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Abstract

Aims Women who had gestational diabetes mellitus

(GDM) have a high risk of type 2 diabetes mellitus

(T2DM) in the years following pregnancy. Most follow-up

screening studies have been conducted in limited geo-

graphical areas leading to large variability in the results.

The aim of our investigation was to measure how the

publication of guidelines affected early screening for

T2DM after a pregnancy with GDM during the period

2007–2013, in France.

Methods We conducted a retrospective cohort study in

a representative sample of 1/97th of the French popu-

lation using data from the ‘‘National Health Insurance

Inter-Regime Information System,’’ which collects

individual hospital and non-hospital data for healthcare

consumption.

Results The sample included 49,080 women who gave

birth in 2007–2013. In the following 3 months, only

18.49% of women with GDM had an oral glucose tolerance

test or a blood glucose test in 2007. This rate had not

significantly increased in 2013 (p = 0.18). The proportion

of women with GDM who had the recommended glycemic

follow-up at 3 months (20.30 vs. 21.58%, p = 0.19) and

6 months (32.48 vs. 37.16%, p = 0.08) was not signifi-

cantly different before the guidelines (2008–2009) and

after the guidelines (2012–2013). At 12 months, the dif-

ference was significant (46.77 vs. 54.05%, p = 0.009).

Conclusion Postpartum screening has improved only

slightly since the guidelines and remains largely insuffi-

cient, with less than 25% of women with GDM screened in

the first 3 months. In the first year after delivery, less than

60% of women were screened for T2DM.

Keywords Gestational diabetes mellitus � Type 2 diabetes

mellitus � Guidelines � Screening � Glucose test

Aims

The prevalence of gestational diabetes mellitus (GDM) is

similar in most high-income countries. In 2010, in the

United States of America, 9.2% of pregnancies were

complicated by GDM [1]. In 2011, in Europe, GDM was

estimated at 2–6% [2], and it currently complicates about

8% of pregnancies in France [3].

GDM carries an immediate risk of adverse maternal,

fetal and neonatal outcomes [4], and in the years following

pregnancy, women who had GDM have a high risk of

developing Type 2 Diabetes Mellitus (T2DM) [5–8].
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Bourgogne Franche-Comté, 21000 Dijon, France

5 Services de Diabétologie et Endocrinologie, CHRU Dijon,

21000 Dijon, France

6 INSERM, CIC 1432, Dijon University Hospital, Clinical

Investigation Center, Clinical Epidemiology/Clinical Trials

Unit, 21000 Dijon, France

7 Biostatistics, Biomathematics, Pharmacoepidemiology and

Infectious Diseases (B2PHI), INSERM, UVSQ, Institut
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Without intervention, most women develop T2DM within

the first 10 years postpartum. Finally, 70% of women

affected by GDM experience the emergence of T2DM in

the 28 years postpartum [5]. The first years after pregnancy

are essential as T2DM screening will not be proposed if

women have no other risk factors and as T2DM is often

diagnosed when major diabetes complications appear [9].

Early screening could reduce this late diagnosis. At the

individual level, screening is important for initiating both

drug therapy and the lifestyle interventions necessary to

manage diabetes or impaired glucose tolerance [10]. Dia-

betes screening is also important for the performance of

health systems. Appropriate screening leads to efficient

prevention, which may help to diminish the human and

financial burden of the unceasing increase in the incidence

of diabetes.

Since the early 2000s, most high-income countries

(Scotland in 2010, Denmark in 2009, UK-NICE in 2008,

Italy in 2007, USA-ADA in 2003) have issued guidelines

about the frequency of diabetes mellitus screening for

women with a history of GDM [8, 11–14]. In 2010, the

French guidelines also recommended T2DM screening,

which should be performed at 6–10 weeks postpartum and

every 1–3 years thereafter, depending on the risk factors

[15].

Screening for diabetes following a pregnancy affected

by GDM is generally reported to be low. Most follow-up-

screening studies have been conducted in limited geo-

graphical areas leading to large variability in screening

rates, which range from 6 to 80% [16–24]. To our

knowledge, no study has been conducted using data for the

overall population of large countries. Moreover, no study

has assessed the evolution of screening for diabetes mel-

litus following the publication of guidelines. We hypoth-

esized that the publication of guidelines would lead to an

improvement in T2DM screening.

The aim of our study was to measure how the publica-

tion of updated guidelines in December 2010 affected early

screening for T2DM after a pregnancy with GDM in

France.

Methods

The principle of this retrospective cohort study was to

examine data for women with GDM from 2007 to 2013.

Our study involved a representative sample of 1/97th of the

French population. This sample was made available for

approved studies, from the ‘‘National Health Insurance

Inter-Regime Information System’’ (SNIIRAM) which

collects individual hospital and non-hospital data for

healthcare consumption. These data correspond to auto-

matically recorded healthcare consumption. Each

biological test, treatment, medical transport or any other

consumption is reimbursed by the French health insurance

agency and therefore recorded in SNIIRAM.

These data include all types of mandatory health

insurance systems (the main health insurance, health

insurance for agricultural workers and farmers, for the self-

employed and 12 other specific health insurance schemes)

covering more of 90% of French population, and our

sample includes the main types of mandatory health

insurance (the main health insurance, health insurance for

agricultural workers and farmers, and the self-employed)

covering more than 86% of the French population. The

SNIIRAM sample was constructed at the national level, by

the French health insurance agency, which manages its

representativity. It was drawn randomly from a check digit

of the beneficiary’s identification number.

Hospital data came from all public and private hospitals.

These data are grouped in a national database called ‘‘The

French Medical Information System Program in Medicine,

Surgery and Obstetrics’’ (PMSI-MCO), before being

transmitted and included in the SNIIRAM. To ensure the

quality of hospital data, various quality control procedures

were carried out on samples a posteriori by the Medical

Information Departments of each healthcare establishment

and by territorial medical inspectors, in accordance with a

legislative text. For 20 years, hospital data have been used

for medical research purposes and the quality of the French

hospital database has been confirmed in recent studies. Our

team has conducted many validation studies which showed

the value of using these data in epidemiology [25–29]. In

particular, a pilot study assessed the metrological quality of

medico-administrative data for perinatal indicators in three

university hospitals. The results showed that data from

medical records and hospital data were in good agreement

[30]. Medico-administrative data provide a huge amount of

epidemiological information concerning hospitalized

patients in France [31–34].

From a representative sample of the French population,

the data allowed us to estimate follow-up while excluding

the effects of the geographical area, health facility or

practices.

In the hospital data, deliveries were identified by the

codes Z37 (outcome of delivery) which were considered

the most reliable and extensive. Among these women, the

code O24.4 (diabetes mellitus arising in pregnancy) in the

main or associated diagnosis according to International

Classification of Diseases (ICD-10) was used to select

women who had GDM. While GDM screening was offered

to all pregnant women until 2010, it is now recommended

in all women with a high risk of diabetes (maternal

age C 35 years, BMI C 25 kg/m2, women who have first-

degree relative with diabetes, prior history of GDM or

delivery of large-for-gestational-age infant). Screening
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now involves a fasting blood glucose test at the initial

prenatal visit and then an oral glucose tolerance test

(OGTT) at 24–28 weeks of amenorrhea [15]. Since the

2010 guidelines, the threshold for fasting blood glucose to

diagnose GDM in early pregnancy is above 0.92 g/l

(5.1 mmol/l) and those for the 75 g-OGTT (75 g at

24–28 weeks) are 1.80 g/l (10.0 mmol/l) at 1 h and 1.53 g/

l (8.5 mmol/l) at 2 h [4]. Before 2010, this screening was

conducted in two time points. GDM was diagnosed using

the 100 g-OGTT if two values were greater than or equal to

0.95 g/l 1 (5.3 mmol/l) at 0 h, 1.80 g/l (10.1 mmol/l) at

1 h, 1.55 g/l (8.7 mmol/l) at 2 h and 1.40 g/l (7.8 mmol/l)

at 3 h.

To describe screening for T2DM in these women, we

studied their epidemiological follow-up between the

delivery and 2015, from non-hospital data.

Screening for T2DM was explored from the analyses of

blood glucose levels: oral glucose tolerance test (OGTT)

(codes 0412 and 0413), blood glucose test (BGT) (code

0552) and HbA1C (code 1577), from version 42 of the

national table of biology. The code 0552 (BGT) refers to a

blood glucose test, without specification. Even though we

are not sure that BGT was systematically performed in a

fasting state, physicians and biologists are strongly

encouraged to perform this analysis in a fasting state in

current medical practice in France (page 5, lines 126–128).

Although the OGTT is the most sensitive test, the BGT

was included as it was recommended in the 2010 guide-

lines. As HbA1c is better accepted by women and physi-

cians [35, 36] and actually recommended by the American

Diabetes Association since 2014, this test was explored in

order to ensure that the T2DM screening was not carried

out using a test which has not been studied [37].

Statistical analysis

We determined the proportion of women who underwent

glucose testing at least once in the 3, 6, 12 and 36 months

after delivery. We used the Cochran–Armitage test to

evaluate trends in these percentages over the years. The

36-month period relates women who gave birth until 2012.

The influence of new guidelines (updated in December

2010) was estimated by a before/after study which did not

take into account the year preceding (2010) and the year

following the French guidelines (2011). To test these

comparisons, we used the Chi-squared test. SAS 9.3 soft-

ware was used for analysis.

Results

The SNIIRAM sample included 49,080 women who gave

birth from 2007 to 2013. Among these, 238 women in 2007

(3.75%) and 548 women in 2013 (7.38%) had GDM.

Almost one-third of women with GDM were 35 years of

age or older, and about 7.83–18.06% of women with GDM

had a pre-pregnancy body mass index (BMI) greater than

or equal to 30 kg/m2 (Table 1).

Early T2DM screening is presented in Fig. 1. In 2007,

only 18.4% of women with GDM had an OGTT or a BGT

in the first 3 months following delivery. This rate did not

significantly increase from 2007 to 2013 (p = 0.18). Less

than 7% of all women with GDM were tested with the

OGTT.

Concerning the first 6 months after delivery, the pro-

portion of all women with GDM screened for T2DM

increased significantly from 31.9% in 2007 to 39.4% in

2013 (p = 0.04), but remained less than 40%.

In the 12 months after delivery, the proportion of

women with GDM screened for T2DM increased signifi-

cantly from 48.3% in 2007 to 56.3% in 2013 (p = 0.008).

The percentage of women with GDM screened in the

36 months following delivery was relatively stable,

77.31% in 2007 and 77.26% in 2012.

HbA1C alone was performed in less than 3.5% of

women with GDM, with no significant difference post-

guidelines.

Table 1 Characteristics of women with gestational diabetes mellitus between 2007 and 2013, in a sample corresponding to 1/97th of the French

population

2007 2008 2009 2010 2011 2012 2013

n % n % n % n % n % n % n %

Women who gave birth 6348 6498 6967 7125 7524 7191 7427

Gestational diabetes mellitus 238 3.75 281 4.32 374 5.37 420 5.89 453 6.02 453 6.30 548 7.38

Age

Median (years) 31 32 31 32 32 32 32

Age C 35 years 63 26.47 80 28.47 100 26.74 129 30.71 150 33.11 139 30.68 180 32.85

BMI C 30 kg/m2 26 10.92 22 7.83 37 9.89 36 8.57 58 12.80 68 15.01 99 18.06

BMI body mass index
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Before the guidelines (2008–2009), the proportion of

women with GDM who had the recommended glycemic tests

(OGTT or BGT) in 2010 was 18.93% at the first 3 months,

32.98% at the first 6 months and 47.48% within a period of

12 months. After the guidelines (2012–2013), this proportion

did not significantly increase at 3 months (21.58%, p = 0.21)

or 6 months (37.16%, p = 0.08). However, the proportion of

women with GDM who had the recommended glycemic fol-

low-up within a period of 12 months increased significantly

(54.05%, p = 0.01) (Table 2).

From 2007 to 2012, the proportion of women who

actually fulfilled the recommendations (screened at

6–12 weeks postpartum and again every 1 or 3 years) was

5.88% in 2007, 10.32% in 2008 and about 9% from 2009

to 2013 (Fig. 2). The differences were not significant

(p = 0.36). Considering the periods before (2009) and

after (2012) the guidelines, there was no significant dif-

ference in the proportion of women who actually fulfilled

the recommendations: 9.1% in 2009 and 9.3% in 2012

(p = 0.93).

Discussion

For several years, GDM has been acknowledged as a risk

factor for developing T2DM in the years following

pregnancy. In high-income countries, guidelines include

systematic early screening for T2DM, but the impact of

these guidelines on screening has not been assessed. Our

study over 7 years showed that the introduction of

guidelines in 2010 hardly affected T2DM screening,

even though a slight increase in DT2 screening was

observed in the year following a pregnancy affected by

GDM.

The strength of this study lies in fact that it was based on

national data; it thus excluded the effects of the
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Fig. 1 Distribution of type 2 diabetes mellitus screening by at least oral glucose tolerance test or blood glucose test during the different periods

Table 2 Comparison of type 2 diabetes mellitus screening before and after the 2010 updating of guidelines

Before guidelines (2008–2009) After guidelines (2012–2013) p value

n % n %

Women who gave birth 13,465 14,618

Women with GDM 655 4.86 1001 6.85

At least OGTT or BGT during the first 3 months after delivery 124 18.93 216 21.58 0.21

At least OGTT or BGT during the first 6 months after delivery 216 32.98 372 37.16 0.08

At least OGTT or BGT during the first year after delivery 311 47.48 541 54.05 0.01

GDM gestational diabetes mellitus, OGTT oral glucose tolerance test, BGT blood glucose test
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geographical area, health facility or medical practices. In

fact, French hospital data are able to identify deliveries

with a difference of 0.3% compared with the national civil

registry, which records all births in France [21]. Then, the

hospital data allowed us to select women who had GDM. In

2011, using French hospital data and SNIIRAM data,

Billionnet et al. [38] reported a prevalence of GDM of

6.4%. In our study, in 2011, we found a prevalence of

GDM of 6.02% using only diagnosis ICD-10 codes

recorded in hospital discharge abstracts. The data for

T2DM screening tests in the study population are rather

exhaustive as national health insurance is compulsory and a

free health insurance exists for people with the lowest

income.

We acknowledge that the present study may have some

limitations. First, the selection of women with gestational

diabetes was conducted using diagnostic codes from hos-

pital data. However, a prior study showed a positive pre-

dictive value for gestational diabetes in hospital data of

88.9% [CI: 74.3–100] as compared to medical records in

three university hospitals [30]. Second, some specific

health insurance schemes which represent 4% of the pop-

ulation covered by French health insurance were not

included in our sample.

An important result of our study is the lack of

screening in the postpartum period. After the guidelines,

postpartum screening within the 3 months following

delivery did not improve, with less than 25% of women

following the recommendation for screening within

6–12 weeks. In this period, other studies have identified

the lack of time spent on self-care and the impossibility

to plan baby’s demands as an obstacle to T2DM

screening [22, 39]. In contrast, in Denmark, Olesen

et al. [22] reported high compliance with screening

(80.5%) at 3 months thanks to visits to the general

practitioner, who did the screening test at the time of

the consultation.

Our study also pointed out the delay in screening for

diabetes prior to pregnancy, as the proportion of

screened women almost doubled between three and

6 months after delivery. We found that in 2009 only

31.3% of women with GDM were screened in the first

6 months after pregnancy and this increased to 35.9% in

2010. These results are consistent with those of Cosson

et al. [40], who, in the same period (2009–2010), found

a rate of T2DM screening of 33.3% at the four largest

maternity units in the area.

To our knowledge, our study is the first to have deter-

mined the evolution of screening for diabetes mellitus after

the publication of guidelines in 2010. By comparing T2DM

screening before and after 2010, we showed that the

guidelines led to a statistically significant increase in the

testing rate in the year following GDM. However, from a

clinical point of view, the impact of the guidelines seems to

be rather low since just over half of the women with GDM

were screened for T2DM in the first year after pregnancy.

Moreover, after the guidelines, less than 10% of women

with history of GDM were screened as recommended: first

T2DM screening at 6–12 weeks postpartum, second

screening at 1 or 3 years after the first test and then every 1

or 3 years thereafter. Despite a substantial increase in

diabetes prevalence and growing awareness of the scale of

this health problem, screening for T2DM after a history of

GDM remains clearly inadequate. Guidelines alone do not

seem to be sufficient to meet the goal of effective

screening.

In the literature, even though there have been no

large-scale evaluations of the evolution of screening for

diabetes mellitus after the publication of guidelines,

many authors have focused on the impact of health
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interventions. Several studies have concluded that a

health intervention increased the rate of screening in

women who had GDM [22, 40–44]. Although the rates

of T2DM screening remain low in routine practice,

active care and reminders for physicians and women

seem to increase the proportion of women screened for

T2DM. For example, in Canada, Clark et al. studied the

impact of sending reminders to physicians and/or

women. When reminders were not sent, only 14.3% of

women were screened by OGTT. This proportion

increased to 51.6% when only physicians received a

reminder, 55.3% when a reminder was sent to the

women only and 60.5% when women and physicians

received reminders [43]. In France, Cosson et al. showed

that a mobilization campaign (multidisciplinary meetings

in maternity units, documents for women, prescription of

OGTT and a letter to each caregiver, particularly to

improve collaboration) led to a greater proportion of

women screened in the first 6 months postpartum (48.9

vs. 33.3%, odds ratio 1.7, 95% CI [1.1–2.5]) [40].

Conclusion

Despite a slight improvement in T2DM screening in the

year following a pregnancy with GDM following the 2010

guidelines, screening practices fall far short of the guide-

lines and this problem needs to be dealt with urgently to

tackle the diabetes epidemic. Taking into account the

results of intervention studies, we have to find the best way

to make pregnancy a key opportunity to involve of all of

the actors (private general practitioners, hospital-based

physicians and women) in screening as specified in

guidelines.
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