outcomes: A systematic review and meta-analysis. 

PLoS One 14:1–14 

17.  Dierikx TH, Visser DH, Benninga MA, van Kaam AHLC, de Boer NKH, de Vries R, van 

Limbergen J, de Meij TGJ (2020) The influence of prenatal and intrapartum antibiotics on 

intestinal microbiota colonisation in infants: A systematic review. Journal of Infection 

81:190–204 

18.  Bérard A, Kaul P, Eltonsy S, et al (2022) The Canadian Mother-Child Cohort Active 

Surveillance Initiative (CAMCCO): Comparisons between Quebec, Manitoba, 

Saskatchewan, and Alberta. PLoS One 17:e0274355 

19.  Leong C, Chateau D, Dahl M, Falk J, Katz A, Bugden S, Raymond C (2019) Prescription 

medication use during pregnancies that resulted in births and abortions (2001-2013 ): A 

retrospective population-based study in a Canadian population. PLoS One 14:1–17 

20.  Kozyrskyj AL CM (1998) Validation of an electronic, population-based prescription 

database. Ann Pharmacother 32:1152–1157 

21.  Roos LL Jr, Roos NP, Cageorge SM NJP (1982) How good are the data? Reliability of one 

health care data bank. Med Care 20:266–276 

22.  Roos LL, Mustard C, Nichol JP et al (1993) Registries and administrative data: organization 

and accuray. Med Care 31:201–212. 

23.  Roos LL, Nicol PJ (1999) A Research Registry: Uses, Development, and Accuracy. J Clin 

Epidemiol 52:39–47 



199 

 

24.  Brownell, M. D., Roos, N. P. & Roos LL (2001) Monitoring health reform: A report card 

approach. Soc. Sci. Med.  

25.  JR R, TK Y, LL R, DE G (1997) Estimating the burden of disease. Comparing administrative 

data and self-reports. Med Care 35:932–947 

26.  MCHP Concept: International Classification of Disease (ICD) Coding in MCHP Data. 

http://mchp-appserv.cpe.umanitoba.ca/viewConcept.php?conceptID=1028.  

27.  Term: Socio-Economic Status (SES) | MCHP Concept Dictionary and Glossary for 

Population-Based Research | Max Rady College of Medicine | University of Manitoba. 

http://mchp-

appserv.cpe.umanitoba.ca/viewDefinition.php?definitionID=103590#a_references.  

28.  Term: Parity | MCHP Concept Dictionary and Glossary for Population-Based Research | 

Max Rady College of Medicine | University of Manitoba. http://mchp-

appserv.cpe.umanitoba.ca/viewDefinition.php?definitionID=104384.  

29.  Term: Caesarean Birth| MCHP Concept Dictionary and Glossary for Population-Based 

Research | Max Rady College of Medicine | University of Manitoba. http://mchp-

appserv.cpe.umanitoba.ca/viewDefinition.php?definitionID=104444.  

30.  Concept: Diabetes - Measuring Prevalence | MCHP Concept Dictionary and Glossary for 

Population-Based Research | Max Rady College of Medicine | University of Manitoba. 

http://mchp-appserv.cpe.umanitoba.ca/viewConcept.php?conceptID=1085.  

31.  Term: Hypertension Prevalence | MCHP Concept Dictionary and Glossary for Population-

Based Research | Max Rady College of Medicine | University of Manitoba. http://mchp-

appserv.cpe.umanitoba.ca/viewDefinition.php?definitionID=104903.  

32.  Term: Asthma | MCHP Concept Dictionary and Glossary for Population-Based Research | 

Max Rady College of Medicine | University of Manitoba. http://mchp-

appserv.cpe.umanitoba.ca/viewDefinition.php?definitionID=102278.  

33.  McCullagh, P and Nelder JA (1989) Generalized Linear Models, Second edi. London: 

Chapman & Hall 

34.  An Introduction to Generalized Linear Models. 2018, Fourth Edition.  



200 

 

35.  Broe A, Pottegård A, Lamont RF, Jørgensen JS, Damkier P (2014) Increasing use of 

antibiotics in pregnancy during the period 2000–2010: prevalence, timing, category, and 

demographics. BJOG 121:988–996 

36.  Servadio M, Belleudi V, Poggi FR, et al (2025) Real-world antibiotic utilization during 

pregnancy in Italy: a multiregional retrospective population-based study. BMC Pregnancy 

Childbirth 25:1–12 

37.  Tran A, Zureik M, Sibiude J, Drouin J, Miranda S, Weill A, Dray-Spira R, Duval X, Tubiana S 

(2023) Prevalence and associated factors of antibiotic exposure during pregnancy in a 

large French population-based study during the 2010–19 period. Journal of Antimicrobial 

Chemotherapy 78:2535–2543 

38.  Orwa SA, Gudnadottir U, Boven A, Pauwels I, Versporten A, Vlieghe E, Brusselaers N 

(2024) Global prevalence of antibiotic consumption during pregnancy: A systematic 

review and meta-analysis. Journal of Infection 89:106189 

39.  Nguyen J, Madonia V, Bland CM, Stover KR, Eiland LS, Keating J, Lemmon M, Bookstaver 

PB (2025) A review of antibiotic safety in pregnancy—2025 update. Pharmacotherapy 

45:227 

40.  Bérard A, Abbas-Chorfa F, Kassai B, Vial T, Nguyen KA, Sheehy O, Schott AM (2019) The 

French pregnancy cohort: Medication use during pregnancy in the French population. 

PLoS One. https://doi.org/10.1371/journal.pone.0219095 

41.  Daw JR, Hanley GE, Greyson DL, Morgan SG (2011) Prescription drug use during pregnancy 

in developed countries: a systematic review. Pharmacoepidemiol Drug Saf 20:895–902 

42.  Winteler C, Ardabili S, Hodel M, Stocker M (2025) A systematic review of Perinatal 

Antibiotic Stewardship – where we are, where to go? Journal of Perinatology 45:1411–

1422 

43.  Gamberini C, Donders S, Al-Nasiry S, Kamenshchikova A, Ambrosino E (2023) Antibiotic 

Use in Pregnancy: A Global Survey on Antibiotic Prescription Practices in Antenatal Care. 

Antibiotics 12:1–19 



201 

 

44.  Trinh NTH, Hjorth S, Nordeng HME (2021) Use of interrupted time-series analysis to 

characterise antibiotic prescription fills across pregnancy: a Norwegian nationwide cohort 

study. BMJ Open 11:e050569 

45.  Aboulatta L, Peymani P, Vaccaro C, Leong C, Kowalec K, Delaney J, Falk J, Alessi-Severini 

S, Aloud B, Eltonsy S (2022) Drug utilization patterns before and during COVID-19 

pandemic in Manitoba, Canada: A population-based study. PLoS One 17:e0278072 

46.  Stocker M, Klingenberg C, Navér L, et al (2023) Less is more: Antibiotics at the beginning 

of life. Nat Commun.  

47.  Reyman M, van Houten MA, Watson RL, et al (2022) Effects of early-life antibiotics on the 

developing infant gut microbiome and resistome: a randomized trial. Nat Commun. 

https://doi.org/10.1038/S41467-022-28525-Z 

48.  Choi Y sun, Kim JH, Kim Y, Cho HJ, Sung JH, Choi SJ, Oh S young, Kim YJ, Roh CR (2023) 

Growing threat of extended-spectrum β-lactamase-producing Enterobacteriaceae 

colonisation in high-risk pregnancies: A cross-sectional study. BJOG 130:415–423 

49.  Shah NM, Charani E, Ming D, Cheah FC, Johnson MR (2024) Antimicrobial stewardship and 

targeted therapies in the changing landscape of maternal sepsis. Journal of Intensive 

Medicine 4:46–61 

50.  Government of Canada supports development & point-of-care dissemination of national 

antimicrobial prescribing guidelines - Canada.ca.  

51.  Pan-Canadian Action Plan on Antimicrobial Resistance: Year 1 Progress Report (June 2023 

to May 2024) - Canada.ca.  

52.  Brandon Bookstaver P, Bland CM, Griffin B, Stover KR, Eiland LS, McLaughlin M (2015) A 

Review of Antibiotic Use in Pregnancy. Pharmacotherapy: The Journal of Human 

Pharmacology and Drug Therapy 35:1052–1062 

53.  Furness A, Kalicinsky C, Rosen L, Barber C, Poliquin V (2024) Penicillin Skin Testing , 

Challenge , and Desensitization in Pregnancy : A Systematic Review.  

54.  Herman TF, Hashmi MF (2023) Cephalexin. Kucers the Use of Antibiotics: A Clinical Review 

of Antibacterial, Antifungal, Antiparasitic, and Antiviral Drugs, Seventh Edition 361–369 



202 

 

55.  ACOG (2019) INTERIM UPDATE Prevention of Group B Streptococcal Early-Onset Disease 

in Newborns Number 797.  

56.  Lee M, Bozzo P, Einarson A, Koren G (2008) Urinary tract infections in pregnancy. 

Canadian Family Physician 54:853 

57.  ACOG Clinical Consensus (2023) Urinary tract infections in pregnant individuals. ACOG 

142:531–533 

58.  UK Teratology Information Service (UKTIS) (2020) Use of macrolides in pregnancy. 

https://uktis.org/monographs/use-of-macrolides-in-pregnancy/.  

59.  Patel PH, Hashmi MF (2024) Macrolides. NIH StatPearls 6–11 

60.  Lin KJ, Mitchell AA, Yau WP, Louik C, Hernández-Díaz S (2013) Safety of macrolides during 

pregnancy. Am J Obstet Gynecol 208:221.e1-221.e8 

61.  Damkier P, Brønniche LMS, Korch-Frandsen JFB, Broe A (2019) In utero exposure to 

antibiotics and risk of congenital malformations: a population-based study. Am J Obstet 

Gynecol 221:648.e1-648.e15 

62.  Muanda FT, Sheehy O, Berard A (2017) Use of antibiotics during pregnancy and risk of 

spontaneous abortion. Cmaj 189:E625–E633 

63.  Azimaee M, Smith M, Lix L, Ostapyk T, Burchill C, Orr J MCHP Data Quality Framework 

Manitoba Centre for Health Policy 3 MCHP Data Quality Framework.  

64.  Heaman M, Kingston D, Helewa ME, Brownell M, Derksen S, Bogdanovic B, Mcgowan K-L, 

Bailly A (2012) Perinatal services and outcomes in Manitoba.  



203 

 

Chapter 5: Conclusions and Future Recommendations 

Pregnancy represents a unique period where healthcare delivery, medication safety, and social 

determinants of health intersect to shape maternal and perinatal outcomes. This thesis addressed 

three major objectives that provided real-world evidence on maternal and perinatal health in 

Manitoba using linked administrative data. The COVID-19 pandemic disrupted access to essential 

services and highlighted existing inequities in maternal care. In Manitoba, leveraging linked 

administrative data to evaluate prenatal care adequacy, pandemic-related impacts, and antibiotic 

use provides evidence to guide policy and strengthen equitable, resilient maternal–infant health 

systems and contribute to understanding how structural conditions and health system pathways 

shape maternal and infant health.  

This thesis is organized around the WHO Commission on Social Determinants of Health 

framework, which distinguishes structural determinants from intermediary pathways and 

positions the health system infrastructure as a determinant through access and quality of care. 

Using this framework, the thesis delivers evidence that aligns with WHO priorities for ending 

preventable maternal mortality.  The first project contributes evidence on how pandemic 

measures can affect pregnancy and birth outcomes over time. The second project shows that 

prenatal care inequities can persist and worsen during the COVID-19 pandemic measures even 

with universal health insurance, and the third project provides long-term baseline evidence and 

first step relevant to antimicrobial stewardship in pregnancy.  



204 

 

5.1 Conclusions 

The first population-based study, presented in Chapter 2, examined the impact of COVID-

19 pandemic measures and exposure duration to pandemic measures on perinatal outcomes 

among 222,636 pregnancies in Manitoba. My findings showed that the length of exposure to 

pandemic measures had differential effects on adverse perinatal outcomes, as longer exposure 

to the pandemic measures was associated with higher rates of preterm birth and cesarean 

delivery. These observations could be attributed to changes in access and adequacy of care, 

increased socioeconomic vulnerability in certain groups, or other unknown mechanisms. 

However, the rates of small for gestational age births, NICU admissions, and breastfeeding 

initiation remained stable over the two-year pandemic period.  

The second study of this thesis, chapter 3, examined trends and determinants of prenatal 

care utilization in Manitoba from January 2010 to March 2022. I found persistent inequities in 

access and adequacy despite universal healthcare coverage in Manitoba. In 192,274 pregnant 

women, over 12 years, approximately one in ten women received inadequate prenatal care, while 

one in twenty-six attended fewer than five prenatal visits. Younger women, and those with lower 

income, multiparity, and rural residence were at higher risk of inadequate care and receiving 

fewer than five visits throughout their pregnancy. While the overall pre-pandemic trends were 

stable and like other Canadian provinces(166–168), the COVID-19 pandemic was associated with 

increased rates of inadequate care. Our findings emphasize the need to develop innovative 

service delivery models to overcome the complex and multi-level barriers influencing prenatal 

care. The health system should adapt flexibly to improve prenatal care through system-level 

transformation that targets structural determinants alongside individual-focused interventions. 
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The third study, presented in Chapter 4, investigated annual trends in the use of antibiotics 

before, during and after pregnancy over a 23-year period. Approximately one in three pregnancies 

filled at least one systemic antibiotic, and the overall prevalence of use remained stable over the 

23-year study period. A temporary decline was observed following the onset of pandemic 

measures, followed by a rebound during the subsequent two years. Across trimesters, antibiotic 

use was highest in the first trimester, then second and third trimesters. β-lactam penicillins 

remained the most prescribed class but declined steadily over time, while the use of other β-

lactams more than doubled, becoming the second most common class by 2023. Amoxicillin was 

the leading drug throughout pregnancy, whereas cefalexin surpassed amoxicillin as the most 

prescribed antibiotic in the post-delivery period. These findings provide essential baseline data 

for evaluating antibiotic safety studies and antimicrobial-stewardship initiatives to optimize 

antibiotic use in pregnant women. 

The three studies in this thesis illustrate how maternal and perinatal health outcomes are 

influenced by interactions between healthcare systems, clinical practices, and broader social 

determinants. The perinatal outcomes analysis captured the overall population-level impact of 

pandemic measures on birth outcomes, while the prenatal care study demonstrated persistent 

inequities in access to prenatal services across socioeconomic and geographic groups. The 

antibiotic utilization study provided long-term evidence on patterns of medication use during 

pregnancy and established baseline trends relevant for future medication safety and 

antimicrobial stewardship research. These results indicate that the prenatal health system was 

under stress and that existing inequities were further intensified during the COVID-19 pandemic. 

First, pandemic measures disproportionately affected perinatal outcomes, and the dose-response 
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relationships suggest that prolonged exposure to disrupted health systems had cumulative 

effects. Second, universal health insurance does not guarantee equitable access to care. 

Structural, geographic, and socioeconomic barriers continue to shape who receives prenatal care. 

Third, antibiotic prescribing during pregnancy remained relatively stable overall, but the 

increasing use of broader-spectrum antibiotics, despite the implementation of a national 

antimicrobial stewardship framework, suggests that pregnancy-specific stewardship strategies 

may be needed. These findings indicate that maternal and perinatal health outcomes are shaped 

not only by individual clinical care but also requires health systems that are resilient, equitable 

and capable of adapting to the needs of pregnant women, especially during times of crisis.  

Sensitivity analyses were conducted by restricting prenatal care visits to clinician-virtual prenatal 

care billing codes only, changing intervention points (February 2020 and April 2020), and 

restricting the study period to two years before and two years after the intervention. Results were 

consistent with the primary analyses, indicating that the findings were robust to alternative 

specifications of prenatal care visits, intervention timing, and the study period. 

5.2. Interpretation of Findings within the CSDH Framework 

The findings of this thesis suggest that maternal and perinatal health outcomes are shaped by 

interactions between structural determinants and intermediary pathways operating through the 

healthcare system. The COVID-19 pandemic measures represent a major structural shock that 

influenced healthcare delivery, healthcare utilization patterns, and broader social conditions 

affecting pregnant individuals. 
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The observed decline in prenatal care adequacy during the pandemic, together with persistent 

disparities by income, rural residence, age, and parity, is consistent with the framework that 

structural inequalities shape access to healthcare services. Even within a universal healthcare 

system, structural and geographic barriers can influence the ability of individuals to obtain timely 

and adequate prenatal care, particularly during periods when healthcare systems are under 

stress. 

In addition, perinatal outcomes, such as preterm birth and cesarean delivery, appeared sensitive 

to prolonged exposure to pandemic-related disruptions, whereas other outcomes remained 

stable during the same period. These patterns could be linked to the pandemic-related changes, 

including changes in healthcare access, modifications in health-seeking behaviours, changes in 

clinical practice, and broader social disruptions. In this thesis the analyses estimated the overall 

population-level impact of pandemic measures rather than evaluating specific causal pathways 

linking structural factors to outcomes. Prenatal care utilization was examined as a separate 

outcome and was not modelled as an intermediary variable between pandemic measures and 

perinatal outcomes. Similarly, the analysis of antibiotic utilization did not examine infections or 

clinical indications for antibiotic use. Thus, the observed associations should be interpreted with 

caution reflecting the combined influence of multiple pathways that may have operated 

simultaneously during the pandemic period. 

Several mechanisms relevant to the CSDH framework could not be directly measured using 

administrative health data. These include structural and social factors such as culturally unsafe 

care, housing insecurity, food insecurity, and other lived barriers that influence healthcare access. 

The absence of these measures limits the ability to attribute observed inequities to specific 
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mechanisms and highlights the need for future research integrating administrative data with 

qualitative and community-engaged approaches. 

5.3. Comparison with Findings from Other Canadian Jurisdictions 

Reports from Canada on the effects of COVID-19 pandemic measures on perinatal outcomes have 

been conflicting.(181–185) Three retrospective cohort studies conducted in the province of 

Ontario examined the influence of first-wave pandemic lockdown measures on perinatal 

outcomes and reported no significant changes in preterm birth (PTB) or stillbirth rates (182–184). 

Similarly, other adverse perinatal outcomes, including NICU admission and 28-day neonatal 

death, did not change significantly during the pandemic period.(182,184) A national Canadian 

study study, using the Discharge Abstract Database (excluding Quebec), examined 136,445 

singleton births during the pandemic and also found no change in PTB rates, although cesarean 

delivery rates declined (185). The observed changes in adverse pregnancy and neonatal outcomes 

across different periods highlight the varying impact of the pandemic on pregnant women. 

Pandemic measures, such as restrictions on healthcare access, reduced social support, changes 

in hospital policies, shifts in hygiene practices, and physical distancing, may have differentially 

impacted perinatal outcomes across different regional and socio-economic settings.  

Our findings are consistent with previous research in Manitoba, which documented persistent 

inequities in prenatal care among younger, lower-income, and multiparous women.(80) Despite 

universal healthcare coverage, these disparities have remained over time, suggesting the 

presence of upstream structural and health system barriers. Similar patterns have been observed 

in other Canadian jurisdictions. A study from Ontario reported that 2.1% of pregnant women 

received inadequate prenatal care, defined as fewer than five visits or late initiation of care(74) 
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and differences in adequacy have also been reported by migration status.(224) National survey 

data further indicate that 18.9% of pregnant women in Canada received inadequate care, with 

Manitoba reporting a higher rate of 22.5%.(225) In the present study, the proportion of 

inadequate care was lower (10.4%), which may reflect differences in study design and 

measurement indices. 

A Canadian study across four provinces, including Manitoba, reported that antibiotics accounted 

for 26% of all prenatal medications.(10) Similarly, data from the French Pregnancy Cohort in 

Quebec showed that antibiotics were the most commonly prescribed medication during 

pregnancy, accounting for 26% of all prescriptions.(226) In Manitoba, a cohort study observed an 

increase in the proportion of all prenatal medication prescriptions between 2001 and 2013, with 

amoxicillin, nitrofurantoin, and cefalexin among the five most prescribed medications.(107) Our 

findings are similar to results across the Canadian provinces, indicating a consistent national 

pattern of clinical practice 

 

5.4.  Strengths and Limitations 

This thesis has several strengths. This thesis represents a comprehensive population-based 

examination of perinatal health in Manitoba spanning 12-23 years, utilizing validated linkages 

across administrative health databases to capture all registered births. The use of rigorous quasi-

experimental methods, including interrupted time series analysis, enabled examining pandemic 

effects while controlling pre-existing trends, and the categorization of pandemic exposure by 

duration of pregnancy spent under measures revealed dose-response relationships not captured 
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in prior studies. A particular strength is the focus on health equity across studies, stratifying 

analyses by income and geography, examining demographic characteristics to identify vulnerable 

populations and demonstrating that universal health insurance alone has not eliminated 

inequities in prenatal care access or perinatal outcomes. 

Limitations of this thesis should be acknowledged. Administrative data lack clinical detail, severity 

information, medication indications, and important social determinants, including race, ethnicity, 

education, marital status, and behavioral factors (e.g. smoking), preventing assessment of quality 

of prenatal care. While breastfeeding initiation was defined as any exclusive or partial 

breastfeeding within the first 3 days postpartum, breastfeeding initiation after hospital discharge 

was not captured, and continuation of breastfeeding could therefore not be assessed (227). 

Measures of prenatal care visits and adequacy (using the R-GINDEX) were derived from physician 

visits identified through hospital records and physician medical claims. Some women classified as 

receiving no care may have been seen by salaried physicians who did not submit billing claims, or 

by midwives or at nursing stations, services not captured in medical services data or hospital 

abstracts(228,229). As a result, prenatal care utilization may be underestimated, potentially 

leading to underestimation of prenatal care visits and misclassification of prenatal care adequacy. 

However, this misclassification would likely be non-differential and bias estimates toward the null. 

While the R-GINDEX has been used in previous studies and has demonstrated reliable results 

compared to other indices, it has not been formally validated(61). It is strictly a measure of 

utilization and captures the quantity and timing of prenatal care received and does not reflect the 

content or clinical adequacy of prenatal care. There is also potential for misclassification due to 

inaccuracies in gestational age estimations, as we relied on data recorded in hospital abstracts.  
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 In addition, Prescription dispensing may not accurately reflect actual medication use, potentially 

leading to exposure misclassification(230). DPIN captures outpatient prescriptions dispensed 

from community pharmacies but does not capture antibiotics administered during inpatient 

hospital stays, resulting in incomplete ascertainment of overall antibiotic exposure. This limitation 

is relevant for third-trimester exposure assessment, as intrapartum antibiotic prophylaxis 

routinely administered in hospital at the time of delivery and is therefore not captured in DPIN, 

thus exposure may be underestimated. This may introduce non-differential exposure 

misclassification and could explain lower observed prescriptions near term(230). In addition, the 

absence of clinical indication data limits the assessment of prescription appropriateness and the 

ability to differentiate between therapeutic, prophylactic, or empiric uses of antibiotics. While 

this does not introduce confounding in a utilization study, it constrains interpretation of observed 

patterns when examining trimester-specific trends. Comparisons across time periods are also 

limited by unmeasured variation in infection epidemiology, obstetric practices, care-seeking 

behaviors, and antimicrobial resistance patterns.   

While the interrupted time series analysis examines the intervention (i.e. pandemic) effects, the 

study design cannot definitively identify specific causal mechanisms (i.e. observed outcome 

changes could be due to healthcare disruption, psychosocial stress, or behavioral changes). 

Although ITS designs are considered one of the strongest quasi-experimental approaches for 

evaluating population-level interventions, they remain susceptible to bias from time-varying 

confounding and concurrent events occurring around the time of the intervention. One approach 

to strengthen internal validity in ITS analyses is the inclusion of a nonequivalent dependent 

variable or control outcome that is not expected to be affected by the intervention but is 
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measured over the same time period(231). In this thesis, a control outcome was not included, 

which limits the ability to rule out the influence of time-varying confounders. In this thesis, I used 

the ITS models which accounted for underlying secular trends and seasonal variation; however, 

residual bias from unmeasured time-varying factors cannot be completely excluded. Moreover, 

model fit for ITS analyses was evaluated using the scaled deviance (deviance divided by the 

degrees of freedom). Although the scaled deviance is commonly used to assess goodness-of-fit 

in generalized linear models, relying on a single statistic has limitations because it primarily 

reflects overall dispersion and does not assess residual patterns, model misspecification, or the 

presence of temporal dependence. To further evaluate model assumptions, residual plots and 

autocorrelation diagnostics were examined to assess whether systematic patterns or 

autocorrelation were present. Generalizability to jurisdictions without universal insurance or with 

different healthcare systems, provincial policies, pandemic responses, and sociodemographic 

characteristics is limited. Although Canadian provinces implemented similar public health 

measures during the COVID-19 pandemic, such as lockdowns, gathering restrictions, school 

closures, and physical distancing, the timing, stringency, and duration of these measures differed 

across provinces (232,233). Differences in provincial policy measures and disruptions to the 

healthcare system may therefore influence healthcare access and utilization. Additionally, 

Manitoba’s population structure might respond differently to healthcare disruptions compared 

to other Canadian provinces. Therefore, caution is needed when applying these findings to other 

Jurisdictions. 
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5.5. Clinical and Policy Implications and Future Directions 

The findings from this thesis have implications for clinical practice, health policy, and system 

planning. Persistent inequities in prenatal care access highlight the need to redesign how prenatal 

care is delivered. Manitoba’s universal insurance alone is not sufficient; flexible service models 

such as expanding midwifery services, community outreach programs, and hybrid virtual-and-in-

person care can help address both geographic and social barriers. the consistent finding that 

lower-income and rural women are at higher risk of inadequate care, even within a universal 

system, suggests that financial coverage without concurrent removal of non-financial barriers 

such as travel distance, limited provider availability, and inflexible appointment scheduling is 

insufficient to achieve equitable prenatal care utilization. Manitoba’s Healthy Baby Prenatal 

Benefit remains an important policy initiative, but financial support should be linked with 

coordinated clinical and mental health care to better support families. Given that maternal 

psychological stress is a determinant for inadequate care, integrating mental health screening and 

support into prenatal care, rather than treating them as separate services, could address an 

important gap in current practice. Rural residence emerged as a consistent determinant of 

inadequate care; transportation represents a primary obstacle. Policy solutions include mobile 

clinic provision and subsidized transportation to regional centers, leveraging existing social 

service infrastructure where feasible. 

The COVID-19 pandemic has exposed weaknesses in the perinatal care system and shown how 

access to prenatal care can be disrupted. The dose–response relationship between exposure to 

pandemic measures and few adverse perinatal outcomes observed in Chapter 2 underscores that 

even temporary disruptions in health service delivery can have cumulative consequences, 
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reinforcing the need to maintain uninterrupted access to essential prenatal services during future 

crises. Strengthening preparedness for future public health crises requires incorporating equity 

considerations into emergency response plans and ensuring that all women, regardless of 

geography or income, can continue to access care. The rapid shift to virtual prenatal care 

demonstrated that hybrid models are possible; however, they should be systematically developed 

and implemented. The hybrid approach should be developed with attention to digital literacy and 

equitable technological access so that it enhances rather than restricts care access for vulnerable 

populations. Adaptability should include investments in prenatal care infrastructure and provider 

support to maintain continuity of care under changing conditions. 

Our findings provide comprehensive, real-world evidence on antibiotic utilization during 

pregnancy that will serve as a foundation for future research on medication safety and 

antimicrobial stewardship. The stability of antibiotic prescribing over more than two decades with 

shift from penicillins to broader-spectrum β-lactams, despite the implementation of the national 

antimicrobial stewardship framework in 2017, suggests that current stewardship strategies are 

not reaching prenatal prescribing contexts and that pregnancy-specific audit-and-feedback 

programs targeting obstetric and primary care providers are needed. The observed shift from 

penicillins to broader spectrum antibiotics may increase the risk of antimicrobial resistance and 

alter the maternal and neonatal microbiome, with potential adverse effects on infants’ health. 

Integrating pregnancy-specific antimicrobial stewardship, including penicillin allergy delabelling 

(i.e. confirming and removing inaccurate allergy labels), and standardized postpartum protocols, 

can reduce unnecessary broad-spectrum exposure while maintaining safety. 
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Administrative data captures what occurred but provides limited insight into why. Qualitative 

research involving in-depth interviews with women who received inadequate prenatal care 

should explore patient perspectives on barriers, including structural barriers (transportation, 

childcare, appointment availability), financial barriers, healthcare system factors (provider 

attitudes, communication quality, cultural responsiveness), and personal factors (competing 

priorities, health literacy, cultural beliefs about prenatal care). This rich qualitative data should 

inform intervention design to address the actual barriers women face. 

Further investigation into regional and socioeconomic disparities in Manitoba is warranted to 

better understand the underlying mechanisms and to guide evidence-based maternal and 

neonatal healthcare policies for vulnerable populations in future public health crises. Significant 

inequities persist, with rural residence, lower income, and multiparity representing key barriers 

to adequate care. Targeted, equity-oriented interventions are warranted to mitigate structural 

barriers and improve prenatal care access for vulnerable populations. 

This thesis documented prescribing patterns for antibiotic use in pregnancy, but not 

appropriateness. Chart review or primary data collection with clinical indication validation for a 

representative sample of antibiotic prescriptions would enable assessment of prescribing 

appropriateness, identify common patterns of inappropriate prescribing (e.g., use of broad-

spectrum agents), and quantify potential for stewardship interventions. 

This thesis quantified inadequate prenatal care utilization but did not directly assess 

consequences. Subsequent research should link inadequate prenatal care identified in these 

analyses to downstream maternal and infant outcomes, including maternal morbidity 

(postpartum hemorrhage, infection, readmission, severe complications), infant outcomes 
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(developmental milestones at 12 and 24 months, healthcare utilization, emergency department 

visits), and long-term neurodevelopmental and metabolic outcomes. Understanding the 

magnitude of harm flowing from inadequate care in Manitoba's population strengthens the 

public health and policy case for prenatal care system transformation and provide evidence 

needed to justify resource allocation for prenatal care system transformation in terms of 

avoidable adverse outcomes and downstream healthcare expenditures. 
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Laila Aboulatta 
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Chair or Acting Chair, UM HREB, per the response to the conditions of approval outlined during the initial review (full 
board or delegated) of the annual study status report. 

 
HREB ATTESTATION 

The University of Manitoba (UM) Health Research Board (HREB) is organized and operates according to Health 
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Dr. John Arnett, Chair 



249 

 

Appendix B: Research ethics (HIPC/PHRPC)  

 



250 

 

 

 

 

 

 


