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pregnancy. The International Diabetes Federation (IDF) has developed a methodology for
generating estimates of the prevalence of hyperglycaemia in pregnancy, including hyper-
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studies were entered to produce estimates for five-year age groups using logistic regression
to smooth curves, with age as the independent variable. The derived age-specific prevalence
was adjusted for differences in diagnostic criteria in the underlying data. Cases of hyperglycaemia in pregnancy were derived from age-specific estimates of fertility and age-specific
population estimates. Country-specific estimates were generated for countries with available data. Regional and global estimates were generated based on aggregation and extrapolation for 219 countries and territories. Available fertility rates and diabetes prevalence
estimates were used to estimate the proportion of hyperglycaemia in pregnancy that may be
due to total diabetes in pregnancy – pregnancy in women with known diabetes and diabetes
first detected in pregnancy.
Results: The literature review identified 199 studies that were eligible for characterisation
and selection. After scoring and exclusion requirements, 46 studies were selected representing 34 countries. More than 50% of selected studies came from Europe and North
America and Caribbean. The smallest number of identified studies came from sub-Saharan
Africa. The majority of studies were for high-income countries, although low- and middleincome countries were also represented.
Conclusion: Prevalence estimates of hyperglycaemia in pregnancy are sensitive to the data
from which they are derived. The IDF methodology is a transparent, reproducible, and
modifiable method for estimating the burden of hyperglycaemia in pregnancy. More data are
needed, in particular from developing countries, to strengthen the methodology.
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1.

Introduction

The World Health Organization (WHO) recently published a
new definition for hyperglycaemia first detected in pregnancy (HFDP) which includes both gestational diabetes
mellitus (GDM) and diabetes mellitus in pregnancy (DIP) [1].
GDM was previously defined as ‘‘glucose intolerance with
onset or first recognition in pregnancy’’ or ‘‘carbohydrate
intolerance of varying severity which is diagnosed in
pregnancy and may or may not resolve after pregnancy’’
[2]. During the 2nd International Workshop on GDM in
October 1984 it was added that ‘‘the definition applies
irrespective of whether or not insulin is used for the
treatment or if the condition persists after pregnancy’’ [2].
Early definitions of GDM did not differentiate between
diabetes that existed before, or after the pregnancy and
hyperglycaemia that resolved postnatally. The growing
burden of type 2 diabetes mellitus (T2DM) in women of
reproductive age has driven the need for the new definition
put forth by the WHO which also takes into account the
unique care needs of different degrees of hyperglycaemia
first detected in pregnancy (HFDP) [3,4]. Total diabetes in
pregnancy (TDP) incorporates, in addition to DIP, women
with known diabetes who may be pregnant.
Hyperglycaemia in Pregnancy (HIP), including women with
HFDP and TDP (Fig. 1), is a common metabolic disorder during
pregnancy, is associated with serious complications for
mother and child. HIP has been associated with leading
causes of maternal mortality including: post partum haemorrhage, hypertensive disorders, obstructed labour, caesarean
section and sepsis [5]. It is associated with serious risks for
mother and child that include preeclampsia, obstructed
labour, and infant macrosomia [5,6]. Studies which previously
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reported the prevalence of GDM would now be classified under
the new definition as reporting HFDP as those studies made no
distinction between GDM and DIP. The complications associated with HFDP are similar to those associated with GDM. The
principal difference is that women with GDM are more
susceptible to subsequently develop T2DM later in life and
women with DIP are more likely to suffer serious complications during pregnancy [4,5,7].
Various national and international bodies have published
a range of guidelines and recommendations on screening
methods and diagnostic criteria for the screening and
diagnosis of HFDP (now classified under the new WHO
definition, previously termed GDM). These recommendations differ in their requirement for the subject to be in a
fasting state, the number of appointments needed, the
amount of glucose administered and blood glucose thresholds for case identification. Depending on which criteria and
screening method are applied (Fig. 2); the resulting reported
prevalence can vary widely. This variation poses a serious
problem when trying to compare prevalence figures across
studies.
Due to a substantial heterogeneity in screening methods
and diagnostic criteria for what has traditionally been termed
GDM and would now be considered HFDP, the global burden of
HIP has yet to be rigorously quantified. Consequently, the
International Diabetes Federation (IDF) has developed a
methodology to systematically estimate the global prevalence
of HIP among women of reproductive age (20–49 years).

2.

Methods

Fig. 3 provides an overview of the methodology described
below [8,9].

Fig. 1 – Terminology and classification for estimates of hyperglycaemia in pregnancy.
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Fig. 2 – Diagnostic and screening methods currently in use for estimating gestational diabetes and hyperglycaemia firstdetected during pregnancy.

2.1.

Literature search

A systematic literature search of PubMed, Google Scholar,
relevant citations from within papers, and gathered information from experts and researchers in the IDF network was
conducted from February 2013 to April 2013 to identify studies
reporting the prevalence of GDM using the terms: ‘gestational
diabetes mellitus’, ‘GDM’, ‘prevalence’, ‘incidence’ and
‘screening’ and <country name> or <region/continent>.
The term ‘‘gestational diabetes’’ and associated terms listed
above were used to identify studies.
Data were entered and stored in a MySQL database with an
OpenOffice Base data-entry system. Data management and
statistical programming were conducted using the R Project
for Statistical Computing version 2.15.2 (www.r-project.org)
[10]. For each data source, the country, title, abstract, authors,
PubMed ID, and publication year were stored in the database.
In addition, fields characterising the study were stored as
shown in Table 1.

2.2.

Exclusion criteria

Study information was stored for all sources, however studies
were excluded from further analysis if one or more of the
following characteristics were applicable: data were duplicated or published in multiple papers (only the most complete

data were stored), study was conducted prior to 1980, a nonrepresentative sample of the general population (e.g. a single
ethnic group, a single insurance provider, study only in
migrants, etc.), exclusive focus on multi-parity, screening was
carried out exclusively before the 24th week of gestation, less
than three age groups for age-specific estimates were
reported, prevalence reported was a cumulative result of
various screening methods, or a lack of clarity on methodology
or insufficient data for characterisation. Whether or not risk
factor screening has been used during the course of the study
was recorded but not part of the selection process.

2.3.

Study characterisation and selection

Studies were characterised according to sample size, diagnostic criteria, representativeness, and year the study was
conducted. In order to simplify characterisation, certain
criteria were grouped together. Studies that used either the
WHO diagnostic criteria established in 1985 or from 1999 were
grouped together as the difference in the diagnostic values
was not found to substantially impact the prevalence [22,23].
Studies using the ADA diagnostic criteria defined prior to 2000
were classified as using the NDDG diagnostic criteria, due to
the similarity of these two sets of criteria [25]. If the ADA
diagnostic criteria between 2000 and 2010 were used, studies
were classified as using the ADA diagnostic criteria [26,27].
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Table 1 – Study characterisation fields.
Field

Options

Description

Sample representation

Single hospital
Local
Multi-city
Regional
National

Study
Study
Study
Study
Study

Study design

Population-based

The sample was taken systematically from the entire population in a
given area
The sample was taken from a cohort not representative of the entire
population
Results based on modelling from a number of data sources combined
through meta-analysis or similar pooling

Cohort study
Modelling

carried
carried
carried
carried
carried

out
out
out
out
out

in a single hospital
in one city
in multiple cities
on regional level
on national level

Sample size

Number of the total sample size

The sample size used for the entire study

Study date

Year

The year in which the study was conducted

Screening-week

<24
24–28
>28
Multiple
Not available

Screening was performed exclusively before 24th week of gestation
Screening was performed between week 24 and 28 of gestation
Screening was performed exclusively after 28th week of gestation
Screening was performed multiple times during gestation
Authors did not indicate when the screening was performed

Diagnostic criteria

ADA
ADIPS
CDA
EASD
IADPSG

American Diabetes Association criteria (2000–2010)
Australasian Diabetes in Pregnancy Study Group criteria
Canadian Diabetes Association criteria
European Association for the study of Diabetes criteria
International Association of the Diabetes and Pregnancy Study Groups
criteria (including ADA criteria from 2011)
International Classification of Diseases tool
National Diabetes Data Group criteria (including ADA prior to 2000)
World Health Organization criteria (1985 and 1999)

ICD-classification
NDDG (ADA < 2000)
WHO

However, studies reporting using ADA diagnostic criteria
defined in 2011, were classified as IADPSG criteria, due to the
similarity of these two sets of criteria [28]. Data sources were
carefully reviewed to ensure correct classification of diagnostic criteria.
A scoring system was developed to weight and select the
most appropriate studies to produce prevalence estimates for
HIP. Table 2 summarises the study characteristics considered
for scoring and the assigned points. The maximum score a
study could obtain was seven. Studies with a score of three or
less points were excluded.

2.4.

Statistical methods

2.4.1.

Logistic regression

Age-specific prevalence for HFDP was derived from
the selected prevalence studies. Age-specific data from
studies were entered to produce estimates for five year age
groups [20–29,45–49] using logistic regression to smooth the
curves, with age (midpoint of each age group) as the
independent variable. The final binary logistic formula was
as follows:
Y ¼ b0 þ b1Xage

Table 2 – Scoring system for studies reporting prevalence of hyperglycaemia first-detected in pregnancy.
Domain

Item

Diagnostic criteria

Record-based/self-reported
Criteria-based

0
1

Study year

<2000
2005
>2005

0
1
2

Study design

Modelling based on pooled or extrapolated data
Population-based/universal consecutive pregnancy screening

0
1

Representation

Single-hospital
Local
Multi-city
Regional
National

0
1
1
2
3

Value
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Fig. 3 – IDF methodology for estimating hyperglycaemia in pregnancy.

where Y is the prevalence, b0 is the intercept and Xage is the
midpoint of the age group. Age-specific prevalence across fiveyear age groups [20–29,45–49] was calculated using the ‘‘predict’’ function in R.

2.5.

Adjustment for diagnostic criteria

The derived age-specific prevalence was adjusted for the
specific diagnostic criteria for HFDP in each study. Adjusting
for the different criteria involved two steps:

(1) The prevalence of any study that used any diagnostic
criteria other than the one proposed by IADPSG or WHO
1999 were doubled in accordance with published research
comparing various diagnostic methods [29,30].
(2) All studies that based their prevalence on the WHO 1999
criteria were scaled up by 30% as an adjustment for the
higher glucose threshold used by that criteria [31]. Studies
using the IADPSG criteria were not scaled. Studies based on
ICD classification were not scaled.
No adjustment was made to studies using different
diagnostic values for blood glucose or different glycaemic
loads, as the evidence does not support a significant difference
in the prevalence when adopting different values.

2.6.

Country-specific estimates

Country-specific estimates were generated if primary data
were available. For each country with available studies, the
highest scoring study was selected. If more than one study was
selected for a country, the age-specific prevalence results were
averaged to produce a country estimate.

2.7.

Calculation of cases and total diabetes in pregnancy

The number of live births in each country were calculated by
applying the age-specific fertility rates from the UN Populations Prospects 2012 to the age-specific population of women
derived from the same source [8]. The criteria-adjusted agespecific prevalence of HFDP was then multiplied by the
expected number of live births per country to obtain the
expected number of live births in women with HFDP per
country.
We assumed that women with diabetes have the same
fertility as women without diabetes. Using age- and sexspecific prevalence of diabetes for women 20–49 from the
6th edition of the IDF Diabetes Atlas [32], the number of live
births in women with known diabetes were estimated
by multiplying the age-specific estimated number of
women with known diabetes to age-specific estimates of
fertility [8].
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Table 3 – Studies selected for generating the global estimates of HIP.
Country (study)

Year

Africa
Nigeria [36]
Nigeria [37]

2009
2011

Europe
Belgium [18]
France [38]
Hungary [39]
Ireland [24]
Israel [24]
Israel [24]
Netherlands [40]
Norway [41]
Poland [42]
Spain [43]
Turkey [44]
United Kingdom [24]
United Kingdom [24]

Sampling frame

Diagnostic
criteria

1460
265

Single hospital
Single hospital

WHO
WHO

2010
2012
2000
2009
2010
2010
2009
2010
2006
2010
2007
2010
2010

6727
1884
1835
5500
1818
1631
471
759
2130
1738
21534
1671
2376

Single hospital
Single hospital
Regional
Local
Single hospital
Single hospital
Single hospital
Local
Single hospital
Single hospital
National
Single hospital
Single hospital

ADA
ADA
WHO
WHO
IADPSG
IADPSG
WHO
IADPSG
WHO
IADPSG
NDDG
IADPSG
IADPSG

Middle East and North Africa
Iran [45]
Qatar [46]
United Arab Emirates [47]

2008
2011
2008

924
1608
10283

Local
Single hospital
Local

North America and Caribbean
Barbados [24]
Canada [48]
Canada [49]
Canada [50]
Canada [51]
Canada [24]
Canada [52]
Trinidad and Tobago [53]
USA [54]
USA [55]
USA [56]

2010
2002
2010
2010
2008
2010
2007
2007
2006
2006
2010

753
659164
487368
5038
1050108
2028
487
720
23904
3108877
220585

South and Central America
Argentina [57]
Brazil [58]
Brazil [59]
Cuba [60]

2008
2007
1995
2011

South-East Asia
Bangladesh [61]
India [62]
Sri Lanka [63]
Western Pacific
Australia [64]
China [65]
Hong Kong SAR [24]
Japan [66]
Malaysia [67]
Malaysia [68]
Singapore [24]
Thailand [24]
Thailand [68]
Viet Nam [69]

2.8.

Sample size

Study prevalence
of HFDP (%)

Study score

15.34
8.3

4
4

3.25

6.81
8.45
3.17
17.05
24.28

4
4
5
5
4
4
4
5
4
4
7
4
4

ADA
ADA
WHO

7.4
16.29
12.54

5
4
5

Single hospital
Regional
Local
Single hospital
Local
Single hospital
Single hospital
Single hospital
National
National
National

IADPSG
ICD – classification
ICD – classification
IADPSG
ICD – classification
IADPSG
ADA
WHO
ICD – classification
ICD – classification
ICD – classification

11.9

4
4
4
4
4
4
4
4
5
5
5

1702
1047
4998
1003

Local
Local
Multi-city
Regional

WHO
Self-reported
WHO
WHO

2002
2006
2010

147
12056
419

Regional
Regional
Regional

WHO
WHO
IADPSG

6.8

2005
2006
2010
2001
2008
2006
2010
2010
2008
2010

950747
16286
1654
3003
616
1378
1787
2499
2005
2772

Regional
National
Single hospital
Local
Single hospital
Single hospital
Single hospital
Single hospital
Local
Local

ADIPS
ADA
IADPSG
ADA
EASD
WHO
IADPSG
IADPSG
NDDG
ADA

3.77
4.35
14.39
2.28
18.34
11.72
25.13
22.97

Estimate of HIP and proportion due to TDP

To estimate overall HIP, which includes HFDP (a combination
of DIP and GDM – Fig. 1), the estimated live births among
women with known diabetes were added to the estimated
cases of HFDP calculated above.

8.66
9.4
10.06
9.25
24.2

4.2
9.39
3.16
15.53
4.3

5.72

5.81

17.93

7.16

5.92

5
4
4
6

5
5
5

6
7
4
4
4
4
4
4
4
5

Fig. 3 gives an overview of the calculations used to arrive at
the estimates. Some proportion of HFDP may be a result of
previously undiagnosed T2DM (Fig. 1). However, the underlying studies used to generate the estimates do not take into
account the new distinction in the definition and thus we were
not able to directly extract what proportion of the estimate of
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Table 4 – Countries with data and countries grouped by data region for generation of the estimates of hyperglycaemia in
pregnancy.
Data region Countries with selected
data sources
AFR

Countries extrapolated from data region

Nigeria

EUR-LMIC

EUR-HIC

MENA-LMIC
MENA-HIC
NAC

SACA-MIC
SEA-LIC
SEA-MIC
WP-LIC
WP-MIC

WP-HIC

Angola, Benin, Burkina Faso, Burundi, Botswana, Cameroon, Cape Verde, Central
African Republic, Chad, Comoros, Djibouti, Democratic Republic of the Congo, Republic
of Congo, Côte d’Ivoire, Eritrea, Ethiopia, Equatorial Guinea, Gabon, Gambia, Ghana,
Guinea, Guinea-Bissau, Kenya, Liberia, Lesotho, Madagascar, Malawi, Mali, Mauritania,
Mozambique, Namibia, Niger, Rwanda, Réunion, Sao Tome and Principe, Senegal, Sierra
Leone, Somalia, Seychelles, South Africa, Swaziland, United Republic of Tanzania, Togo,
Uganda, Western Sahara, Zambia, Zimbabwe
Poland, Turkey
Albania, Armenia, Azerbaijan, Belarus, Bosnia and Herzegovina, Bulgaria, Georgia,
Kazakhstan, Kyrgyzstan, Latvia, Lithuania, Macedonia, Moldova, Montenegro, Romania,
Russian Federation, Serbia, Tajikistan, Turkmenistan, Ukraine, Uzbekistan
Norway, Ireland, Belgium, Spain,
Andorra, Austria, Channel Islands, Croatia, Cyprus, Czech Republic, Denmark, Estonia,
Hungary, France, Netherlands,
Finland, Germany, Greece, Iceland, Italy, Liechtenstein, Luxembourg, Malta, Monaco,
United Kingdom, Israel, Sweden, Italy Norway, Portugal, San Marino, Slovakia, Slovenia, Sweden, Switzerland, Faroe Islands
Islamic Republic of Iran
Afghanistan, Algeria, Egypt, Iraq, Jordan, Lebanon, Libya, Morocco, State of Palestine,
Pakistan, Sudan, Syrian Arab Republic, Tunisia, Yemen, South Sudan
Qatar, United Arab Emirates
Bahrain, Kuwait, Oman, Saudi Arabia
Anguilla, Antigua and Barbuda, Aruba, Bahamas, Belize, Bermuda, British Virgin Islands,
USA, Canada, Barbados,
Trinidad and Tobago
Cayman Islands, Curaçao, Dominica, Grenada, Guadeloupe, Guyana, Haiti, Jamaica,
Martinique, Mexico, Netherlands Antilles, Sint Maarten, St Lucia, St Kitts and Nevis, St
Vincent and the Grenadines, Suriname, US Virgin Islands
Argentina, Brazil, Cuba
Bolivia, Chile, Colombia, Costa Rica, Dominican Republic, Ecuador, El Salvador, French
Guiana, Guatemala, Honduras, Nicaragua, Panama, Paraguay, Peru, Uruguay, Venezuela
Bangladesh
Nepal
India, Sri Lanka
Bhutan, Maldives, Mauritius
Viet Nam
Cambodia, Democratic People’s Republic of Korea, Lao People’s Democratic Republic,
Myanmar
China, Thailand, Malaysia
Fiji, Indonesia, Kiribati, Marshall Islands, Federated States of Micronesia, Mongolia,
Nauru, Niue, Palau, Papua New Guinea, Philippines, Samoa, Solomon Islands, Timor
L’Este, Tokelau, Tonga, Tuvalu, Vanuatu
Brunei Darussalam, Macau SAR Cook Islands, French Polynesia, Guam, New Caledonia,
Australia, Japan, Singapore,
Hong Kong SAR, Republic of Korea
New Zealand, Taiwan

AFR: Africa, EUR: Europe, MENA: Middle East and North Africa, NAC: North America and Caribbean, SACA: South and Central America, SEA:
South-East Asia, WP: Western Pacific.
HIC: high income countries, LIC: low income countries, LMIC: low and middle income countries, MIC; middle income countries.
*Not enough information was available for some income-level groupings within geographic regions, therefore AFR-LIC was grouped with AFRMIC, EUR-LIC was grouped with EUR-MIC, MENA-LIC was grouped with MENA-MIC, NAC-LIC and NAC-MIC were grouped with NAC-HIC.

HFDP may be due to DIP. This uncertainty is further extended
to the estimates of HIP as HFDP makes up a substantial
proportion. In order to understand what proportion of the
overall HIP estimate may be due to live births in women with
known diabetes and women with diabetes first detected in
pregnancy (termed total diabetes in pregnancy (TDP)), agespecific estimates of all diabetes [33] in women were
multiplied by age-specific fertility rates to get the number of
live births in women with diabetes both known and previously
undiagnosed for 2013. This figure was considered to represent
cases of TDP and would include a proportion of DIP, which is
included in the underlying studies, as well as estimates of live
births in women with known diabetes. The total number of
live births affected by TDP was divided by the estimated
cases of HIP to get the proportion of HIP which may be due to
TDP.

2.9.

Regional and global estimates

Country-specific estimates were generated for countries that
had available prevalence data (Table 4).

Regional and global estimates were generated based on
aggregation and extrapolation of the available data. Estimates
were generated based on ‘data regions’. A data region was
defined as a combination of IDF Region, World Bank country
income group as classified in April 2013 [34] and matched by
ethnicity. If no primary data were available for a data region,
the estimates were based on the most appropriate data region
with available data. The global estimate was derived by
aggregating cases at the regional level and applying the
average prevalence rate from available countries to other
countries without data in the same data region.

2.10.

Results of the literature search

The prevalence estimates of HIP that were generated using the
above described methodology are described in detail in the
publication by Guariguata et al. [35]. The search for data
identified 199 studies matching the search criteria. These
included 197 peer-reviewed publications from scientific
journals and two national health surveys. After applying the
exclusion criteria, 92 of the 199 studies were eligible for
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characterisation and selection. After scoring, 46 of the 92
studies were selected representing 36 countries and were used
to generate the estimates of prevalence of HIP. Table 3 displays
the characteristics of the selected studies.
Eligible data sources were available from every IDF Region.
More than half of the selected studies came from the IDF
Europe (EUR) and North America and Caribbean (NAC) Region.
The smallest number of identified studies came from the IDF
Africa (AFR) Region. The majority of selected studies were
conducted in high-income countries mainly in EUR and NAC.
Almost half of all selected studies (20/46) were conducted in a
single hospital, followed by studies conducted in a single city
or area (12/46), 7 representing a region and 5 that were
nationally representative.
As different screening methods are available a huge variety
can be seen in implementing these among different studies.
The most common screening method applied among selected
studies was a single step approach (31/46) such as that used by
IADPSG, WHO 1999, ADIPS and EASD [11–24]. Whereas studies
in low- and lower-middle income countries most commonly
used the WHO criteria (4/9), studies conducted in high- and
upper-middle income countries most often used the IADPSG
criteria (14/37). Studies using International Classification of
Diseases (ICD)-classification were exclusively found in NAC
high-income countries and predominantly in the United
States.

3.

Discussion

The methods presented in this paper are the first effort to create
a comparable set of estimates of hyperglycaemia in pregnancy
taking into account the great heterogeneity in methodology,
representation, and study information available. Globally,
screening methods and policy recommendation vary due to a
previous lack of consensus on testing, diagnostic criteria, and
screening methods [70]. The various existing screening methods which are currently in use were developed with the purpose
of predicting onset of various perinatal and maternal complications. The variation in different approaches makes it difficult to
directly compare reported prevalence rates from different
studies even in the same country or region.
A number of studies have looked at the effects on
prevalence of using different diagnostic criteria on the same
population [71–76,47,77,78]. For the purpose of this methodology, the IADPSG criteria were taken as the reference criteria as
they most closely match the new criteria proposed by the
WHO. Therefore, other criteria were adjusted and studies
comparing the IADPSG criteria to other methods were used to
determine the necessary adjustments. Benhalima et al.
compared prevalence of HFDP by using the IADPSG and the
ADA criteria on the same population showing that the
prevalence using IADPSG was effectively double what was
found when applying ADA criteria [29]. Similarly, SantosAyarzagoitia et al. (2006) compared prevalence in the same
population by using NDDG, ADA and the WHO 1999 criteria. In
that study, the prevalence of HFDP using the NDDG criteria
was 3.2%, roughly a third of what was found when the 1999
WHO criteria were applied to the sample population (8.7%).
The prevalence determined using the ADA criteria in this
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study was 4.1% [19]. In addition, comparing the more closely
related 1999 WHO criteria with the IADPSG criteria, O’Sullivan
et al. found an increase in prevalence of more than 25% when
IADPSG criteria was used compared with WHO 1999 criteria
(IADPSG: 12.4%; WHO: 9.4%) [31]. These findings supported the
assumptions applied in this methodology. However, more
studies understanding the differences in criteria and their
effect on the prevalence would strengthen the adjustments
applied.
In terms of representativeness, the vast majority of studies
were conducted in single hospitals and therefore were of
limited scope and subject to bias. National or regional
population-based studies providing age-specific information
for the prevalence of HIP would be ideal, although likely very
resource intensive. Of the 19 nationally representative studies
found, only five provided sufficient data to be included in the
generation of estimates. The estimates and methodology
would be greatly improved by the future application of a
consistent method and criteria across studies and an effort to
link data across large areas to improve representativeness.
The new WHO definition is a step towards globally
consistent screening and diagnostic methods, however it will
take time for new guidelines to be recognised and implemented on a large scale. The approach taken here uses
existing published information and adjusts prevalence data of
various sources to generate estimates that are comparable and
evidence-based. The reliability, accuracy and comparability of
prevalence estimates of HIP are closely linked to the sources
used to generate the estimates.

4.

Limitations

The principal limitation in generating accurate estimates for
HIP is the lack of high-quality data sources which are suitable
for use. A number of studies were found to be lacking in
information such as age-specific estimates or did not provide
enough information in the description of the methods
necessary to characterise the study. Where this information
was lacking, every effort was made to contact investigators for
more detail.
Another major limitation is the lack of uniformity in the
diagnostic criteria and screening methods used across various
studies. This methodology is the first effort at standardising
and making comparable estimates which take into account
these differences, however, more information would be
needed to improve precision.
Data on fertility of women with diabetes is scarce. It was
assumed that women with hyperglycaemia had the same
fertility rates as the general population, as there was no
evidence found in the literature indicating otherwise; nonetheless there could be a difference which has not been
reported yet. There is a lack of research on the issue of fertility
among the population with diabetes. One study was conducted on Swedish women with diagnosed type 1 diabetes
prior to age 16 identified from the Swedish inpatient register
from 1965–2004 [79]. The study found women with type 1
diabetes had a standard fertility ratio of 0.8 compared with
women without diabetes. However more data in different
populations including women with T2DM is needed, therefore
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no adjustments were incorporated into these methods. A
sensitivity analysis was performed to assess the impact of a
lower fertility on the global estimates, results of the analysis
are presented in the paper by Guariguata et al. [35].
Using fertility rates does not reflect the total pregnancies as
fertility rates reflect the number of live birth. Some of the
pregnancies not covered when using fertility rates may be
affected by HIP even if they do not result in live births. The
estimated global prevalence of HIP might therefore be an
underestimate of total burden of HIP.
The estimated proportion of HIP due to TDP are likely to be
an underestimate as some women will be screened with
hyperglycaemia severe enough to be classified as DIP but will
not necessarily have had pre-existing undiagnosed T2DM.
Additionally, the prevalence estimates of diabetes in women
derived from the IDF Diabetes Atlas is taken from populationbased studies that systematically exclude pregnant women.
Thus, the true proportions of DIP and subsequently TDP in HIP
are most likely higher.
The selection process did not include whether or not risk
based screening was done in a study. This might be a possible
source of bias however of the 46 selected studies only 4
actually screened participants based on risk-factors.
Included studies are mainly from high-income countries
and estimates for countries that did not provide data have
been aggregated from countries providing data to generate
regional and global estimates. These country groupings
are sensitive to regional and between country differences
which we may not be aware of for a lack of data. For
some regions only a limited number of studies were
available and in particular for developing countries. As
more data become available, the methodology may call for a
more disaggregated matching and grouping of countries for
extrapolation.

5.

Conclusion

The new WHO guidelines for diagnosing HFDP should simplify
future regional comparisons on the prevalence of HIP, as there
now exists a classification system that has been internationally agreed [80]. However, implementation of the new criteria
will take some time and uptake by various countries may not
be consistent due to preference for regional criteria. Thus, a
need to produce standard estimates which adjust for
differences in criteria will likely be valuable for some time.
Furthermore, a greater number of methodologically consistent
studies on HIP are needed and especially in low- and middleincome countries.
The methods used here to generate the estimated prevalence of HIP are simple, adaptable, and reproducible. The
approach taken can be modified as new information is
available. The estimates and methodology will be updated
regularly to include new data and improve the precision of the
estimate.

Conflict of interest
The authors have no conflicts of interest to disclose.

Acknowledgements
The authors wish to thank the IDF Diabetes Atlas Committee
for reviewing and contributing to methodology described here.
In addition, the authors wish to thank Prof. Boyd Metzger, Dr.
David J. Pettitt, and Prof. Lois Jovanovič for independently
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