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SUMMARY

Author: Sarah Nouf

Title: The Impact of Maternal Age and Conception Methods on Gestational Diabetes Mellitus.
Aim: To analyze the impact of maternal age and the type of conception on the risk of developing
gestational diabetes mellitus (GDM) and evaluate the obstetrical outcomes.

Objectives: 1. To evaluate the prevalence of Gestational diabetes mellitus (GDM) in different age
groups for women. 2. To evaluate the prevalence of Gestational Diabetes Mellitus (GDM) for
women conceiving naturally and through Assisted reproductive technology (ART). 3. To compare
obstetrical outcomes in women with GDM conceived naturally versus through ART across
different age groups.

Materials and methods: A systematic review was conducted following PRISMA guidelines.
Studies were identified through PubMed, the Cochrane Library, and manual searches on Google
Scholar. The keywords used were: gestational diabetes mellitus, maternal age, assisted
reproductive technology, in vitro fertilization, natural conception, pregnancy outcomes, and
obstetric complications.

Results: After applying the inclusion and exclusion criteria, 10 studies were selected for this
review. These included 4 retrospective cohort studies, 1 prospective cohort study, 3 observational
cohort studies, and 2 cross-sectional studies. For the first objective, which looked at the link
between advanced maternal age (AMA) and GDM, 5 studies showed a clear trend: GDM rates
increased with age, particularly in women over 35. The second objective focused on whether ART
conception raised GDM risk. According to 7 studies, pregnancies conceived through ART had a
higher chance of GDM. For the third objective, 6 studies highlighted that when AMA and ART
overlap in GDM pregnancies, the risk of complications, such as preterm birth, hypertension,
cesarean delivery, and neonatal hypoglycemia is higher, especially in women aged 35 and older.
Conclusion: 1. Women aged 40 and above are at increased risk for developing GDM, likely due
to age-related changes in insulin sensitivity and overall metabolic function. 2. Pregnancies
achieved through ART show a higher occurrence of GDM, which may be related to factors such
as fertility treatments, hormonal stimulation, or pre-existing health conditions in women
undergoing these procedures. 3. When GDM occurs in ART pregnancies, it is associated to a

higher chance of complications such as preeclampsia, cesarean birth, and neonatal concerns.
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SANTRAUKA

Autorius: Sarah Nouf

Pavadinimas: Moters amziaus ir pastojimo metody poveikis gestaciniam diabetui.

Tyrimo tikslas: Jvertinti moters amziaus ir pastojimo biido sgsajas su gestacinio diabeto (GD)
i8sivystymo rizika bei iSanalizuoti akuSerines baigtis.

Tyrimo uzdaviniai: 1. [vertinti GD paplitimg skirtingose motery amziaus grupése. 2. [vertinti GD
paplitimg tarp motery, kurios pastojo nattraliai ir taikant pagalbinio apvaisinimo technologijas
(PAT). 3. Palyginti akuSerines baigtis GD diagnozuotoms moterims, pastojusioms natiiraliai ir
pagalbinio apvaisinimo biidu, skirtingose amziaus grupése.

Tyrimo metodika: Buvo atlikta sistemin¢ literatiiros apzvalga, vadovaujantis PRISMA gairémis.
Tyrimai buvo atrinkti i§ PubMed, Cochrane Library duomeny baziy bei rankiniu budu ieSkant
Google Scholar platformoje. Naudoti raktazodziai: gestacinis diabetas, motinos amzius, pagalbinis
apvaisinimas, apvaisinimas in vitro, natlralus pastojimas, néStumo baigtys, akuSerinés
komplikacijos.

Rezultatai: Pritaikius jtraukimo ir atmetimo kriterijus, apzvalgai buvo atrinkta 10 tyrimy: 4
retrospektyviniai kohortiniai, 1 prospektyvinis, 3 stebéjamieji kohortiniai ir 2 momentiniai
tyrimai. Pagal pirmajj uzdavinj vertinta moters amziaus jtakg GD rizikai - 5 tyrimai parodé¢ aiSkia
tendencija, kad GD daznumas didéjo su amziumi, ypa¢ moterims vyresnéms nei 35 mety.
Antrajame uzdavinyje analizuotos pastojimo biido (nattiralus ar PAT) sasajos su GD - 7 tyrimai
parodé¢ didesn¢ GD rizika tarp motery, pastojusiy pagalbinio apvaisinimo buidu. Treciojo
uzdavinio rezultatai parode¢, kad 6 tyrimai pabréze padidejusiag komplikacijy rizikg (prieslaikinis
gimdymas, hipertenzija, cezario pjiivio daznumas, naujagimiy hipoglikemija), kai GD
diagnozuojamas moterims, kurioms buvo taikytos PAT ir kurios priklauso vyresnio amziaus

(>35 m.) grupei.

ISvados: 1. Moterims, kuriy amzius yra 40 mety ir daugiau, nustatoma padidéjusi GD rizika,
tikétina dél su amZziumi susijusiy insulino jautrumo bei metabolinés funkcijos pokyciy. 2.
Neéstumai, po PAT pasizymi didesniu GD daznumu, kurj gali lemti vaisingumo gydymo metodai,
hormoning¢ stimuliacija ar i§ anksto buvusios sveikatos buklés. 3. GD atvejais, kai moteris pastoja
po PAT yra daZzniau nustatomos komplikacijos, tokios kaip preeklampsija, cezario pjivis bei

naujagimiy sveikatos sutrikimai.
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ABBREVIATION LIST

AMA - Advanced maternal age

ART - Assisted reproductive technology
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CDC - Centers for Disease Control and Prevention
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ICSI — Intracytoplasmic sperm injection
IUI - Intrauterine insemination

IVF — In vitro fertilization

NICU - Neonatal intensive care unit

OGTT - Oral glucose tolerance test

OI — Ovulation induction

PRISMA - Preferred reporting items for systematic reviews and meta-analysis

RDS — Respiratory distress syndrome
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INTRODUCTION

Gestational Diabetes Mellitus (GDM) is one of the most common metabolic disorders
affecting pregnant women. It is defined as glucose intolerance that develops or is first recognized
during pregnancy [1], and in most cases, resolves after delivery. However, GDM poses significant
health risks for both mothers and newborns. It increases the likelihood of complications such as
preeclampsia, fetal macrosomia, and neonatal hypoglycemia [2]. Women who experience GDM
also have a higher chance of developing type 2 diabetes later in life [3].

The prevalence of GDM is rising worldwide. This trend is largely driven by lifestyle
changes, increasing obesity rates, and a growing number of women choosing to conceive at an
older age. Maternal age and method of conception are key factors influencing GDM risk. Women
of advanced maternal age (AMA), commonly defined as >35 years, are at higher risk due to a
decline in insulin sensitivity and reduced pancreatic beta-cell function, with studies showing a

linear increase in GDM risk with maternal age [4].

In recent years, many women have delayed pregnancy due to career goals, higher education or
socioeconomic factors. As a result, the use of ART has increased. While ART has helped many
women conceive, it has also been associated with a higher risk of GDM. This may be linked to
hormonal stimulation, underlying infertility and/or an increased likelihood of multiple gestations
[5]. According to CDC data, just 2.7% of mothers under 20 were diagnosed with GDM in 2021,
compared to 15.6% of those aged 40 and above [6]. This difference underscores how strongly age

1s tied to GDM risk.

As GDM becomes more common, recognizing high-risk groups early is key. Early
identification allows time for monitoring and management, helping reduce complications for both
mothers and their newborns. This study aims to explore how maternal age and ART contribute to

GDM risk and to offer insights that may support better screening and prenatal care strategies.
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AIM AND OBJECTIVES

Aim: To analyze the impact of maternal age and the type of conception on the risk of developing

gestational diabetes mellitus (GDM) and evaluate the obstetrical outcomes.

Objectives:
1. To evaluate the prevalence of Gestational Diabetes Mellitus (GDM) in different age groups for

women.

2. To evaluate the prevalence of Gestational Diabetes Mellitus (GDM) for women conceiving
naturally and through Assisted Reproductive Technology (ART).

3. To compare obstetrical outcomes in women with GDM conceiving naturally versus through

ART across different age groups.

11/43



1. LITERATURE REVIEW

1.1 Rising Prevalence of GDM and Contributing Factors

GDM prevalence is rising globally due to shifting maternal demographics, increasing
obesity rates, and ART use. An estimated 10-20% of pregnancies in high-income countries are
affected by GDM, with 1 in 6 live births worldwide impacted by hyperglycemia during pregnancy
[7]. In Europe, the prevalence is around 10.9%, with higher rates observed in Eastern European
countries [2]. In the United States, rates of GDM rose from 6.0% in 2016 to 8.3% by 2021. During
that time, GDM accounted for about 86% of all diagnosed diabetes (Type 1 and Type 2) cases in

pregnancy [8], showing just how widespread it has become.

Several studies point to lifestyle factors as major contributors to this rise. Sedentary
habits, dietary patterns, and increasing obesity rates have all played a role. Women who enter
pregnancy already overweight or who gain excessive weight during pregnancy are at much higher
risk of developing GDM [9]. In fact, research shows that women with a high body mass index
(BMI) are significantly more likely to develop GDM compared to those within a normal weight
range. This is often due to increased fat tissue—particularly visceral fat—which can lead to insulin

resistance, a key factor in the development of GDM [10].

Delaying pregnancy and the increased use of ART have both played a role in the rise of
GDM cases in recent years. As more women choose to postpone childbirth for personal or
professional reasons, a growing number of pregnancies now occur in women aged 35 and older.

AMA is often linked to reduced insulin sensitivity and changes in how the pancreas
functions, both of which can raise the risk of developing GDM. On top of that, pregnancies
achieved through ART frequently involve factors like metabolic challenges, hormonal treatments,
and a higher chance of twins or multiples — all of which may contribute to an increased GDM

risk.

Because of how common GDM is becoming, healthcare providers are now placing more

emphasis on early screening and preventive care to protect both mothers and newborns. There’s
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also a growing need for more research to better understand how maternal age, ART, and conditions

like obesity interact in the development of GDM.

1.2 Impact of AMA on GDM Risk

As more women delay having children for personal, educational, or career reasons,
pregnancies in older age groups have become more common. This shift has brought attention to

the fact that older women are more likely to develop GDM.

AMA, typically defined as 35 years or older, is linked to changes in the body’s ability to
manage blood sugar. However, maternal age classification varies across the literature. While many
studies apply a simple cutoff at 35 years to define AMA, including Gao et al. (2021) and Jie et al.
(2015), others divide maternal age into narrower groups such as <30, 30-34, 35-39, and >40 years
to capture risk differences more precisely, as seen in studies by Sachdev et al. (2020) and Bianchi
etal. (2017). Some research highlights women aged 40 and above as a particularly high-risk group
for pregnancy complications, as demonstrated in the study by Nagata et al. (2021). However,
despite these variations, 35 years remains the most widely accepted threshold in both clinical
practice and research.

These changes in the body’s ability to manage blood sugar include reduced insulin
sensitivity, declining pancreatic function, and a greater chance of underlying metabolic issues —
all of which can contribute to GDM risk. Research consistently shows that women over 35, and
especially those over 40, face a significantly higher chance of developing GDM. One study found
that women over 40 had more than double the risk compared to those aged 25 to 35. The reported
GDM prevalence was 14.5% for women over 40, compared to just 6.9% in the younger age group,
those aged 25-35 [These include reduced insulin sensitivity, declining pancreatic function, and a
greater chance of underlying metabolic issues — all of which can contribute to GDM risk.
Research consistently shows that women over 35, and especially those over 40, face a significantly
higher chance of developing GDM. One study found that women over 40 had more than double
the risk compared to those aged 25 to 35. The reported GDM prevalence was 14.5% for women
over 40, compared to just 6.9% in the younger age group, those aged 25-35 [11].
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The biological mechanisms underpinning the higher GDM risk in older women are
largely attributed to the age-related decline in insulin sensitivity and the progressive dysfunction
of pancreatic beta-cells. As women age, their bodies experience a natural reduction in insulin
production, limiting the ability to compensate for pregnancy-induced insulin resistance [12],
increased visceral adiposity, a common feature in older women, leads to heightened inflammatory
responses that exacerbate insulin resistance, that further impair insulin sensitivity. These combined

factors contribute to a greater susceptibility to GDM in this age group [13],

Comorbidities frequently observed in older pregnant women, such as obesity,
hypertension, and metabolic syndrome, compound this risk, as these conditions independently
contribute to insulin resistance and glucose intolerance [10]. Moreover, conditions such as
polycystic ovary syndrome (PCOS), which is more prevalent in older women undergoing infertility
treatments, further increase their vulnerability to GDM [12]. Given that GDM is associated with
adverse maternal and fetal outcomes, including hypertensive disorders, cesarean deliveries, and
neonatal complications, the interplay between AMA and metabolic changes underscores the need

for early screening and targeted intervention strategies in this high-risk population.

1.3 ART and GDM risk

The increasingly heavy reliance and use of ART has contributed to a growing proportion
of pregnancies in women with underlying metabolic conditions. Consequently, this has been
shown to have a direct correlation to an increase in the risk of GDM. Previous studies have
suggested that women who conceive through ART are significantly more likely to develop GDM
in comparison to those who conceive spontaneously; with the prevalence estimation ranging
between 10% to 20% in ART pregnancies [13]. The increased risk has been shown to be caused
by numerous factors, including hormonal stimulation during ART cycles, pre-existing metabolic
issues in women undergoing fertility treatments, and the higher incidence of multiple gestations in

ART pregnancies [14].

Clinical studies have also hypothesized that the type of ART used may also be a critical
factor in the weight of impact on the likelihood of developing GDM; the different methodologies
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and the varying degrees of change within the mechanism of action of the ART ultimately not only
produce metabolic strain in the body that differs within a therapeutic range, but also thus having a
causal effect on the likelihood of being diagnosed with GDM. Among the most used ART
techniques are in-vitro fertilization (IVF) and intracytoplasmic sperm injection (ICSI). IVF
involves fertilizing an egg outside the body before transferring the embryo into the uterus; on the
other hand, ICSI is a more specialized method in which a single sperm is directly injected into an
egg. However previous studies have outlined that both IVF and ICSI pregnancies carry a higher
risk of GDM compared to natural conception. Research articles from a cohort analysis proposed
that ICSI may in fact pose a slightly higher risk than the use of IVF technology, potentially due to

increased embryo manipulation in combination with underlying male infertility factors [15].

In contrast to the above, ovulation induction (OI) and intrauterine insemination (IUI) have
shown to be less invasive ART methods which involve stimulating ovulation with fertility
medications and placing sperm directly into the uterus. Though these methods generally result in
a favorable lower GDM prevalence in comparison to IVF and ICSI, women with underlying
conditions such as PCOS generally do not share the beneficial outcome regarding GDM. Studies
have shown that women with PCOS who often undergo ovulation induction, still show a markedly

increased risk of GDM due to conditions of pre-existing insulin resistance [10].

Furthermore, the method of embryo transfer has also been analyzed and hypothesized to
increase the prevalence of GDM in ART pregnancies. The use of frozen embryos in Frozen embryo
transfers (FET) has been linked to a higher GDM risk than the transfer of fresh embryos, possibly
due to hormonal exposure and altered placental function [16]. However, it remains unclear and
other articles have shown to oppose this hypothesis as to whether the higher prevalence of GDM
is directly caused by the embryo transfer method itself or any pre-existing maternal health

conditions that may show a causal correlation.

Beyond the increased likelihood of GDM, ART pregnancies that are further complicated
by GDM are often seen to be associated with worse obstetric outcomes in comparison to natural
conceptions. Women with ART-conceived GDM pregnancies are also at higher risk of developing

preeclampsia, preterm birth, cesarean delivery, and neonatal metabolic complications [17].
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Evidently, studies have shown that cesarean section rates are notably higher in ART-GDM
pregnancies, with up to 50% of ART-conceived GDM cases undergoing surgical deliveries due to
fetal macrosomia and maternal complications [17]. Moreover, it has been indicated that ART
pregnancies are more often at risk of having placental abnormalities, such as placenta previa and

placental abruption, thus drastically increasing the risk of complications in these pregnancies [13].

The presence of hypertension has been shown to play a crucial and critical role during
pregnancies; hence it is only inevitable that pregnancies that have undergone the use of ART and
any possible hypertensive disorders that the woman may already have or at risk to, show a causal
relationship in the higher incidence of hypertension, preeclampsia and other cardiovascular
complications; further complicating the management of GDM [18]. Due to these heightened risks,

close monitoring for early GDM signs is essential for women who conceive through ART.

1.4 Obstetric and neonatal outcomes in GDM pregnancies

GDM is associated with significant obstetric complications, affecting both maternal and
fetal health. Women with GDM face an increased risk of hypertensive disorders, cesarean
delivery, preterm birth, fetal overgrowth (macrosomia), and neonatal metabolic complications.
The severity of these outcomes varies based on maternal age and conception method, with older
mothers and those who conceive through ART being particularly susceptible to complications

[12].

1.4.1 Maternal Outcomes

Hypertensive Disorders and Preeclampsia

Women with GDM have a significantly higher risk of developing hypertensive disorders
of pregnancy (HDP), including gestational hypertension and preeclampsia. Studies indicate that
preeclampsia occurs in up to 10-15% of pregnancies complicated by GDM, with the risk further
amplified in older women and ART pregnancies [17]. The insulin resistance and endothelial
dysfunction linked to GDM can lead to vascular complications, increasing the likelihood of

placental insufficiency and hypertensive disorders [12].
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Cesarean Delivery

The rate of cesarean section (C-section) is significantly higher in GDM pregnancies, with
estimates suggesting that 30-50% of women with GDM undergo surgical delivery, whereas the
rate is lower in women without GDM, ranging from 15-25% [19]. One of the primary reasons for
this increased likelihood is fetal macrosomia, which raises the risk of shoulder dystocia and labor
complications [12]. Additionally, older maternal age and ART pregnancies are associated with a
greater likelihood of planned C-sections due to pre-existing medical conditions and obstetric
complications. Studies show that C-section rates increase significantly with maternal age, rising
from 26.2% in women aged 20 to 35, to 35.9% in those aged 35 to 40, and 43.1% in women over
40 [20]. In pregnancies conceived via ART, the likelihood of C-section delivery is even higher,
with a 1.90-fold increased risk compared to spontaneous conceptions [21]. These elevated rates
are largely attributed to factors such as fetal macrosomia, hypertensive disorders, and other

obstetric complications, which are more prevalent in older and ART-conceived pregnancies.

Preterm Birth and Labor Complications

GDM is strongly correlated with an increased risk of preterm birth, particularly in ART-
conceived pregnancies, where iatrogenic preterm deliveries are often performed to reduce maternal
and fetal complications [22]. Studies suggest that up to 20-30% of GDM pregnancies result in
preterm birth, with rates even higher in multiple gestation ART pregnancies [23]. Preterm labor is
often linked to placental dysfunction, hypertensive complications, and intrauterine growth

abnormalities in GDM pregnancies [24].

Placental Abnormalities

GDM is linked to a higher likelihood of placental abnormalities, such as placenta previa,
placental abruption, and fetal growth restriction. In ART pregnancies, the risk of abnormal
placental implantation is further heightened, increasing the likelihood of obstetric hemorrhage and
emergency interventions [13]. Impaired placental vascularization due to hyperglycemia has been

linked to poor fetal oxygenation and fetal distress, further complicating delivery [25].
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1.4.2 Neonatal Outcomes

Fetal Macrosomia and Birth Trauma

Fetal macrosomia, characterized by birth weight >4,000 grams, is one of the most
extensively studied complications associated with GDM. Studies indicate that between 15% and
25% of pregnancies affected by GDM lead to macrosomia, which notably heightens the likelihood
of shoulder dystocia, birth trauma, and neonatal asphyxia [26]. The occurrence of macrosomia is
particularly common in cases of GDM that are poorly managed, where excessive maternal glucose

levels result in fetal hyperinsulinemia and excessive fetal growth.

Neonatal Hypoglycemia and Metabolic Distress

Newborns delivered by mothers with GDM face a significant risk of neonatal
hypoglycemia, with prevalence rates reaching as high as 50% among infants from GDM
pregnancies [17]. This condition is primarily caused by persistent fetal hyperinsulinemia, which
occurs in response to maternal hyperglycemia, resulting in a swift depletion of glucose after birth.
In severe instances, neonatal hypoglycemia can lead to neurological damage, seizures, and long-

term neurodevelopmental impairments [22].

Respiratory Distress Syndrome (RDS)

GDM is associated with delayed fetal lung maturation, increasing the risk of neonatal
respiratory distress syndrome (RDS). Infants born to mothers with GDM, particularly those
delivered preterm, have a higher incidence of RDS, requiring neonatal intensive care unit (NICU)
admission for respiratory support. This risk is further exacerbated in ART pregnancies, where

preterm deliveries are more frequent [27]

Long-Term Metabolic Consequences

Beyond the immediate neonatal period, offspring of mothers with GDM have an increased
risk of obesity, insulin resistance, and Type 2 diabetes later in life. Studies suggest that children
born to mothers with poorly controlled GDM are twice as likely to develop metabolic syndrome
in adulthood [22]. The epigenetic effects of maternal hyperglycemia on fetal metabolism
underscore the importance of tight glycemic control during pregnancy to prevent long-term

metabolic programming defects [28].
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1.4.3 Comparative Outcomes: Spontaneous vs. ART Pregnancies with GDM

The obstetric risks associated with GDM are significantly heightened in ART-conceived
pregnancies compared to spontaneous conceptions. Studies show that ART-GDM pregnancies
have higher rates of hypertensive disorders, preterm births, and cesarean deliveries compared to
naturally conceived GDM pregnancies [17]. The increased prevalence of multiple gestations,
hormonal stimulation, and underlying infertility-related conditions in ART pregnancies contribute

to these adverse outcomes.

Neonatal outcomes also tend to be worse in ART-GDM pregnancies, with higher rates of
NICU admissions, low Apgar scores, and neonatal metabolic complications [18]. Additionally,
placental dysfunction and fetal growth abnormalities are more common in ART pregnancies,

leading to higher rates of fetal distress and delivery complications [24].

Given these findings, women with GDM who conceive through ART require specialized
prenatal monitoring and individualized management strategies to minimize maternal and neonatal
complications. Future research is needed to better understand whether ART itself is an independent
risk factor for adverse obstetric outcomes in GDM pregnancies or if the increased risk is primarily

driven by the underlying metabolic and fertility-related factors in ART patients.
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2. RESEARCH METHODOLOGY AND METHODS

A systematic review was conducted to analyze the relationship between GDM, maternal
age, and method of conception. The review focused on understanding GDM prevalence, risk
factors, and pregnancy outcomes across different maternal age groups and among women who
conceived spontaneously or via assisted reproductive technology (ART). The final search was

completed on February 3, 2025.

2.1 Search Strategy

Searches were carried out using PubMed, the Cochrane Library, and supplementary
manual searches through Google Scholar and the bibliographies of relevant studies. The search
strategy incorporated both MeSH terms and free-text keywords to maximize the retrieval of

9 ¢

relevant articles. These included terms such as: “Gestational Diabetes Mellitus,” “maternal age,”

9 <6 99 ¢6

“natural conception,” “Assisted Reproductive Technology,” “pregnancy outcomes,” “prevalence,”
and “obstetrical complications.” Boolean operators (AND, OR) were used to improve the precision
and breadth of the search.

Only studies published between 2015 and 2025 were considered. Additional filters were
applied to limit the results to English-language, human studies, and specific study types such as
cohort, cross-sectional, and observational studies. This approach ensured that the final pool of

articles would be relevant to the study’s objectives and suitable for critical analysis.

2.2 Screening and Selection Process

The initial database search yielded 7,450 articles. After removing 1,250 duplicates using
Zotero reference management software, the number of unique studies was reduced to around 6,200
titles. To manage this volume, database filters were applied to exclude records based on language,
publication type, study design, and focus on human populations. Additionally, the keyword
combinations were further refined using Boolean operators to increase specificity. This automated
filtering process excluded approximately 6,050 records, reducing the pool to around 150
potentially relevant studies. Titles and abstracts of these articles were then manually screened

according to predefined inclusion and exclusion criteria (outlined in Table 1). Studies were
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excluded if they did not clearly distinguish between spontaneous and ART conception, failed to
report maternal age, lacked specific GDM-related outcomes, or focused on unrelated forms of
diabetes such as type 1 or type 2. After this initial screening, 25 full-text articles were retrieved
and examined in more detail. All full texts were successfully accessed through open-access
sources. Of these, 10 high-quality studies were selected for final inclusion based on their
methodological strength, relevance to the research questions, and availability of detailed data for
extraction. The 15 excluded articles were removed for the following reasons: no distinction
between conception methods (n = 6), no maternal age data (n = 3), no GDM-specific outcomes (n
= 3), focus on other diabetes types (n = 2), and poor methodological quality (n = 1). The entire
screening and selection process was conducted in line with PRISMA 2020 guidelines, and a

summary is presented in Figure 1 (PRISMA flow chart).

2.3 Data Extraction, PICOS, and Research Questions

Each selected study was analyzed for information regarding sample size, population
demographics, maternal age, conception method, study design, and reported outcomes related to
GDM prevalence and complications. The review followed the PICOS (Population, Intervention,
Comparison, Outcomes, and Study Design) framework to structure the research questions that
guided the analysis (summarized in Table 2).

Based on the three study objectives and the PICOS model, the following guiding
questions were formulated: The first research question explored whether AMA, traditionally
defined as 35 years and older, is associated with a higher prevalence of GDM compared to younger
women. This question aimed to clarify whether age itself is a significant independent risk factor
for GDM in the absence of ART. The components of this question are outlined in Table 2a, using
the PICOS framework. AMA is typically defined based on the widely accepted threshold for
AMA. Although more recent studies have highlighted an even greater increase in pregnancy-
related risks after the age of 40, the 35-year cutoff remains the standard criterion in clinical practice
and research. Therefore, this review defines AMA as 35 years or older to align with established
guidelines and to maintain consistency with most of the studies analyzed.

However, for the purposes of this review, maternal age was grouped into three broader
categories: younger (<18 years), middle-aged (18—40 years), and older (>40 years), based on the

structure outlined in the research aim. These categories were selected to enable comparison across
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distinct clinical groups, rather than only contrasting AMA with younger women. This approach
reflects important clinical differences in pregnancy risk profiles and supports a broader analysis of

GDM prevalence and outcomes across the maternal age spectrum.

The second question examined whether conception via ART —including methods such
as IVF and ICSI—is linked to a higher risk of developing GDM when compared to pregnancies
achieved spontaneously. The PICOS structure for this objective is presented in Table 2b.

The third question investigated whether, in women already diagnosed with GDM, the
combination of AMA and ART conception is associated with more severe obstetric and neonatal
outcomes, such as preterm birth, cesarean section, hypertensive disorders, or NICU admissions, in
comparison to GDM pregnancies conceived either spontaneously or by younger women. This is
detailed in Table 2c.

These questions provided a focused lens through which the final pool of studies was
reviewed, enabling the synthesis of findings on how maternal age and conception method together

impact the development and consequences of GDM.

The PRISMA framework, displayed below, guided the overall search and screening
process, ensuring transparency and rigor. The PRISMA flowchart (Figure 1) provides a visual
representation of the search process, detailing the number of articles identified, screened, excluded,

and ultimately included.
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[ Identification of studies via databases and registers ]

S
5 Records identified from:
:g PubMed: n = (.4009) S:rzzr;i”sj grfemoved before
=] gﬂg’ﬁfg cI:rr?glté\r('n(r_\ _275508)) —> Duplicate records removed (n
- - - - .
S Cochrane Library: (n= 200) = 1,250) using Zotero.
= Total: n = 7,450
—
A4
)
Records screened by title and >
abstract: (n = 6,200) Records excluded after applying
database filters refined with
Boolean operators (AND, OR): (n
=6,050)
Reports sought for retrieval (n =
2 150)
c
$
3 A4
Records excluded after manual Full-text articles excluded, with
screening of 150 abstracts using |——| reasons: (n =15)
predefined inclusion and - Did not distinguish between
exclusion criteria: (n = 125) ART and spontaneous
Full-text articles assessed for conception (n = 6)
eligibility: (n = 25) - Did not report maternal age or
stratify by age (n = 3)
- Lacked GDM-specific outcomes

— (n = 3)
- Focused on type 1 or type 2
diabetes (n =2)

- Poor methodology and small
sample size (n=1)

Studies included in qualitative
synthesis: (n = 10)

Fig 1: Article search and analysis planning according to PRISMA.

Table 1. Inclusion and exclusion criteria for the study selection.

Inclusion criteria Exclusion criteria

Publication date from 2015 to 2025. Published before 2015.
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English language. Publications in languages other than English

Studies conducted on human populations. Studies involving non-human subjects.
Female subjects. Books and documents, Meta-Analysis, Review, Systematic
Review

Clinical trials and randomized controlled | Articles not available in full-text

trials.

Free full text.

Studies focusing on GDM prevalence, risk
factors, and pregnancy outcomes in relation

to maternal age and conception methods.

Table 2. PICOS framework

Table 2a. PICOS framework for objective 1. AMA and GDM prevalence.

Population Pregnant women across different age groups

Intervention AMA (=35 years)

Comparison Natural/spontaneous conception

Outcomes Prevalence of GDM

Study design Retrospective cohort, cross-sectional, and
observational studies

Table 2b. PICOS Framework for Objective 2: ART and GDM Risk.

Population Pregnant women who conceived via assisted

reproductive technology (ART)

Intervention Conception via ART (e.g., IVF, ICSI)
Comparison Spontaneous conception
Outcomes Risk of developing GDM
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Study design

Retrospective cohort and observational studies

Table 2c. PICOS Framework for Objective 3: AMA + ART and GDM Outcomes.

Population Pregnant women with GDM

Intervention Conception via ART in women aged >35

Comparison GDM pregnancies conceived spontaneously or
in younger women

Outcomes Obstetric and neonatal complications (e.g.,
preterm  birth, C-section, hypertensive
disorders, NICU admissions)

Study design Cohort and observational studies
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3. RESULTS

In this systematic review, 10 articles were evaluated, including 4 retrospective cohort
studies, 1 prospective cohort study, 3 observational cohort studies, and 2 cross-sectional studies.

A structured summary of the key findings and study characteristics is provided in 7able 3.

Table 3. Summary of the studies included in the results and discussion

Study title. Study type Study Research Focus | Key Findings
Publication Period &

date. Sample

Authors Size

“Gestational Retrospective | 2015-2020, | GDM prevalence | ART pregnancies
diabetes mellitus | cohort study n=450,000 | and risk factors in | had an 11% GDM
in pregnancies pregnancies | ART conceptions | rate vs. 6.5% in

conceived after
infertility
treatment: A
population-based
study in the
United States,
2015-2020.”
Sachdev et al.
(2020)

spontaneous
pregnancies. Risk
persisted across BMI
groups. Adjusted RR
=1.24.
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“Pregnancy Observational | 2014-2018, | Obstetric Higher rates of c-
outcomes of cohort study | n=875 outcomes in ART | sections, preterm
Chinese women pregnancies | vs. natural GDM | birth, and NICU
undergoing IVF pregnancies admissions in ART-
with embryonic GDM pregnancies.
cryopreservation

as compared to

natural

conception.”

Wang et al.

(2022)

“Gestational Observational | 2015-2020, | GDM prevalence | Higher GDM
diabetes cohort study | n=29,529 and obstetric prevalence in ART
prevalence and pregnancies | outcomes in ART | pregnancies but not

outcomes in
women
undergoing
ART.”
Sesmilo et al.

(2022)

VS. spontaneous

pregnancies

an independent risk
factor after adjusting
for confounders. C-
section rates were
higher in ART-GDM
cases (30% vs.

15.9%).
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“ART , risk of Retrospective | 2015-2020, | Maternal An increased risk of
gestational study n=67,000 metabolic risks in | GDM (1.51-fold)
diabetes, and pregnancies | ART pregnancies | was observed in
perinatal ART pregnancies
outcomes in across all maternal
singleton age groups, based on
pregnancies.” pooled data from
Bianchi et al. multiple studies.
(2017)

“Effects of Observational Fresh vs. frozen Fresh embryo
gestational cohort studies | 2013-2023, | embryo transfer transfers had a
diabetes mellitus | (population- n=80,000 and GDM risk significantly higher
and assisted based) pregnancies GDM risk compared

reproductive
technology
treatment on the
risk of preterm
singleton birth.”
Zhu et al.
(2023)

to frozen, supporting
the theory that
ovarian stimulation
affects glucose

metabolism.
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“A Clinical Retrospective | 2012-2021, | ART and Women >40
Update on cohort study | n=95,000 pregnancy undergoing ART had
Gestational pregnancies | complications in | a 15.3% GDM rate,
Diabetes older maternal with preeclampsia
Mellitus.” age groups risk increased by
Nagata et al. 22% compared to
(2021) younger ART
pregnancies.
“Maternal Cross- 2009-2010, | Impact of BMI on | IVF pregnancies had
hyperglycemia in | sectional n=1,089 GDM risk in IVF | nearly double the
singleton study pregnancies | pregnancies odds of GDM (OR =
pregnancies 1.83). Overweight
conceived by women (BMI > 25)
IVF may be had significantly
modified by first- higher fasting and
trimester BMIL.” post-OGTT glucose
Cai et al. levels compared to
(2017) those with normal

BMI.
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“Association of | Prospective 2010-2015, | ART vs. ART pregnancies
Assisted cohort study | n=45,000 spontaneous had a higher risk of
Reproductive pregnancies | conception and GDM, preterm birth,
Technology with pregnancy and hypertensive
Adverse outcomes disorders compared
Pregnancy to spontaneous
Outcomes” conceptions. The risk
Jie et al. (2015) was highest in
women aged 35 and
older.
“Maternal age Cross- 2014-2019, | GDM prevalence | GDM prevalence
and the sectional n~ 39,000 |across maternal increased with age:
prevalence of Study pregnancies | age groups <30 years = 6.5%,

gestational

diabetes mellitus:

a retrospective
cross-sectional
study in China.”
Gao et al. (2021)

30-34 years = 9.8%,
>35 years = 14.1%.
Identified age 35 as a
threshold for
increased GDM risk,
confirming global

trend.
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“Dose—response
association
between maternal
pre-pregnancy
bodyweight and
gestational
diabetes mellitus
following ART
treatment.”
Xiong et al.
(2022)

Retrospective

cohort study.

2015-2020,
n=11,260

pregnancies

Relationship
between maternal
pre-pregnancy
BMI and GDM
risk after ART

GDM risk increased
with higher BMI and
remained significant
after adjusting for
maternal age.
Women aged >35
years had a higher
GDM incidence
(34.6% vs. 23.7%,

P <0.001), and the
BMI - GDM
association was

stronger in this

group.
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4. DISCUSSION

4.1 Impact of AMA on GDM risk

Multiple studies in this review confirm a strong association between AMA and
increased GDM risk. A study by Sachdev et al involving 383,681 women showed a linear
increase in GDM prevalence with AMA, with GDM rates reported as follows: 2024 years:
2.9%, 25-29 years: 3.7%, 30-34 years: 5.2%, 35-39 years: 6.8% and 8.7%. for women aged 40
and above. These findings clearly demonstrate that GDM risk rises with age, nearly tripling in
women over 40 compared to those under 25.

Similarly, Sweeting et al. observed a steady increase in GDM prevalence with age,
reporting rates of 2.5% in women under 25, rising to 12.9% in those aged 40 and above. Their
findings support a dose-response relationship between maternal age and GDM risk. They also
noted a sharp increase in GDM prevalence during the later reproductive years, with rates
doubling from 6.6% in the early 30s to 12.9% in women >40. A comparable increase was
observed in a Chinese study by Gao et al., where GDM prevalence rose from 6.5% in women
under 30 to 14.1% in those 35 and older— reinforcing age 35 as a meaningful risk threshold
consistent with Western findings. Adding further weight, Nagata et al. (2021) found a 15.3%
GDM rate in women over 40, underlining that the risk continues to rise with AMA. These
findings consistently demonstrate that GDM risk increases with maternal age, with a noticeable
rise after 35 and a sharper escalation beyond 40. Such age-related trends are likely driven by
physiological changes, including decreased insulin sensitivity and increased prevalence of

obesity and hypertension, as outlined in the literature review.

Overall, the findings regarding maternal age are consistent with the literature reviewed,
confirming that GDM risk increases progressively with advancing age. No major discrepancies

were identified among the studies reviewed for this aspect.

4.2 Impact of ART conception on GDM risk

Although maternal age is a well-established factor in GDM risk, the method of conception

also appears to play a role. Evidence increasingly shows that women who conceive through ART
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are more likely to develop GDM than those who conceive naturally. Since ART is often used by
older women, this raises the question of whether age and conception method may together shape
the risk, rather than acting independently. In a retrospective study of 29,529 pregnancies, Sesmilo
et al. (2022) compared 2,596 ART conceptions with 26,933 spontaneous ones. The raw data
showed higher GDM rates in the ART group (12.7% vs. 8.5%), but after adjusting for factors like
age, BMI, and parity, the difference was not statistically significant (OR 1.03), suggesting ART

alone may not drive the increased risk.

This contrasts with findings from Bianchi, who reported that conception through ART
was independently associated with a higher risk of GDM, with an adjusted odd ratio of 1.51, even
after controlling for maternal age and other factors, suggesting that ART may be associated with
an increased risk of GDM, independent of maternal age and other contributing factors. Consistent
with these findings, Jie et al. found significantly higher GDM rates in the ART group (12.4%
versus 4.8% in spontaneous conceptions (p < 0.001)), indicating that women who conceived via
ART had more than 2.5 times the risk of developing GDM compared to those with spontaneous
pregnancies. These results suggest that ART may indeed play a direct role in elevating GDM risk.

Sachdev et al. reported a GDM prevalence of 11% among ART pregnancies, compared
to 6.5% in spontaneous conceptions. This difference remained significant even after adjusting for
BMI, with an adjusted relative risk (aRR) of 1.24, indicating that the increased risk was consistent
across different weight categories. In a separate study Cai et al., found that IVF pregnancies had
nearly double the odds of developing GDM (OR = 1.83) compared to spontaneous conceptions.
Overweight women (BMI >25) in this group had higher fasting and post-OGTT glucose levels,
pointing to a possible interaction between ART and maternal weight. Xiong et al. (2022) further
explored the role of BMI in ART pregnancies, reporting a GDM rate of 26% across 6,598 cases.
Each unit increase in pre-pregnancy BMI raised the risk by 16%, with overweight and obese facing
significantly higher odds (OR 1.54 and 1.74, respectively), while underweight women had reduced
risk (OR 0.68). Age-stratified analysis showed this trend in both <35 and >35 age groups, but it
was stronger in older women—suggesting a compounding effect between AMA and BMI on GDM

risk.
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While maternal characteristics like age and BMI clearly play a central role in shaping
GDM risk, the specific techniques used in ART have also been highlighted in the literature as
important contributors. For instance, Zhu et al. (2023) found that the type of embryo transfer, fresh

vs. frozen, may impact pregnancy outcomes, which will be discussed further in section 4.3.

Although most studies reviewed reported higher GDM rates in ART pregnancies, some,
like Sesmilo et al. (2022), found that after adjusting for maternal factors, ART was not an
independent predictor. This contrasts with earlier findings and underscores the complexity of

disentangling ART-specific effects from those related to maternal health profiles.

4.3 Complications in GDM pregnancies: Role of AMA and ART

GDM pregnancies, particularly those conceived through ART, tend to to carry greater
risk. In a 2022 Chinese study, Wang et al. analyzed 8,773 singleton births beyond 28 weeks,
comparing IVF pregnancies (n=1,843) with spontaneous ones (n=6,930). Complications were
more frequent in the IVF group: cesarean delivery in 86% vs. 73%, preterm birth in 15.7% vs.
11.3%, and NICU admissions in 9.6% vs. 5.6%. These findings suggest that when ART and

GDM intersect, both maternal and neonatal risks increase.

Sesmilo et al. found that women with GDM who conceived through ART had a 30%
cesarean rate, nearly double that of spontaneous conceptions (15.9%). This may suggest that ART
pregnancies are managed more cautiously, possibly due to higher clinical vigilance or increased
complications anticipated in ART cases. Supporting this, Bianchi et al. also observed that GDM
cases following ART were more likely to involve preterm delivery, high blood pressure, and
surgical births. In their analysis, cesarean delivery occurred in 35.5% of ART-GDM cases
compared to 24.4% in spontaneous-GDM pregnancies. Preterm birth was recorded in 14.2% of
ART pregnancies versus 9.8% in the spontaneous group, and hypertensive disorders were noted in
10.7% and 6.1% respectively. Although outcomes varied somewhat with maternal age and parity,

the trend remained consistent across the population studied.
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Backing this up, Jie et al. found GDM in 12.4% of ART pregnancies versus 4.8% in
spontaneous ones. Cesarean rates were also higher (66.6% vs. 44.4%), along with hypertensive
disorders (18.5% vs. 9.9%) and preterm births (21.1% vs. 10.9%), all statistically significant (p <
0.001). Similarly, Nagata et al. reported a 22% higher risk of preeclampsia in ART pregnancies
among women aged 40 and above, underlining the combined impact of ART and AMA. Beyond
maternal characteristics, the type of ART procedure may also influence outcomes in GDM
pregnancies, particularly when comparing fresh and frozen embryo transfers. Zhu et al. (2023)
analyzed 80,000 pregnancies and found that fresh embryo transfers were associated with higher
rates of C-sections (55.2% vs. 46.7%), preterm births (19.3% vs. 14.6%), and neonatal
complications like hypoglycemia and NICU admissions compared to frozen transfers. This

highlights how the specific ART method may further influence outcomes.

The data show a clear trend: both AMA and ART increase the risk of GDM and adverse
pregnancy outcomes. Together, they raise the likelihood of complications such as cesarean
delivery, preterm birth, preeclampsia, and neonatal issues like hypoglycemia and NICU admission.
These findings, consistent across studies from various countries, align with the trends identified in

the literature review, with no major contradictions observed.

Women aged 35 and older were consistently found to have a greater likelihood of
developing GDM, with the risk increasing even more after the age of 40. This likely reflects
physiological changes, such as reduced insulin sensitivity, declining pancreatic function and an

increased prevalence of obesity and hypertension.

Conception through ART was also associated with higher rates of GDM in several
studies. While not all agreed on ART as an independent risk factor, there was a clear pattern of
increased risk—especially when ART was combined with AMA. Some studies further indicated
that the type of ART procedure may influence outcomes. For example, fresh embryo transfers were
more frequently linked to GDM than frozen ones, possibly due to hormonal changes caused by

ovarian stimulation.

In addition to the diagnosis of GDM itself, the combination of GDM and an ART-

conceived pregnancy seems to raise the risk of complications during both pregnancy and birth.
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These complications often include a greater likelihood of cesarean delivery, pre-term birth,

hypertension, and neonatal complications such as hypoglycemia or NICU admission.

Taken together, these findings highlight the need for tailored care. Women of AMA or
those conceiving through ART may benefit from early glucose screening, more frequent

monitoring, and individualized pregnancy planning to reduce risks for both mother and newborn.
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5. CONCLUSION

5.1. Prevalence of GDM across maternal age groups

GDM prevalence increases progressively with maternal age. Women aged 35 years and
older show a higher risk compared to younger women, with a particularly sharp increase observed
after the age of 40, highlighting advanced maternal age as a major risk factor.

Although AMA is traditionally defined as 35 years and older, the findings in this thesis
suggest that the most significant increase in GDM prevalence and related complications occurs in
women aged 40 and above. Therefore, while the conventional threshold of 35 is acknowledged in
alignment with current medical definitions, the data analyzed here support a more critical focus on

outcomes in the 40+ age group.

5.2 GDM prevalence in natural vs. ART pregnancies

Pregnancies achieved through ART show a higher occurrence of GDM, which may be
related to factors such as fertility treatments, hormonal stimulation, or pre-existing health
conditions in women undergoing these procedures. This consistent pattern across studies suggests

that conception method should be considered in GDM risk assessments.

5.3. Obstetrical outcomes in GDM pregnancies by conception method and age

GDM pregnancies conceived through ART are associated with higher rates of
complications such as preeclampsia, cesarean delivery, pre-term birth and neonatal complications
such as NICU admission, compared to GDM pregnancies conceived naturally. These risks are
more pronounced in older mothers, reinforcing the importance of individualized prenatal care for

this high-risk group.
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6. LIMITATIONS

One clear limitation of this review is that the evaluation of study quality and risk of bias
was done by a single reviewer. Without another person to independently assess the studies, there’s
a possibility that personal judgment may have influenced decisions around inclusion or
interpretation. While this is often the case in smaller research projects, it’s something that future

reviews should aim to improve by involving at least two reviewers to increase objectivity.

Another important consideration is the variation in how GDM was diagnosed across the
included studies. Some applied universal screening, while others used risk-based approaches. This
inconsistency makes it difficult to compare results directly or draw broad conclusions. Although
many studies did take other factors like BMI and pre-existing conditions into account, it is still
debated whether ART itself raises the risk of GDM, or if the association is mostly linked to
underlying health or fertility-related factors.

There’s also a noticeable gap in long-term follow-up. Most of the research included in
this review focused on outcomes during pregnancy or shortly after birth. Longer-term data —
especially on how GDM may affect a mother’s future risk of type 2 diabetes or a child’s metabolic
health — was largely missing. Addressing this in future research could provide a more complete
picture. Additionally, because studies with stronger or more significant findings are more likely to
get published, it’s possible that the connection between ART and GDM has been overstated due

to publication bias.

Lastly, it’s worth mentioning that many studies included came from high-income
countries. That raises questions about how well these findings apply to settings with fewer
resources or different standards of care. Moving forward, researchers should work toward
including more diverse populations, standardizing diagnostic criteria, and exploring ways to
reduce GDM risk — especially for women undergoing ART — through early lifestyle support and

individualized monitoring.
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7. PRACTICAL RECOMMENDATIONS

This study has shown several risks and complications that arise and have been associated
with GDM, more prevalently too, in women of AMA as well as women that undergo ART. Early

measures can be brought into practice to ensure these factors are reduced.

One major stepping-stone would be initiating early glucose screening within the first
trimester; studies have shown this would be ideal especially for women aged 35 and over, and
importantly those that have chosen and/ or undergoing ART. Continuous monitoring of glucose
levels would also be advisable to ensure the consistent management and reduction of complications

and risks throughout the pregnancy.

Improved lifestyle habits, especially around diet, weight, and exercise, can also help
reduce risks in women undergoing ART. Preconception counselling offers a chance to make these
changes early, particularly for those undergoing ART supporting safer and healthier pregnancy

outcomes.

One practical recommendation within the scope of the ART protocols can be the focus on
the use of FET as opposed to fresh cycles, since studies have shown FET having less effect on

glucose metabolism.

The mental and physical benefits of an individually tailored prenatal care plan once
pregnant, also goes without. With the coordination of a multidisciplinary team, continuous
monitoring of glucose, blood pressure and fetal growth would forecast better prognosis for the
mother and the child. Women with GDM should also undergo regular check-ups, especially
monitoring glucose levels within 6 to 12 weeks postpartum, to reduce the risk of developing type

2 diabetes.

Finally, patient education goes hand in hand together with the management and treatment
of GDM. Improving the patient’s understanding of the condition, it’s risk factors, complications

and ways of prevention, ultimately increases the likelihood of positive outcomes.
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