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Aims. To evaluate the feasibility and efficacy of a gestational diabetes (GDM) recall register on the long-term screening uptake
postpartum and to evaluate the prevalence of prediabetes postpartum. Methods. Evaluation of a GDM recall register
implemented in 66 obstetrical centers in the northern part of Belgium from 2009 to 2016. Registrants receive yearly reminders
to have a fasting plasma glucose test in primary care to timely detect prediabetes. Results. After 6 years, 7269 women were
registered. The yearly response rates varied from 74.4% after the first year to 61.8% after the fifth year. The number of women
who reported a screening test varied from 67.4% after the first year to 71.9% after the fifth year. Compared to women who
responded at least once to a reminder, women who never responded were more often <30 years (41.4% versus 33.9%, p < 0 001)
and were more often obese (29.3% versus 20.8%, p ≤ 0 001). Over a period of 6 years, 7.3% (CI 6.0%–8.8%) developed diabetes
and 27.4% (CI 23.9%–31.0%) developed impaired fasting glycaemia. Conclusion. We show now the long-term feasibility and
efficacy of a GDM recall register to stimulate screening postpartum. One-third of women developed prediabetes within 6 years.

1. Introduction

Gestational diabetes (GDM) has been defined as “any degree
of glucose intolerance with onset or first recognition during
pregnancy,” but many associations recommend now to
screen for unknown diabetes at first prenatal visit (espe-
cially in women at risk) before a diagnosis of GDM can
be made [1, 2]. The incidence of GDM is rising globally, and
it represents an important modifiable risk factor for adverse

pregnancy outcomes such as macrosomia and preeclampsia
[3, 4]. Since 2013, theWHOrecommends theuse of the “Inter-
national Association of Diabetes and Pregnancy Study
Groups” (IADPSG) criteria for GDM [5]. Using the 2013
WHO criteria, GDM prevalence increases significantly in
most populations and affects 9–35% of pregnancies [6, 7].

Shortly after the delivery, glucose values generally nor-
malize again, but on the long term, women with a history
of GDM have a risk that is 7 times higher compared to
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women without a history of GDM to develop type 2 diabetes
[8]. Women with a history of GDM are also at increased risk
to develop the metabolic syndrome [9]. Timely detection of
glucose intolerance postpartum is important since progres-
sion to type 2 diabetes can be prevented with 50% by lifestyle
intervention and/or metformin therapy [10, 11]. The
American Diabetes Association (ADA) advises therefore to
screen women with a history of GDM between 6 and 12
weeks after the delivery using the 2-hour 75 g OGTT [1].
The ADA further advises that these women should have life-
long screening for the development of glucose intolerance, at
least every 3 years [1]. Due to the increasing prevalence of
GDM, a growing number of women will need long-term
follow-up postpartum to timely detect and treat glucose
intolerance. This is challenging due to the often low atten-
dance rates at screening tests postpartum and the need for
long-term follow-up programs in primary care [12–14].
Many studies have reported low postpartum testing rates in
routine clinical practice with only 30–50% of women with
recent GDM receiving a fasting plasma glucose (FPG) or
OGTT within one year after the delivery, and follow-up rates
after one year are often even lower [15–19]. Small studies
have shown that the use of reminders send to patients and/
or health care professionals can increase the postpartum
screening uptake [20]. However, very few studies have evalu-
ated the efficacy of reminders after the first year postpartum
[20, 21]. Large population-based reports are therefore needed
that evaluate long-term postpartum screening programs for
women with a history of GDM. Since 2009, the GDM recall
register, the “Sweet Pregnancy” project, has been established
in the northern part of Belgium (Flanders) [22]. This is cur-
rently the only system of long-term follow-up of women with
GDM in Belgium. Women registered in the project receive
annual reminders to have a FPG screening test in primary
care to timely detect glucose intolerance. We evaluated the
feasibility and efficacy of the GDM recall register on the
long-term screening uptake postpartum in Flanders. Addi-
tionally, we also report on the prevalence of diabetes and
impaired fasting glycaemia (IFG) in women registered in
the recall system over a period of max. 6 years, from October
2009 until October 2016.

2. Methods

In October 2009, the Diabetes Liga launched the GDM recall
register, the “Sweet Pregnancy” project [22]. The Diabetes
Liga is an independent Flemish association representing the
interests of diabetes patients and diabetes-related health care
professionals. The “Sweet Pregnancy” project is an auto-
mated recall register for women with a history of GDM and
is implemented in Flanders. The objective of the register is
to increase the awareness among women with GDM and
health care professionals on the long-term risks associated
with GDM and to stimulate screening postpartum. When
organizing the recall register, it was considered that the rec-
ommendation to have a yearly FPG control by the general
practitioner was more practical and achievable than recom-
mending an OGTT. An OGTT after one year postpartum
was therefore not actively promoted by the project. This

ongoing project is financed by the Flemish Government
and is coordinated by the Diabetes Liga with the support of
the Flemish association of family doctors and the Flemish
association of obstetricians and gynecologists.

2.1. Participants. Since October 2009, the “Sweet Pregnancy”
project was introduced to all 66 obstetrical centers in
Flanders. Belgium has a population of 11 million of which
12% are from an ethnic minority background. Of all Belgians,
6.4 million live in Flanders [23]. The background prevalence
of type 2 diabetes in Belgium is 6.5% [24]. The number of
deliveries in Flanders decreases progressively over time with
63877 deliveries in 2015. The mean age at delivery in Flan-
ders is 28.8 years, and 22.7% of pregnant women are over-
weight and 11.4% are obese [25].

There are currently no data on the general prevalence of
GDM in Flanders. A survey performed in 2013 has shown
that screening practices for GDM vary largely between cen-
ters [25, 26]. The most commonly used screening strategy
for GDM in Flanders is still a two-step approach with a
50 g glucose challenge test and 100 g OGTT with the Carpen-
ter and Coustan criteria for GDM, used by 56% of centers,
followed by the one-step screening strategy with the 75 g
OGTT using the 2013 WHO criteria for GDM, implemented
by 25% of centers [26].

2.2. Registration. Figure 1 gives an overview of the recruit-
ment and follow-up on the GDM recall register. Women with
GDM are invited to voluntarily enroll on the register shortly
after the diagnosis. During the recruitment, women are given
an information sheet, the registration form, and a prepaid
envelope. The completed registration form needs to be sent
to the project coordinator of the Diabetes Liga. Since 2013,
women can also register online. The registration form
includes an informed consent to register participants’ details
and requests personal contact information, contact details of
their family doctor and obstetrician, woman’s date of birth,
self-reported pregestational weight and length, who diag-
nosed GDM, and by whom and when the registration was
proposed. Consent is also given on this form for the partic-
ipant’s general practitioner and obstetrician to be informed
of their enrolment on the register. The general practitioner
is asked to provide active support for the project by com-
pleting a feedback sheet. Since April 2016, the diabetes team
also receives confirmation of the registration of women in
the project.

2.3. Follow-Up. The first recall function involves sending a
letter and email three months after the delivery to the regis-
trants (Figure 1). This letter provides information on the
importance of the prevention and early detection of diabetes.
In addition, registrants are asked to complete a feedback
sheet to check their contact details and to evaluate whether
they received a screening test for diabetes 6–12 weeks post-
partum. When the registrant indicates that a diagnosis of
diabetes was made, a letter is sent to indicate that she will
no longer receive annual reminders to perform a screening
test for diabetes.
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If no diabetes was diagnosed, subsequent reminder letters
and emails are sent to the registrants after 11 months and
yearly thereafter with the advice to visit the general practi-
tioner to check the FPG. The registrant is asked to send the
result of the FPG from each visit at the general practitioner
to the coordinator of the register. If no response was obtained
from the registrant after two months, an extra reminder is
sent by email and/or telephone to try to get a response. Due
to the large number of women registered in the project, since
April 2016, telephone calls for nonresponders have been
replaced by an automated SMS reminder except for the first
and fifth years after the registration where a telephone call
is still used. Nonresponders are defined as registrants who
have never returned a response sheet to the coordinator of
the register. To better promote a healthy lifestyle, since Janu-
ary 2016, registrants also receive 8 newsletters during the first
two years of the registration with lifestyle tips for the preven-
tion of type 2 diabetes.

The follow-up is stopped when the registrant cannot be
contacted anymore, when the registrant has asked to stop
the follow-up, or when the registrant has indicated that dia-
betes has been diagnosed. All data provided by the registrants
are stored in a secure database managed by the coordinator of
the project.

2.4. Categorization of Postpartum Glucose Testing Results.
Using the ADA criteria, we defined women with a
FPG< 100mg/dl as normal, 100–125mg/dl as IFG, and
≥126mg/dl as having diabetes [1].

2.5. Feedback and Benchmarking. To evaluate the evolution
of registrations and to provide feedback to the centers, an
overview of the number of registrations per center is pro-
vided anonymously every 6 months to each center. The
recruitment per center can thus be compared to other cen-
ters, and this provides valuable benchmarking. As part of

Women are registered at
GDM diagnosis by the
diabetes or obstetrical team 

Con�rmation letter of the registration is sent
to the participant, family doctor, obstetrician,
and diabetes team 

First reminder letter and email are sent 3 months a�er the
delivery to he participant

Participant returns feedback sheet with information on the screening
test performed 6-12 weeks a�er the delivery

Data from the feedback sheet from the participant are
entered into a secure database

Reminder letter and email are sent 11 months a�er the delivery and
therea�er a�er every year to the participant 

Participant returns feedback sheet with information
on the FPG performed 

Figure 1: Overview of the recruitment and follow-up on the GDM recall register. GDM: gestational diabetes; FPG: fasting plasma glucose.
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quality control, in 2014, an online survey was sent to 500 ran-
domly selected participants (100 women for each year of fol-
low-up) to evaluate the perceived usefulness of the reminders
to stimulate screening postpartum.

2.6. Statistical Analyses. The effectiveness of the GDM recall
register was evaluated by analyzing the recruitment to the
register, the proportion of women returning the feedback
sheet (the number of responders), and the proportion of
women reporting a screening test. Survival analysis tech-
niques for time-to-event outcomes were used to analyze dia-
betes and prediabetes. Outcomes were defined as the time
between delivery and the first assessment of prediabetes.
The cumulative risk of diabetes was estimated using the
Kaplan-Meier method, whereas for prediabetes estimation
was based on the cumulative incidence function. Diabetes
without earlier prediabetes was then considered as a compet-
ing risk. Patients without prediabetes were censored at the
last follow-up. The independent contribution of participant
characteristics was analyzed using Cox proportional hazard
models, competing risks being censored. The results are pre-
sented as hazard ratios (HR) with 95% confidence intervals.
The chi-square test was used to test the association between
responder/nonresponder and participant characteristics. A
p value of <0.05 (two tailed) was considered significant unless
stated otherwise. Analyses were performed using SAS soft-
ware (version 9.4).

3. Results

3.1. The Number of Registrations over Time and per Center.
Since the start of the register in October 2009, 7269 women
have registered. Yearly, more than 1000 women have regis-
tered in the register (Figure 2). Participation in the register
was generally similar across all provinces, with the highest
rates of registration in West Flanders and Limburg with,

respectively, 138 and 136 registrants per 100,000 inhabitants,
followed by Flemish Brabant and Antwerp with, respectively,
116 and 105 registrations per 100,000 inhabitants. The lowest
number of registration was seen in the province of East
Flanders with 71 registrations per 100,000 inhabitants. Of
all 66 centers, 35% (23) had more than 100 registrations.
Data on length and weight of the registrants were reported
in the feedback sheet by 97.2% of all registrants, and 94.3%
of all registrants provided contact details. The mean age of
the registrants was 32±4.8 years, 27.9% were overweight,
and 23.2% were obese. Of all obstetricians in Flanders, 76%
(511) came in contact with the project. Of all general practi-
tioners in Flanders, 39.3% (3323) came in contact with the
project and 69.4% (2307) of them indicated their active sup-
port for the project.

3.2. The Number of Responses and Screening Tests over Time.
Of all registrants, 84.4% (5465) responded to the letter sent
three months after the delivery and 58.8% (3215) of
responders indicated that they had received a screening test
to detect glucose intolerance in early postpartum and 2.8%
(91) reported to have diabetes based on the early postpartum
screening test. Table 1 gives an overview of the number of
responses and the number of responders who received a
screening test by each year of follow-up. The yearly response
rates varied from 74.4% after the first year to 61.8% after the
fifth year. The primary response rate before an extra
reminder was sent was 23.3% after the first year and 22.0%
after the fifth year. Of all responders, 67.4% reported a
screening test after the first year and 71.9% after the fifth
year. Table 2 gives an overview of the number of responses
and screening tests of all registrants who delivered before
October 2011 and received a yearly reminder during 5 con-
secutive years. Of all women who received a yearly follow-
up letter (1157) and were 5 years in follow-up in the register,
75.0% (868) received at least once a screening test, 60.6%
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Figure 2: Overview of the number of registrations per year in the register over the 7-year period.
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(701) received at least twice a screening test, 46.6% (539)
received at least three times a screening test, 34.0% (393)
received at least four times a screening test, and 18.3%
(212) of women received yearly a screening test over the
5-year period.

3.3. Survey among Registrants to Evaluate the Perceived
Usefulness of the Reminders. The survey had a response rate
of 26.4% (132), and 70.5% (93) of responders indicated that
the reminders were important to stimulate screening and that
without the reminder, they would not have visited their gen-
eral practitioner for a screening test.

3.4. The Characteristics of Nonresponders Compared to
Responders. Compared to women who responded at least
once to a reminder, women who never responded were more
often <30 years (41.1% versus 33.9%, p < 0 001) and were
more often obese (29.3% versus 20.8%, p = < 0 001).

3.5. The Number of Responders with (Pre)diabetes over Time.
The cumulative risk after 1 year for diabetes and IFG was,
respectively, 3.1% (CI 2.6%–3.7%) and 3.4% (CI 2.9%–
4.1%). After 3 years, the cumulative risk for diabetes and
IFG was, respectively, 5.2% (CI 4.5%–6.1%) and 14.5% (CI
13.1%–16.0%) and after 6 years, the cumulative risk for dia-
betes and IFG increased to, respectively, 7.3% (CI 6.0%–
8.8%) and 27.4% (CI 23.9%–31.0%) (Figure 3).

3.6. Predictors for Prediabetes. In the univariable analyzes,
predictors for diabetes and prediabetes were increasing age,
BMI, and waist circumference, and for diabetes also the fact
that women received a screening test within 3 months after
the delivery (Table 3(a)). In the multivariable analyzes, age
and BMI remained independent predictors for diabetes and

prediabetes and for prediabetes, waist circumference was also
an independent predictor (Table 3(b)).

4. Discussion

Although there is a general consensus that timely detection
and treatment of glucose intolerance after the delivery in
women with GDM is important, postpartum testing rates
in normal routine are often very low [15–19]. In our register,
of all responders, only 58.8% indicated that they received a
screening test within three months after the delivery. This is
a missed opportunity to timely identify and treat high-risk
women for glucose intolerance. Small studies have shown
that the use of reminders sent to patients and/or health pro-
fessionals can increase the postpartum screening uptake [20].
However, very few studies have evaluated the efficacy of
reminders after the first year postpartum [20, 21]. We show
now the feasibility and efficacy of a GDM recall register
implemented across 66 centers in Flanders (Belgium). The
response rate was the highest after the first year of follow-
up but after 5 years, nearly 62% still responded to the
reminder. The screening rates remained generally stable over
the years and varied from 62.1% to 71.9%. We provide now
the first data of the successful use of a GDM recall register
on the long term to stimulate screening postpartum. More-
over, we show now that the register is widely implemented
in a large region as part of normal routine care. However, it
remains challenging to stimulate women to get a yearly
screening test since only 18.3% of women with 5 years of
follow-up in the register reported a screening test every year.

A recent systematic review including 6 studies has shown
that both reminder systems send to patients and/or health
care professionals are successful in increasing postpartum
screening rates with a glucose test performed in 50–71% of

Table 1: An overview of the number of responders and screening tests per year of follow-up.

1 year of
follow-up

2 years of
follow-up

3 years of
follow-up

4 years of
follow-up

5 years of
follow-up

The number of yearly reminders sent 4765 3561 2482 1557 542

Number of responders (%) 3547 (74.4%) 2419 (67.9%) 1542 (62.1%) 877 (60.2%) 335 (61.8%)

Number of responders who received
a screening test (%)

2390 (67.4%) 1502 (62.1%) 1060 (68.7%) 612 (69.8%) 241 (71.9%)

Number with diabetes 104 26 15 3 0

The number of responders is the number of registrants who returned a response sheet. The number of responders who received a screening test is the number of
responders who have indicated that they received a screening test in primary care in the past year. The number with diabetes is based on self-reporting of the test
between 6 and 12 weeks postpartum and based on self-reporting of the screening tests received after 1 year.

Table 2: An overview of the number of responders and screening tests of all registrants who received a yearly reminder during 5 consecutive
years.

Follow-up
year 1

Follow-up
year 2

Follow-up
year 3

Follow-up
year 4

Follow-up
year 5

Number of women who received a follow-up letter 1370 1202 1273 1221 1157

Number of responders (%) 1128 (82.3%) 913 (76.0%) 848 (66.6%) 737 (60.4%) 686 (59.3%)

Number of responders who received a screening test (%) 748 (66.3%) 586 (64.2%) 575 (67.8%) 524 (71.1%) 489 (71.3%)

The number of responders is the number of registrants who returned a response sheet. The number of responders who received a screening test is the number of
responders who have indicated that they received a screening test in primary care in the past year.
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women. However, the evidence is very limited for long-term
effects past the first year postpartum [20]. Reminders by tele-
phone seem to be more effective than letters, and with more
frequent reminders, more women will undergo a follow-up
visit over time [20]. The response rate to the reminders was
markedly higher (between 60.2% and 74.4%) in our register
compared to the South Australian GDM recall register where
68.4% of women with GDM registered but only 46.4%
returned the update form [21]. In the South Australian
GDM recall register, women who did not respond to a
reminder letter were not followed up for a response while
our register did not only use annual reminders by letters
and email but if needed, additional email, telephone, or
SMS reminders were used to increase the response rate
[21]. By using extra reminders, the response rates increased
importantly in our register. There is currently only one
RCT in women with GDM that evaluated the use of
reminders to increase screening with an OGTT within 1 year
after the delivery. The study showed that postal reminders
send to patients or physicians alone or send to both patients
and physicians increased screening rates from 14.3% to
51.6%–60.5% [27]. The highest screening rate postpartum
(60.5%) was seen in the combined patient/physician group
[27]. However, when this reminder system was implemented
into routine care, screening rates postpartum only increased
to 28% [28]. Although we have no data on the long-term
screening uptake postpartum before the use of the register
in Belgium, many studies have shown a long-term screening
uptake of max. 20% in normal routine [18, 19]. A survey
among participants has shown that for many women, the
reminders were perceived very useful to stimulate screening.
Our data highlight therefore that our GDM recall register
implemented in routine clinical care is feasible with sustained
high registration and response rates.

Age and BMI of registrants were similar as previously
reported in women with GDM from two large Flemish hos-
pitals, but the register does not have any data on ethnicity or
the socioeconomic status of the participants [29]. Compared
to women who responded at least once to a reminder,
women who never responded to a reminder in our register
were more often <30 years and were more often obese.
Younger women may underestimate their risk to develop
glucose intolerance while women with a higher risk profile
such as obese women are often difficult to engage in screen-
ing programs [30, 31]. It has been shown that the nonatten-
dance rate at the postpartum OGTT is particularly high in
women from an ethnic minority background and women
with an adverse metabolic profile [30, 31]. These women
have often the highest risk to develop glucose intolerance
postpartum, and more efforts are clearly needed to stimulate
these women to attend the postpartum screening tests [31].
Important barriers to postpartum screening are the lack of
patient attendance, most often due to time pressure, clini-
cians’ perception that screening guidelines are inconsistent,
lack of documentation of GDM in the medical file, and poor
communication between obstetricians and primary care pro-
viders [12–14, 32]. Studies have shown that predictors of
higher screening rates include older age, nulliparity, and
higher income and education. Women who received prena-
tal care, women who needed insulin during pregnancy or
who came to the 6-week postpartum visit, were also more
likely to receive screening [13, 14, 32]. This might explain
why women who received a screening test in early postpar-
tum in our register were more likely to develop diabetes over
time as women who adhere better to early postpartum
screening might also adhere better to follow-up screening.

Prevalence of glucose intolerance after the delivery in
women with GDM varies according to the population
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studied and how women with GDMwere identified. We have
previously shown that in a large university center in Flanders,
about 44% of women with GDM diagnosed by a two-step
approach with the Carpenter and Coustan criteria or the
2013 WHO criteria for GDM had glucose intolerance based
on the 75 g OGTT three months after the delivery [30, 31].
On the long term, studies have shown that 16–50% of women
with GDM develop type 2 diabetes [8, 13, 33, 34]. Our data
show now that over a period of 6 years, 27.4% of all
responders developed IFG and 7.3% developed diabetes.

The Flemish guideline for the diagnosis and treatment of
type 2 diabetes recommends a FPG as screening test instead
of an OGTT because this is more feasible to perform in pri-
mary care [35]. The “Sweet Pregnancy” project chose there-
fore a practical approach for follow-up in primary care with
a FPG as screening test. The FPG may be more acceptable
to women because it requires less time, which in turn might

increase the attendance rates at screening tests and increase
the long-term follow-up postpartum. However, many studies
have shown that by only using a FPG, a substantial number
of women can be missed with diabetes or impaired glucose
tolerance [13, 17, 30, 31]. Moreover, a simulation showed
that when annual, biannual, or every 3-year screening strate-
gies were utilized, OGTTs resulted in lower costs per case
detected than FPG or HbA1c [36]. It is therefore very likely
that the currently reported prevalence of glucose intolerance
with the register is an underestimation. The ADA recom-
mends lifelong screening for the development of glucose
intolerance, at least every 3 years. When glucose intolerance
is found, the frequency of screening should be increased to
at least annually [37]. However, the ADAmakes no clear rec-
ommendation as to which test should be used (HbA1c, FPG,
or 2 h 75 g OGTT) since the ADA considers that there is
insufficient evidence to recommend one test over the other

Table 3: Predictors for diabetes and prediabetes.

(a) Results of univariable analyses

Variable Contrast
Diabetes Diabetes

p value
Prediabetes Prediabetes

p value
Hazard ratio (95% CI) Hazard ratio (95% CI)

Contrast Global Contrast Global

Age category (years)

30–40 versus <30 1.40 (0.98 : 2.00) 0.0646 0.0032 1.10 (0.88 : 1.36) 0.4049 <0.0001
>40 versus <30 2.53 (1.48 : 4.33) 0.0007 — 2.08 (1.47 : 2.93) <0.0001 —

>40 versus 30–40 1.81 (1.12 : 2.91) 0.0151 — 1.90 (1.39 : 2.60) <0.0001 —

BMI category (kg/m2)

25–30 versus <25 1.83 (1.28 : 2.61) 0.0009 <0.0001 1.94 (1.54 : 2.44) <0.0001 <0.0001
>30 versus <25 2.33 (1.61 : 3.38) <0.0001 — 2.77 (2.20 : 3.48) <0.0001 —

>30 versus 25–30 1.28 (0.88 : 1.86) 0.2042 — 1.43 (1.13 : 1.81) 0.0032 —

WC category (cm)

80–88 versus <80 0.63 (0.14 : 2.94) 0.5594 0.0462 1.01 (0.68 : 1.50) 0.9515 <0.0001
>88 versus <80 2.47 (0.79 : 7.74) 0.1208 — 2.39 (1.76 : 3.23) <0.0001 —

>88 versus 80–88 3.90 (1.14 : 13.39) 0.0304 — 2.36 (1.70 : 3.26) <0.0001 —

Support GP Yes 1.09 (0.74 : 1.62) — 0.6617 1.23 (0.96 : 1.57) — 0.1076

Received screening
in early postpartum

Yes 3.07 (2.18 : 4.31) — <0.0001 1.06 (0.88 : 1.27) — 0.5363

WC: waist circumference; support GP: general practitioner confirmed active support for the recall register; received screening in early postpartum: between 6
and 12 weeks after the delivery; HR: hazard ratio; CI: confidence interval; p values: global for the variable as a whole; contrast for difference between 2 categories;
HR > (<)1 means higher (lower) risk for the first category.

(b) Results of multivariable model

Variable Contrast
Diabetes Diabetes

p value
Prediabetes Prediabetes

p value
Hazard ratio (95% CI) Hazard ratio (95% CI)

Contrast Global Contrast Global

Age category (years)

30–40 versus <30 2.41 (0.67 : 8.69) 0.1799 0.0195 1.18 (0.89 : 1.58) 0.2506 0.0388

>40 versus <30 6.75 (1.64 : 27.85) 0.0082 — 1.84 (1.15 : 2.93) 0.0108 —

>40 versus 30–40 2.81 (1.06 : 7.41) 0.0373 — 1.55 (1.02 : 2.36) 0.0396 —

BMI category (kg/m2)

25–30 versus <25 6.01 (2.42 : 14.92) 0.0001 <0.0001 1.55 (1.09 : 2.21) 0.0145 0.0001

>30 versus <25 8.19 (2.92 : 23.01) <0.0001 — 2.30 (1.57 : 3.37) <0.0001 —

>30 versus 25–30 1.36 (0.56 : 3.31) 0.4935 — 1.48 (1.08 : 2.03) 0.0152 —

WC category (cm)

80–88 versus <80 0.37 (0.10 : 1.32) 0.1252 0.2203 0.88 (0.59 : 1.32) 0.5414 0.0380

>88 versus <80 0.59 (0.25 : 1.38) 0.2220 — 1.41 (0.95 : 2.11) 0.0906 —

>88 versus 80–88 1.61 (0.43 : 6.06) 0.4822 — 1.61 (1.10 : 2.34) 0.0133 —

WC: waist circumference; HR: hazard ratio; CI: confidence interval; p values: global for the variable as a whole; contrast for difference between 2 categories;
HR > (<)1 means higher (lower) risk for the first category.

7International Journal of Endocrinology



[1]. Studies evaluating the use of HbA1c alone or in combina-
tion with FPG to diagnose glucose intolerance in women
who have had GDM show conflicting results with sensitivity
rates of HbA1c and FPG combined ranging from 83.0% to
90.0% [38, 39]. We have no data on HbA1c in our register.

The most important risk factors to develop glucose
intolerance in early postpartum differ according to the pop-
ulations studied [40]. Maternal age, prepregnancy weight,
early GDM diagnosis, pharmaceutical treatment during
pregnancy, and the FPG on the diagnostic OGTT during
pregnancy often emerge as important risk factors for glu-
cose intolerance postpartum [17, 40, 41]. This is in line with
our data showing that women with a higher age, BMI, and
waist circumference had the highest risk for glucose intoler-
ance postpartum.

Strengths of our register are the large number of partici-
pating centers across a large region with a long follow-up.
The recall register is widely implemented, and nonre-
sponders receive systematically a new reminder by email,
telephone, or SMS. Limitations are the limited clinical data
in the register, and the data obtained are self-reported by
the registrants. Self-reporting of screening tests might have
overestimated the screening uptake postpartum due to selec-
tion of the most engaged women [32]. Due to the lack of
uniformity on screening for GDM in Flanders, there are dif-
ferences between centers in how women with GDM were
diagnosed. We could also not evaluate whether the missed
tests are due to lack of order by the doctor or because women
did not visit the doctor. From the group of registrants who
did not respond, we have no information on whether or
not they received a screening test. As we have no data on
women who were not offered registration or did not want
to register, we do not have a control group to compare the
efficacy of reminders with on screening uptake postpartum.
For future research, the database should be extended with
data on the socioeconomic status and the ethnicity of regis-
trants. Linking the register to the general electronic health
record will be an important step to collect and validate more
data on the registrants.

In conclusion, we show now the long-term feasibility and
efficacy of a GDM recall register implemented as part of nor-
mal routine in a large region to stimulate screening postpar-
tum. One-third of women developed prediabetes within 6
years based on the FPG. However, more research is necessary
to better understand how to engage and stimulate high-risk
women to respond.

Conflicts of Interest

The authors have no conflicts of interest concerning thiswork.

Authors’ Contributions

All authors contributed to the conception of the manuscript.
Sabine Verstraete performed the data collection. Katrien
Benhalima drafted the article, and all authors revised it criti-
cally for important intellectual content. All authors approved
the final version to be published. Katrien Benhalima is the
guarantor of this work.

Acknowledgments

Katrien Benhalima is the recipient of a Clinical Doctoral
Scholarship of the “Clinical Research fund” UZ Leuven, and
Roland Devlieger is the recipient of a “Fundamenteel
Klinisch Navorserschap FWO Vlaanderen.” The “Sweet
Pregnancy” project is funded by the Flemish Government.
The authors thank statistician Annouschka Laenen for ana-
lyzing the data under the supervision of Katrien Benhalima.

References

[1] American Diabetes A, “2. Classification and diagnosis of diabe-
tes,”Diabetes Care, vol. 39, Supplement 1, pp. S13–S22, 2016.

[2] I. Blumer, E. Hadar, D. R. Hadden et al., “Diabetes and
pregnancy: an endocrine society clinical practice guideline,”
The Journal of Clinical Endocrinology and Metabolism,
vol. 98, pp. 4227–4249, 2013.

[3] C. A. Crowther, J. E. Hiller, J. R. Moss et al., “Effect of treat-
ment of gestational diabetes mellitus on pregnancy outcomes,”
The New England Journal of Medicine, vol. 352, pp. 2477–2486,
2005.

[4] M. B. Landon, C. Y. Spong, E. Thom et al., “A multicenter,
randomized trial of treatment for mild gestational diabetes,”
The New England Journal of Medicine, vol. 361, pp. 1339–
1348, 2009.

[5] Organization TWH, The World Health Organization Guideline
2013. Diagnostic Criteria and Classification of Hyperglycaemia
First Detected in Pregnancy, Domus Medica, Antwerp, Belgium,
2013.

[6] D. A. Sacks, D. R. Hadden, M. Maresh et al., “Frequency of
gestational diabetes mellitus at collaborating centers based
on IADPSG consensus panel-recommended criteria: the
Hyperglycemia and Adverse Pregnancy Outcome (HAPO)
Study,” Diabetes Care, vol. 35, pp. 526–528, 2012.

[7] A. Duran, S. Saenz, M. J. Torrejon et al., “Introduction of
IADPSG criteria for the screening and diagnosis of gestational
diabetes mellitus results in improved pregnancy outcomes
at a lower cost in a large cohort of pregnant women: the
St. Carlos Gestational Diabetes Study,” Diabetes Care, vol. 37,
pp. 2442–2450, 2014.

[8] L. Bellamy, J. P. Casas, A. D. Hingorani, and D. Williams,
“Type 2 diabetes mellitus after gestational diabetes: a
systematic review and meta-analysis,” Lancet, vol. 373,
pp. 1773–1779, 2009.

[9] Y. Xu, S. Shen, L. Sun, H. Yang, B. Jin, and X. Cao, “Metabolic
syndrome risk after gestational diabetes: a systematic review
and meta-analysis,” PloS One, vol. 9, article e87863, 2014.

[10] R. E. Ratner, C. A. Christophi, B. E. Metzger et al., “Prevention
of diabetes in women with a history of gestational diabetes:
effects of metformin and lifestyle interventions,” The
Journal of Clinical Endocrinology and Metabolism, vol. 93,
pp. 4774–4779, 2008.

[11] V. R. Aroda, C. A. Christophi, S. L. Edelstein et al., “The effect
of lifestyle intervention and metformin on preventing or
delaying diabetes among women with and without gestational
diabetes: the Diabetes Prevention Program Outcomes Study
10-year follow-up,” The Journal of Clinical Endocrinology
and Metabolism, vol. 100, pp. 1646–1653, 2015.

[12] E. Keely, H. Clark, A. Karovitch, and I. Graham, “Screening for
type 2 diabetes following gestational diabetes: family physician

8 International Journal of Endocrinology



and patient perspectives,” Canadian Family PhysicianMedecin
de Famille Canadien, vol. 56, pp. 558–563, 2010.

[13] A. Tovar, L. Chasan-Taber, E. Eggleston, and E. Oken, “Post-
partum screening for diabetes among women with a history
of gestational diabetes mellitus,” Preventing Chronic Disease,
vol. 8, article A124, 2011.

[14] K. K. Nielsen, A. Kapur, P. Damm, M. de Courten, and I. C.
Bygbjerg, “From screening to postpartum follow-up - the
determinants and barriers for gestational diabetes mellitus
(GDM) services, a systematic review,” BMC Pregnancy and
Childbirth, vol. 14, p. 41, 2014.

[15] P. M. Dietz, K. K. Vesco, W. M. Callaghan et al., “Postpartum
screening for diabetes after a gestational diabetes mellitus-
affected pregnancy,” Obstetrics and Gynecology, vol. 112,
pp. 868–874, 2008.

[16] A. Ferrara, T. Peng, and C. Kim, “Trends in postpartum
diabetes screening and subsequent diabetes and impaired
fasting glucose among women with histories of gestational
diabetes mellitus: a report from the Translating Research
Into Action for Diabetes (TRIAD) study,” Diabetes Care,
vol. 32, pp. 269–274, 2009.

[17] J. M. Lawrence, M. H. Black, J. W. Hsu, W. Chen, and D. A.
Sacks, “Prevalence and timing of postpartum glucose testing
and sustained glucose dysregulation after gestational diabetes
mellitus,” Diabetes Care, vol. 33, pp. 569–576, 2010.

[18] B. R. Shah, L. L. Lipscombe, D. S. Feig, and J. M. Lowe, “Missed
opportunities for type 2 diabetes testing following gestational
diabetes: a population-based cohort study,” BJOG: An
International Journal of Obstetrics and Gynaecology, vol. 118,
pp. 1484–1490, 2011.

[19] A. McGovern, L. Butler, S. Jones et al., “Diabetes screening
after gestational diabetes in England: a quantitative retrospec-
tive cohort study,” The British Journal of General Practice: The
Journal of the Royal College of General Practitioners, vol. 64,
pp. e17–e23, 2014.

[20] C. Jeppesen, J. K. Kristensen, P. Ovesen, and H. T. Maindal,
“The forgotten risk? A systematic review of the effect of
reminder systems for postpartum screening for type 2 diabetes
in women with previous gestational diabetes,” BMC Research
Notes, vol. 8, p. 373, 2015.

[21] C. R. Chittleborough, K. L. Baldock, A. W. Taylor et al., “Long-
term follow-up of women with gestational diabetes mellitus:
the South Australian gestational diabetes mellitus recall
register,” The Australian & New Zealand Journal of Obstetrics
& Gynaecology, vol. 50, pp. 127–131, 2010.

[22] S. M. F. Verstraete, K. Benhalima, K. Decochez et al., “Wat na
zwangerschapsdiabetes? Resultaten uit het project Zoet Zwan-
ger,” HuisartsNu, vol. 44, pp. 64–68, 2015.

[23] 2016 SB, “Statistics Belgium,” 2016, May 2016, Htpp://stat
bel.fgov.be/nl/statistieken/cijfers/bevolking/structuur.

[24] Atlas ID, IDF Diabetes Atlas In, 2015.

[25] R. M. E. Devlieger, G. Martens, C. Van Mol, and H. Cammu,
“Perinatale activiteiten in Vlaanderen 2015,” SPE Jaarrapport
2015, (SPE) VSvPE, Ed., SPE, Brussels, Belgium, 2015.

[26] K. Benhalima, P. Van Crombrugge, R. Devlieger et al.,
“Screening for pregestational and gestational diabetes in
pregnancy: a survey of obstetrical centers in the northern
part of Belgium,” Diabetology & Metabolic Syndrome,
vol. 5, p. 66, 2013.

[27] H. D. Clark, I. D. Graham, A. Karovitch, and E. J. Keely, “Do
postal reminders increase postpartum screening of diabetes

mellitus in women with gestational diabetes mellitus? A ran-
domized controlled trial,” American Journal of Obstetrics and
Gynecology, vol. 200, no. 634, pp. e631–e637, 2009.

[28] A. K. Shea, B. R. Shah, H. D. Clark et al., “The effectiveness
of implementing a reminder system into routine clinical
practice: does it increase postpartum screening in women
with gestational diabetes?” Chronic Diseases in Canada,
vol. 31, pp. 58–64, 2011.

[29] K. Benhalima, K. Robyns, P. Van Crombrugge et al., “Differ-
ences in pregnancy outcomes and characteristics between
insulin- and diet-treated women with gestational diabetes,”
BMC Pregnancy and Childbirth, vol. 15, p. 271, 2015.

[30] K. Benhalima, L. Leuridan, P. Calewaert, R. Devlieger, J.
Verhaeghe, and C. Mathieu, “Glucose intolerance after a
recent history of gestational diabetes,” International Journal
of Endocrinology, vol. 2014, Article ID 727652, 2014.

[31] K. Benhalima, K. Jegers, R. Devlieger, J. Verhaeghe, and C.
Mathieu, “Glucose intolerance after a recent history of
gestational diabetes based on the 2013 WHO criteria,” PloS
One, vol. 11, article e0157272, 2016.

[32] M. K. Morrison, C. E. Collins, and J. M. Lowe, “Postnatal
testing for diabetes in Australian women following gestational
diabetes mellitus,” The Australian & New Zealand Journal of
Obstetrics & Gynaecology, vol. 49, pp. 494–498, 2009.

[33] M. Ekelund, N. Shaat, P. Almgren, L. Groop, and K. Berntorp,
“Prediction of postpartum diabetes in women with gestational
diabetes mellitus,” Diabetologia, vol. 53, pp. 452–457, 2010.

[34] G. Chodick, U. Elchalal, T. Sella et al., “The risk of overt
diabetes mellitus among women with gestational diabetes: a
population-based study,” Diabetic Medicine: A Journal of the
British Diabetic Association, vol. 27, pp. 779–785, 2010.

[35] H. B. Philip Koeck, K. Benhalima, H. Cloetens et al., “Richtlijn
voor goedemedische praktijkvoering: diabetes mellitus type 2,”
D.Medica, Ed.,DomusMedica,Antwerpen, Belgium, 2015.

[36] C. Kim, W. H. Herman, and S. Vijan, “Efficacy and cost of
postpartum screening strategies for diabetes among women
with histories of gestational diabetes mellitus,” Diabetes Care,
vol. 30, pp. 1102–1106, 2007.

[37] T. A. Buchanan and K. A. Page, “Approach to the patient with
gestational diabetes after delivery,” The Journal of Clinical
Endocrinology and Metabolism, vol. 96, pp. 3592–3598, 2011.

[38] M. W. O'Reilly, G. Avalos, M. C. Dennedy, E. P. O'Sullivan,
and F. Dunne, “Atlantic DIP: high prevalence of abnormal
glucose tolerance post partum is reduced by breast-feeding in
women with prior gestational diabetes mellitus,” European
Journal of Endocrinology/European Federation of Endocrine
Societies, vol. 165, pp. 953–959, 2011.

[39] M. J. Picon, M. Murri, A. Munoz, J. C. Fernandez-Garcia, R.
Gomez-Huelgas, and F. J. Tinahones, “Hemoglobin A1c versus
oral glucose tolerance test in postpartum diabetes screening,”
Diabetes Care, vol. 35, pp. 1648–1653, 2012.

[40] L. Leuridan, J. Wens, R. Devlieger, J. Verhaeghe, C. Mathieu,
and K. Benhalima, “Glucose intolerance in early postpartum
in women with gestational diabetes: who is at increased risk?”
Primary Care Diabetes, vol. 9, pp. 244–252, 2015.

[41] K. Baptiste-Roberts, B. B. Barone, T. L. Gary et al., “Risk
factors for type 2 diabetes among women with gestational
diabetes: a systematic review,” The American Journal of
Medicine, vol. 122, pp. 207–214, 2009, e204.

9International Journal of Endocrinology


	Implementing a Reminder System in the Northern Part of Belgium to Stimulate Postpartum Screening for Glucose Intolerance in Women with Gestational Diabetes: The “Sweet Pregnancy” Project
	1. Introduction
	2. Methods
	2.1. Participants
	2.2. Registration
	2.3. Follow-Up
	2.4. Categorization of Postpartum Glucose Testing Results
	2.5. Feedback and Benchmarking
	2.6. Statistical Analyses

	3. Results
	3.1. The Number of Registrations over Time and per Center
	3.2. The Number of Responses and Screening Tests over Time
	3.3. Survey among Registrants to Evaluate the Perceived Usefulness of the Reminders
	3.4. The Characteristics of Nonresponders Compared to Responders
	3.5. The Number of Responders with (Pre)diabetes over Time
	3.6. Predictors for Prediabetes

	4. Discussion
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

