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Abstract

Background An understanding of the prevalence of gestational diabetes mellitus among pregnant women is
essential at local, national and international level so that appropriate health care interventions can be planned,
financed and delivered.

Methods A systematic review and meta-analysis of primary research reporting the prevalence of gestational
diabetes mellitus in Canada or the United States were carried out according to Meta-analysis of Observational Studies
in Epidemiology guidelines. Four electronic databases were systematically searched in June 2023 to identify articles
that reported gestational diabetes mellitus prevalence using universal screening in pregnant women from eligible
general population samples. Estimates were combined using a random effects model, and the effects of moderator
variables analysed.

Results There were 36 separate samples of women or deliveries (total sample size 1,550,917). Overall mean
prevalence of gestational diabetes mellitus was 6.9% (95% Cl: 5.7-8.3); 13.7% (95% Cl: 10.7-17.3) in studies using a
one-step screening strategy, and 5.2% (95% Cl: 4.4-6.1) in those using a two-step strategy. Heterogeneity in technical
methods between studies produced differences in estimates, as did different diagnostic thresholds used.

Conclusions The meta-analysis suggests a slightly higher prevalence of gestational diabetes mellitus in Canada and
the United States, compared to Europe, but highlights the need for standardised protocols for estimating gestational
diabetes mellitus prevalence.
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Background

Gestational diabetes mellitus (GDM) is defined as ele-
vated blood glucose levels that are first diagnosed in
pregnancy [1]. Women with GDM are more likely to
experience caesarean section or preterm delivery and
babies born to women with GDM are at a greater risk
of macrosomia, respiratory distress, neonatal jaun-
dice, admission to neonatal care and type 2 diabetes in
later life [2, 3]. In addition to the adverse outcomes dur-
ing pregnancy and delivery, women with GDM are at an
estimated 8-fold risk of developing type 2 diabetes com-
pared to women who have not had GDM [4]. Up to 70%
of women with GDM develop type 2 diabetes, with the
risk being greatest in the first five years following preg-
nancy and then plateauing at around 10 years [5, 6], but
a diagnosis of GDM represents an opportunity for inter-
ventions to reduce type 2 diabetes risk [7].

It is thought that around 14% of pregnant women
worldwide are affected by GDM but differences in screen-
ing approaches and diagnostic criteria result in variable
estimates [8]. The diagnostic criteria used by clinicians
for the diagnosis of GDM vary considerably worldwide,
and have also changed over time. In the past diagnostic
criteria were based on criteria for glucose intolerance
in non-pregnant individuals or thresholds were decided
based upon prediction of future type 2 diabetes risk in
the mother, but more recently there has been an increas-
ing focus on diagnostic thresholds that are based upon
their predictive value for adverse outcomes in pregnancy
[9].

A clear understanding of GDM is essential at local and
national level so that health care interventions can be
planned, financed and delivered for this group. A recent
study of 51 population-based studies worldwide esti-
mated global prevalence to be 4.4% (95% CI 4.3—4.4%)
[10]. Our recent meta-analysis in developed countries
in Europe yielded a prevalence estimate of 5.4% (95%
CI 3.8-7.8%) [11] and another reviewing data from
all European countries reported prevalence of 10.9%
(95% CI 10-11.8%) [12].A meta-analysis in Eastern and
South-eastern Asia yielded an estimate of 10.1% (95%
6.5-15.7%) [13] and another in Africa reported preva-
lence of 13.6% (95% CI 11-16.2%) [14]. However, there
has been no review of prevalence of GDM specifically in
the US or Canada. We have therefore conducted a sys-
tematic review and meta-analysis of observational studies
that have assessed the prevalence of GDM in the general
population of pregnant women in the US or Canada,
regardless of the specific diagnostic criteria used. We
have calculated an overall prevalence estimate for GDM
and examined variables that could have influenced this
estimate.
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Methods

The systematic review and meta-analysis were conducted
according to the Meta-analysis of Observational Studies
in Epidemiology (MOOSE) guidelines [13].

Data sources

A search was carried out in the databases MEDLINE,
CINAHL, Health Source and PsycInfo in June 2023 with
no limit on the age of articles For each database the fol-
lowing search terms were used: (prevalence or incidence)
and (gestational diabetes or diabetes in pregnancy or ges-
tational diabetes mellitus) and (United States or America
or US*or Canada).

Study selection
The titles and abstracts of all articles were screened by
one author (DS) and independent screening was split
between two other authors, with JE screening half and
CE screening the other half. The full texts of papers were
retrieved for studies that were considered relevant, but
also for those that contained insufficient information
to allow judgement of relevance. These were checked
against the inclusion criteria by CE and independently
by JE. Where there were disagreements between authors
about the inclusion of a paper, the full text of the paper
was retrieved, and a consensus was reached through
discussion. The reference lists of included papers were
checked to identify any other potentially relevant papers
but experts in the field were not contacted due to the
time-consuming nature of this process.

Articles were required to meet the following inclusion
criteria.

Study Design Observational study published in English.

Population General population of pregnant women liv-
ing in the US or Canada. In this context, general popula-
tion referred to a sample of women not defined by clinical
or other non-demographic characteristics.

Outcome measures Prevalence of GDM diagnosed using
universal screening carried out in the second or third
trimester, using either an Oral Glucose Tolerance Test
(OGTT) alone or two step screening with glucose chal-
lenge test (GCT) followed by an OGTT.

Data extraction and quality assessment

Data from included papers were extracted by two authors
(half by CE and half by JE) using a data extraction form
based on the template provided by the Centre for Reviews
and Dissemination [14]. The extracted data were inde-
pendently checked by two other authors (KB,RA). The
following information was recorded for each included
study: first author, journal name, year of publication,



Eades et al. BMIC Pregnancy and Childbirth (2024) 24:204

country, dates of data collection, study sample type, study
design, age range of sample, ethnicity, body mass index
(BMI), sample size, type of screening and diagnostic test
carried out, and diagnostic criteria used for GDM.

The outcome measures extracted were the number and
proportion of the sample with GDM and, where reported,
these measures stratified by demographic factors such
as ethnicity and age. Ethnic make-up of the sample was
defined as unknown or mixed, unless one ethnic group
comprised more than 70% of the sample, in which case it
was allocated to that ethnic grouping.

Where possible, confidence intervals for prevalence
estimates were calculated by the authors if these were not
reported. Where there was more than one paper pub-
lished from the same sample, only the paper reporting
the most complete and definitive results was included.
In cases where a study reported prevalence estimates
according to different diagnostic criteria only one prev-
alence estimate was included in the analysis to avoid
dependency effects. The prevalence estimate selected was
that derived from the criteria that were most commonly
used in other papers included in the review, to maximise
comparability. For studies reporting multiple prevalence
estimates by other factors, such as age or year, an average
of the estimates was calculated and used in the analysis.

Included studies quality assessed using a checklist
based upon the example published by the Joanna Briggs
Institute [15] which was specifically designed for assess-
ment of quality in systematic reviews of prevalence and
incidence. Quality assessment was completed for all
included papers by one author (CE) and a list of all iden-
tified weaknesses was compiled. The list was then dis-
cussed by two authors (CE and JE). A decision was made
to exclude any papers with significant weaknesses, one
of which was a participation rate of less than 70%. Par-
ticipation rates can be defined in many ways but for this
review the participation rate (recoded during data extrac-
tion if necessary and possible) was the proportion of eli-
gible women sampled who completed testing for GDM.
Papers were also excluded if sample size was less than
500, if it was not clear that screening was universal, or if
it was not possible to determine whether the population
was a ‘general’ population. Other less important weak-
nesses were common in the papers. These included not
explicitly reporting women’s gestation at testing, limited
description of the study sample, not reporting differences
between participants and non-participants, not reporting
details of who carried out glucose testing and not report-
ing confidence intervals. Papers with these weaknesses
were retained.

Data synthesis and analysis
The meta-analysis was carried out using the Compre-
hensive Meta-Analysis software version 3.3.070 (Biostat,
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Englewood, NJ). The proportion of women or deliveries
with GDM in each study was transformed into a logit
event rate effect size and the standard error was calcu-
lated [16]. After analysis, the logits were retransformed
to proportions. Combined effect sizes were calculated,
and analyses were carried out that either included or
excluded outlying logit event rates. No significant differ-
ences were found between these analyses, so the outliers
were initially retained.

A random effects model was used to combine stud-
ies for significance testing and moderator analysis in a
meta-regression, thereby allowing for the possibility that
there were random differences between studies due to
factors such as variation in procedures, measures or set-
tings, alongside differences due to sampling error. This
accords with evidence suggesting that the variability in
reported prevalence for GDM may be the due to differ-
ent methodologies and criteria [2]. The Q test was used
to assess the homogeneity of studies, for which the null
hypothesis states that variability of the effect sizes is due
to sampling error only. If the assumption of homogeneity
is violated, sources of variation can be explored by study-
ing moderator variables. Categorical moderator variables
in this study were analysed using an analysis of variance
for meta-analysis, and tests of interaction used to explore
differences between subgroups of these variables. The
between study homogeneity statistic (Qp) reflects the
amount of heterogeneity that can be attributed to the
moderator variable. The within study homogeneity statis-
tic indicates the degree of heterogeneity that remains in
the category in question (Qy) and the I? statistic shows
the proportion of the variation that is due to heterogene-
ity rather than sampling error. Finally, a weighted multi-
ple regression was carried out to assess which moderator
variables made the greatest contribution to the variability
in prevalence of GDM.

Results

Description of included studies

Figure 1 shows a PRISMA flow diagram of studies identi-
fied by the search. The search identified 4,229 abstracts
of which 504 were potentially relevant after title and
abstract screening. The full text articles were retrieved
and assessed against the inclusion criteria, with 54
retained for quality assessment. Following assessment, a
further 25 articles were excluded for the following rea-
sons: eight were subsets or repeated samples of other
included studies [17-24], six were cohort studies in
which participants were invited to take part but eligibility
criteria and/or participation rate were unclear [25-30],
two had sample sizes of less than 500 [31, 32], four pro-
vided insufficient information on how the sample was
derived [33-36], four used different methods to diagnose
GDM within the same study without separate reporting
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Fig. 1 PRISMA flow diagram showing study selection

[37-40], and one did not provide the required unadjusted
data [41].

The resulting 29 studies yielded prevalence estimates
for 36 separate samples of women, pregnancies or deliv-
eries, giving a total sample size of 1,550,917 [42-71]. The
characteristics of the studies are presented in Table 1. In
general, studies tended to fall into one of two categories.
Some studies reported data that had been collected spe-
cifically for the estimation of GDM prevalence or were
available through other related ad hoc research projects.
Alternatively, some studies reported analyses of rou-
tinely collected data that were available either as part
of national datasets or to support the operation of large
Health Maintenance Organisations (HMOs).

Nine studies (11 samples) were from Canada; the rest
were from the US. Most of the studies used a two single
step screening strategy, with all women screened first
with a GCT, followed by an oral glucose challenge test
(OGTT) if indicated. A one-step screening strategy was
used in nine samples. Thresholds for GDM diagnosis
with an OGTT also varied. We divided the studies into
five categories, according to the diagnostic cut-offs that
were used in the study (Table 1).

The most commonly used diagnostic criteria [72] were
those of the National Diabetes Data Group (NDDG)
which were used to diagnose GDM in ten studies as
part of two-step screening and one study using a one-
step strategy. Carpenter-Coustan criteria were used in
eight studies, all using a two-step strategy. Two studies
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Table 1 (continued)

Number of

Diag. criteria used
(Category)

Screening Gesta-
Type

Family

Parity: %

Sample Size Population Mean Mean

Sampling Method (if
denominator could

First author, location,
years data collected
(if routine dataset)

cases of GDM
Overall preva-

tion at

nulli-parous  History

BMI
(SD)

Age
(SD)

characteristics

(denominator)

testing
(wks)

Two step: 50g  24-28

GTT

include women more
than once) ¥

*x

lence (95% Cl)

17,912

CDA 2008

NR

46.6%

NR

30.5

Geographically

defined

Retrospective study of  247,215?

all singleton deliveries

Yeung et al,, 2017 [70]
British Columbia,

Canada

7.2% (7.1-7.3)

Followed by
759 OGTT

in British Columbia*

2004-2010 (Routine)

NDDG 2,755

Two step: 50g  24-28

GTT followed

NR

40.4%

NR

NR

Geographically

defined

1114197

Retrospective study
of all deliveries in one

area”

Xiong et al,, 2001 [71]

2.5% (24-2.6)

Northern and Central
Alberta, Canada

by 100 g OGTT

1991-1997 (Routine)

Notes

(2024) 24:204

Denominator includes' or excludes? women with pre-existing diabetes (or not known?)

Women could be included in study more than once!

Abbreviations: NR - Nor reported; FN - First Nations; Non FN — Non First Nations; KP — Kaiser Permanente; HMO - Health Maintenance Organisation

Not included in meta-analysis

*
%

British Columbia data only used, Alberta data repeated in other studies

NB Where characteristics of the sample are given in italics, the figure may not be the exact value for the denominator used to calculate prevalence estimate
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used O’Sullivan criteria within a two-step strategy, and
five used thresholds according to Canadian guidelines
(1998) [73], all of which one used a two-step strategy. The
IADPSG criteria were applied in three studies, all using
a one-step strategy. The diagnostic thresholds used by
studies in this meta-analysis are shown in Table 2.

Mean prevalence of GDM

The overall mean prevalence of GDM in the meta-analy-
sis including all studies was 6.9% (95% CI: 5.7—8.3). There
were three outliers identified: studies that yielded preva-
lence estimates of 23.3%, 24.1% and 27.4%, all of which
used IADPSG diagnostic thresholds. When these outliers
were excluded, the prevalence estimate was 5.8% (95%
CI: 5.0-6.8). Because this difference was not statistically
significant, the outliers were initially retained in subse-
quent analyses. However, there was a statistically signifi-
cant difference between studies that used a one-step or
two-step screening strategy. The mean GDM prevalence
using a one-step strategy was 13.7% (95% CI: 10.7-17.3)
compared to 5.2% (95% CI: 4.4-6.1) for studies using a
two-step strategy. For this reason, all subsequent analy-
ses were conducted using studies that used a two-step
strategy only (with the result that the outliers were also
excluded).

Moderator analyses

Table 2 shows the effect of different moderators on the
prevalence estimate. As would be expected, the estimate
varied by the diagnostic criteria used. The highest preva-
lence of GDM was observed when the Carpenter-Cous-
tan criteria were used, and the lowest with the NDDG
criteria. There were no statistically significant differences
in mean GDM between studies carried out in the US
and Canada. There was a trend of increasing prevalence
estimates the later the data collection period started but
the trend according to when the data collection period
ended was not significant. Only 15 and 11 studies respec-
tively reported on the mean age and proportion of nul-
liparous women in the sample, and those studies with
higher proportions of nulliparous women and a mean
age of under 30 had lower GDM prevalence estimates,
but these differences were not statistically significant.
The ethnic composition of 19 of the samples was mixed
or unknown. However, GDM prevalence estimates were
slightly higher for five samples comprising over 70% First
Nations women, and three comprising over 70% Hispanic
or Latino women although these differences were not sta-
tistically significant.

The 15 studies using routinely collected data yielded
prevalence estimates that were approximately 2% lower
than those from the other studies. The GDM preva-
lence estimate in studies where the denominator did
not include women with pre-existing diabetes was 1.6%
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Table 2 Mean prevalence of GDM by several moderator variables for studies using two-step screening strategy

K N Prevalence 95% ClI Qg [df] Q,, [df] 1 (%)
Diagnostic criteria used
1 Carpenter-Coustan 8 266,080 8.1% 6.3-104 24.4 [3]* 889.03 [7]° 99.2
2 NDDG 11 402,180 3.6% 29-45 117028 [10]* 99.1
3 O'Sullivan & Mahan 2 1,806 7.6% 44-12.7 2621[1] 618
4 Canada (1998) 5 844,773 52% 3.7-7.1 433044 [4] 99.9
Country
Canada 8 1,054,163 4.7% 34-63 0.86 [1] 6749.39 [7]" 99.9
USA 18 461,126 5.5% 45-6.7 307065 171 994
Start of data collection period
1980-1990 5 45,401 4.8% 34-6.6 16.62 3] 96.25 [4]° 958
1991-2001 12 1,098,324 4.0% 33-5.0 4047431117 99.7
2002-2012 7 351,5019 7.6% 5.8-9.9 201647 [6]" 99.7
2013-2023 2 20,635 8.0% 49-129 511011 804
End of data collection period
1980-1990 3 14,474 4.1% 26-6.3 5.58 [3] 15.74 2] 873
1991-2001 6 248912 4.1% 3.1-56 45006 [51" 98.9
2002-2012 13 1,173,337 5.8% 4.7-7.0 5975.99 [12]" 99.8
2013-2023 4 78,656 6.3% 44-89 124969 [3]" 99.8
Mean age
<30 years 7 7177 52% 39-7.1 4.03[2] 1884.32 [6] 99.7
>30 years 6 347,307 6.8% 50-93 2259.15 [5]" 99.8
Nulliparous
>50% 311,062 6.1% 4.1-9.2 3.731[2] 961.48 3] 99.7
<50% 6 398,690 6.6% 4.7-9.1 3,938.94 [5]° 99.9
Ethnic mix
>70% First Nations 2 1,806 7.6% 4.2-133 2.311[3] 262 [1] 618
>70% Caucasian 2 42,004 52% 2.9-9.1 309.21 (1] 99.7
>70% Hispanic/Latino 3 43,491 6.1% 3.8-96 258.87 [2] 99.2
Mixed or unknown 19 1,428,078 4.9% 4.1-59 9466.17 [18] 99.8
Routine dataset
No 15 156,668 6.1% 49-75 478 1]* 2506.53 [14]° 994
Yes Il 1,358,711 4.3% 434-54 745556 [10]" 99.9
Whether women with pre-pregnancy diabetes included in denominator
Included 5 664,660 3.9% 2.7-54 472 12] 537.15 [4]° 99.3
Excluded 20 833,112 5.5% 4.7-6.5 6662.83 [19]° 99.7
Whether women could be included more than once
Yes 12 1,135,186 4.2% 33-54 6.61 [2]* 7524.35111" 99.9
No 13 362,586 6.2% 49-7.8 1967.39112]" 994

# Any two values at or above the following plasma glucose thresholds following 100 g OGTT:

1. Fasting 5.3 mmol/L, 1 h 10.0 mmol/L, 2 h 8.6 mmol/L, 3 h 7.8 mmol/L
2. Fasting 5.8 mmol/L, 1 h 10.6 mmol/L, 2 h 9.2 mmol/L, 3 h 8.1 mmol/L
3. Fasting 5.0 mmol/L, 1 h 9.2 mmol/L, 2 h 8.0 mmol/L, 3 h 7.0 mmol/L

Any two values at or above the following plasma glucose thresholds following 75 g OGTT:

4. Fasting 5.3 mmol/L, 1 h 10.6 mmol/L, 2 h 8.9 mmol/L
5. Fasting 5.1 mmol/L, 1 h 10.0 mmol/L, 2 h 8.5 mmol/L

higher than studies that included these women but the
difference was not statistically significant. The estimate in
the 12 studies when the sample was defined as pregnan-
cies or deliveries, and pregnant women could be included
more than once was similar to those where it was stated
or implied that women could only be included in the
study for one pregnancy or delivery (n=13).

Multivariate analysis

On the basis of the moderator analysis, a weighted mul-
tiple regression was performed in order to explore which
important moderator variables made the greatest contri-
bution to the variability in prevalence of GDM (Table 3).
Correlations between the different variables were
explored to inform variable selection for the multivariate
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Table 3 Univariate and weighted multiple regression of GDM prevalence

Univariate Weighted regression
B 95% Cl B 95% Cl Qp [df]
Diagnostic criteria used”
1 Carpenter-Coustan 0.87* 047to—-1.27 0.89 045t01.33
2 NDDG - - - - 24.36 [3]*
3 O'Sullivan & Mahan 0.79* 0.15-1.44 0.88 038t0 1.38
4 Canada (1998) 0.39 -0.0510 0.83 0.25 -1.23t00.56
Start of data collection period
1980-1990 - - - - 18.87 [3]*
1991-2001 -0.24 -0.661t00.18 -0.30 -0.73t00.12
2002-2012 0.49* 0.05t00.93 0.33 -0.11-0.78
2013-2023 0.55 -0.08-1.17 -0.13 -0.79t0 0.53
Routine dataset
No - - - - -
Yes -0.44* -0.79 to —0.086 -0.08 -040t00.23 -
Whether women could be included more than once
Yes - - - - -
No 042*% 0.04 t0 0.80 -0.33 -069. to 0.04 -

# Any two values at or above the following plasma glucose thresholds following 100 g OGTT:

1.Fasting 5.3 mmol/L, 1 h 10.0 mmol/L, 2 h 8.6 mmol/L, 3 h 7.8 mmol/L
2.Fasting 5.8 mmol/L, 1 h 10.6 mmol/L, 2 h 9.2 mmol/L, 3 h 8.1 mmol/L
3.Fasting 5.0 mmol/L, 1 h 9.2 mmol/L, 2 h 8.0 mmol/L, 3 h 7.0 mmol/L

Any two values at or above the following plasma glucose thresholds following 75 g OGTT:

4.Fasting 5.3 mmol/L, 1 h 10.6 mmol/L, 2 h 8.9 mmol/L
5.Fasting 5.1 mmol/L, 1 h 10.0 mmol/L, 2 h 8.5 mmol/L
*P<0.05

analysis but no statistically significant correlations were
found. Diagnostic criteria, start of data collection period,
whether routinely-collected data were used, and how the
sample was defined were statistically significant in mod-
erator analyses and included in the final model of the
multiple regression.

The results of the meta-regression indicated that over-
all, the covariates were able to explain 57% of the total
observed variability (R*> analog=0.57 (QR [8]=71.97,
p<0.001). However, the residual model was statistically
significant (QE [14]=1163.83, p<0.001, 12=98.8%) con-
firming that there was variability in the data that was not
explained by the moderator variables. Of the variables
that were significant in the univariate analysis (diagnos-
tic criteria, start period of data collection, routine data-
set, how sample was defined) only diagnostic criteria and
period of data collection remained significant when the
other variables were held constant.

Discussion

This meta-analysis of 32 samples of pregnant women
in the US and Canada yielded prevalence estimates for
GDM of 11.8% using a one-step screening strategy and
5.0% using a two-step screening strategy; with an over-
all estimate of 5.9%. The overall estimate was higher
than estimates from meta-analyses in Europe (5.4%) [9]
and globally (4.4%) [11], but lower than that for Eastern

and South Eastern Asia (10.1%) [10]. A higher estimate
associated with a one-step screening strategy was also
observed within the European and Asian studies, with
US one-step and two-step estimates again higher than
respective estimates in Europe but lower than those from
Asia [9, 11]. The methods of this systematic review were
robust and followed a pre-determined protocol. Inde-
pendent reviewers screened all results returned by the
search and decisions on the inclusion of papers were
discussed and made by two authors. Limitations of the
review include that only non-English language papers
were excluded, experts in the field were not contacted,
grey literature was not identified, and data extraction was
only carried out by one author. The increased prevalence
observed in women in the US and Canada in the present
review compared to Europe [9] may reflect difference in
prevalence of obesity in these populations. Women who
are obese have significantly increased odds of develop-
ing gestational diabetes even after confounders are con-
trolled for [74]. In 2021 41.8% of women in the USA and
22% of women in Canada were obese. Rates in developed
European countries included in the European system-
atic review discussed [9] were between 9.7% in Italy and
20.4% in the UK with an average figure of 16.3% [World
Obesity 2021]. Differences in prevalence estimates
between studies in this review were not only related
to the screening approach (one-step or two-step) but
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can also be attributed to the use of different diagnostic
thresholds, with estimates obtained using NDDG thresh-
olds and those from Canadian guidelines significantly
lower than those using Carpenter-Coustan thresholds.
The IADPSG thresholds yielded very high estimates, as
has consistently been reported [75]. When stratified by
diagnostic categories, US and Canadian estimates in our
meta-analysis were higher for two out of three categories
that could be directly compared with the European study
further supporting the suggestions of underlying differ-
ences in GDM prevalence between these areas linked to
obesity prevalence. The effect of diagnostic category on
GDM prevalence is less pronounced in the multivariate
meta-regression. This was also the case for later start of
data collection which was univariately associated with
increased prevalence of GDM, but no independent effect
of this variable was evident after adjustment for diagnos-
tic category in the multivariate analysis. But the defined
periods of data collection were relatively wide, so a tem-
poral trend of increasing prevalence cannot be ruled
out. Samples of women with mean age over 30 years
yielded higher estimates of GDM than samples with a
lower mean age although the difference was not statisti-
cally significant. Fewer than half of the studies reported
age, making it difficult to assess the effect of age on our
results, or indeed to compare with other studies.

One of the challenges of a meta-analysis is the het-
erogeneity of methods used in different studies. We
attempted to include studies that used similar methods
in order to minimise differences in prevalence estimates
that could be due to differences in settings, procedures
and clinical factors. We defined a general population of
pregnant women as one which was not considered to be
high risk or defined according to other clinical character-
istics. This could mean a geographical (neighbourhood,
regional or national) population, or the catchment popu-
lation of either one, or a group of, medical centres or hos-
pitals, provided that they did not serve a high-risk group.
However, there was a difference between studies that
used routinely-collected data where the denominator
could be very large and included all enrolled women, and
those where the data were collected within the context of
a specific research study, often when women needed to
be recruited and consented. Studies using routinely col-
lected data tended to produce lower estimates. Further-
more, some of these studies used data from large Health
Maintenance Organisations, and these populations are
not necessarily socio-demographically representative of
the overall population, but tend to be relatively affluent.

This review has shown that technical differences in the
way that the denominator or the sample is defined can
also have substantial effects on prevalence estimates.
Most studies in this review used pregnant women as
the sample, with some restricting this to primiparous
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women. Where the number of pregnancies or deliver-
ies was the sampling unit, either the first or a randomly-
selected delivery in the study period might be selected,
while other studies could include the same woman
twice. Furthermore, not all studies excluded stillbirths,
or explicitly indicated that analyses were restricted to
singleton pregnancies. It was not possible to perform
moderator analyses on all these differences, given that
the requisite information was not always available, but
we did show that studies using pregnancies or deliveries
as the sampling unit yielded lower estimates overall, and
that excluding women with pre-existing diabetes from
the denominator substantially increased the prevalence
estimate. Given the increasing prevalence of prediabe-
tes and diabetes in reproductive age women, the effects
of this particular methodological detail could become
increasingly important. The complexities of defining and
diagnosing GDM that are highlighted in this review are
likely to continue and as technology in this area devel-
ops. Continuous glucose monitoring has recently been
shown to be able to potentially detect abnormal glucose
levels in women who have a negative OGTT result [76]
and previously HbAlc had been considered and used as
a diagnostic tool [77]. These developments further high-
light the need for clarity in the conduct and reporting of
epidemiological research on GDM to allow new technol-
ogy to be evaluated and compared to more established
diagnostic tools.

Conclusion

This meta-analysis points to a slightly higher prevalence
of GDM in the US and Canada, compared to Europe.
However, much of the variability observed between esti-
mates in the meta-regression remains unexplained. The
combined effects of technical methodological differences
and variation in the composition of different samples
clearly account for a high proportion of residual variabil-
ity. This strengthens the case for standardised epidemio-
logical protocols for estimating the prevalence of GDM,
so that trends over time can be monitored accurately, and
that meaningful local, national and international compar-
isons can be made.

Abbreviations

us United States

GDM Gestational diabetes mellitus
GCT Glucose challenge test

OGTT  Oral glucose tolerance test

HMO Health maintenance organisation
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