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Abstract

Background

Women with a history of gestational diabetes mellitus (GDM) have an increased risk of type

2 diabetes mellitus (T2DM) later in life compared to women with no GDM. This study was

aimed to determine the risk of developing T2DM 10 years after GDM in Sri Lankan women.

Methods

A retrospective cohort study was conducted in the Colombo district, Sri Lanka. 7205 women

who delivered a child in 2005 were identified through Public Health Midwives in the field.

Women with antenatal records were interviewed and relevant data were extracted from

medical records to identify potential participants. One hundred and nineteen women who

had GDM and 240 women who did not have GDMwere recruited. Current diagnosis of dia-

betes was based on history, relevant medical records and blood reports within the past 1

year.

Results

The mean duration of follow up was 10.9 (SD = 0.35) years in the GDM group and 10.8

(SD = 0.31) years in the non-GDM group. The incidence density of diabetes in the GDM

group was 56.3 per 1000 person years compared to 5.4 per 1000 person years in non GDM

group giving a rate ratio of 10.42 (95% CI: 6.01–19.12). A woman having GDM in the index

pregnancy was 10.6 times more likely to develop diabetes within 10 years compared to

women with no GDM after controlling for other confounding variables. Delivering a child

after 30 years, being treated with insulin during the pregnancy and delivering a baby weigh-

ing more than 3.5 Kg were significant predictors of development of T2DM after controlling

for family history of diabetes mellitus (DM), GDM in previous pregnancies, parity and gesta-

tional age at delivery.
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Conclusions

Women with GDM had a 10-fold higher risk of developing T2DM during a 10-year follow up

period as compared to women with no GDM after controlling for other confounding

variables.

Introduction

Gestational diabetes mellitus (GDM) is defined as “any degree of glucose intolerance with

onset or first recognition during pregnancy that is not clearly overt diabetes” regardless of

whether insulin is used for treatment or whether the condition persists after pregnancy [1].

GDM affects approximately 7% of all pregnancies varying between 1% and 14% depending on

the population studied and the diagnostic criteria used [1]. One in four live births (24%) in

South East Asia are complicated with some form of hyperglycemia in pregnancy [2] and the

majority of them is due to gestational diabetes. Even though national estimates on GDM prev-

alence are lacking in Sri Lanka, two community based studies carried out in a semi-urban and

a rural district of Sri Lanka reported a GDM prevalence of 10.3% [3] and 7.2% [4], respectively,

based onWHO 1999 criteria [5].

Pregnancy is considered as a “diabetogenic state” and the adaptations in the glucose metab-

olism ensures that needs of the rapidly growing foetus is met while maintaining adequate

maternal nutrition. There is increased insulin secretion and insulin sensitivity during early

pregnancy which facilitates maternal storage of fat and glycogen. There is progressive insulin

resistance starting in the mid-trimester due to production of various placental hormones that

serve as insulin antagonists [6]. Consequent increases in maternal glucose, free fatty acids and

amino acids provide adequate energy to the foetus. In normal pregnancy, an appropriate

increase in insulin secretion takes place to overcome insulin resistance and blood glucose levels

remain within the normal range. However, women with underlying pre-existing metabolic

disturbances (pre-gestational insulin resistance and chronic β cell dysfunction with relative

insulin secretion defect) are unable to upregulate the insulin secretion and develop the clinical

picture of gestational diabetes [7,8,9].

GDM is associated with both insulin resistance and impaired insulin secretion and shares

the same risk factors with Type 2 diabetes mellitus (T2DM). Prevalence of GDM closely resem-

bles that of T2DM in a population [10]. There is evidence to show that GDM is a forerunner of

type 2 diabetes in predisposed women who are faced with the metabolic challenges of preg-

nancy [11]. GDM seems to be a significant factor associated with increasing epidemic of type 2

diabetes among women and across generations in Asia. It is estimated that 10–31% of cases of

diabetes in parous women are associated with previous GDM [12].

The diagnosis of GDM has implications for the pregnancy and also for the future health of

the mother and child. Although normal glucose regulation usually returns shortly after deliv-

ery, women with prior GDM are at a higher risk of developing type 2 diabetes, metabolic syn-

drome and cardiovascular diseases later in life [13,14,15,16]. Women with a history of GDM

have at least a 7-fold increased risk of T2DM later in life compared to women with no GDM

[14]. Reported conversion rates from GDM to T2DM varies ranging from 2.6–70% within a

follow up period of 6 weeks to 28 years after the index pregnancy [15]. This large variation in

the subsequent development of T2DMmay be due to genetic differences among populations,

diagnostic criteria employed to diagnose GDM and T2DM, selection criteria and duration of

follow-up. The progression to type 2 diabetes increases steeply within the first 5 years after
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delivery, and then plateaus after 10 years [16]. In addition to exposure to GDM, several factors

such as ethnicity, family history of T2DM, multiparity, advanced maternal age, treatment with

insulin, presence of anthropometric risk factors (pre-pregnancy and postpartum BMI, weight

gain during pregnancy) and high blood sugar levels (fasting, 1 hour and 2 hour glucose levels

on OGTT) in the index pregnancy have been identified as predictors of later development of

T2DM [13,14,15,16,17,18,19,20,21,22]

There is a growing body of evidence to suggest that lifestyle and pharmacological inter-

ventions targeted at women with GDM can prevent or delay the development of T2DM

[21,22,23,24,25,26]. The effect of dietary and physical exercise interventions, health educa-

tion and pharmacological interventions on the progression to T2DM have been investigated

in randomized controlled trials and observational studies. A recent review of 30 studies aim-

ing to prevent or delay T2DM after GDM suggests that life style and pharmacological inter-

ventions may be effective in reducing the risk of T2DM later in life [26] Since 1 in 4 women

in South East Asia has hyperglycaemia in pregnancy [2], preventive strategies targeted at

women with GDM would have a significant public health impact on the current epidemic of

diabetes and non communicable diseases in the region.

There is paucity of data on long term risk of progression to T2DM among South Asian

women who have had a pregnancy complicated by GDM in Asia. This study was conducted to

determine the risk of developing T2DM 10 years after GDM and to determine factors associ-

ated with development of T2DMin Sri Lankan women.

Materials andmethods

Study design and population

This study was conducted in 6 Medical Officer of Health (MOH) areas in Colombo district in

Sri Lanka. A MOH area is a health administrative sub division in a defined geographic area

within a district. The total population in the MOH areas included in the study varied from

100,000 to 200,000. Each MOH area is sub divided into Public Health Midwife (PHM) areas,

which constitute the smallest field health care delivery unit in the public health system of Sri

Lanka. The population of a PHM area ranges from 3000–8000. The PHM is the front line

healthcare worker providing maternal and child care services in the community. The PHM

maintains a paper based record keeping system with several registers related to maternal and

child health. The “Birth and Immunization Register” maintained by the PHM has details of all

live births which took place in her allotted area. Children were identified from this register.

Sri Lanka does not have an electronic system for storing patient records. Therefore, tracing

patient held antenatal records to verify exposure status was the only option. A feasibility study

was conducted to verify the availability of patient held antenatal records 10 years after delivery;

we found that records were available among more than 70% of the women surveyed.

The study was conducted in two stages. In the first stage of the study, a self-administered

questionnaire to obtain information on history of hyperglycaemia, availability of antenatal rec-

ords and blood sugar assessment during the index pregnancy was sent to all women who deliv-

ered a child in 2005 selected for the study. We defined occurrence of hyperglycaemia in the

index pregnancy as a positive answer to the question ‘Did you have diabetes during the index

pregnancy’. Given the high literacy levels among women, most women are informed whether

they do have diabetes during pregnancy.

A total of 7205 women who delivered in 2005 participated in stage 1. The prevalence of self

reported hyperglyceamia in the index pregnancy was 3.5% (N = 257). Antenatal records of the

index pregnancy were available in nearly 88% (N = 226) of women with hyperglycaemia in

pregnancy (“exposed” group) and 69% (N = 4811) of women with no hyperglycaemia in
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pregnancy (“non exposed” group). All “exposed” women with antenatal records of the index

pregnancy were invited to participate in the second stage of the study. For each “exposed”

woman, two “non exposed” women in the same PHM area were invited to participate in the

second stage. The potential participants were requested to attend the data collection session

with their antenatal and medical records. The research team interviewed the potential partici-

pants and scrutinized their antenatal and medical records to identify participants meeting

inclusion criteria. Women with pre-existing diabetes before the index pregnancy, inadequately

documented evidence of “exposure status” (GDM vs non GDM) or “outcome status” (diabetes

vs non diabetes) were excluded. 119 women who had GDM and 240 randomly selected

women who did not have GDM during the index pregnancy in 2005 were recruited for the

study. The detailed flow chart of participant selection is given in Fig 1.

Data collection

Data collection was carried out by a team of doctors using an interviewer administered ques-

tionnaire with a data extraction sheet. Socio-demographic data were obtained by interviewing

women.

Pregnancy related information and glycaemic status during the index pregnancy were

extracted from antenatal records while outcome status (presence or absence of diabetes) was

determined by patient held medical records and postpartum blood sugar reports. WHO crite-

ria for diagnosis of diabetes in non-pregnant adults were used to determine outcome status

(5).

Ascertainment of exposure (GDM). Women with documentary evidence of gestational

diabetes mellitus in antenatal records, glucose tolerance tests or diagnosis cards during the

index pregnancy were classified as the GDM group. Diagnosis of GDM was based onWHO

1999 criteria (5) which was used in Sri Lanka in 2005.

Women with no documented evidence of GDM in antenatal records during the index preg-

nancy were classified as the non-GDM group. In this study, we included women with normal

blood sugar assessments during the index pregnancy.

Ascertainment of outcome (T2DM). Women were classified as having diabetes mellitus

if they had been diagnosed by a doctor as having diabetes since the index pregnancy and cur-

rently being treated for diabetes or there was documented evidence in medical records or

blood sugar reports having a FBS>126mg/dl or 75g OGTT 2 hour value� 200mg/dl based on

WHO criteria(5).

Women with a normal FBS or OGTT carried out within 1 year of interview were classified

as non-diabetics.

Statistical analysis

Baseline characteristics of women in the GDM and non-GDM groups were described using

descriptive statistics. Variables were tested for normality using the Kolmogorov Smirnov test.

Maternal age at delivery and weight at booking visit were normally distributed. Frequencies

and percentages were used to summarize categorical variables and means (SD) and medians

(IQR) were used to summarize continuous variables. Comparisons between GDM and non-

GDM groups were done using t-tests for normally distributed variables and chi square tests for

categorical variables.

The cumulative incidence, incidence density and relative risk of developing T2DM after

GDMwere calculated. Binary logistic regression analysis was used to explore the associations

between development of diabetes and other predictors.

Gestational diabetes mellitus and long term risk of type 2 diabetes
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Ethical considerations

The protocol was approved by the Ethics Review Committee of the Faculty of Medicine, Uni-

versity of Kelaniya, Sri Lanka (Ref.No.P/24/03/2015).All study participants gave informed

written consent. Participants with diabetes were counseled on the importance of satisfactory

control of diabetes for prevention of complications of diabetes. All participants were educated

about life style modification for prevention of diabetes.

Fig 1. Selection of the study population.

https://doi.org/10.1371/journal.pone.0179647.g001
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Results

Characteristics of the study population

359 women who delivered a child in 2005 participated in the study. At the time of delivery, the

age of women ranged between 13 and 46 years with a mean of 29 years. Baseline characteristics

of the GDM group (n = 119) and non-GDM group (N = 240) are compared in Table 1.

Women with GDM were older, had heavier babies and had a shorter duration of pregnancy

compared to non-GDM women. About half of the women in non-GDM group were in their

first pregnancy compared to only one third of women with GDM (p = 0.003).

Table 1. Characteristics of women in the GDM and non-GDMgroups.

Characteristic GDM group (N = 119) Non GDM group (N = 240) p value

Index pregnancy

Age at delivery in years—Mean (SD) 31.7 (5.37) 27.7 (5.36) < 0.001

Parity

Primi N = 40 (33.6%) N = 121 (50.4%) 0.003

Multi N = 79 (66.4%) N = 119 (49.6%)

Weight at booking visit in kg—Mean (SD)a 56.1(9.63) 50.5 (9.59) < 0.001

BMI at first trimester of index pregnancyb

< 18.5 N = 1 (1.5%) N = 35 (22.3%) < 0.001

18.5–24.9 N = 39 (57.4%) N = 111 (70.7%)

� 25 N = 28 (41.1%) N = 11 (7%)

GDM in previous pregnanciesc N = 25 (31.6%) N = 1 (0.8%) < 0.001

First degree relative with DM N = 56 (47.1%) N = 52 (21.7%) < 0.001

Duration of pregnancy in weeks—Mean(SD) 38.3 (1.43) 39.1 (1.47) <0.001
Gestational age at delivery� 37 weeks N = 105 (88.2%) N = 233 (97.1%) 0.001

Delivery at a tertiary care hospital N = 105 (88.2%) N = 207 (86.3%) 0.6

Birth weight of index child in kg—Mean(SD) 3.1 (0.52) 2.9 (0.44) 0.001

Birth weight of index child� 3.5kg N = 31 (26.1%) N = 22 (9.2%) < 0.001

Sex of index child—Male N = 48 (40.3%) N = 112 (46.7%) 0.25

Exclusive breast feeding duration� 4 months N = 108 (90.8%) N = 225 (93.8%) 0.30

Sociodemographic characteristics

Ethnicity—Sinhala N = 114 (95.8%) N = 219 (91.3%) 0.39

Education level

Primary education N = 3 (2.5%) N = 1 (0.4%) 0.076

Secondary education N = 107 (89.9%) N = 229 (95.4%)

Tertiary education and higher N = 9 (7.6%) N = 10 (4.2%)

Family Income per month

<Rs, 50000 (< USD 340) N = 84 (70.6%) N = 178 (74.2%) 0.47

Follow up

Current age—Mean (SD) 42.7 (5.37) 38.7 (5.36) < 0.001

Duration of follow up in years—Mean (SD) 10.9 (0.35) 10.8 (0.31) 0.010

Developed type 2 diabetes N = 73 (61.3%) N = 14 (5.8%) <0.001
Time since index pregnancy to develop diabetes (years)–Median (IQR) 3 (6.5) 8.5 (4) 0.046

a Data were available in 57.1% (N = 68) of women with GDM and 65.4% (N = 157) of women without GDM
b Datawere available in 57.1% (N = 68) of women with GDM and 65.4% (N = 157) of women without GDM.
c Women who delivered the first child as the index child were excluded in the calculation of percentage.

https://doi.org/10.1371/journal.pone.0179647.t001
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Although data were available in a sub sample of participants, women in the GDM group

were heavier (p< 0.001) and had a higher BMI (p<0.001) at the first antenatal clinic visit com-

pared to women in the non GDM group. A family history of diabetes in a first degree relative

was reported in almost half of the women in the GDM group. There was no difference with

regard to quality of care at delivery; the majority of women in both groups delivered at a ter-

tiary care hospital. Ethnicity, education level and family income were not significantly different

between the two groups.

Progression to type 2 diabetes

Women with a history of GDM were older at the follow up visit. Diabetes developed in 73

(61.3%) women in the GDM group and in 14 (5.8%) women in the non GDM group during

this period. The incidence density of diabetes in the GDM group was 56.3 per 1000 person

years compared to 5.4 per 1000 person years in the non-GDM group giving a rate ratio of

10.42 (95% CI: 6.01–19.12).

The cumulative incidence of T2DM in the two groups during the follow up period is

depicted in Fig 2. Time of diagnosis of T2DM was based on self-reporting by the participants

with confirmed outcome status.

Fig 2. Cumulative incidence of T2DM in the GDM and nonGDM groups.

https://doi.org/10.1371/journal.pone.0179647.g002
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The median duration (IQR) for development of diabetes was 3 (6.5) years in the GDM

group and 8.5 years in the non-GDM group (Fig 3).

The incidence density of diabetes by selected variables is given in Table 2.

Predictors of development of type 2 diabetes

Binary logistic regression analysis was performed using development of diabetes as the depen-

dent variable and eight independent variables (GDM in index pregnancy, age at delivery, fam-

ily history of T2DM in a first degree relative, history of GDM in a previous pregnancy,

treatment with insulin during index pregnancy, birth weight, gestational age at delivery and

parity) (Table 3). The model correctly classified 85.8% of cases. Weight at first clinic visit and

BMI at first trimester were available in medical records only in a sub sample of the population

(N = 68 (57%) in GDM and n = 157 (65%) in the non GDM group). Therefore, these variables

were not included in the logistic regression model.

A woman having GDM in the index pregnancy was 10.6 (95% CI 4.66–24.26) times more

likely to develop diabetes within 10 years after controlling for other variables as compared to

women with no GDM. Delivering a child after 30 years increased the risk of developing diabe-

tes within 10 years by 2.3 fold as compared to a younger mother. Being treated with insulin

during the pregnancy increased the risk of developing diabetes within 10 years by 2.3 fold as

Fig 3. Time since index pregnancy to development of T2DM.

https://doi.org/10.1371/journal.pone.0179647.g003
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compared to a woman not treated with insulin; likewise delivering a baby weighing more than

3.5 Kg increased the risk of developing diabetes by 2.4 fold as compared to a woman delivering

a child less than 3.5 kg, after controlling for family history of DM in a first degree relative,

GDM in previous pregnancies, parity and gestational age at delivery.

Discussion

Our results show that GDM is a significant predictor of developing diabetes; women with

GDM had a 10 fold higher risk of developing T2DM during a 10 year follow up period as com-

pared to women with no GDM after controlling for other confounding variables. Our estimate

is higher than the seven fold risk reported in a systematic review by Bellamy et al [14]. This

highlights the importance of adherence to postpartum screening and life style modifications to

prevent or delay the onset of T2DM in these women.

As described in a systematic review by Kim C et al [16], rapid conversion to diabetes is

seen over the first 5 years following GDM, with a slower progression subsequently. Women

in our study progressed at a more alarming rate with almost 28% of women with GDM

Table 2. Incidence density of type 2 diabetes by selected characteristics of participants.

Characteristic Number of

women

Total person-years

followed up (years)

Number of women developed

T2DM postpartum

Incidence density per 1000

person-years

Rate ratio (95% CI

of RR)

Age at delivery < 25 years 81 866.7 8 9.2 1

25–29 years 116 1252.8 18 14.3 1.55 (0.69–3.79)

30–34 years 98 1068.2 31 29.0 3.15 (1.49–7.29)

� 35 years 64 704 30 42.6 4.63 (2.18–10.74)

Educational level Up to O/L or less 210 2268 45 19.8 1

Up to A/L or higher 149 1609.2 42 26.1 1.32 (0.86–2.01)

Monthly family
income(SLR)

< 50,000 262 2829.6 63 22.2 1

� 50,000 97 1057.3 24 22.7 1.02 (0.63–1.62)

Family history of
diabetes

no 251 2710.8 48 17.7 1

yes 108 1166.4 39 33.4 1.88 (1.23–2.88)

The incidence density of diabetes increased with age; women aged� 35 years were 4 times more likely to develop diabetes than women who were less

than 25 years at delivery. Women with a first degree relative with diabetes were 1.88 times more likely to develop T2DM than women with no relatives with

diabetes.

https://doi.org/10.1371/journal.pone.0179647.t002

Table 3. Results of binary logistic regression analysis using development of diabetes as the dependent variable.

Regression
coefficient

Standard error of regression
coefficient

p-value Exp B (Odds
ratio)

95% CI of
Odds ratio

Lower Upper

GDM in index pregnancy 2.365 0.421 <0.001 10.641 4.666 24.266

Age at delivery� 30 years 0.849 0.359 0.018 2.338 1.157 4.722

Treatment with Insulin during index
pregnancy

0.862 0.415 0.038 2.367 1.050 5.335

Birth weight > 3.5kg 0.880 0.421 0.037 2.410 1.056 5.50

History of GDM in previous pregnancies 0.895 0.530 0.091 2.448 0.867 6.917

Diabetes in a first degree relative at index
pregnancy

0.050 0.354 0.887 1.052 0.526 2.103

Parity of index pregnancy� 2 -0.257 0.367 0.484 0.774 0.377 1.589

Gestational age at delivery < 37 weeks 0.596 0.595 0.317 1.814 0.565 5.827

Constant -3.185 0.369

https://doi.org/10.1371/journal.pone.0179647.t003
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developing T2DM within the first 2 years (Fig 2). Although the timing of diagnosis of T2DM

was based on self-reporting by the women, we corroborated this information with evidence

of confirmation of diagnosis. Continued surveillance of GDM women according to national

guidelines on postpartum screening is imperative to detect diabetes early. Due to lack of

awareness on long term risks of GDM among clinicians, healthcare workers and women,

postpartum screening of women with GDM is not given priority in Sri Lanka. Moreover,

due to socio-cultural practices concerning caring for the newborn child, women tend to

neglect themselves thus faltering uptake of postpartum blood sugar screening facilities that

are widely available in government hospitals which provide free health care services. Locally

generated evidence in this study is likely to motivate clinicians and field health care workers

to follow up these women more carefully to ensure postpartum screening which is recom-

mended in the national guidelines.

We studied a cohort of Sri Lankan women who delivered a baby in 2005 to determine the

risk of T2DM following GDM. The incidence of diabetes was considerably higher in women

who had GDM during the index pregnancy compared to non-GDM women which is consis-

tent with data from other countries [14–20]. Conversion rates from GDM to T2DM reported

in studies vary between 2.6–70% within follow up periods of 6 weeks to 28 years after the index

pregnancy [16]. Cumulative incidence of diabetes (61.3%) within 10–11 years postpartum in

the current study is much higher than incidence rates reported in other countries with more

than 10 years of follow up [14, 16,22,27, 28,29]. Barden et al [30] stratified women with GDM

into “high risk” and “low risk” clusters based on cardio-metabolic risk measurements in preg-

nancy and followed them up for 10 years; type 2 diabetes was reported more frequently in the

“high-risk” cluster (38.6%) compared to the “low-risk” cluster (6.2%). Still the cumulative inci-

dence of T2DM reported in our study with similar follow up duration is much higher than in

Barden et al’s “high risk” cluster.

Several studies have attempted to identify factors associated with future risk of type 2 diabe-

tes using univariate and multivariate analyses. As reported in many studies [12, 14, 16, 23–25,

29,31,32]. having had GDM was the strongest predictor of conversion to diabetes in our study.

Other factors significantly associated with development of diabetes in the present study were

maternal age at delivery� 30 years, birth weight of the index child>3.5kg and treatment with

insulin during the index pregnancy after controlling for other variables. There was no signifi-

cant association between future risk of diabetes and history of GDM in a previous pregnancy,

family history of diabetes, parity, or gestational age at delivery.

In a meta analysis by Rayanagoudar et al, maternal age> 30 years and birth weight of a

child>4kg were not associated with increased risk of future diabetes but insulin use during

the index pregnancy was a significant predictor of developing diabetes [33]. Feig et al reported

maternal age as an independent predictor of developing diabetes in a large population based

study in Canada [18]. In contrast, two studies conducted in South India and Scotland did not

show a statistically significant association between maternal age and development of T2DM

[21, 32]

Oldfield and colleagues investigating the long term prognosis of GDM in a multiethnic

population observed that insulin treatment during pregnancy was associated with future dia-

betes in Caucasian but not in South Asian women [22]. In contrast, women treated with insu-

lin in our study had a two-fold higher risk of developing T2DM as compared to women not

treated with insulin during the index pregnancy.

To the best of our knowledge this is the first community based study quantifying the risk

of developing T2DM 10 years following GDM in Sri Lanka. Due to the unavailability of an

electronic patient record system in Sri Lanka, tracking the cohort for this type of study was
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a tedious procedure. Even though guidelines with regard to postpartum glucose screening is

available in Sri Lanka, there is no comprehensive surveillance system in the field setting to

ensure postpartum glucose screening of women following GDM. These two factors were the

main challenges that we faced when implementing this retrospective cohort study.

A major limitation of this study was the inability to investigate the association between

maternal BMI at first trimester and risk of T2DM in the logistic regression model as data

were not available for nearly 40% of the study population. BMI is calculated only if the

mother is weighed in the 1st trimester of pregnancy. According to the Annual Report of

Family Health Bureau, the agency overseeing maternal and child health in Sri Lanka, 82.8%

of pregnant women were registered by the PHM before the 12th week of gestation in 2005

[34]. Hence, it is likely that some women who did not have BMI values may in fact have

attended the booking visit after the 1st trimester of pregnancy. Lack of a weight measurement

of the mother at the booking visit did not allow us to calculate weight gain in pregnancy

which is associated with GDM. However, use of birth weight would have adjusted for this

potential confounding. Despite this limitation the logistic regression model we used cor-

rectly classified 86 percent of cases. Sex of the index child, breast feeding duration and eth-

nicity were not assessed in the logistic regression model as their distributions were not

significantly different between the two groups. Other limitations of this study include not

carrying out anthropometric and biochemical assessments to assess current (outcome)

status.

It would have been ideal to adjust for glycaemic control and treatment of GDM women

during the pregnancy. However, this information was not available. In general, all women

diagnosed to have GDM are advised on dietary management and physical exercise. Those

women who cannot obtain satisfactory glycaemic control with diet control and increased phys-

ical activity are started on pharmacological management. Self-monitoring of Blood Glucose

Levels (BGLs) at home by pregnant women is not common in Sri Lanka. But women with

GDM are seen at antenatal clinics frequently (once in 2 weeks to weekly) and a blood sugar

series (fasting, pre meal and 1 hour or 2 hour post meal BGLs) is carried out at outpatient clin-

ics to monitor glycaemic control.

The diagnosis of exposure status (“GDM”or “non-GDM”) of our sample of 359 women was

confirmed for each one ensuring high reliability of our data. Detailed information was col-

lected from patient held medical records (antenatal records, physician notes and blood investi-

gation reports) using a pre-formatted data collection tool to ascertain exposure status, thus

avoiding misclassification bias. The subsequent T2DM diagnoses were also confirmed with

patient held medical records. Having data for more than 10 years of follow up in both GDM

and non-GDM groups is a strength of this study.

Evidence generated in this study would be an eye opener for the women with GDM and

their families, field health care workers, clinicians and policy makers to implement necessary

interventions to prevent or delay the onset of T2DM. Given the high prevalence of hypergly-

caemia in pregnancy in South East Asia, evidence based preventive strategies targeted at

women who have had GDM are likely to have a significant population health impact on cur-

rent epidemic of diabetes and non communicable diseases. This study also highlights the

urgent need for universal screening of all pregnant women, particularly in South Asia for iden-

tifying these high risk women.

Supporting information

S1 Dataset. GDM and long term risk of T2DM in women—Sri Lanka.sav.

(SAV)

Gestational diabetes mellitus and long term risk of type 2 diabetes

PLOSONE | https://doi.org/10.1371/journal.pone.0179647 June 23, 2017 11 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0179647.s001
https://doi.org/10.1371/journal.pone.0179647


Acknowledgments

Authors would like to acknowledge the support rendered by Dr Chathura Edirisinghe, Dr

Kojika Withana, Dr Chamini Sumanasena, Dr Sachithra Dilrukshi and Dr Chamidu Wickra-

mathunga as research assistants during data collection.

Author Contributions

Conceptualization:HH RH RW.

Data curation:HH RH RW.

Formal analysis:HH RW RH.

Funding acquisition: RH.

Investigation:HH RH RW.

Methodology:HH RW RH.

Project administration: RH.

Visualization:HH RWRH.

Writing – original draft:HH.

Writing – review & editing:HH RW RH.

References
1. American Diabetes Association. Diagnosis and classification of diabetes mellitus. Diabetes Care [Inter-

net]. 2013 Jan [cited 2013 Dec 15]; 36 Suppl 1:S67–74. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/23264425

2. International Diabetes Federation. IDF DIABETES ATLAS 2015. 2015. 1–144 p.

3. Ginige S, Wijewardhena K, Wijeyaratne CN. Prevalence of Gestational Diabetes Mellitus in Homagama
Divisional Director of Health Service area. J Coll Community Physicians Sri Lanka [Internet]. 2004 [cited
2014 Dec 18]; 9:40–2. Available from: http://archive.cmb.ac.lk/research/handle/70130/302

4. Dahanayaka NJ, Agampodi SB, Ranasinghe OR, Jayaweera PM,WickramasingheW a, Adhikari A N,
et al. Inadequacy of the risk factor based approach to detect gestational diabetes mellitus. Ceylon Med
J [Internet]. 2012; 57(1):5–9. Available from: http://www.ncbi.nlm.nih.gov/pubmed/22453704 PMID:
22453704

5. World Health Organization. Definition, Diagnosis and Classifification of Diabetes Mellitus and its compli-
cations: Report of a WHO consultation (Who_Ncd_Ncs_99.2.Pdf). 1999.

6. Soma-Pillay P, Nelson-Piercy C, Tolppanen H, Mebazaa A. Physiological changes in pregnancy. Cardi-
ovasc J Afr [Internet]. 2016; 27(2):89–94. Available from: http://www.embase.com/search/results?
subaction=viewrecord&from=export&id=L610733488%5Cnhttp://dx.doi.org/10.5830/CVJA-2016-
021%5Cnhttp://sfx.library.uu.nl/utrecht?sid=EMBASE&issn=19951892&id=doi:10.5830/CVJA-2016-
021&atitle=Physiological+changes+in+pregna

7. Metzger BE, Buchanan TA, Coustan DR, de Leiva A, Dunger DB, Hadden DR, et al. Summary and rec-
ommendations of the Fifth International Workshop-Conference on Gestational Diabetes Mellitus. Dia-
betes Care. 2007; 30 Suppl 2:S251–60.

8. Al-Noaemi MC, Shalayel MHF. Pathophysiology of gestational diabetes mellitus: the past, the present
and the future. In: Radenkovic M, editor. Gestational diabetes [Internet]. InTech; 2011. p. 91–114.
http://www.intechopen.com/books/gestational-diabetes/pathophysiology-of-gestational-diabetes-
mellitus-the-past-the-present-and-the-future

9. Kautzky-Willer A. Pathogenesis of gestational DM (revision number 19). In: Diapedia [Internet]. Diape-
dia.org; 2015 [cited 2017 Apr 29]. http://www.diapedia.org/41040851394/rev/19

10. Ben-Haroush A, Yogev Y, HodM. Epidemiology of gestational diabetes mellitus and its association with
type 2 diabetes. Diabet Med [Internet]. 2004 [cited 2014 Apr 4]; 21:103–13. Available from: http://
onlinelibrary.wiley.com/doi/10.1046/j.1464-5491.2003.00985.x/full PMID: 14984444

Gestational diabetes mellitus and long term risk of type 2 diabetes

PLOSONE | https://doi.org/10.1371/journal.pone.0179647 June 23, 2017 12 / 14

http://www.ncbi.nlm.nih.gov/pubmed/23264425
http://www.ncbi.nlm.nih.gov/pubmed/23264425
http://archive.cmb.ac.lk/research/handle/70130/302
http://www.ncbi.nlm.nih.gov/pubmed/22453704
http://www.ncbi.nlm.nih.gov/pubmed/22453704
http://www.embase.com/search/results?subaction=viewrecord&from=export&id=L610733488%5Cnhttp://dx.doi.org/10.5830/CVJA-2016-021%5Cnhttp://sfx.library.uu.nl/utrecht?sid=EMBASE&issn=19951892&id=doi:10.5830/CVJA-2016-021&atitle=Physiological+changes+in+pregna
http://www.embase.com/search/results?subaction=viewrecord&from=export&id=L610733488%5Cnhttp://dx.doi.org/10.5830/CVJA-2016-021%5Cnhttp://sfx.library.uu.nl/utrecht?sid=EMBASE&issn=19951892&id=doi:10.5830/CVJA-2016-021&atitle=Physiological+changes+in+pregna
http://www.embase.com/search/results?subaction=viewrecord&from=export&id=L610733488%5Cnhttp://dx.doi.org/10.5830/CVJA-2016-021%5Cnhttp://sfx.library.uu.nl/utrecht?sid=EMBASE&issn=19951892&id=doi:10.5830/CVJA-2016-021&atitle=Physiological+changes+in+pregna
http://www.embase.com/search/results?subaction=viewrecord&from=export&id=L610733488%5Cnhttp://dx.doi.org/10.5830/CVJA-2016-021%5Cnhttp://sfx.library.uu.nl/utrecht?sid=EMBASE&issn=19951892&id=doi:10.5830/CVJA-2016-021&atitle=Physiological+changes+in+pregna
http://www.intechopen.com/books/gestational-diabetes/pathophysiology-of-gestational-diabetes-mellitus-the-past-the-present-and-the-future
http://www.intechopen.com/books/gestational-diabetes/pathophysiology-of-gestational-diabetes-mellitus-the-past-the-present-and-the-future
http://www.diapedia.org/41040851394/rev/19
http://onlinelibrary.wiley.com/doi/10.1046/j.1464-5491.2003.00985.x/full
http://onlinelibrary.wiley.com/doi/10.1046/j.1464-5491.2003.00985.x/full
http://www.ncbi.nlm.nih.gov/pubmed/14984444
https://doi.org/10.1371/journal.pone.0179647


11. Bentley-Lewis R. Gestational diabetes mellitus: an opportunity of a lifetime. Lancet [Internet]. 2009 May
23 [cited 2014 Aug 15]; 373(9677):1738–40. Available from: http://www.pubmedcentral.nih.gov/
articlerender.fcgi?artid=4098928&tool=pmcentrez&rendertype=abstract PMID: 19465213

12. Cheung NW, Byth K. Population Health Significance of Gestational Diabetes. Diabetes Care. 2005; 26
(7):2005–9.

13. Gunderson EP, Chiang V, Pletcher MJ, Jacobs DR, Quesenberry CP, Sidney S, et al. History of gesta-
tional diabetes mellitus and future risk of atherosclerosis in mid-life: the Coronary Artery Risk Develop-
ment in Young Adults study. J Am Heart Assoc [Internet]. 2014 Jan [cited 2014 May 25]; 3(2):e000490.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/24622610 PMID: 24622610

14. Bellamy L, Casas J-P, Hingorani AD,Williams D. Type 2 diabetes mellitus after gestational diabetes: a
systematic review and meta-analysis. Lancet [Internet]. 2009 May 23 [cited 2014 Mar 20]; 373
(9677):1773–9. Available from: http://www.ncbi.nlm.nih.gov/pubmed/19465232 PMID: 19465232

15. Hadar E, Hod M. Maternal complications of GDM (revision number 13). In: Diapedia [Internet]. Diape-
dia.org; 2013 [cited 2016 Nov 8]. http://www.diapedia.org/41040851413/rev/13

16. Kim C, Newton KM, Knopp RH. Gestational Diabetes and the Incidence of Type 2 Diabetes A system-
atic review. Diabetes Care. 2002; 25(10):1862–8. PMID: 12351492

17. Eades CE, Styles M, Leese GP, Cheyne H, Evans J, Bellamy L, et al. Progression from gestational dia-
betes to type 2 diabetes in one region of Scotland: an observational follow-up study. BMC Pregnancy
Childbirth [Internet]. 2015 [cited 2016 Sep 24]; 15(1):11. Available from: http://www.biomedcentral.com/
1471-2393/15/11

18. Feig DS, Zinman B, Wang X, Hux JE. Risk of development of diabetes mellitus after diagnosis of gesta-
tional diabetes. CMAJ. 2008; 179(3):229–34. https://doi.org/10.1503/cmaj.080012 PMID: 18663202

19. Baptiste-Roberts K, Barone B, Gary T, Golden S, Wilson L, Bass E, et al. Risk factors for type 2 diabe-
tes among women with gestational diabetes: a systematic review. Am J Med. 2009; 122(3):207–214.
e4. https://doi.org/10.1016/j.amjmed.2008.09.034 PMID: 19272478

20. Rayanagoudar G, Hashi AA, Zamora J, Khan KS, Hitman GA, Thangaratinam S. Quantification of the
type 2 diabetes risk in women with gestational diabetes: a systematic review and meta-analysis of
95,750 women. Diabetologia [Internet]. 2016 Jul [cited 2016 Oct 24]; 59(7):1403–11. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/27073002

21. Eades CE, Styles M, Leese GP, Cheyne H, Evans JM, Bellamy L, et al. Progression from gestational
diabetes to type 2 diabetes in one region of Scotland: an observational follow-up study. BMC Pregnancy
Childbirth [Internet]. 2015 Dec 3 [cited 2016 Nov 5]; 15(1):11. Available from: http://
bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-015-0457-8

22. Oldfield MD, Donley P, Walwyn L, Scudamore I, Gregory R, Oldfield M. Long term prognosis of women
with gestational diabetes in a multiethnic population. Postgr Med J. 2007; 83:426–30.

23. HodM, Hadar E, Cabero-Roura L. Prevention of type 2 diabetes among women with prior gestational
diabetes mellitus. Int J Gynecol Obstet. 2015; 131:S16–8.

24. O’Reilly SL, Dunbar JA, Versace V, Janus E, Best JD, Carter R, et al. Mothers after Gestational Diabe-
tes in Australia (MAGDA): A Randomised Controlled Trial of a Postnatal Diabetes Prevention Program.
PLoSMed [Internet]. 2016 Jul [cited 2016 Nov 20]; 13(7):e1002092. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/27459502 PMID: 27459502

25. American Diabetes Association. Prevention or delay of type 2 diabetes. Diabetes Care. 2016; 39(Janu-
ary):S36–8.

26. Peacock AS, Bogossian F, McIntyre HD, Wilkinson S. A review of interventions to prevent Type 2 Dia-
betes after Gestational Diabetes. Women and Birth [Internet]. 2014; 27(4):e7–15. Available from: http://
dx.doi.org/10.1016/j.wombi.2014.09.002 PMID: 25262356

27. Lee AJ, Hiscock RJ, Wein P, Walker SP, Permezel M. Gestational diabetes mellitus: Clinical predictors
and long-term risk of developing type 2 Diabetes—A retrospective cohort study using survival analysis.
Diabetes Care. 2007; 30(4):878–83. https://doi.org/10.2337/dc06-1816 PMID: 17392549

28. DammP, Houshmand-Oeregaard A, Kelstrup L, Lauenborg J, Mathiesen ER, Clausen TD. Gestational
diabetes mellitus and long-term consequences for mother and offspring: a view from Denmark. Diabeto-
logia [Internet]. 2016 Jul [cited 2016 Sep 23]; 59(7):1396–9. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/27174368 PMID: 27174368

29. Linne Y, Barkeling B, Rossner S. Natural course of gestational diabetes mellitus: long term follow up of
women in the SPAWN study. BJOGAn Int J Obstet Gynaecol [Internet]. 2002 Nov [cited 2016 Sep 24];
109(11):1227–31. Available from: http://doi.wiley.com/10.1046/j.1471-0528.2002.01373.x

30. Barden A, Singh R, Walters B, Phillips M, Beilin LJ. A simple scoring method using cardiometabolic risk
measurements in pregnancy to determine 10-year risk of type 2 diabetes in women with gestational

Gestational diabetes mellitus and long term risk of type 2 diabetes

PLOSONE | https://doi.org/10.1371/journal.pone.0179647 June 23, 2017 13 / 14

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4098928&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4098928&tool=pmcentrez&rendertype=abstract
http://www.ncbi.nlm.nih.gov/pubmed/19465213
http://www.ncbi.nlm.nih.gov/pubmed/24622610
http://www.ncbi.nlm.nih.gov/pubmed/24622610
http://www.ncbi.nlm.nih.gov/pubmed/19465232
http://www.ncbi.nlm.nih.gov/pubmed/19465232
http://www.diapedia.org/41040851413/rev/13
http://www.ncbi.nlm.nih.gov/pubmed/12351492
http://www.biomedcentral.com/1471-2393/15/11
http://www.biomedcentral.com/1471-2393/15/11
https://doi.org/10.1503/cmaj.080012
http://www.ncbi.nlm.nih.gov/pubmed/18663202
https://doi.org/10.1016/j.amjmed.2008.09.034
http://www.ncbi.nlm.nih.gov/pubmed/19272478
http://www.ncbi.nlm.nih.gov/pubmed/27073002
http://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-015-0457-8
http://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-015-0457-8
http://www.ncbi.nlm.nih.gov/pubmed/27459502
http://www.ncbi.nlm.nih.gov/pubmed/27459502
http://www.ncbi.nlm.nih.gov/pubmed/27459502
http://dx.doi.org/10.1016/j.wombi.2014.09.002
http://dx.doi.org/10.1016/j.wombi.2014.09.002
http://www.ncbi.nlm.nih.gov/pubmed/25262356
https://doi.org/10.2337/dc06-1816
http://www.ncbi.nlm.nih.gov/pubmed/17392549
http://www.ncbi.nlm.nih.gov/pubmed/27174368
http://www.ncbi.nlm.nih.gov/pubmed/27174368
http://www.ncbi.nlm.nih.gov/pubmed/27174368
http://doi.wiley.com/10.1046/j.1471-0528.2002.01373.x
https://doi.org/10.1371/journal.pone.0179647


diabetes. Nutr Diabetes [Internet]. 2013; 3(6):e72. Available from: http://www.pubmedcentral.nih.gov/
articlerender.fcgi?artid=3697403&tool=pmcentrez&rendertype=abstract

31. Mahalakshmi MM, Bhavadharini B, Kumar M, Anjana RM, Shah SS, Bridgette A, et al. Clinical profile,
outcomes, and progression to type 2 diabetes among Indian women with gestational diabetes mellitus
seen at a diabetes center in south India. Indian J Endocrinol Metab [Internet]. 2014; 18(3):400–6. Avail-
able from: http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4056142&tool=
pmcentrez&rendertype=abstract PMID: 24944938

32. Krishnaveni G V, Hill JC, Veena SR, Geetha S, Jayakumar MN, Karat CLS, et al. Gestational diabetes
and the incidence of diabetes in the 5 years following the index pregnancy in South Indian women. Dia-
betes Res Clin Pract [Internet]. 2007 Dec [cited 2016 Nov 13]; 78(3):398–404. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/17640759 PMID: 17640759

33. Rayanagoudar G, Hashi AA, Zamora J, Khan KS, Hitman GA, Thangaratinam S. Quantification of the
type 2 diabetes risk in women with gestational diabetes: a systematic review and meta-analysis of
95,750 women. Diabetologia [Internet]. 2016 Jul 13 [cited 2016 Nov 5]; 59(7):1403–11. Available from:
http://link.springer.com/10.1007/s00125-016-3927-2 PMID: 27073002

34. Family Health Bureau, Ministry of Health SL. Annual Report on Family Health 2004–2005. 2005.

Gestational diabetes mellitus and long term risk of type 2 diabetes

PLOSONE | https://doi.org/10.1371/journal.pone.0179647 June 23, 2017 14 / 14

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3697403&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3697403&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4056142&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4056142&tool=pmcentrez&rendertype=abstract
http://www.ncbi.nlm.nih.gov/pubmed/24944938
http://www.ncbi.nlm.nih.gov/pubmed/17640759
http://www.ncbi.nlm.nih.gov/pubmed/17640759
http://www.ncbi.nlm.nih.gov/pubmed/17640759
http://link.springer.com/10.1007/s00125-016-3927-2
http://www.ncbi.nlm.nih.gov/pubmed/27073002
https://doi.org/10.1371/journal.pone.0179647

