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Abstract
Objectives

This study analyzed the practices and findings on postpartum type 2 diabetes mellitus (T2DM) screening
among pregnant women with gestational diabetes mellitus (GDM).

Methods

A retrospective cohort study was conducted at a tertiary care center in Western Saudi Arabia, between
January 1, 2016, and December 31, 2018. It involved 642 nondiabetic women with a confirmed diagnosis of
GDM, who were followed until delivery. Sociodemographic and baseline clinical data, as well as data on GDM
and postpartum diabetes screening, were collected from the hospital's electronic records. The incidence of
T2DM following GDM was calculated as the percentage of screened participants with a positive postpartum
diagnosis, along with 95% CI. Factors associated with T2DM were analyzed using Chi-square or Fisher’s
exact tests, with significance set at p<0.05.

Results

The sample consisted of 642 women, primarily young and of Saudi nationality, with a notable high-risk
profile including prevalent overweight and obesity (87.7%), multiparity (42.7% having four parities or more),
and a frequent family history of diabetes (33.3%). Screening practices showed a great disparity between the
proportion of women ordered for screening (466, 72.5%) and those effectively screened (130, 20.2%). Women
who had cesarean sections were more likely to take the screening (25.0%) compared with those who had
spontaneous vaginal delivery (SVD) (16.5%) (p=0.023). The incidence of post-GDM T2DM among screened
participants was estimated at 13.9% (18 among 130). The incidence of post-GDM T2DM increased
significantly among women with a history of three or more GDM pregnancies (50% vs. <12.5%; p=0.033)
compared to their counterparts, respectively. Post-GDM T2DM was also associated with SVD (20.6% vs.
7.6%) compared to cesarean section, respectively (p=0.042). No further demographic or clinical factors were
shown to be significantly associated with screening or postpartum diabetes.

Conclusions

There is a substantial gap in screening, combined with a high incidence of postpartum diabetes, among
women with GDM attending our center. This highlights the urgent need for improved screening efforts,
utilizing a risk-stratified approach to facilitate early detection and intervention, which could enhance long-
term health outcomes.

Categories: Family/General Practice, Obstetrics/Gynecology, Preventive Medicine
Keywords: gestational diabetes, postpartum diabetes, risk factors, saudi, screening

Introduction

The world is facing a worrying and constant rise in type 2 diabetes mellitus (T2DM) burden. As of 2021,
536.6 million individuals were affected worldwide, and this is expected to rise to 783.2 million by 2045 [1]. In
Saudi Arabia, the prevalence of T2DM ranks among the highest globally, with an estimated seven million
individuals diagnosed and more than three million considered pre-diabetic. This places the country as the
second highest for diabetes prevalence in the Middle East and seventh worldwide [2]. Studies from the Gulf
region, including Saudi Arabia, have linked T2DM with significant rates of severe complications, such as
cardiovascular diseases (17.3%) and chronic kidney disease (44.3%) [3]. Furthermore, a 2022 Saudi study
highlighted a progressive increase in healthcare costs associated with T2DM, especially those related to
cardiovascular and renal complications [4].
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The escalating T2DM burden globally is attributed to several factors, necessitating a comprehensive
preventive strategy to address all modifiable risk factors and their complex interactions with the disease.
Among the predisposing factors, gestational diabetes mellitus (GDM) is considered one of the strong risk
factors for T2DM. According to two independent meta-analyses, published in 2020 [5] and 2021 [6], women
with GDM have an 8.9- to 9.5-fold higher risk of developing T2DM. Both meta-analyses highlighted the
significance of ethnicity as a cofactor for postpartum T2DM in GDM. Besides, GDM is associated with
obesity, cardiovascular disease, and impaired glucose metabolism, further increasing T2DM risk [7,8].
Additionally, GDM heightens the risk of gestational hypertension, pre-eclampsia, and cesarean delivery [9],
leading to dual health and economic burden [3,4,10].

The association of GDM with T2DM constitutes a serious concern for women’s health and well-being,
notably given the parallel rise in GDM. In Saudi Arabia, a meta-analysis published in 2021 estimated the
prevalence of GDM at 15.5%, making it one of the most highly impacted countries globally [11]. This
underscores the need for specific measures to prevent and treat GDM to reduce postpartum T2DM and its
societal burden. This involves timely diagnosis, rigorous GDM management, and strict postpartum glucose
monitoring, especially in women with personal or familial metabolic risk factors [12,13]. This further implies
determining high-risk women among GDM cases to enhance screening practices and timely management.

However, despite Saudi Arabia facing the dual burden of T2DM and GDM, data on the prevalence and
screening practices for postpartum T2DM remain scarce in the country. Thus, the present study explored
postpartum T2DM screening practices among women with GDM and estimated the prevalence of T2DM
diagnoses among those screened. It also analyzed sociodemographic and clinical factors associated with the
development of T2DM following GDM. Understanding these factors is crucial for developing targeted
interventions to reduce the transition from GDM to T2DM, ultimately improving maternal and child health
outcomes.

Materials And Methods

Design and participants

A retrospective cohort study was carried out at King Abdulaziz Medical City (KAMC), Ministry of National
Guards Health Affairs, Jeddah, Saudi Arabia. It involved all pregnant women who attended the GDM clinic of
KAMC from January 1, 2016, to December 31, 2018. Ethical approval was obtained from the institutional
review board of KAMC (RJ19/026/]) on February 20, 2019.

Eligibility criteria

The study included women with a confirmed diagnosis of GDM documented in the clinic's records, who were
followed until delivery. We excluded women with prior T2DM or pre-diabetes, those missed for follow-up or
without medical records, deliveries outside KAMC, impaired oral glucose tolerance test (OGTT) results, and
cases without GDM confirmation within the hospital's system. Women with prediabetes were excluded to
avoid confounding from pre-existing impaired glucose metabolism and the potential bias introduced by their
specific follow-up, monitoring, and treatment, which could influence the management of GDM and
postpartum screening practices. Both GDM and T2DM were diagnosed using the classification of the
American Diabetes Association [14].

Data collection and outcomes

Data were retrieved from patients' electronic records using a structured Excel sheet to ensure systematic
organization and facilitate data accuracy. The collected data included 1) baseline demographic and clinical
data: age, nationality, comorbidities, body mass index (BMI), family history of T2DM, and other significant
chronic conditions; 2) obstetric data: parity, number of pregnancies with GDM (including the current one),
results of GDM screening with OGTT levels at fasting (HO0), 1-hour (H1), 2-hour (H2), and 3-hour (H3) time
points, and delivery mode; 3) postpartum T2DM screening: whether the screening was ordered and carried
out, and screening results, including OGTT levels at fasting (HO) and 2-hour (H2) time points.

The Excel sheet was chosen for its flexibility in handling large datasets and its compatibility with subsequent
statistical analyses. To ensure data accuracy, double-entry verification and validation steps were performed.
Missing data and variability in record-keeping were addressed through consensus among the investigators to
ensure consistency and reliability in the dataset. A unique final dataset was compiled and used for statistical
analysis.

Statistical methods

Statistical analysis was performed with the Statistical Package for Social Sciences version 21.0 for Windows
(SPSS Inc., Chicago, IL, USA). Categorical variables are presented as frequency and percentage, while
continuous variables are presented as mean * standard deviation (SD). The incidence of T2DM post-GDM
was calculated as the percentage (with 95% CI) of the participants who had a positive postpartum diagnosis
among those who were screened. The correlation between glucose levels at different OGTT times in GDM
screening (HO, H1, H2, and H3) and T2DM screening (HO and H2) were analyzed using Pearson's correlation
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Parameter

Age category (years)

Nationality

Comorbidities

No. comorbidities

BMI

Family history of T2DM

Other family history

Reported family history

with the calculation of the coefficient "r." Factors associated with positive T2DM post-GDM were analyzed
after excluding the participants who had no screening data; analysis used Chi-square or Fisher’s exact test,
as applicable. A p-value of <0.05 was considered to reject the null hypothesis.

Results

Baseline demographic and clinical data

A total of 903 women were diagnosed with GDM during the study period. Of these, 44 had a history of pre-
diabetes or T2DM, and 217 were either lost to follow-up or had significant missing data, and were excluded.
Consequently, 642 eligible women were included in the study. Of the 642 participants, 422 (65.7%) were
below 35 years old and the quasi majority (634, 98.8%) were Saudi nationals. We observed low frequencies of
comorbidities, involving 80 (12.4%) participants, with the most common condition being thyroid dysfunction
(38, 5.9%). Majority of the participants were overweight (199, 31.0%) or obese (364, 56.7%), prior to
pregnancy. Family history showed high frequencies of T2DM (214, 33.3%) and hypertension (93, 14.5%),
noting that data was not available for 217 (33.8%) participants (Table I).

Level Frequency Percentage
Below 35 422 65.7
Above 35 220 34.3
Saudi 634 98.8
Non-Saudi 8 1.2
Hypertension 3 0.5
CVD 7 11
PCOS 1 0.2
Thyroid dysfunction 38 5.9
Depression 5 0.8
Asthma 10 1.5
Epilepsy 5 0.8
Other’ 13 2.0
None 562 87.5
1 78 121
2 2 0.3
Normal 70 10.9
Underweight 7 1.1
Overweight 199 31.0
Obese 364 56.7
Not documented 2 0.3
No 211 329
Yes 214 333
Not documented 217 33.8
No 329 51.2
Not documented 217 33.8
Yes 96 15.0
Hypertension 93 14.5
Hydrocephaly 1 0.2
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Sickle cell disease 2 0.3

Thromboembolic disorder 1 0.2
Parameter Unit Mean SD
Weight kg 76.96 16.21
Height cm 155.31 13.37

TABLE 1: Baseline demographic and clinical data (N=642)

1 Other comorbidities included antiphospholipid antibody syndrome (3), Hodgkin lymphoma (2), breast cancer (2), single kidney (1), dyslipidemia (1),
sickle cell anemia (1), nephrectomy (1), post-thyroidectomy (1), and autoimmune hepatitis (1).

BMI: body mass index; CVD: cardiovascular disease; PCOS: Polycystic ovary syndrome; T2DM: type 2 diabetes mellitus

Obstetric history

A high proportion of the participants were multiparous, having 3 (17.4%) or 4+ (42.7%) parities, and 146
(22.8%) had at least one previous pregnancy with GDM, while 440 (68.5%) were experiencing their first GDM
episode. The current GDM was managed using insulin, metformin, or lifestyle measures only in 47 (7.3%), 8
(1.2%), and 584 (91.0%), respectively; and data was missing in 3 (0.5%) participants. Delivery was marked by
a high frequency of cesarean section (260, 40.5%) (Table 2).
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Parameter

Parity

No. pregnancies with GDM

Management of GDM

Delivery mode

Postpartum screening for T2DM

Screening time

T2DM screening results

Level

3+

Not documented
Insulin

Metformin

Lifestyle (diet or exercise)
Missing data

SVD

C/s

Missing data

Not ordered

Ordered but not done
Ordered and done
Less than 6 weeks
More than 6 weeks
Missing data

Not applicable

No

Yes$

Unknown

Frequency
141

115

112

274

440

107

39

56

47

584

376

260

176
336
130
73

55

512
110
18

514

Percentage
22.0
17.9
17.4
427
68.5
16.7
6.1
8.7
7.3
1.2
91.0
0.5
58.6
40.5
0.9
27.4
52.3

20.2

8.6
0.3
79.8
171
2.8

80.1

TABLE 2: Obstetric history and post-GDM type 2 diabetes screening practice (N=642)

Sincludes one participant who missed postpartum screening and was diagnosed later.

C/S: C-section; GDM: gestational diabetes mellitus; SVD: spontaneous vaginal delivery

Postpartum screening

Postpartum screening for T2DM was ordered for 466 (72.5%) of the women but was effectively carried out in
only 130 (20.2%), less than six weeks after delivery in 73 (11.4%), and more than six weeks in 55 (8.6%)
(Table 2). Among the analyzed factors, only delivery mode was significantly associated with effective
screening (p=0.023). That is, participants who had cesarean sections were more likely to take the screening
(25.0%) compared with those who had spontaneous vaginal delivery (SVD) (16.5%). SVD was associated with
a higher likelihood of screening not being ordered (29.8% vs. 24.2%) or being ordered but not completed
(53.7% vs. 50.8%) compared to cesarean section, respectively (results not presented in tables).

Incidence of post-GDM T2DM

Postpartum T2DM screening was positive in 18 (2.8%) participants and negative in 110 (17.1%), while data
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Screening

GDM

T2DM

TABLE 3: OGTT in GDM

was not available for the remaining 514 (80.1%); either because the screening was not done (512, 79.8%) or
screening data was not available (2, 0.3%) (Table 2). Results from OGTT in GDM and T2DM screening during
the last pregnancy are presented in Table 3. These showed mean (SD) glycemia levels in GDM screening at HO
(5.11 (0.83)), H1 (11.16 (1.41)), and H 2 (10.50 (3.95)) mmol/L, noting a remarkable increase in the variance

at H1 and H2. Regarding T2DM screening, mean (SD) levels at HO and H1 were 5.35 (0.71) and 6.82 (2.13)
mmol/L, respectively. Thus, by excluding cases with unknown status (N=512), the estimated incidence of
T2DM following GDM among the screened participants (N=130) is 13.9% (95% CI: 8.4%-21.0%).

Time N Min Max Mean SD

HO 546 3.60 12.40 5.11 0.83
H1 545 6.60 18.50 11.16 1.41
H2 544 4.70 94.00 10.50 3.95
H3 542 3.10 17.10 7.95 1.80
HO 130 3.40 9.50 5.35 0.71
H2 130 3.00 16.50 6.82 213

and T2DM screening during the last pregnancy

OGTT: oral glucose tolerance test; GDM: gestational diabetes mellitus; T2DM: type 2 diabetes mellitus

Test and time GDM
GDM HO -

GDM H1 0.34*
GDM H2 0.04
GDM H3 0.10*
T2DM HO 0.17
T2DM H2 0.10

TABLE 4: Correlations b

Correlations between OGTT in GDM and T2DM screening

Glucose levels at HO in GDM screening exhibited a weak positive correlation with levels at H1 (Pearson’s
correlation coefficient r=0.34; p<0.01) and a very weak positive correlation with levels at H3 (r=0.10; p<0.05).
A similar weak positive correlation was observed during T2DM screening between HO and H2 (r=0.34;
p<0.01). More notably, HO levels in T2DM screening negatively correlated with GDM H1 (r=-0.25; p<0.01)
and GDM H2 (r=-0.26; p<0.05), both being weak relationships. However, no significant correlation was found
between T2DM H2 levels and GDM glycemia levels (Table 4).

HO GDM H1 GDM H2 GDM H3 T2DM HO T2DM H2
0.15™* - - - -
0.13** 0.25** - - -
-0.25* -0.26* -0.13 - -
0.03 0.10 0.17 0.34** -

etween OGTT in GDM and T2DM screening

**Correlation is significant at the 0.01 level (2-tailed).

*Correlation is significant at the 0.05 level (2-tailed).

GDM: gestational diabetes; T2DM: type 2 diabetes mellitus; OGTT: oral glucose tolerance test

Factors associated with T2DM post-GDM

The incidence of T2DM was significantly higher (50%) among participants with 3+ GDM pregnancies,
including the current one, compared to those with 1 (12.0%) or 2 (12.5%) GDM pregnancies (p=0.033).
Furthermore, SVD mode was associated with 20.6% of cases of post-GDM T2DM compared with cesarean
section (7.6%), and the difference was statistically significant at p=0.042. Age, nationality, comorbidities,
thyroid dysfunction, BMI, family history of T2DM, other family history, GDM management strategy, and
parity showed no significant association with the incidence of T2DM post-GDM (Table 5).
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No T2DM
Parameter Level
N %

Below 35 70 87.5
Age category (years)

Above 35 42 84.0

Saudi 110 85.9
Nationality

Non-Saudi 2 100.0

No 93 86.1
Any comorbidity

Yes 19 86.4

No 103 87.3
Thyroid dysfunction

Yes 9 75.0

Normal or underweight 9 90.0
BMI Overweight 38 86.4

Obese 65 85.5

No 41 80.4
Family history of T2DM

Yes 36 85.7

No 62 84.9
Other family history

Yes 15 75.0

1 31 96.9

2 17 81.0
Parity

3] 20 87.0

4+ 44 81.5

1 81 88.0
No. pregnancies with GDM 2 21 875

3+ 3 50.0

Insulin 10 76.9
GDM management Metformin 2 100.0

Lifestyle changes 97 86.6

SVD 50 79.4
Delivery mode

C/S 61 92.4

TABLE 5: Factors associated with T2DM post-GDM (N=130)

*Statistically significant result (p<0.05).

Test used: Fisher’s exact test; otherwise, the Chi-square test was used.

T2DM

%

16.0

141

0.0

13.9

13.6

25.0

10.0

13.6

14.5

19.6

14.3

15.1

25.0

&l

19.0

13.0

18.5

12.0

50.0

231

0.0

13.4

20.6

7.6

p-value

0.574

1.000F

1.000F

0.372F

0.927

0.499

0.323

0.207

0.033*

0.540

0.042¢

Statistics

0.32

0.33

0.001

1.38

0.15

0.46

1.09

4.56

6.85

1.23

4.58

BMI: body mass index; C/S: C-section; GDM: gestational diabetes mellitus; SVD: spontaneous vaginal delivery; T2DM: type 2 diabetes mellitus

Likewise, no associations were observed between the incidence of T2DM and OGTT glycemia levels during

GDM screening at HO, H1, or H2 (p>0.050) (Table 6).
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Glycemia time Level Mean SD Mean SD p-value t-Statistics
GDM HO mmol/L 5.09 0.65 5.22 0.59 0.507 -0.67
GDM H1 mmol/L 11.22 1.31 11.25 1.34 0.949 -0.06
GDM H2 mmol/L 10.20 1.65 10.54 1.28 0.486 -0.70

TABLE 6: Association of T2DM post-GDM with OGTT glycemia levels (N=130)

*Statistically significant result (p<0.05).
Test used: independent t-test.

GDM: gestational diabetes mellitus

Discussion
Study significance and summary of findings

In a context where T2DM is escalating globally, notably in Saudi Arabia, the link between GDM and the
subsequent development of T2DM is of paramount public health significance. This retrospective study
analyzed the practices and findings of T2DM screening after GDM in 642 pregnant women attending a
referral center in Saudi Arabia. The sample, involving predominantly young and Saudi-nationality women,
showed a notable high-risk profile with prevalent overweight and obesity, multiparity, and a tangible
familial burden of T2DM. The findings expose a critical gap in postpartum T2DM screening practices, with a
great disparity between the proportion of women ordered for screening (72.5%) and those effectively
screened (20.2%). The incidence of post-GDM T2DM among screened participants was estimated to be
13.9%, associated with multiple GDM pregnancies and SVD. No further demographic or clinical factors were
shown to be significantly associated with T2DM post-GDM. This research has several key implications for
clinical and public health action.

Inadequate rates of effective screening: a considerable missed
opportunity

The present study highlights a critical gap in postpartum screening practices for T2DM among GDM
patients, showing that only 20.2% of the concerned women are effectively screened among 72.5% who
benefit from the screening order. These findings expose a missed opportunity in intercepting the
progression from GDM to T2DM at a juncture where intervention could significantly alter disease trajectory
and outcomes. A 2017 French study analyzed T2DM screening changes after the 2010 guidelines promoting
early postpartum screening. Comparing 2007 and 2013, early screening rates (three months post-delivery)
remained low at 18.5%. However, compliance at one year post-delivery increased to 67% in 2017 from 54% in
2013, indicating a need for multimodal interventions [15]. A systematic review of 27 Asian studies showed
that screening uptake in Asian women varied from 13% to 82% and postpartum diabetes incidence from 3%
to 58% [16]. Similar observations are found in studies from the USA and Australia, showing postpartum
diabetes screening rates ranging from 19% to 73%, with some studies noting an increase in compliance over
time [17].

Enhancing postpartum T2DM screening involves addressing potential issues and barriers in all screening
phases. The initial phase includes ordering and scheduling the test by the provider. A survey by Keely et al.
showed both patients and primary care physicians believe the prescriber and provider are responsible for
postpartum screening [18]. A 2014 systematic review found variability in practices influenced by physician
specialty and care center type, with high-risk pregnancy settings showing better practices. Nonetheless, the
review noted that good practice was not predictive of effective screening uptake [17]. This is consistent with
our findings, which reveal that effective screening was conducted for only 20% of the patients, despite
orders being placed for 72.5%. This underscores the influence of other factors in the post-ordering phase.

The next phase includes factors affecting women's ability or motivation to attend screening tests. A
systematic review of 16 qualitative studies identified two main categories of factors influencing the
attendance of screening: healthcare system-related and patient-related factors. Healthcare system-related
factors are categorized into two major dimensions. The first concerns the quality of provider-patient
communication and relationship conditioning women’s ability to understand both the necessity and
procedure of the screening. The second aspect includes logistic factors, such as screening scheduling and
process, which influence the practicality of the test uptake. Patient-related factors include cognitive and
behavioral factors, such as awareness and concerns about health and specific health risks and care-seeking
behavior, in addition to family-related factors such as maternity issues, support, and professional and other
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responsibilities [19]. Many patients struggle with attending screenings and follow-ups due to motherhood
issues and inadequate awareness about GDM and postpartum diabetes risks [20]. These factors highlight the
need for comprehensive strategies focusing on the overall patient experience.

Recommendations to improve screening uptake

Given the complexity of the issue, improving screening uptake requires multifaceted strategies to address
practical, educational, and systemic barriers. Interventions targeting patient-related factors, including
educational programs, counseling, and reminders about postpartum screening have been effective in
enhancing screening uptake [17]. However, the somewhat limited effectiveness of these strategies, when
implemented separately, underscores the need for a multimodal approach. This involves combining several
interventions for the same patient, aiming to maximize the overall impact on screening uptake [21]. By
integrating various strategies, healthcare providers can address a broader range of barriers, involving the
previously discussed phases of the screening process, while tailoring action to the patient’s unique needs
and preferences. Moreover, enhancing healthcare provider engagement and system-wide changes are
critical. The International Federation of Gynecology and Obstetrics (FIGO) emphasizes clinician education,
recall systems, standardized protocols, and patient-centered practices to enhance screening. Making clinics
more welcoming, personalizing test accessibility, and integrating glucose testing with routine check-ups
improve attendance and patient experience. Educating women on screening importance and addressing
misconceptions are vital [19]. These measures, in the Saudi context, imply that evaluating physicians'
engagement, preparedness, and self-efficacy, as well as identifying systemic obstacles, can help inform
targeted strategies to improve screening practices. Such efforts would complement broader system-wide
changes and enhance the overall effectiveness of postpartum screening initiatives. Applying these measures
in the Saudi context implies assessing barriers to screening among healthcare providers, including their
engagement, preparedness, and self-efficacy, along with organizational and healthcare system-related
factors. Understanding these factors is crucial to developing targeted strategies that improve screening
practices.

Furthermore, the consistent challenge in implementing early screening, four to 12 weeks after discharge,
indicates the need for more innovative methods and convenient screening strategies. Some studies explored
immediate postpartum screening (one to five days), showing 81% sensitivity, 61% specificity, and a negative
likelihood ratio of 0.3 [22]. Despite limited performance, this approach may complement traditional
methods, particularly for high-risk nonadherent patients, and presents opportunities to develop more
sensitive screening techniques immediately after childbirth, thus maximizing uptake.

Incidence and risk factors of T2DM post-GDM

The incidence of post-GDM T2DM among screened participants was estimated at 13.9%, corresponding to 18
individuals in the cohort. However, when considering the non-screened individuals, the theoretical total of
T2DM cases rises to 64, indicating that 46 cases were potentially missed for diagnosis. In other terms, for
every woman diagnosed with postpartum diabetes, approximately three remain undiagnosed. This exposes
to delayed diagnosis, inadequate management, and diabetes complications. Such a gap highlights the urgent
need for enhanced screening efforts to ensure early detection and intervention, ultimately improving long-
term health outcomes for these women.

A systematic review focusing on Asian women found that the transition to T2DM among women with GDM
ranged widely from 3% to 58% [16]. However, data from the Middle East showed incidence figures relatively
comparable to our findings, including 20.6% in the United Arab Emirates [23] and 18.9% in Turkey [24]. This
great variability in T2DM rates across the studies can be attributed to differences in diagnostic criteria for
GDM and T2DM, the type of study, population demographics, and follow-up duration. The postpartum
glucose testing protocols also varied, with some using OGTT exclusively and others including random
plasma glucose or fasting blood sugar, impacting detection. Furthermore, the use of routine care or
complementary approaches, such as SMS reminders, and adherence to follow-up protocols differed across
studies. Finally, sociocultural and ethnic factors might also contribute to the variability. Collectively, these
methodological and contextual differences explain the wide range of diabetes rates observed in the studies.

In addressing the challenge of postpartum diabetes and screening uptake, developing a risk stratification
strategy seems a plausible approach. This approach requires identifying key risk factors for GDM to T2DM
transition and determining profiles linked to individual or socioeconomic vulnerabilities that contribute to
inadequate screening uptake. The present study identified two risk factors for T2DM post-GDM including
recurrent GDM and SVD. Recurrent GDM, a distinct clinical entity affecting approximately 50% of women
with GDM, is associated with an increased risk of postpartum T2DM [25,26]. Therefore, women with
recurrent GDM should receive special attention for screening and management. Regarding the mode of
delivery, we observed a lower incidence of T2DM among women who underwent cesarean sections,
combined with a significantly greater likelihood of screening. This may stem from discrepancies in care and
adherence levels to care plans, contributing to a higher risk of developing postpartum diabetes in women
who have SVD.

The literature shows various risk factors for GDM progression to T2DM, suggesting a multifactorial
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pathophysiology. Anthropometric factors including waist and hip circumferences, BMI, excessive weight
gain during pregnancy, and difficulty losing weight post-delivery were all associated with a high risk for
T2DM development [27-29]. Our cohort was characterized by a high frequency of obesity and a family
history of T2DM, both known to elevate the risk of postpartum T2DM [7,8,30]. This highlights the necessity
for stricter T2DM screening measures among Saudi women with GDM due to their high-risk metabolic
profile.

Women who necessitate oral hypoglycemic drugs or insulin to manage their GDM are also at higher risk for
postpartum diabetes [27]. Further data showed that fasting and OGTT glycemia levels, gestational age at
GDM diagnosis, and shorter breastfeeding duration were significantly associated with postpartum diabetes
[27-29]. Conversely, the present study showed no statistically significant association of T2DM risk with the
treatment regimen or OGTT levels. Identifying these risk factors enables adapting GDM management and
diabetes screening strategies, stratified by risk level.

Limitations

The present study is principally limited by information bias and lack of key data, inherent to its retrospective
design. These limitations impeded the availability and analysis of the significant sociodemographic and
clinical factors associated with screening uptake and postpartum diabetes. The low proportion of screened
women has further weakened the power of subsequent comparative analysis. Furthermore, the number of
patients with missing data or lost for follow-up (n=217) represents 25% of eligible women and may induce a
selection bias where women with poor outcomes are more likely to adhere to follow-up, and conversely,
potentially affecting the estimation of screening rates and post-GDM T2DM incidence.

Conclusions

This study highlights a significant gap in postpartum T2DM screening, showing that while three-quarters of
women were ordered for screening, only one-fifth were effectively screened. The incidence of type 2 diabetes
post-GDM among those screened was found to be 13.9%, aligning with figures from Middle Eastern
countries. When accounting for non-screened individuals, we estimate that for every woman diagnosed,
approximately three remain undiagnosed. This worrying figure highlights the urgent need for improved
screening efforts to facilitate early detection and intervention, which could enhance long-term health
outcomes.

The study identified recurrent GDM and SVD as risk factors for postpartum diabetes, highlighting the need
for a thorough exploration of socioeconomic and clinical risk factors for both screening and postpartum
diabetes. This also highlights the potential benefits of a risk-stratified approach to screening and
management.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Daniyah Alfitni, Abdullah Alzahrani, Maysaa Ageel, Ebtesam Alsulami

Acquisition, analysis, or interpretation of data: Daniyah Alfitni, Abdullah Alzahrani, Maysaa Ageel,
Ebtesam Alsulami

Drafting of the manuscript: Daniyah Alfitni, Abdullah Alzahrani, Maysaa Ageel, Ebtesam Alsulami

Critical review of the manuscript for important intellectual content: Daniyah Alfitni, Abdullah
Alzahrani, Maysaa Ageel, Ebtesam Alsulami

Supervision: Daniyah Alfitni, Abdullah Alzahrani, Maysaa Ageel, Ebtesam Alsulami

Disclosures

Human subjects: Consent for treatment and open access publication was obtained or waived by all
participants in this study. Institutional Review Board of King Abdulaziz Medical City issued approval
RJ19/026/]. Animal subjects: All authors have confirmed that this study did not involve animal subjects or
tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

2024 Alfitni et al. Cureus 16(12): €75691. DOI 10.7759/cureus.75691 10 of 12


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Sun H, Saeedi P, Karuranga S, et al.: IDF Diabetes Atlas: Global, regional and country-level diabetes
prevalence estimates for 2021 and projections for 2045. Diabetes Res Clin Pract. 2022, 183:109119.
10.1016/j.diabres.2021.109119

Robert AA, Al Dawish MA, Braham R, Musallam MA, Al Hayek AA, Al Kahtany NH: Type 2 diabetes mellitus
in Saudi Arabia: major challenges and possible solutions. Curr Diabetes Rev. 2017, 13:59-64.
10.2174/1573399812666160126142605

Al-Ozairi E, Jallo MK, Hafidh K, et al.: Prevalence of cardiovascular and renal co-morbidities in patients with
type 2 diabetes in the Gulf, a cross-sectional observational study. Diabetes Ther. 2021, 12:1193-207.
10.1007/s13300-021-01038-6

Al-Jedai AH, Almudaiheem HY, Alissa DA, Al-Enazy HS, Korayem GB, Alghamdi A, Alghamdi S: Cost of
cardiovascular diseases and renal complications in people with type 2 diabetes mellitus in the Kingdom of
Saudi Arabia: a retrospective analysis of claims database. PLoS One. 2022, 17:e0273836.
10.1371/journal.pone.0273836

Vounzoulaki E, Khunti K, Abner SC, Tan BK, Davies M], Gillies CL: Progression to type 2 diabetes in women
with a known history of gestational diabetes: systematic review and meta-analysis. BMJ. 2020, 369:m1361.
10.1136/bmj.m1361

You H, Hu J, Liu Y, Luo B, Lei A: Risk of type 2 diabetes mellitus after gestational diabetes mellitus: a
systematic review &amp; meta-analysis. Indian ] Med Res. 2021, 154:62-77. 10.4103/ijmr.JJMR_852 18

Lee KW, Ching SM, Ramachandran V, et al.: Prevalence and risk factors of gestational diabetes mellitus in
Asia: a systematic review and meta-analysis. BMC Pregnancy Childbirth. 2018, 18:494. 10.1186/512884-018-
2131-4

Mclntyre HD, Catalano P, Zhang C, Desoye G, Mathiesen ER, Damm P: Gestational diabetes mellitus. Nat
Rev Dis Primers. 2019, 5:47. 10.1038/s41572-019-0098-8

Kondracki AJ, Valente MJ, Ibrahimou B, Bursac Z: Risk of large for gestational age births at early, full and
late term in relation to pre-pregnancy body mass index: mediation by gestational diabetes status. Paediatr
Perinat Epidemiol. 2022, 36:566-76. 10.1111/ppe.12809

Dugani SB, Mielke MM, Vella A: Burden and management of type 2 diabetes in rural United States . Diabetes
Metab Res Rev. 2021, 37:e3410. 10.1002/dmrr.3410

Al-Rifai RH, Abdo NM, Paulo MS, Saha S, Ahmed LA: Prevalence of gestational diabetes mellitus in the
Middle East and North Africa, 2000-2019: a systematic review, meta-analysis, and meta-regression. Front
Endocrinol (Lausanne). 2021, 12:668447. 10.3389/fend0.2021.668447

Modzelewski R, Stefanowicz-Rutkowska MM, Matuszewski W, Bandurska-Stankiewicz EM: Gestational
diabetes mellitus-recent literature review. J Clin Med. 2022, 11:5736. 10.3390/jcm11195736

Casagrande SS, Linder B, Cowie CC: Prevalence of gestational diabetes and subsequent Type 2 diabetes
among U.S. women. Diabetes Res Clin Pract. 2018, 141:200-8. 10.1016/j.diabres.2018.05.010

American Diabetes Association: Classification and diagnosis of diabetes. Diabetes Care. 2017, 40:S11-24.
10.2337/dc17-S005

Goueslard K, Cottenet ], Mariet AS, Sagot P, Petit JM, Quantin C: Early screening for type 2 diabetes
following gestational diabetes mellitus in France: hardly any impact of the 2010 guidelines. Acta Diabetol.
2017, 54:645-51. 10.1007/s00592-017-0986-x

Nouhjah S, Shahbazian H, Amoori N, et al.: Postpartum screening practices, progression to abnormal
glucose tolerance and its related risk factors in Asian women with a known history of gestational diabetes: a
systematic review and meta-analysis. Diabetes Metab Syndr: Clin Res Rev. 2017, 11:703-12.
1016/j.dsx.2017.05.002

Nielsen KK, Kapur A, Damm P, de Courten M, Bygbjerg IC: From screening to postpartum follow-up - the
determinants and barriers for gestational diabetes mellitus (GDM) services, a systematic review. BMC
Pregnancy Childbirth. 2014, 14:41. 10.1186/1471-2393-14-41

Keely E, Clark H, Karovitch A, Graham I: Screening for type 2 diabetes following gestational diabetes: family
physician and patient perspectives. Can Fam Physician. 2010, 56:558-63.

Dennison RA, Fox RA, Ward RJ, Griffin SJ, Usher-Smith JA: Women's views on screening for Type 2 diabetes
after gestational diabetes: a systematic review, qualitative synthesis and recommendations for increasing
uptake. Diabet Med. 2020, 37:29-43. 10.1111/dme.14081

Adam S, McIntyre HD, Tsoi KY, et al.: Pregnancy as an opportunity to prevent type 2 diabetes mellitus: FIGO
Best Practice Advice. Int ] Gynaecol Obstet. 2023, 160 Suppl 1:56-67. 10.1002/ijgo.14537

Sakovich K: Multi-modal interventions to increase the postpartum screening rates for type 2 diabetes after
gestational diabetes: a focus on a vulnerable population. 2022.

Mousavi S, Safari A, Nateghian H, Ghojazadeh M, Nikniaz L: Comparing the detection rate of postpartum
diabetes in early and 4-12 week postpartum screening tests in women with gestational diabetes mellitus: a
systematic review and meta-analysis. Taiwan ] Obstet Gynecol. 2023, 62:396-401. 10.1016/j.tjog.20253.01.005
Chodick G, Elchalal U, Sella T, Heymann AD, Porath A, Kokia E, Shalev V: The risk of overt diabetes mellitus
among women with gestational diabetes: a population-based study. Diabet Med. 2010, 27:779-85.
10.1111/j.1464-5491.2010.02995.x

Kerimoglu OS, Yalvag S, Karcaaltincaba D, Kandemir O, Altinbas SK, Dede H: Early post-partum diabetes
mellitus screening rates in patients with history of gestational diabetes. Arch Gynecol Obstet. 2010,
282:613-6. 10.1007/s00404-009-1258-y

Zhang L, Zheng W, Huang W, Zhang L, Liang X, Li G: Differing risk factors for new onset and recurrent
gestational diabetes mellitus in multipara women: a cohort study. BMC Endocr Disord. 2022, 22:3.
10.1186/512902-021-00920-5

Egan AM, Enninga EA, Alrahmani L, Weaver AL, Sarras MP, Ruano R: Recurrent gestational diabetes
mellitus: a narrative review and single-center experience. J Clin Med. 2021, 10:569. 10.3390/jcm 10040569
Chivese T, Norris SA, Levitt NS: Progression to type 2 diabetes mellitus and associated risk factors after
hyperglycemia first detected in pregnancy: a cross-sectional study in Cape Town, South Africa. PLoS Med.

2024 Alfitni et al. Cureus 16(12): €75691. DOI 10.7759/cureus.75691

110f12


https://dx.doi.org/10.1016/j.diabres.2021.109119
https://dx.doi.org/10.1016/j.diabres.2021.109119
https://dx.doi.org/10.2174/1573399812666160126142605
https://dx.doi.org/10.2174/1573399812666160126142605
https://dx.doi.org/10.1007/s13300-021-01038-6
https://dx.doi.org/10.1007/s13300-021-01038-6
https://dx.doi.org/10.1371/journal.pone.0273836
https://dx.doi.org/10.1371/journal.pone.0273836
https://dx.doi.org/10.1136/bmj.m1361
https://dx.doi.org/10.1136/bmj.m1361
https://dx.doi.org/10.4103/ijmr.IJMR_852_18
https://dx.doi.org/10.4103/ijmr.IJMR_852_18
https://dx.doi.org/10.1186/s12884-018-2131-4
https://dx.doi.org/10.1186/s12884-018-2131-4
https://dx.doi.org/10.1038/s41572-019-0098-8
https://dx.doi.org/10.1038/s41572-019-0098-8
https://dx.doi.org/10.1111/ppe.12809
https://dx.doi.org/10.1111/ppe.12809
https://dx.doi.org/10.1002/dmrr.3410
https://dx.doi.org/10.1002/dmrr.3410
https://dx.doi.org/10.3389/fendo.2021.668447
https://dx.doi.org/10.3389/fendo.2021.668447
https://dx.doi.org/10.3390/jcm11195736
https://dx.doi.org/10.3390/jcm11195736
https://dx.doi.org/10.1016/j.diabres.2018.05.010
https://dx.doi.org/10.1016/j.diabres.2018.05.010
https://dx.doi.org/10.2337/dc17-S005
https://dx.doi.org/10.2337/dc17-S005
https://dx.doi.org/10.1007/s00592-017-0986-x
https://dx.doi.org/10.1007/s00592-017-0986-x
https://dx.doi.org/1016/j.dsx.2017.05.002
https://dx.doi.org/1016/j.dsx.2017.05.002
https://dx.doi.org/10.1186/1471-2393-14-41
https://dx.doi.org/10.1186/1471-2393-14-41
https://pubmed.ncbi.nlm.nih.gov/20547525/
https://dx.doi.org/10.1111/dme.14081
https://dx.doi.org/10.1111/dme.14081
https://dx.doi.org/10.1002/ijgo.14537
https://dx.doi.org/10.1002/ijgo.14537
https://ir.ua.edu/handle/123456789/8482
https://dx.doi.org/10.1016/j.tjog.2023.01.005
https://dx.doi.org/10.1016/j.tjog.2023.01.005
https://dx.doi.org/10.1111/j.1464-5491.2010.02995.x
https://dx.doi.org/10.1111/j.1464-5491.2010.02995.x
https://dx.doi.org/10.1007/s00404-009-1258-y
https://dx.doi.org/10.1007/s00404-009-1258-y
https://dx.doi.org/10.1186/s12902-021-00920-5
https://dx.doi.org/10.1186/s12902-021-00920-5
https://dx.doi.org/10.3390/jcm10040569
https://dx.doi.org/10.3390/jcm10040569
https://dx.doi.org/10.1371/journal.pmed.1002865

Cureus

Part of SPRINGER NATURE

2019, 16:e1002865. 10.1371/journal.pmed.1002865

28.  Alejandro EU, Mamerto TP, Chung G, Villavieja A, Gaus NL, Morgan E, Pineda-Cortel MR: Gestational
diabetes mellitus: a harbinger of the vicious cycle of diabetes. Int ] Mol Sci. 2020, 21:5003.
10.3390/ijms21145003

29. Hod M, Hadar E, Cabero-Roura L: Prevention of type 2 diabetes among women with prior gestational
diabetes mellitus. Int ] Gynaecol Obstet. 2015, 131 Suppl 1:516-8. 10.1016/}.ijg0.2015.02.010

30. Lenoir-Wijnkoop I, van der Beek EM, Garssen ], Nuijten MJ, Uauy RD: Health economic modeling to assess
short-term costs of maternal overweight, gestational diabetes, and related macrosomia - a pilot evaluation.
Front Pharmacol. 2015, 6:103. 10.3389/fphar.2015.00103

2024 Alfitni et al. Cureus 16(12): €75691. DOI 10.7759/cureus.75691 120f 12


https://dx.doi.org/10.1371/journal.pmed.1002865
https://dx.doi.org/10.3390/ijms21145003
https://dx.doi.org/10.3390/ijms21145003
https://dx.doi.org/10.1016/j.ijgo.2015.02.010
https://dx.doi.org/10.1016/j.ijgo.2015.02.010
https://dx.doi.org/10.3389/fphar.2015.00103
https://dx.doi.org/10.3389/fphar.2015.00103

	Prevalence and Postpartum Screening Practice for Type 2 Diabetes Following Gestational Diabetes (GDM) in a Tertiary Care Center in Western Saudi Arabia: A Three-Year Retrospective Cohort Study
	Abstract
	Objectives
	Methods
	Results
	Conclusions

	Introduction
	Materials And Methods
	Design and participants
	Eligibility criteria
	Data collection and outcomes
	Statistical methods

	Results
	Baseline demographic and clinical data
	TABLE 1: Baseline demographic and clinical data (N=642)

	Obstetric history
	TABLE 2: Obstetric history and post-GDM type 2 diabetes screening practice (N=642)

	Postpartum screening
	Incidence of post-GDM T2DM
	TABLE 3: OGTT in GDM and T2DM screening during the last pregnancy

	Correlations between OGTT in GDM and T2DM screening
	TABLE 4: Correlations between OGTT in GDM and T2DM screening

	Factors associated with T2DM post-GDM
	TABLE 5: Factors associated with T2DM post-GDM (N=130)
	TABLE 6: Association of T2DM post-GDM with OGTT glycemia levels (N=130)


	Discussion
	Study significance and summary of findings
	Inadequate rates of effective screening: a considerable missed opportunity
	Recommendations to improve screening uptake
	Incidence and risk factors of T2DM post-GDM
	Limitations

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


