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Aims: We estimated the number of live births worldwide and by IDF Region who developed
hyperglycaemia in pregnancy in 2013, including total diabetes in pregnancy (known and
previously undiagnosed diabetes) and gestational diabetes.

Keywords:

Methods: Studies reporting prevalence of hyperglycaemia first-detected in pregnancy (for-

Gestational diabetes

merly termed gestational diabetes) were identified using PubMed and through a review of

Pregnancy

cited literature. A simple scoring system was developed to characterise studies on diagnos-

Hyperglycaemia in pregnancy

tic criteria, year study was conducted, study design, and representation. The highest scoring

Maternal health

studies by country with sufficient detail on methodology for characterisation and reporting

Diabetes

at least three age-groups were selected for inclusion. Forty-seven studies from 34 countries
were used to calculate age-specific prevalence of hyperglycaemia first-detected in pregnancy in women 20–49 years. Adjustments were then made to account for heterogeneity in
screening method and blood glucose diagnostic threshold in studies and also to align with
recently published diagnostic criteria as defined by the WHO for hyperglycaemia first
detected in pregnancy. Prevalence rates were applied to fertility and population estimates
to determine regional and global prevalence of hyperglycaemia in pregnancy for 2013. An
estimate of the proportion of cases of hyperglycaemia in pregnancy due to total diabetes in
pregnancy was calculated using age- and sex-specific estimates of diabetes from the IDF
Diabetes Atlas and applied to age-specific fertility rates.
Results: The global prevalence of hyperglycaemia in pregnancy in women (20–49 years) is
16.9%, or 21.4 million live births in 2013. An estimated 16.0% of those cases may be due to
total diabetes in pregnancy. The highest prevalence was found in the South-East Asia
Region at 25.0% compared with 10.4% in the North America and Caribbean Region. More
than 90% of cases of hyperglycaemia in pregnancy are estimated to occur in low- and
middle-income countries.
Conclusion: These are the first global estimates of hyperglycaemia in pregnancy and conform
to the new WHO recommendations regarding diagnosis and also include estimates of live
births in women with known diabetes. They indicate the importance of the disease from a
public health and maternal and child health perspective, particularly in developing countries.
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1.

Introduction

Until recently, any hyperglycaemia first detected during
pregnancy was termed gestational diabetes [1]. However, this
definition did not differentiate between different severity of
hyperglycaemia. The World Health Organization recently
proposed new criteria for the diagnosis and definition of
hyperglycaemia first detected in pregnancy which distinguishes the more serious diabetes in pregnancy (DIP), which is
more likely to persist beyond the birth, from gestational
diabetes (GDM), a milder degree of hyperglycaemia [2]. The
new definition calls for an understanding of the burden of
hyperglycaemia in pregnancy and its relationship with the
growing epidemic of type 2 diabetes and distinguishes DIP
from GDM based on the degree of hyperglycaemia; a reflection
that the risk of serious complications is much higher in
diabetes than in the milder GDM. Where studies previously
reported the prevalence of GDM, under the new definition,
these figures would also include the more severe hyperglycaemia classified as diabetes in pregnancy (DIP) under the
broad title of hyperglycaemia first-detected in pregnancy
(HFDP). Adding to this definition pregnancy in women with
known diabetes, we use the term hyperglycaemia in pregnancy (HIP) to describe the burden of any glucose intolerance in
pregnancy. In previous studies, any level of glucose intolerance in pregnancy was termed GDM. A description of the
terminology used in this paper and its relation to the estimates
proposed is presented in Fig. 1.
HIP, including gestational diabetes mellitus (GDM) and total
diabetes in pregnancy (TDP) (comprising both known diabetes
in pregnant women, and previously undiagnosed diabetes in
pregnancy (DIP)), is a common metabolic disorder during
pregnancy and has been associated with serious perinatal
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complications for both mother and child. In the short-term,
infants born to mothers with HFDP are at increased risk of
foetal macrosomia (also known as large-for-gestational-age),
hypoglycaemia and hyperinsulinemia at birth, and risks of
shoulder dystocia associated with obstructed labour [3,4].
Mothers with the condition are at increased risk of preeclampsia, gestational hypertension, caesarean section, and
hydramnios [3,4]. Moreover, TDP adds to these complications
an increased risk of foetal malformations, foetal loss, perinatal
and neonatal mortality, as well as an increased risk of
maternal mortality [5,6]. The growing numbers of younger
adults with type 2 diabetes mellitus (T2DM) [7] may be
contributing to rising trends in HIP.
Studies describing the risk factors and risk markers of
gestational diabetes used the previous definition of the disease
and there is some overlap with risk factors for T2DM. The
presence of previously undiagnosed T2DM may play a role in
the similarities. These risk factors and risk markers include:
advancing age; obesity; excessive weight gain during pregnancy; a family history of diabetes; gestational diabetes during
a previous pregnancy; a history of stillbirth or infant with
congenital abnormality; and glycosuria during pregnancy [8,9].
Similarly, certain ethnic groups found to have a higher
prevalence of GDM have also been found to have a higher
prevalence of T2DM [10,11,12]. GDM poses a long-term risk of
developing T2DM for both mother [10] and possibly for the
child as well [13] and may be contributing to the increasing
global epidemic of T2DM. Despite this, a substantial proportion of women who develop GDM do not have a high-risk
profile and some women who may be considered high-risk
never develop the condition [14,15].
Despite the serious public health implications of HIP, there
has been is no universal definition and no universal standards
for screening and a wide variety of methods are applied.

Fig. 1 – Terminology and classification for prevalence estimates of hyperglycaemia in pregnancy for 2013.
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Table 1 – Comparison of diagnostic criteria and screening protocols used for gestational diabetes.
Criteria

ADA/NDDG [19,26]
ADA [20–25]
ADIPS [51]
CDA [52]
WHO [27]
WHO [1]
IADPSG [18]

Fasting

1-h

mg/dL

mmol/L

105
95
99
95
140
126
92

5.8
5.3
5.5
5.3
7.8
7
5.2

mg/dL

mmol/L

190
10.5
180
10
Not measured
191
10.6
Not measured
180

Screening methods currently in use rely on variations of the
oral glucose tolerance test whereby blood glucose is measured
in the fasting state and again after an oral glucose challenge
(Table 1). Depending on the criteria used the resulting
prevalence can vary widely. A recent survey on GDM
prevalence and practice administered among diabetologists
and obstetricians in 173 countries found country-specific
prevalence estimates ranging from < 1% in Germany up to 28%
for a study in Nepal using a variety of criteria [16].
The lack of a uniform approach to estimate the prevalence
of HIP, as well as the new definition from WHO, intensifies the
need to develop a systematic means of estimating the
prevalence of HIP using existing data. This paper presents
the first estimates of the prevalence of HIP, including an
estimated proportion of the figure which may be due to total
(known and previously undiagnosed) diabetes in pregnancy
(TDP), for the year 2013.

2.

2-h

Methods

A detailed description of the methods used and the rationale
for adjustments applied is available from Linnenkamp et al.
[17]. Briefly, we conducted a systematic literature review of
studies reporting the prevalence of gestational diabetes using
the search terms: ‘gestational diabetes mellitus’, ‘GDM’,
‘prevalence’, ‘incidence’ and ‘screening’ and or. All studies
reporting prevalence of GDM and conducted since 1980 were
gathered and entered into a database for data cleaning,
assessment, and characterisation. Studies were characterised based on a set of four criteria: diagnostic/screening
method; year the study was conducted; study design; and
study sample representation. Studies were then scored using
a simple scoring method designed to favour studies that were
recent (since 2005), nationally representative, populationbased, and used a blood test based diagnostic method. The
highest scoring study or studies were selected for each
country.
Studies were excluded that were conducted in a population
considered not representative of the general population (e.g.
single ethnic group, migrants, etc.); studies that assess
prevalence exclusively on multi-parity pregnancies; where
screening was conducted before 24 weeks of gestation; or
where the methods were not sufficiently clear for assessment.
Where studies compared more than one screening method in
the same population, the data from a single method was
entered with preference given to IADPSG [18], followed by ADA
[19–25], NDDG [26], and WHO 1985/1999 [1,27], respectively.

10

3-h

mg/dL

mmol/L

165
155
144
160
140
140
153

8.6
8.6
8
8.9
7.8
7.8
8.5

mg/dL

mmol/L

145
7.8
Not measured

Studies reporting prevalence based on aggregation of diagnosis by more than one method were considered to be a high risk
for overestimation and therefore excluded. A total of 199
studies with information on the prevalence of HFDP were
identified and 47 were selected for use the estimates.
For countries without available study data, studies from
other countries matched for geographic proximity, ethnic
similarity, and socioeconomic development were used.
Transformed country-level data were aggregated to produce
regional estimates based on IDF Region (Africa (AFR); Europe
(EUR); Middle East and North Africa (MENA); North America
and the Caribbean (NAC); South and Central America (SACA);
South-East Asia (SEA); and the Western Pacific (WP)) and global
estimates.

3.

Statistical methods

Data management and analysis were done using the R
statistical programme (version 2.15.2) [28] and a MySQL
database to store study information and transformed estimates. Age-specific prevalence estimates of HFDP were
calculated for women from 20 to 49 years in 5-year agegroups. Data from selected studies were smoothed using
logistic regression models with a midpoint of each age-group
as the independent variable and a weighted number of cases
with and without HFDP as the dependent variable. Only age
groups starting at 18 years were included in the model.
Adjustments were made to account for differences in
glucose cut-off values reported across different studies. We
used the criteria developed by the IADPSG as a reference for
adjustment [18]. Where the age-specific prevalence from a
study was based on two abnormal blood glucose values, as
with the NDDG criteria, the prevalence was assumed to be
double of the reported age-specific prevalence in line with
published comparison studies [29,30]. Where the prevalence
was based on ADA criteria (2001–2006), which has a higher
glucose cut-off for diagnosis (Table 1), the prevalence was
further increased by 30% in keeping with published comparison studies [31]. Accounting for further differences in glucose
thresholds within variations of the same criteria or between
criteria was not done as there was not enough evidence of a
gain in precision [32]. Prevalence data based on self-reported
or abstraction of medical records were not scaled as there
were no comparison studies found to support an adjustment.
Calculation of the number of cases HFDP was done by
applying the derived age-specific prevalence to the estimated
number of live births for a country using the UN Population
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Division 2012 Revision estimates for country-, age- and sexspecific population in 2013 and the country- and age-specific
fertility estimates from the UN Population Division for 2012
[33]. Global and regional estimates were standardised to the
world population derived from the UN Population Division
estimates for 2013.

4.
Estimates of hyperglycaemia in pregnancy
and total diabetes in pregnancy
To align with the new WHO definition of HFDP which
distinguishes DIP from GDM, we estimated the proportion
of the HFDP prevalence that may be attributable to total
diabetes in pregnancy (TDP) which would include DIP
(previously undiagnosed diabetes in pregnancy) and estimates
of the number of live births in women with known diabetes.
The proportions were derived using age- and sex-specific
prevalence of diabetes from the IDF Diabetes Atlas for women
20–49 for the year 2013 [7]. Using the same fertility rates for
women with diabetes as those for the general population, we
multiplied the age-specific fertility rate estimates by agespecific estimated number of women with diabetes to get the
expected number of live births affected by pregnancy in
women with known diabetes. To estimate overall HIP, we
added the estimated cases of pregnancy among women with
known diabetes to the estimated cases of HFDP derived above
(Fig. 1).
We used a similar approach to estimate the proportion of
HIP which may be due to TDP. Using estimates of the agespecific number of women with undiagnosed T2DM [34] from
the IDF Diabetes Atlas multiplied by the age-specific fertility
rate estimates, we calculated the estimated number of live
births to women with undiagnosed T2DM. We added this
figure to the estimated live births among women with known
diabetes to get the number of cases of TDP. We then divided

this number by the estimate of HIP to get the proportion that
may due to TDP.

5.

Sensitivity analyses

Evidence from a single population-based study in women with
type 1 diabetes in Sweden showed a standard fertility ratio
(SFR) of 0.8 compared with women without diabetes [35]. We
conducted a sensitivity analyses using this SFR and applying it
to fertility rates when calculating the number of expected live
births among women with diabetes to estimate the effect of
reduced fertility in the population.

6.

Results

We estimate that in 2013, 21.4 million out of an estimated 127.1
million live births to women aged 20–49 years (crude
prevalence 16.9%; age-standardised prevalence 14.8%) were
affected by hyperglycaemia in pregnancy of which 16% may be
due to TDP including both previously undiagnosed diabetes in
pregnancy, and live births in women with known diabetes.
The South-East Asia Region had the highest crude prevalence
of HIP at 23.1% of live births, followed closely by the Middle
East and North Africa Region with 22.3%. Age-standardised
estimates of HIP by region range from 10.4% in the North
America and Caribbean Region to 25.0% in South-East Asia
Region (Table 2). The Region with the highest number of live
births affected by HIP is the South-East Asia Region with over
6.0 million cases, followed by the Africa Region with 4.3 million
cases, and the Western Pacific Region with 3.5 million cases.
The North America and Caribbean Region has the largest
proportion which may be due to TDP at 24.9%, while the lowest
proportion was found to be in the South-East Asia Region
(9.5%).

Table 2 – Global and regional estimates of hyperglycaemia in pregnancy for 2013.
Number of
live births

Cases of hyperglycaemia
in pregnancy

Crude
prevalence

Age-standardised
prevalence

Proportion of cases
that may be due to total
diabetes in pregnancy

Millions

Millions

%

%

%

IDF Region
AFR
EUR
MENA
NAC
SACA
SEA
WP

28.7
10.7
15.3
6.5
6.9
27.5
31.4

4.6
1.7
3.4
0.9
0.9
0.6
3.7

16.0
15.2
22.3
13.2
13.2
23.1
11.8

14.4
12.6
17.5
10.4
11.4
25.0
11.9

19.6
10.9
17.7
24.9
17.3
9.5
14.1

Income group
High-income
Upper-middle income
Lower-middle income
Low-income

12.0
16.6
71.2
27.3

2.1
2.4
12.7
4.2

17.5
14.8
17.8
15.5

13.8
12.8
17.6
14.5

16.4
17.1
13.4
16.7

127.1

21.4

16.9

14.8

16.0

World

*Age-standardised to population estimates from the World Population Prospects 2012 Revision [33].
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Table 3 – Country-level estimates of hyperglycaemia in pregnancy for countries with selected data sources.
IDF Region

Country/territory

Live births in
women
(20–49 years)
(1000s)

Cases
(1000s)

Crude
prevalence
(%)

Age-standardised
prevalence (%)

Proportion of cases
that may be due to total
diabetes in pregnancy (%)

AFR

Nigeria

6156.3

1057.4

17.2

14.4

19.4

EUR

Belgium
France
Hungary
Ireland
Israel
Netherlands
Norway
Poland
Spain
Turkey
United Kingdom

127.3
779.5
94.4
70.8
155.8
175.0
61.0
401.3
478.4
1172.6
719.5

8.0
105.7
13.7
9.5
19.6
54.6
19.7
42.7
175.7
160.2
164.3

6.3
13.6
14.5
13.5
12.6
31.2
32.3
10.7
36.7
13.7
22.8

5.0
11.6
12.2
11.0
10.5
27.2
31.1
9.1
32.1
10.8
19.8

21.4
6.1
6.1
9.3
4.1
3.3
4.3
8.3
2.5
31.7
5.1

MENA

Islamic Republic of Iran
Qatar
United Arab Emirates

1387.6
24.2
134.4

264.8
8.0
54.3

19.1
33.2
40.4

16.9
25.4
36.8

16.0
31.3
16.2

NAC

Barbados
Canada
Trinidad and Tobago
United States of America

3.2
380.1
18.0
3894.3

0.6
67.5
1.7
464.2

20.3
17.8
9.2
11.9

15.4
15.4
6.9
8.5

15.9
11.5
31.7
32.7

SACA

Argentina
Brazil
Cuba

607.6
2429.9
92.2

56.8
280.7
22.9

9.4
11.6
24.8

7.9
9.7
23.8

17.6
21.7
7.9

SEA

Bangladesh
India
Sri Lanka

2544.3
24,055.9
369.8

248.2
5995.3
47.9

9.8
24.9
12.9

9.8
27.5
9.9

15.6
9.1
27.7

WP

Australia
China
Hong Kong SAR
Japan
Malaysia
Singapore
Thailand
Viet Nam

299.8
18,495.2
67.1
1037.3
523.1
52.4
597.4
1335.0

24.7
1301.3
12.0
53.4
115.6
14.1
136.9
263.7

8.2
7.0
17.8
5.2
22.1
27.0
22.9
19.8

6.7
7.7
12.8
4.1
17.6
23.1
21.0
20.6

5.3
21.4
8.4
6.7
20.7
7.6
4.1
3.4

Age-specific estimates show an increase in the prevalence
of HIP as women age starting at 10.3% of women 20–24 and
increasing to 47.9% in women 45–49. While the high prevalence of HIP by percentage is found in older women, the largest
numbers of cases occur in women under 30 years. An
estimated 14.9 million or 69.9% of cases occur in women
under the age of 30 despite these women having a lower risk of
developing HIP.
Over 91.6% of cases of HIP occur in low- and middle-income
countries. After dividing middle-income countries in to lowermiddle and upper-middle income [36], the highest agestandardised prevalence of HIP occurs in lower middleincome countries at 17.6% followed by low-income countries
at 14.5%. Low-income countries have the greatest proportion
of cases of TDP that may be attributable to undiagnosed T2DM
at 71.5% compared with 34.1% in high-income countries.
Lower-middle income countries had by far the highest number
of cases of HIP with 12.7 million and also the highest number
of live births (Table 2). The lowest number of cases of HIP was
in high-income countries (2.1 million).
Country-specific estimates are reported for countries where
source data were available and not based on extrapolation from

other countries. Country-specific estimates are presented in
Table 3. From countries with available data, the United Arab
Emirates had the highest age-standardised prevalence of HIP at
36.8% (crude prevalence 40.4%) of women 20–49 years, followed
by Norway (31.1%), India (27.5%), and the Netherlands (27.2%).
Japan had the lowest age-standardised prevalence at 4.0%.
India had the highest number of women affected by HIP with
an estimated 5.7 million cases in 2013 followed by China with
1.2 million, Nigeria (950,000), and the United States of America
(350,000).
Sensitivity analyses using a lower fertility ratio found
previously in a population-based study among women with
type 1 diabetes [35] yielded a global estimate of 21.2 million live
births or a 0.9% difference in the estimate. The greatest
differences in the regional figures were seen where TDP
contributed the largest proportion to the overall estimate of
HIP (Table 4).
Details of data sources used for generating the estimates
are discussed in detail in Linnenkamp et al. [17]. Briefly, 199
studies were identified matching the search terms and
eligibility criteria. Of these, 92 studies met the inclusion
criteria and provided sufficient data for characterisation and
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Table 4 – Sensitivity analyses of estimates of hyperglycaemia in pregnancy using a standard fertility ratio (SFR) of 0.8 for
women with diabetes.
Same fertility rate for all women

Reduced fertility rate in women with DM

Cases of hyperglycaemia
in pregnancy

Proportion that may
be due to total diabetes
in pregnancy

Cases of hyperglycaemia
in pregnancy

Proportion that may
be due to total
diabetes in pregnancy

Millions

%

Millions

%

4.6
1.7
3.4
0.9
0.9
6.3
3.7

19.6
10.9
17.7
24.9
17.3
9.5
14.1

4.5
1.6
3.3
0.8
0.9
6.3
3.7

15.9
8.6
14.3
20.6
14.2
7.7
11.4

Income group
High-income
Upper-middle income
Lower-middle income
Low-income

2.1
2.4
12.7
4.2

16.4
17.1
13.4
16.7

2.1
2.3
12.5
4.2

13.4
14
10.8
13.5

World

21.4

16.9

21.1

16.6

IDF Region
AFR
EUR
MENA
NAC
SACA
SEA
WP

scoring and 46 studies representing 34 countries were
selected. The majority of studies selected were from highincome countries (60.8%, n = 28), although low- and middleincome countries were also represented (39.1%, n = 18). Few
studies were selected for the Africa Region (n = 2) while several
studies were selected for Europe (n = 13) and for the North
America and Caribbean Region (n = 11) and, in particular, for
the USA (n = 3) and Canada (n = 6).

7.

Discussion

The estimates presented here indicate that with 21.4 million
live births affected by hyperglycaemia in pregnancy in 2013,
the condition poses a threat to global maternal health. The
burden of HIP described in this paper, an estimated 170 cases
per 1000 live births in 2013, puts it on par with other maternal
conditions [37]. The prevalence of HIP increases sharply with
age with a prevalence of 39.2% in women 40–44 and up to 47.9%
in women 45–59 years, although fertility patterns have a
profound effect in the number of women with hyperglycaemia
in pregnancy as seen in Fig. 2. Patterns of fertility change with
development, and women in high-income and upper-middle
income countries are having children later in life, which in
turn contributes to a greater proportion of live births in those
countries affected by HIP. Nonetheless, the overwhelming
majority of cases of HIP occur in low- and middle-income
countries (91.6%). This is of concern especially in lower-middle
income countries where, despite progress towards the
Millennium Development Goal to reduce the maternal
mortality ratio, only half of women receive the recommended
healthcare during pregnancy [38]. As countries progress
towards development and fertility patterns towards more
children in older ages, coupled with an increasing prevalence
of obesity [39] and type 2 diabetes in younger age groups [7], we
can expect to see increases in the burden of HIP around the
world.

Indeed, the type 2 diabetes epidemic and the burgeoning
number of cases of HIP are driven by similar determinants.
Risk factors driven by changes in lifestyle and development,
such as abdominal obesity, poor diet, low physical activity,
and advancing age are shared by both the type 2 diabetes
epidemic and HFDP [14,40]. Similarly, socioeconomic determinants of health that can put disadvantaged or low-resource
communities at greater risk of poor outcomes have been
linked to both conditions. Some of these shared factors can be
explained by the overlap in the conditions, where TDP is a
result of previously-undiagnosed type 2 diabetes. However, a
substantial proportion of women who develop HIP have no
traditional risk factors and this is one of the reasons that many
organisations have advocated for universal screening of
pregnant women [41]. More research is needed to illuminate
the subtleties of risk factors and determinants at play in the
development of gestational diabetes compared to diabetes in
pregnancy.
While any hyperglycaemia in pregnancy poses a threat to
women and their infants, diabetes in pregnancy is associated
with a higher risk of serious complications and thus may
require more intensive management [31]. The new WHO
definition of hyperglycaemia first detected in pregnancy
makes the distinction between degrees of hyperglycaemia
in reflection of the increased risk to mothers with diabetes in
pregnancy [2,3]. Understanding and applying these new
criteria will be essential to the appropriate allocation of
resources, training of healthcare professionals, and pre- and
post-natal education of pregnant mothers. Already, barriers to
care for women with gestational diabetes are numerous, and
are especially serious in low-resource settings [42] which
potentially increases rates of complications. For example,
women of low socioeconomic status in Australia undergoing
management for gestational diabetes were found to have
more problems understanding and adhering to self-management requirements than their high economic status counterparts [43] which highlights the need for close monitoring and
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Fig. 2 – Number and prevalence of live births affected by hyperglycaemia in pregnancy by age (20–49 years) and income
group, 2013.
*World Bank Income groups as reported for April, 2013 [36]; number of live births estimated from the UN Population
Division World Population Prospects for 2012 [33].

appropriate education programmes regardless of setting or
level of development. However, awareness of gestational
diabetes and its consequences has been found to be relatively
low for women in general [44,45].
Regional variations in the figures partially reflect differences in the prevalence of diabetes in the adult population [7]
but also differences in fertility patterns and the characteristics
of the underlying studies. For instance, the high number of
cases in South-East Asia is partially explained by the high
number of births predicted for the Region but also by studies
that have reported prevalences in India ranging from 7.0% [46]
to 18.9% [47] using different criteria. There is an exceptionally

high estimated prevalence of HIP in India (27.5%), which is the
main driver of the high prevalence in the Region, compared
with 9.9% in Sri Lanka and 9.8% in Bangladesh, Similarly,
estimates of the number of cases in the Africa Region are more
a reflection of the high number of estimated live births (28.7
million) in the Region than prevalence (14.4%). The wide
variability in the country-level estimates is largely due to
differences in the reported prevalence in the underlying
studies. For instance, neighbouring Netherlands and Belgium
have widely different estimates (age-standardised prevalences of 27.2 and 5.0%, respectively), but the difference is
similar in magnitude to that reported by the studies the

diabetes research and clinical practice 103 (2014) 176–185

estimates are based on (crude prevalences of 24.2% and 3.3%,
respectively) [29,48]. The country-level proportions of the HIP
estimates that may be due to TDP reflect the age-specific
patterns of the prevalence of diabetes in women for those
countries. European countries which have a relatively low
proportion of women of reproductive age with diabetes have a
lower proportion of the HIP estimate that may be due to TDP.
Conversely, countries in the Middle East and North Africa
Region show a high proportion of TDP, reflecting the overall
high prevalence of diabetes in women 20–49 years in those
countries [7].

8.

Limitations

The estimates presented in this paper must be interpreted
with caution as they are based largely on extrapolation and a
number of assumptions. The most substantial limitation to
the estimates is the heterogeneity of methods used by the
underlying studies to estimate the prevalence of HFDP.
However, it is important to note that none of the screening
criteria currently in use (Table 1) is lower than the values for
diagnosis for the new WHO definition of HFDP (Fig. 1) and thus
using these studies based on various criteria as the underlying data for the estimates will not produce an overestimate
of HIP.
Significantly, figures on the proportion of HIP due to TDP
presented here are very likely to be an underestimate as some
women will present at screening with hyperglycaemia severe
enough to be classified as DIP but will not necessarily have had
pre-existing undiagnosed T2DM. In addition, the prevalence
estimates of diabetes in women derived from the IDF Diabetes
Atlas is taken from population-based studies that systematically exclude pregnant women. Thus, the true proportions of
DIP and subsequently TDP in HIP are most likely higher. More
research is needed in applying the new definition of HFDP to
understand the true proportions of this burden and allocate
appropriate resources.
While the method applied for these estimates takes the first
evidence-based approach at accounting for the differences, a
limited set of data are available to understand and quantify
each set of screening methods used against the other. As new
studies using the definition recently put forth by the WHO
become available, the comparability of the estimates will
improve. In addition, the majority of studies are derived from
hospital-based cohorts and unlikely to be representative of the
whole population. Adjusting for fertility and age goes some
way at improving the estimate as well as selecting studies
including the largest catchment area available, but local and
regional variability in the underlying studies compromise the
reliability of the estimates.
In addition, regional and global estimates are based on
extrapolation from a few studies which are applied to large
groupings of countries matched for region and World Bank
Income group. Where there are more data sources available of
reasonable quality, the estimate is likely more precise.
However, vast regions have relatively few data sources
available. For example, the estimates for HIP in the Africa
Region are based entirely on a single study from Nigeria. More
studies would improve the precision and reliability of the
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estimates. Changes in the underlying data currently have a
large influence on country-level figures and the estimates
would benefit from sensitivity analyses to test the system by
which studies are selected.
Relatively few assumptions are applied to generate the
estimates. However, they have a large impact on the final
estimates. The first assumptions relate to the scaling of data
from some sources based on the screening method used. The
scaling is described in detail in Linnenkamp et al. [17], but is
based on relatively few data. The second assumption is that
the fertility rate of women with diabetes is not substantially
different from that of the general population. While there is
evidence of a reduced fertility rate in women with type 1
diabetes [35] there is no information available for type 2
diabetes. There is evidence of a disruption in fertility in
women with diabetes [49] and concomitant conditions, like
polycystic ovarian syndrome [50]. In addition, the increased
risk of malformations in the development of the foetus for
women with diabetes in pregnancy lead to early termination
of the pregnancy and a decreased fertility [4]. The sensitivity
analyses presented in this paper using the reported standardised fertility ratio from the Swedish cohort showed a
relatively small impact on the global figures and prevalence
(Table 4); however, more data are needed in order to integrate
these figures into the methodology for global estimates. The
overall effect of reducing the fertility rate in women with
diabetes was relatively low using the available information.
The effect may be greater than what that single study reports.
Population-based studies examining at the fertility of women
with diabetes would greatly improve the estimates.
Furthermore, the population and diabetes prevalence
estimates used in the methods to derive the estimates of
HIP are extrapolations and estimations in their own rights and
subject to many of the same biases and limitations presented
here.

9.

Conclusion

Hyperglycaemia in pregnancy is a serious and growing global
health threat to women. Integration of strategies for screening
and managing women with the condition into public policy
and health systems is essential. The growing numbers of
women developing HIP will have implications not only for
health systems, but will contribute to increases in the global
diabetes epidemic.
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