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Summary
STUDY AIMS: A history of gestational diabetes mellitus is
a known risk factor for developing type 2 diabetes in the
future. Therefore, screening for persistent dysglycaemia in
the postpartum period is of utmost importance. However,
follow-up rates tend to be low. The aim of this study was to
investigate postpartum screening adherence at a tertiary
care centre and to identify factors contributing to persis-
tent dysglycaemia.

METHODS: A cohort of women with gestational diabetes
mellitus diagnosed between 2015 and 2018 at the de-
partment of Obstetrics and Gynaecology, University Hos-
pital Bern, Switzerland, was retrospectively studied. Eth-
nicity, parity, pre-pregnancy BMI, family history of diabetes
mellitus, first trimester glycosylated haemoglobin (HbA1c),
75 g oral glucose tolerance test during pregnancy and in
the postpartum period were analysed. Postpartum dysg-
lycaemia was defined as overt diabetes (fasting plasma
glucose ≥7.0 mmol/l and/or 2 hours plasma glucose ≥11.1
mmol/l for the 75 g oral glucose tolerance test), impaired
glucose tolerance (2 hours plasma glucose 7.8–11.0
mmol/l) or impaired fasting glucose (plasma glucose
5.6–6.9 mmol/l). Parametric and non-parametric tests as
well as multivariate regression were used. ROC analyses
were performed to assess the prognostic accuracy of
HbA1c and oral glucose tolerance test results at predicting
postpartum dysglycaemia.

RESULTS: We included 489 women with gestational dia-
betes mellitus in our study. Of these, 217 (44.4%) returned
for postpartum testing and 59/217 (27.2%) had an abnor-
mal oral glucose tolerance test. Ethnicity was found to
be a factor in adherence to follow-up. Specifically, women
of African origin showed a significantly higher compliance
than Asian or Caucasian women (61.8% vs 47.8% vs
34.5%, respectively; p = 0.04). The multivariate analysis
revealed that obesity (OR: 3.64, 95% CI: 1.41–9.37) and
first trimester HbA1c >5.7% (OR: 3.67, 95% CI:
1.28–10.52) are significantly associated with an increased
risk of postpartum dysglycaemia.

CONCLUSION: Our study indicates that adherence to
postpartum screening after gestational diabetes mellitus is
low but in line with the existing experience. This is of par-
ticular concern as 1 of 4 women undergoing postpartum
screening show some sort of disturbed glucose metabo-
lism. In particular, women with higher first trimester HbA1c
and/or obesity may warrant closer observation and moti-
vation for testing as the risk for persistent metabolic disor-
ders is increased.

Introduction

Gestational diabetes mellitus is a disorder of glucose me-
tabolism that is usually first diagnosed in the second or
third trimester of pregnancy and resolves after birth. A
systematic and generalised screen for gestational diabetes
mellitus after the 24th week of gestation is now a recog-
nised standard of prenatal care as its treatment has been as-
sociated with a better pregnancy and perinatal outcome [1].

Additionally, this screening might also be an opportunity
to improve the long-term health status of these women. In-
deed, it has been recognised that adverse pregnancy out-
comes might be associated with future systemic diseases.
Preeclampsia is one of these pregnancy complications that
has been strongly associated with future cardiovascular
disorders [2]. Similarly, women with gestational diabetes
mellitus are at increased risk of developing type 2 diabetes
mellitus later in life [3]. This is of particular relevance
as today’s society is faced with a pandemic prevalence of
obesity, an important additional risk factor for cardiovas-
cular as well as metabolic diseases [4]. This trend is also of
concern within the obstetric population [5].

According to the definition of gestational diabetes, a pre-
existing dysglycaemia must be excluded after delivery [1].
This is similar to the definition of hypertensive complica-
tions during pregnancy. High blood pressure usually has to
normalise at the latest 3 months after delivery [6]. Conse-
quently, most international diabetes and obstetric societies
as well as international organisations suggest searching for
persistent diabetic disorders after delivery in women where
pregnancy was complicated by gestational diabetes melli-
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tus [1, 7]. The International Association of the Diabetes
and Pregnancy Study Groups (IADPSG) recommends per-
forming a postpartum 75 g oral glucose tolerance test [7].
The blood sugar cutoffs used to exclude or diagnose di-
abetes are those proposed for the non-pregnant popula-
tion [1, 7]. Since 2011 the Swiss Society of Obstetrics and
Gynaecology together with the Society of Endocrinology
have recommended to use the same diagnostic criteria of
gestational diabetes mellitus in Switzerland [8]. Accord-
ingly, it is therefore proposed to offer an oral glucose tol-
erance test 4 to 8 weeks after delivery. However, interna-
tional data shows low adherence to this postpartum testing
modality [9–11].

The aims of this study were therefore to investigate adher-
ence to postpartum oral glucose tolerance test screening at
a tertiary care centre in Switzerland and to analyse the inci-
dence of persistent dysglycaemia after delivery as well as
to unravel its potential contributing factors.

Materials and methods

We included pregnant women who were diagnosed with
gestational diabetes mellitus from 2015 to 2018 by a
one‐step standardised 75‐g oral glucose tolerance test be-
tween 24 and 28 weeks of gestation as proposed by the
International Association of the Diabetes and Pregnancy
Study Groups and adopted by the Swiss Society of Ob-
stetrics and Gynaecology in 2011 [7, 8]. These women are
a subset of patients who were enrolled in a prospective
study investigating the role of glycosylated haemoglobin
(HbA1c) and maternal characteristics in predicting gesta-
tional diabetes mellitus [12]. We excluded patients who
were not screened within the recommended timeframe and
for whom we did not have complete information on the
oral glucose tolerance test values. Venous blood samples
were collected at 0, 1 and 2 hours after the glucose load.
Women with preexisting diabetes mellitus or a first
trimester HbA1c ≥6.5% (≥48 mmol/mol) were excluded
from the study. In accordance with current guidelines, the
diagnosis of gestational diabetes mellitus was made when
any of the following criteria was met on the 75‐g oral glu-
cose tolerance test: plasma glucose ≥5.1 mmol/l in the fast-
ing state and/or ≥10.0 mmol/l at 1 hour and/or ≥8.5 mmol/
l at 2 hours [7, 8, 13].

The following information was assessed from our elec-
tronic patient database: age, ethnicity, parity, pre-pregnan-
cy body mass index (BMI), family history of diabetes mel-
litus (first-degree relatives), history of gestational diabetes
mellitus, first trimester HbA1c [12], gestational age at oral
glucose tolerance test and plasma glucose values at fast-
ing, at 1 hour and at 2 hours, management of gestational
diabetes mellitus during pregnancy (lifestyle and/or insulin
treatment), gestational age at delivery, mode of delivery,
birthweight, incidence of neonatal hypoglycaemia (blood
glucose ≤2.5mmol/l), values of postpartum oral glucose
tolerance test (fasting and at 2 hours) and time point of
postpartum oral glucose tolerance test screen.

Fasting plasma glucose levels in the range 5.6–6.9 mmol/
l were considered as impaired fasting glucose and ≥7.0
mmol/l as diabetes. At 2 hours, a value in the range
7.8–11.0 mmol/l indicated impaired glucose tolerance and
≥11.1 mmol/l confirmed the diagnosis of diabetes [1].

The primary goal of this study was to investigate the per-
centage of women with gestational diabetes mellitus not
adhering to the recommended postpartum follow-up. Sec-
ondarily we wanted to describe the differences between
those who came to postpartum testing and those who did
not. We further analysed the percentage of persistent dysg-
lycaemia and possible prenatal risk factors.

Statistical analyses were performed using GraphPad Prism
version 8.2.1 and SPSS version 26 for Windows. Univari-
ate and multivariate logistic regression analyses of factors
associated with an abnormal postpartum oral glucose tol-
erance test result (impaired fasting glucose / impaired glu-
cose tolerance / diabetes) at 1–3 months after delivery were
performed. Student’s t-test was used for the comparisons
of continuous variables (age, BMI, first trimester HbA1c,
gestational age) in the follow-up and no follow-up group.

Proportions were analysed using the chi-square test or
Fisher’s exact test as appropriate. A p-value of <0.05 was
considered significant.

The study was approved by the institutional ethics commit-
tee of the canton of Bern (Ethics Committee of the Can-
ton of Bern, Switzerland, Basec-Nr.: 2016-00415). General
consent was obtained from the patients.

Results

During the study period, we were able to include 489
women fulfilling the diagnostic criteria for gestational di-
abetes mellitus. The clinical and demographic characteris-
tics of the study population are shown in table 1. Of these
women, 217 (44.4%) underwent postpartum testing while
the remaining 272 (55.6%) were lost to follow-up. The
only statistically significant differences between women
with follow-up and those without were age and ethnicity
(table 2). Specifically, African women returned signifi-
cantly more often for postpartum oral glucose tolerance
test screening than Caucasian women. The percentages of
women with a postpartum oral glucose tolerance test were
107/285 (34.5%), 55/115 (47.8%) and 55/89 (61.8%) for
Caucasian, Asian and African women, respectively. As re-
gards the age-dependent effect, older women adhered bet-
ter to the proposed postpartum screening than younger
women. This was particularly true for Caucasian women
(with oral glucose tolerance test 34.1 years vs without oral
glucose tolerance test 32.2 years old, p = 0.007), while no
age difference was observed in Asian and African women
(with oral glucose tolerance test 31.8 years vs without oral
glucose tolerance test 30.7 years, p = 0.16). The median
[range] interval between the delivery and the postpartum
oral glucose tolerance test was 55 [49–90] days. In 71.9%
of the cases, follow-up was performed within 12 weeks of
delivery (Caucasian 71.0%, African 81.8%, Asian 63.6%),
and in 12.4% within 6 weeks postpartum.

Of the women who returned for postpartum screening, an
abnormal oral glucose tolerance test result was detected
in 59/217 (27.2%): 52/217 (24%) had dysglycaemia (im-
paired fasting glucose and/or impaired glucose tolerance)
and 7/217 (3.2%) women were diagnosed with overt dia-
betes mellitus.

To analyse factors associated with an increased risk for an
abnormal postpartum oral glucose tolerance test, we per-
formed univariate and multivariate analyses including age,
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obesity, family history of type 2 diabetes, personal history
of gestational diabetes mellitus and first trimester HbA1c
in the prediabetes range (≥5.7% and <6.5%). All patients
lacking a complete dataset (first trimester HbA1c, oral glu-
cose tolerance test values obtained during and after preg-
nancy or BMI) were excluded from this analysis (n = 132).
A postpartum abnormal oral glucose tolerance test was
associated with pre-pregnancy obesity and first trimester
HbA1c ≥5.7% (table 3). Additionally, to investigate the
diagnostic performance in predicting postpartum dysgly-
caemia, first trimester HbA1c and glucose levels obtained
from the oral glucose tolerance test during pregnancy were
compared between women with and without persistent
dysglycaemia after delivery. All values (HbA1c, fasting
plasma glucose, plasma glucose at 1 hour and 2 hours after
the oral glucose tolerance test) were significantly different
between the two groups, regardless of the aforementioned
HbA1c cutoff value of ≥5.7% used in the regression analy-
ses (table 4).

Discussion

Our results show that not even half of our study population
with gestational diabetes mellitus returned for postpartum
screening. This contrasts with the number of women who
follow the screening recommendations during pregnancy.
Indeed, since the introduction of the IADPSG criteria for
screening for gestational diabetes mellitus in Switzerland
in 2011, the prevalence has increased 3-fold [8, 14]. To
compare our results on adherence to postpartum testing
with those of others, we performed a PubMed search on
the existing literature with similar screening strategies dur-
ing that period. We found twelve studies, in which the
mean postpartum follow-up rate of women with gestational
diabetes mellitus was 49.5%, ranging individually from
17.0% to 92.9% [10, 11, 15–24]. Our percentage of adher-
ence to the postpartum oral glucose tolerance test screen-
ing is in line with that found in this short review of the
literature. Quaresima et al. reported that reasons for non-
compliance were misunderstood importance, oversight,

Table 1:
Clinical and demographic characteristics of the study population (n = 489). The results are presented as mean ± SD, or median (range), or n (%).

Clinical characteristics Results

Age at delivery, in years 32.2 ± 5.9

Caucasian 285 (58.3)

Asian 115 (23.5)

Ethnicity, n (%)

African 89 (18.2)

Parity 2 (1–3)

Nulliparous 133 (27.2)

Second pregnancy 142 (29.0)

Parity, n (%)

>2 pregnancies 214 (43.8)

History of gestational diabetes mellitus, n (%)* 64 (13.1)

Family history of diabetes, n (%) 94 (19.2)

Pre-pregnancy BMI, in kg/m2 26.9 ± 5.9

Pre-pregnancy BMI ≥30, n (%) 103 (21.1)

First trimester HbA1c, in % 5.5 ± 0.9

Insulin treatment, n (%) 236 (48.3)

Gestational age at delivery in weeks 38.6 ± 1.6

Spontaneous 228 (46.6)

Vaginal operative 52 (10.6)

Mode of delivery, n (%)

Caesarean section 209 (42.7)

Birth weight in g 3228 ± 305

Birth weight ≥4 kg, n (%) 28 (5.9)

Neonatal hypoglycaemia, n (%) 20 (4.2)

BMI: body mass index; HbA1c: glycosylated haemoglobin.

* 18% ≥1 previous pregnancy

Table 2:
Comparison of women with vs without follow-up oral glucose tolerance test screening in the postpartum period. The results are presented as mean ± SD, or median (range), or n
(%).

Characteristics Follow-up (n = 217) No follow-up (n = 272) p-value

Age, in years 32.9 ± 6.3 31.7 ± 5.6 0.02

BMI, in kg/m2 26.3 ± 5.9 26.2 ± 5.2 0.69

First trimester HbA1c, in % 5.2 ± 0.3 5.3 ± 0.3 0.48

Ethnicity <0.0001

…Caucasian, n (%) 107 (34.5) 178 (65.5)

…Asian, n (%) 55 (41.8) 60 (58.2)

…African, n (%) 55 (61.8) 34 (38.2)

Gestational age at delivery in weeks 38.7 ± 1.4 38.6 ± 1.8 0.64

Nulliparity, n (%) 81 (29.8) 52 (23.9) 0.15

Insulin treatment, n (%) 106 (48.8) 130 (47.8) 0.86

Caesarean section rate, n (%) 92 (42.4) 117 (43.0) 0.93

BMI: body mass index; HbA1c: glycosylated haemoglobin.
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newborn care, non-availability of test reservation in the
centre and – more concerning – discouragement by pri-
mary care physicians [24]. Postpartum proactive reminder
systems may increase the uptake of testing for type 2 di-
abetes in women with previous gestational diabetes melli-
tus. However, studies using SMS reminders after delivery
did not show a significant improvement in the rate of post-
partum screening [25, 26]. One of the main criticisms re-
ported by women was that the test was inconvenient and a
shorter one would be preferable [27].

Surprisingly, our findings show that younger Caucasian
women, in whom we would not expect communication
problems, were the least likely to attend for postpartum
screening. Although it is common knowledge that gesta-
tional diabetes mellitus poses a greater risk for type 2 dia-
betes in the future and despite the fact that non-compliance
factors have already been elucidated and attempts made to
overcome them, a tangible effect on the postpartum screen-
ing rate has not yet been seen.

In our ethnically diverse cohort, over one quarter of the
women who returned for screening had abnormal test re-
sults. Conversely, this means that we are missing many
young women and mothers who would benefit greatly
from early diagnosis and treatment such as lifestyle mod-
ifications or medications as well as surveillance to reduce
the harmful effects of a disturbed glucose homeostasis.

Our univariate and multivariate analyses revealed that first
trimester HbA1c ≥5.7% and obesity are each associated
with an abnormal postpartum oral glucose tolerance test.
By focusing and insisting on postpartum testing in at least
these high-risk women, we could make a core contribution
to the health of women and thus also of the family and
society in general. Amylidi et al. have shown that first
trimester HbA1c is of value in distinguishing pregnant
women at risk of developing gestational diabetes and lev-
els ≥6.0% (42 mmol/mol) are predictive of gestational di-
abetes mellitus during pregnancy [12]. It has been stated
that this information may be useful for counselling these
women and providing appropriate advice on diet and

lifestyle modification early in pregnancy. Our results add
additional support to first trimester gestational diabetes
mellitus screening using HbA1c as it could also be of value
in distinguishing those women at risk of persistent dysgly-
caemia. First trimester HbA1c as a screening tool for post-
partum dysglycaemia in women with gestational diabetes
mellitus during their pregnancy is – although statistically
significant – not outstanding and not better than the plasma
glucose values obtained from the third trimester oral glu-
cose tolerance test. However, the feasibility is more conve-
nient as it only requires one blood sample, does not need
prior fasting, is less time- and resource-consuming, and
could therefore easily be integrated into routine pregnancy
care and post-delivery screening. In the Swiss guidelines,
the use of HbA1c to exclude overt diabetes (>6.5%) has
been proposed as an alternative screening tool [8]. In our
cohort of women with postpartum dysglycaemia, 11.9%
(7/59) fulfilled the diagnostic criteria for overt diabetes
while 88.1% (52/59) had prediabetes using the oral glu-
cose tolerance test-based definitions. Further prospective
studies are needed to evaluate the practicability and pre-
dictive value of a postpartum 75 g oral glucose tolerance
test or HbA1c in screening not only for overt diabetes but
also other forms of dysglycaemia. To increase adherence
to this postpartum screening, the paediatrician could play a
key role. Indeed, in Switzerland regular newborn screening
is recommended at one week, and then at one, two, four,
six, nine and twelve months of life [28]. As the child is of-
ten accompanied by its mother, the opportunities to remind
the woman – or even for the paediatrician to perform the
postpartum screening – could be an interesting option that
should be further discussed. Furthermore, the motivational
support by midwives could be of utmost importance in in-
creasing screening adherence.

Our study has several strengths and limitations. The
strengths lie in a uniform screening method according to
current guidelines during and after pregnancy. Moreover,
the fact that our cohort is extracted from another study
[8] has given us the opportunity to investigate the role of

Table 3:
Univariate and multivariate logistic regression analyses of factors associated with abnormal postpartum oral glucose tolerance test (impaired fasting glucose / impaired glucose
tolerance / diabetes) at 1–3 months after delivery (n = 206). 283 patients did not perform the postpartum oral glucose tolerance test and therefore are not part of these analyses.
Multivariate models were carried out for variables reporting a p-value ≤0.01 in the univariate analysis.

Univariate analysis Multivariate analysis

OR (95% CI) p-value OR (95% CI) p-value

Age 1.03 (0.97–1.1) 0.206

BMI ≥30 kg/m2 (Yes vs No) 3.98 (1.62–9.75) 0.002 3.64 (1.41–9.37) 0.007

Family history of diabetes (Yes vs No) 0.56 (0.22–1.42) 0.22

History of gestational diabetes mellitus (Yes vs No) 3.07 (1.19–7.88) 0.01 1.97 (0.67–5.76) 0.21

First trimester HbA1c ≥5.7% (Yes vs No) 4.91 (1.88–12.82) 0.001 3.67 (1.28–10.52) 0.01

Table 4:
Comparison of first trimester HbA1c as well as fasting plasma glucose, 1 hour and 2 hours plasma glucose values from 75 g oral glucose tolerance test during pregnancy in
women with vs without persistent dysglycaemia postpartum. The results are presented as mean ± SD, or median (range).

Characteristics Dysglycaemia postpartum (n =
39)

No dysglycaemia postpartum (n =
95)

Area under the curve (95%
CI)

First trimester HbA1c, in % 5.47 ± 0.40 5.27 ± 0.36 0.63 (0.53–0.74)

Fasting plasma glucose, in mmol/l 5.30 (4.39–9.10) 5.10 (4.10–8.16) 0.68 (0.59–0.77)

Plasma glucose at 1 hour after oral glucose tolerance test, in
mmol/l

10.64 (6.93–17.19) 10.08 (4.10–13.90) 0.61 (0.52–0.71)

Plasma glucose at 2 hours after oral glucose tolerance test, in
mmol/l

8.26 (4.83–16.10) 7.77 (4.43–12.5) 0.61 (0.50–0.71)

95% CI: 95% confidence interval; HbA1c: glycosylated haemoglobin.
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first trimester glycosylated haemoglobin also after deliv-
ery. Furthermore, our study cohort consists of an ethnical-
ly broad spectrum, which gave us the possibility to also
investigate ethnic differences. However, our study is not
without limitations. Due to incomplete datasets, the analy-
ses could not be performed on the whole cohort. In addi-
tion, we have no sound information on why the women did
not return for postpartum testing. Furthermore, a selection
bias is possible due to the fact that all women were seen at
our tertiary care facility. Additionally, we had a high pro-
portion of non-Caucasian women who adhered to postpar-
tum screening. Women of Asian and African ethnicity have
a higher incidence of disturbances of glucose metabolism.
This could explain the relatively high number of dysgly-
caemia in postpartum screening in our study population.

In conclusion, a lot of work and multidisciplinary effort
is still required to increase adherence to screening mea-
sures after gestational diabetes mellitus in the short as well
as the long term. Our results may help to better identify
women at risk of persistent postpartum dysglycaemia or
even diabetes. Incorporating screening results already ob-
tained during pregnancy and a more comprehensive educa-
tion of these women and other healthcare providers, such
as paediatricians and midwives, could help to curb the in-
creasing burden of this metabolic disorder in our society.
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