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Abstract

BACKGROUND The best strategy to identify women with gestational diabetes mellitus 
(GDM) is unclear.

OBJECTIVE To perform a systematic review to calculate summary estimates of sensitivity 
and specificity of the 50-g glucose challenge test for GDM.

SEARCH STRATEGY Systematic search of MEDLINE, EMBASE and Web of Science.

SELECTION CRITERIA Articles that compared the 50-g glucose challenge test with the 
75- or 100-g oral glucose tolerance test (OGTT, reference standard) before 32 weeks 
of gestation.

DATA COLLECTION AND ANALYSIS Two reviewers independently selected articles. 
Summary estimates of sensitivity and specificity, with 95% confidence intervals and 
summary receiver operating characteristic curves were calculated using bivariate 
random-effects models. 

MAIN RESULTS Twenty-six studies were included (13 564 women). Studies that included 
women with risk factors showed a pooled sensitivity of the 50-g glucose challenge test of 
0.74 (95% CI 0.62 - 0.87), a pooled specificity of 0.77 (95% CI 0.66 - 0.89) (threshold 
value of 7.8 mmol/l), a derived positive likelihood ratio (LR) of 3.2 (95% CI 2.0 - 5.2) 
and a negative LR of 0.34 (95% CI 0.22 - 0.53). In studies with consecutive recruitment, 
the pooled sensitivity was 0.74 (95% CI 0.62 - 0.87) for a specificity of 0.85 (95% CI 
0.80 - 0.91), with a derived positive LR of 4.9 (95% CI 3.5 - 7.0) and negative LR of 
0.31 (95% CI 0.20 - 0.47). Increasing the threshold for disease (OGTT result) increased 
the sensitivity of the challenge test, and decreased the specificity.

CONCLUSION The 50-g glucose challenge test is acceptable to screen for GDM, but 
cannot replace the OGTT. Further possibilities of combining the 50-g glucose challenge 
test with other screening strategies should be explored.
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Introduction

Gestational diabetes mellitus (GDM) is a common metabolic complication of pregnancy 
that affects between 2% and 9% of all pregnant women in Western countries.1-3 
Hyperglycemia in pregnancy is associated with a number of adverse perinatal outcomes, 
such as neonatal clinical hypoglycemia, macrosomia, increased risk of shoulder 
dystocia, and the need for neonatal intensive care.4 Maternal complications associated 
with hyperglycemia in pregnancy include an increased risk of caesarean delivery and 
preeclampsia.4 Furthermore, women with GDM have up to 60% risk of developing type-
2 diabetes mellitus (T2D) within 5 to 15 years of delivery,5 and it has been suggested 
that children prenatally exposed to a diabetic milieu have an increased risk for the 
development of T2D later in life.6,7

Until recently there was a lack of evidence to demonstrate the beneficial effects of 
treatment for GDM. However, recently it has been demonstrated in a number of high-
quality studies that treatment of GDM with diet or insulin reduces the risk of a number of 
important complications associated with GDM, thus improving both perinatal as well as 
maternal outcome.3,8,9 Crowther et al. showed that treatment of GDM with diet or insulin 
significantly reduced the risk of serious perinatal complications from 4 to 1%.3 Landon 
et al. showed that there were fewer cases of shoulder dystocia and fewer caesarean 
deliveries if women with mild GDM received treatment. 9 Identifying women with GDM in 
order to provide treatment has therefore become of eminent importance, but is difficult 
as clinical signs and symptoms are often absent.

Because of the lack of clinical signs and symptoms of GDM, screening tests are essential 
to identify women with GDM. One of the tests that is used in the diagnostic pathway is 
the 50-g glucose challenge test.10 The 50-g glucose challenge test is a glucose-loading 
test. Women ingest a drink containing 50 g of glucose. After 1 hour the venous glucose 
level is measured. A 75- or 100-g diagnostic oral glucose tolerance test (OGTT) is 
performed when the blood glucose value is elevated after a 50-g glucose challenge test 
(threshold value often set as 7.2 or 7.8 mmol/l). The OGTT is a glucose-loading test in 
which women ingest a drink containing 75 or 100 g of glucose. The test is performed 
after overnight fasting. Venous glucose levels are measured before and at 1 and 2 hours 
after the ingestion of a glucose load. GDM is diagnosed if blood glucose values after 
an OGTT are elevated (multiple criteria; Table 1). A number of studies have evaluated 
the accuracy of the 50-g glucose challenge test as a screening test for GDM, reporting 
diverse results.

Although currently the 50-g glucose challenge test is not recommended in the majority 
of guidelines, it could be a useful test in the diagnostic work-up of GDM. The aim of this 
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study was to systematically review and meta-analyse the accuracy of the 50-g glucose 
challenge test for the detection of glucose intolerance in pregnancy, in order to evaluate 
its applicability in the diagnostic work-up of GDM. We evaluated the applicability of the 
50-g glucose challenge as a first-step screening test for GDM, and as a replacement of 
the current diagnostic test (OGTT).

Methods

Search strategy
A medical librarian (J.L.) undertook a systematic search of the electronic databases 
MEDLINE (1950 - October 2010) and EMBASE (1980 - October 2010) to identify 
studies reporting on the 50-g glucose challenge test in pregnant women. The search 
strategy consisted of free text words and subject headings (MeSH, SH) related to the 
target disease (GDM), population (pregnant women) and screening test (the 50-g 
glucose challenge test). No methodological filter or other restrictions were applied, as 
this can lead to the omission of relevant papers.11 We systematically inspected reference 
lists, conducted a ‘cited reference search’ in Web of Science, applied ‘related articles/
find similar feature’ in PubMed and EMBASE, and contacted authors of primary studies 
for further published trials. We imported all references into reference manager databases 
(Thomson ISI ResearchSoft, Carlsbad, CA, USA). Duplicate studies were excluded. 

Study selection
Two reviewers independently screened the titles and abstracts of all of the studies retrieved 
(M.v.L. and M.D.L.). Based on the full-text manuscripts, we selected studies according 
to predefined inclusion criteria. Studies were included when they compared the 50-g 
glucose challenge test (index test) with either the 75- or the 100-g OGTT (reference 
standard) in pregnant women before 32 weeks of gestation, at any level of risk for GDM, 
and reported sufficient data to reproduce a 2x2 table from the two tests. Studies that did 
not report enough data for a 2x2 table, but for which data could possibly be obtained 

Table 1. Criteria for high or low threshold of the oral glucose tolerance test (OGTT)

OGTT OGTT threshold for test positivity Threshold high or low

100 g T0=5.8; T60=10.6; T120=9.2; T180=8.1 High

100 g T0=5,5; T60=10,5; T120=8,9; T180=7,8 High

100 g T0=5.3; T60=10.0; T120=8.6; T180=7.8 Low

100 g T0=5.2; T60=8.6; T120=10.0; T180=7.8 Low

75 g T0=5.6; T60=10.0; T120=8.3 High

75 g T0=5.3; T60=10.6; T120=8.9 High

75 g T120=7.8 Low

T = time in minutes after ingestion of the glucose load.

proefschrift van Leeuwen 2.indb   54 6-9-2012   14:03:51



G
lucose challenge test

55

C
hapter 4

from the authors, were also evaluated. Studies in which the OGTT was only performed in 
screen-positive women were excluded. We also excluded diagnostic case-control studies 
in which women with GDM were compared against women without GDM, as we expected 
overoptimistic estimates of test accuracy in these studies.12,13 Final inclusion/exclusion 
decisions were made by comparison of the results of both reviewers. Disagreement was 
resolved by consulting a third independent reviewer (B.W.M.).

Data extraction
We extracted data on study characteristics, study quality and 2x2 tables of test accuracy. 
We used a pre-designed piloted data extraction form. If there were data missing on test 
accuracy or on other relevant characteristics, we contacted the corresponding author. 
Disagreement on data was resolved by discussion and consensus. If no consensus was 
reached, a third reviewer (B.W.M.) was consulted.

Quality assessment
The methodological quality of selected papers was evaluated using QUADAS, a tool for 
quality assessment of studies of diagnostic accuracy.14 Included studies were evaluated 
on 15 items concerning patient selection, verification, description of the tests and 
description of the study population.15

Diagnosis GDM
The reference standard for diagnosis of GDM was the OGTT. In current clinical practice, 
the 75-g OGTT as well as the 100-g OGTT are used to diagnose GDM. We therefore 
included studies that used either the 75-g OGTT or the 100-g OGTT as reference tests. 
In the past, results of the OGTT were classified as normoglycemic, impaired glucose 
tolerance (IGT, intermediate category) or as GDM. Currently, the category intermediate 
IGT is not used. To facilitate comparison between studies and to enable meta-analysis, 
we considered women with IGT in older studies as either normoglycemic or as having 
GDM, according to the criteria currently used.

Data synthesis and bivariate regression model
We extracted 2x2 tables cross-classifying the results of the 50-g glucose challenge test 
with the results of the OGTT. We plotted their results in receiver operating characteristic 
plots, and created forest plots to visualise data and to explore heterogeneity. We used a 
bivariate regression model to calculate summary estimates of sensitivity and specificity, 
and their 95% confidence intervals, and to construct summary receiver operating 
characteristic (sROC) curves.16 Likelihood ratios (LRs) were derived from estimates of 
sensitivity and specificity. In the bivariate regression approach pairs of sensitivity and 
specificity are jointly analysed within a single model using a random effects approach to 
account for variation beyond chance. In addition to chance variation and differences in 
thresholds, the heterogeneity in results between studies can result from bias arising from 
flawed design or a variation in accuracy between different clinical subgroups. To explore 
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these other sources of heterogeneity, the bivariate regression approach can be extended 
with covariates to examine whether they have an effect on sensitivity, specificity or both. 
We examined the following covariates for their effect on test accuracy: reference test (75- 
or 100-g OGTT), risk level of women in the study (consecutive inclusion versus inclusion 
of women with risk factors). As multiple criteria for an abnormal OGTT exist for the 75-g 
OGTT as well as for the 100-g OGTT, we categorised the threshold values of the OGTT 
to define GDM as being high or low (Table 1). This classification was also added as a 
covariate to the bivariate model.

We calculated summary estimates of accuracy measures using studies that reported on a 
threshold of 7.8 mmol/l. In order to evaluate accuracy measures over the whole range of 
possible thresholds, we estimated accuracy as a function of the 50-g glucose challenge 
test threshold values by including this value as a continuous covariate in the bivariate 
model. In order to avoid results being biased towards studies reporting on many different 
thresholds, we estimated the model in 250 stratified bootstrap samples, in which only 
one threshold value from each study was randomly selected. The final model was based 
on the average over all estimates from 250 bootstrap samples. The model parameters 
were used to produce sROC curves, where the increase in sensitivity and decrease 
in specificity reflect the shift in threshold value of the 50-g glucose challenge test in 
the model. Separate ROC curves reflect each type of study (studies with consecutive 
recruitment of patients versus studies including high-risk women, and low versus high 
OGTT threshold values). Statistical analyses were performed using SPSS 16.0 (SPSS, 
Chicago, IL, USA) and SAS 9.1.3 (SAS Institute Inc. Cary, NC, 2000-2004). Forest plots 
were made with Review Manager 5.0 (Copenhagen: The Nordic Cochrane Centre, The 
Cochrane Collaboration, 2008).

Results

Figure 1 summarises the process of literature identification and study selection. Our 
search resulted in 745 hits. We included 26 studies, comprising 13 564 women, of 
whom 1027 (7.5%) had GDM.17-42

Study characteristics
Table 2 summarises the characteristics of the studies included. Twenty-four studies 
(92.3%) were cohort studies, one was a randomised controlled trial and one was a cross-
sectional study. All studies reported prospective recruitment. Sample sizes ranged from 
42 women to 3836 women (median 378 women), with the prevalence of GDM varying 
from 3 to 33% (median 8%). Patient recruitment was reported as being consecutive in 
21 studies (81%), whereas in four studies (15%) patients were screened based on the 
presence of risk factors. One study did not report inclusion criteria. Rates of GDM varied 
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from 3 to 33% in studies with consecutive recruitment, and from 11 to 17% in studies 
with inclusion based on the presence of risk factors.

Index test
All but two studies reported accuracy measures with the threshold of the 50-g glucose 
challenge test set at 7.8 mmol/l. Nineteen studies reported accuracy measures for 
multiple thresholds of the 50-g glucose challenge test. In the majority of the studies the 
50-g glucose challenge test was performed between 24 and 28 weeks of gestation.

Reference test
In six studies the 75-g OGTT was used as a reference standard, whereas 20 studies used 
the 100-g OGTT as a reference standard. Ten studies were categorised as having a low 
threshold value of the OGTT and 16 studies were categorised as having a high threshold 
value of the OGTT to define GDM (Table 1 and 2). In the majority of the studies the 
OGTT was performed between 24 and 28 weeks of gestation.

Quality assessment
Figure 2 summarises the results of the methodological quality assessment. Inclusion 
criteria were reported in 25 studies (96.1%). Verification of the 50-g glucose challenge 

Citations identified from systematic electronic searches 
N = 745

Assessment for full text
N = 180

Excluded after screening title and abstract
N = 565

Excluded after full reading N = 154

  -  Partial verification of index test N = 113
  -  Insufficient data for 2x2 table N =     4  
   -  Inappropriate study design N =     5
   -  Inappropriate timing of test  N =     2
   -  Double publication N =     1
   -  Only abstract N =     2
  -  Other reason N =   27
   
     

Included in systematic review
N = 26

Figure 1. Literature identification and study selection.
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Table 2. Key characteristics of included studies

First author, year Country Design Inclusion Exclusion Gestational 
age (weeks)

Sample 
size (n)

GCT verified 
(%)

GDM 
n (%)

OGTT 
75/100 g

Threshold OGTT
high / low

Sensitivity 
7.8 mmol/L

Specificity 
7.8 mmol/L

Capillary / 
venous and 

plasma / blood

Ayach, 2006.17 Brasil Cohort Consecutive Preterm birth, 
fetal death

24 - 28 341 100 13 (4) 100 Low 0.77 0.88 Plasma

Bonomo, 1998.18 Italy Cohort Consecutive None 24 - 28 704 100 50 (7) 100 High 0.91 0.73 Venous
Plasma

Caliskan,  2004.19 Turkey Cohort Consecutive None 24 - 28 422 99 14 (3) 100 High 0.93 0.76 Venous

Cetin, 1997.20 Turkey Cohort Consecutive Medication, 
preterm birth, 
preeclampsia 

24 - 28 274 100 17 (6) 100 High 0.65 0.88 Plasma

Cocilovo,  1994.21 Italy Cohort Consecutive None 24 - 30 249 100 9 100 High 1.0 0.76 Capillary
Blood

Espinosa, 1999.22 Mexico Cohort Consecutive None 24 - 30 445 100 43 (10) 100 High 0.88 0.85 Venous

Hidar, 2001.23 France Cohort Consecutive Preterm birth, 
PPROM

24 - 28 95 100 13 (14) 75 Low 0.69 0.87 Plasma

Jirapinyo, 1993.24 Thailand Cohort Risk factors None 8 - 38
65% 24-30

396 100 42 (11) 100 High 0.86 0.65 Plasma

Keshavarz, 2006.25 Iran Cohort Consecutive None 24 - 28 412 90 26 (6) 100 Low 0.88 0.88 Unknown

Lamar, 1999.26 USA RCT Consecutive None 24 - 28 136 100 5 100 High 0.8 0.82 Venous

Maegawa, 2003.27 Japan Cohort Not reported None 13 - 26 735* 100 8  (1*) 75 High 0.79 0.85 Unknown

Mathai, 1994.28 India Cohort Consecutive Delivery 
elsewhere

26 - 30 232 100 11 (5) 100 Low 0.36 0.8 Plasma

Perea, 2002.29 Spain Cohort Consecutive None 24 - 28 138 100 13 (9) 100 High 1.00 0.77 Unknown

Perea, a, 2002.29 Spain Cohort Consecutive None 24 - 28 642 100 53 (8) 100 High 0.98 0.74 Unknown

Perucchini, 1999.30 Switzerland Cohort Consecutive None 24 - 28 520 93 53 (10) 100 Low 0.58 0.91 Venous
Plasma

Puavilai, 1993.31 Thailand Cohort Risk factors None 24 - 28 115 100 16 (14) 100 High 0.19 0.95** Unknown

Ramirez, 2003.32 Mexico Cohort Consecutive None 24 - 28 334 100 24 (7) 100 Low 0.88 0.64 Venous

Rey, 2004.33 Canada Cohort Consecutive None 24 - 28 188 78 21 (11) 75 High 0.79 0.97 Unknown

Schwartz, 1994.34 USA Cohort Consecutive None 7 - 40,
mean 27.6

132 100 25 (19) 100 High 0.92 0.52 Venous
plasma

Sermer, 1994.35 Canada Cohort Consecutive None 26 - 27 3836 100 265 (7) 100 High 0.77 0.82 Plasma

Siribaddana, 1998.36 Sri Lanka Cohort Consecutive None 24 - 28 721 100 40 (6) 75 Low 0.63 0.84 Plasma

Tam, 2000.37 China Cohort not reported None 24 - 28 893 95 122 (13) 75 Low 0.73 0.68 *** Unknown

Thitadilok, 1995.38 Thailand Cohort Risk factors None 24 - 28 304 100 23 (8) 100 High 0.91 0.77 Plasma

Uncu, 1995.39 Turkey Cohort Consecutive None 24 - 28 42 100 14 (33) 100 High 0.79 0.54 Plasma

v. Leeuwen, 2007.40 The Netherlands Cohort Consecutive None 24 - 28 1281 98 47 (4) 75 Low 0.70 0.89 Venous
plasma

Weerakiet, 2006.41 Thailand Cross
sectional

Risk factors Chronic disease 
(treatment)

21 - 28 359 100 60 (17) 100 Low 0.90 0.61 Plasma

GCT = 50 g glucose challenge test; GDM = gestational diabetes mellitus; OGTT = oral glucose 
tolerance test; * testing in the second trimester (women diagnosed in the first trimester were excluded); 
**For a threshold of the 50 g glucose challenge test of 7.2 mmol/L. Accuracy measures were not reported 
for a threshold of 7.8 mmol/L. *** For a threshold of the 50 g glucose challenge test of 7.0 mmol/L. Accuracy 
measures were not reported for a threshold of 7.8 mmol/L.
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Table 2. Key characteristics of included studies

First author, year Country Design Inclusion Exclusion Gestational 
age (weeks)

Sample 
size (n)

GCT verified 
(%)

GDM 
n (%)

OGTT 
75/100 g

Threshold OGTT
high / low

Sensitivity 
7.8 mmol/L

Specificity 
7.8 mmol/L

Capillary / 
venous and 

plasma / blood

Ayach, 2006.17 Brasil Cohort Consecutive Preterm birth, 
fetal death

24 - 28 341 100 13 (4) 100 Low 0.77 0.88 Plasma

Bonomo, 1998.18 Italy Cohort Consecutive None 24 - 28 704 100 50 (7) 100 High 0.91 0.73 Venous
Plasma

Caliskan,  2004.19 Turkey Cohort Consecutive None 24 - 28 422 99 14 (3) 100 High 0.93 0.76 Venous

Cetin, 1997.20 Turkey Cohort Consecutive Medication, 
preterm birth, 
preeclampsia 

24 - 28 274 100 17 (6) 100 High 0.65 0.88 Plasma

Cocilovo,  1994.21 Italy Cohort Consecutive None 24 - 30 249 100 9 100 High 1.0 0.76 Capillary
Blood

Espinosa, 1999.22 Mexico Cohort Consecutive None 24 - 30 445 100 43 (10) 100 High 0.88 0.85 Venous

Hidar, 2001.23 France Cohort Consecutive Preterm birth, 
PPROM

24 - 28 95 100 13 (14) 75 Low 0.69 0.87 Plasma

Jirapinyo, 1993.24 Thailand Cohort Risk factors None 8 - 38
65% 24-30

396 100 42 (11) 100 High 0.86 0.65 Plasma

Keshavarz, 2006.25 Iran Cohort Consecutive None 24 - 28 412 90 26 (6) 100 Low 0.88 0.88 Unknown

Lamar, 1999.26 USA RCT Consecutive None 24 - 28 136 100 5 100 High 0.8 0.82 Venous

Maegawa, 2003.27 Japan Cohort Not reported None 13 - 26 735* 100 8  (1*) 75 High 0.79 0.85 Unknown

Mathai, 1994.28 India Cohort Consecutive Delivery 
elsewhere

26 - 30 232 100 11 (5) 100 Low 0.36 0.8 Plasma

Perea, 2002.29 Spain Cohort Consecutive None 24 - 28 138 100 13 (9) 100 High 1.00 0.77 Unknown

Perea, a, 2002.29 Spain Cohort Consecutive None 24 - 28 642 100 53 (8) 100 High 0.98 0.74 Unknown

Perucchini, 1999.30 Switzerland Cohort Consecutive None 24 - 28 520 93 53 (10) 100 Low 0.58 0.91 Venous
Plasma

Puavilai, 1993.31 Thailand Cohort Risk factors None 24 - 28 115 100 16 (14) 100 High 0.19 0.95** Unknown

Ramirez, 2003.32 Mexico Cohort Consecutive None 24 - 28 334 100 24 (7) 100 Low 0.88 0.64 Venous

Rey, 2004.33 Canada Cohort Consecutive None 24 - 28 188 78 21 (11) 75 High 0.79 0.97 Unknown

Schwartz, 1994.34 USA Cohort Consecutive None 7 - 40,
mean 27.6

132 100 25 (19) 100 High 0.92 0.52 Venous
plasma

Sermer, 1994.35 Canada Cohort Consecutive None 26 - 27 3836 100 265 (7) 100 High 0.77 0.82 Plasma

Siribaddana, 1998.36 Sri Lanka Cohort Consecutive None 24 - 28 721 100 40 (6) 75 Low 0.63 0.84 Plasma

Tam, 2000.37 China Cohort not reported None 24 - 28 893 95 122 (13) 75 Low 0.73 0.68 *** Unknown

Thitadilok, 1995.38 Thailand Cohort Risk factors None 24 - 28 304 100 23 (8) 100 High 0.91 0.77 Plasma

Uncu, 1995.39 Turkey Cohort Consecutive None 24 - 28 42 100 14 (33) 100 High 0.79 0.54 Plasma

v. Leeuwen, 2007.40 The Netherlands Cohort Consecutive None 24 - 28 1281 98 47 (4) 75 Low 0.70 0.89 Venous
plasma

Weerakiet, 2006.41 Thailand Cross
sectional

Risk factors Chronic disease 
(treatment)

21 - 28 359 100 60 (17) 100 Low 0.90 0.61 Plasma

GCT = 50 g glucose challenge test; GDM = gestational diabetes mellitus; OGTT = oral glucose 
tolerance test; * testing in the second trimester (women diagnosed in the first trimester were excluded); 
**For a threshold of the 50 g glucose challenge test of 7.2 mmol/L. Accuracy measures were not reported 
for a threshold of 7.8 mmol/L. *** For a threshold of the 50 g glucose challenge test of 7.0 mmol/L. Accuracy 
measures were not reported for a threshold of 7.8 mmol/L.
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test results was 100% in 20 studies (76.9%) and >90% in five studies (19%). Details on 
the administration of the index and the reference test were reported in 73.1% and 76.9% 
of the studies.

Data analysis
We could construct 125 2x2 tables. The sensitivity of the index test reported by the 26 
individual studies ranged from 0 to 100%. The specificity ranged from 2 to 100%. The 
combined values of the sensitivity and specificity calculated from the 2x2 tables are 
plotted in Figure 3. The wide range of sensitivity and specificity was mainly a result 
of variation in threshold values of the index test used to define test positivity (range 
4.0-16.0 mmol/l). Figure 4 shows sensitivity and specificity of the individual included 
studies for three commonly used thresholds. Studies reporting several thresholds appear 
multiple times in this chart.

First we estimated pooled sensitivity and specificity with a bivariate model in which we used 
data from the studies that reported accuracy measures of the index test for the threshold 
of 7.8 mmol/l. We evaluated the effect of covariates on sensitivity and specificity. The 
recruitment of patients was associated with specificity but not with sensitivity of the index 
test. The specificity of the index test was lower in studies that included women with risk 
factors compared with studies with consecutive recruitment (P = 0.02). There was no 
association between the type of reference test (75- or 100-g OGTT) and sensitivity or 
specificity. A higher threshold of the reference test for the diagnosis of GDM increased the 
sensitivity and decreased the specificity of the index test compared with a low threshold 

0% 25% 50% 75% 100%

Patients representative of practice

Clear description selection criteria 

Reference test likely to detect GDM

Time between tests short enough 

Abnormal GCT always verified

Normal GCT always verified

Correction for verification bias

Consistent reference test 

Reference test performed independently

Clear description of index test

Clear description of reference test

GCT interpreted without results of OGTT

OGTT was interpreted without results of GCT

Clinical data same as practice

Unintepretable test results reported

Withdrawals explained

Intervention between index and reference test

yes                             no                              unclear / not applicable                     

Figure 2. Methodological quality of the studies included in the systematic review of the 50-g glucose 
challenge test as a screening test for GDM.  
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(P = 0.01 and 0.01, respectively). For studies that included women with risk factors the 
pooled sensitivity was 0.76 (95% CI 0.67 - 0.84), with a pooled specificity of 0.76 (95% 
CI 0.60 - 0.87), and with a derived positive LR of 3.2 (95% CI 1.8 - 5.7) and negative LR 
of 0.32 (95% CI 0.21 - 0.47). For studies that included consecutively recruited women 
the pooled sensitivity was 0.76 (95% CI 0.60 - 0.87), with a pooled specificity of 0.85 
(95% CI 0.81 - 0.88), and with a derived LR of 5.1 (95% CI 3.7 - 6.0) and negative 
LR of 0.28 (95% CI 0.16 - 0.51). With increasing the threshold of OGTT to diagnose 
GDM, the pooled sensitivity increased to 0.89 (95% CI 0.72 - 0.97), with a decreasing 
specificity of 0.77 (95% CI 0.63 - 0.86), for studies that recruited all pregnant women, 
and a specificity of 0.65 (95% CI 0.38 - 0.85) for studies that recruited women based on 
the presence of risk factors, with a derived positive LR of 3.9 (95% CI 2.3 - 6.6) and 2.5 
(95% CI 1.2 - 5.6), and a derived negative LR of 0.14 (95% CI 0.05 - 0.43) and 0.17 
(95% CI 0.05 - 0.55), respectively.

Next, we estimated accuracy measures for all reported threshold values by including the 
threshold value of the 50-g glucose challenge test as a covariate in the bivariate model. 
The effects of the covariates (patient recruitment, reference test, threshold value of the 
reference test) were the same as described above. The effects of threshold value of the 
50-g glucose challenge test were statistically significant for sensitivity (P < 0.0001) as 
well as for specificity (P < 0.0001).

00.10.20.30.40.50.60.70.80.91
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Specificity

Specificity
Figure 3. ROC plot of sensitivity 
and specificity for all studies 
included. 

All studies are displayed irrespective 
of recruitment (consecutive or 
inclusion of women with risk 
factors), reference test (75- or 100-g 
OGTT), threshold value of the index 
test (high or low) and threshold 
value of the 50-g glucose challenge 
test. The width of the blocks is 
proportional to the inverse standard 
error of specificity. The height of the 
blocks is proportional to the inverse 
standard error of sensitivity.
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Figure 4. Forest plots for all studies, shown for three thresholds that are frequently applied in current 
clinical practice (7.5 mmol/L, 7.8 mmol/L and 8.0 mmol/L). Squares represent sensitivity and specificity. 
The black line is the confidence interval. Some studies are shown multiple times for several thresholds.
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The pooled sensitivity and specificity for three threshold values are presented in Table 3. 
For an index test threshold of 7.8 mmol/l, the pooled sensitivity in studies that recruited 
only women with risk factors was 0.74 (95% CI 0.62 - 0.87), with a pooled specificity 
of 0.77 (95% CI 0.66 - 0.89), and with a derived positive LR of 3.2 (95% CI 2.0 - 5.2) 
and negative LR 0.34 (95% CI 0.22 - 0.53). The pooled sensitivity of studies including 
all pregnant women was 0.74 (95% CI 0.62 - 0.87), with a pooled specificity of 0.85 
(95% CI 0.80 - 0.91), with a derived positive LR of 4.9 (95% CI 3.5 - 7.0) and negative 
LR of 0.31 (95% CI 0.20 - 0.47). Increasing the threshold of the reference test for the 
diagnosis of GDM increased sensitivity to 0.83 (95% CI 0.75 - 0.91), and decreased 
specificity to 0.81 (95% CI 0.75 - 0.87) for studies that recruited all pregnant women 
(derived positive LR 4.4 (95% CI 3.2 - 6.0); negative LR 0.21 (95% CI 0.14 - 0.32)), 
and 0.72 (95% CI 0.60 - 0.84) for studies that recruited women based on the presence 
of risk factors (derived positive LR 3.0 (95% CI 2.0 - 4.5); negative LR 0.24 (95% CI 
0.15 - 0.37)). Summary ROC curves that reflect the results for all possible thresholds of 
the 50-g glucose challenge test are displayed in Figure 5.

Table 3. Accuracy measures for three thresholds of the 50 g glucose challenge test estimated with a 
bivariate regression model. 

Recruitment of all women Recruitment of women with risk factors

Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)

OGTT with low threshold for disease

7.5 mmol/L 0.78 (0.67-0.89) 0.81 (0.74-0.87) 0.78 (0.67-0.89) 0.72 (0.58-0.85)

7.8 mmol/L 0.74 (0.62-0.87) 0.85 (0.80-0.91) 0.74 (0.62-0.87) 0.77 (0.66-0.89)

8.0 mmol/L 0.72 (0.59-0.85) 0.88 (0.83-0.93) 0.72 (0.59-0.85) 0.81 (0.71-0.91)

OGTT with high threshold for disease

7.5 mmol/L 0.85 (0.78-0.93) 0.76 (0.69-0.83) 0.85 (0.78-0.93) 0.65 (0.51-0.79)

7.8 mmol/L 0.83 (0.75-0.91) 0.81 (0.75-0.87) 0.83 (0.75-0.91) 0.72 (0.60-0.84)

8.0 mmol/L 0.81 (0.72-0.90) 0.84 (0.79-0.89) 0.81 (0.72-0.90) 0.76 (0.65-0.86)

The threshold of the 50 g glucose challenge test was added as a covariate. Recruitment of women 
(recruitment of all women versus recruitment of women with risk factors for gestational diabetes mellitus 
(GDM)) was added a covariate to the model. Threshold of the OGTT was also added as a covariate to 
the model.

Discussion

We systematically reviewed the literature on the accuracy of the 50-g glucose challenge 
test for the diagnosis of GDM. We found that the pooled estimate of sensitivity for a 
threshold value of 7.8 mmol/l ranged between 0.74 (95% CI 0.62 - 0.87) and 0.83 
(95% CI 0.75 - 0.91), depending on the threshold for diagnosis of GDM, with a specificity 
ranging between 0.72 (95% CI 0.60 - 0.84) and 0.85 (95% CI 0.80 - 0.91).
Depending on the application of the test (screening or alternative diagnostic) and the 
consequences of false-positive and false-negative test results, certain combinations of 
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accuracy values are preferred. These values depend on whether it is more harmful to 
classify women as false-positive or false-negative, taking all possible consequences of 
such results into account. In the case of GDM, regarding the nature and consequences 
of the disease, one should aim for an adequate detection rate, albeit not at the cost of an 
unacceptable false-positive rate. If the 50-g glucose challenge test is used as a screening 
test, a higher sensitivity rate than 74% would probably be warranted to accept a false-
positive rate of 83%. Moreover, if one considers using the 50-g glucose challenge test 
as a diagnostic test for GDM, higher detection rates are required. As the prevalence of 
GDM in the general population is relatively low, a clinically useful test would thus have 
to have a high positive LR (>10) and a low negative LR (<0.10). Regarding the derived 
positive and negative LRs in the present study, the accuracy of the 50-g glucose test for 
gestational diabetes mellitus is modest. For example, if the incidence of GDM is 3%, and 
the positive LR of the 50-g glucose challenge test is 4.5, the post-test probability for an 
abnormal result on the 50-g glucose challenge test would be 12%, which is still low. If 
the 50-g glucose challenge test is combined with other screening methods, such as the 
presence of risk factors for GDM (e.g. GDM in a previous pregnancy, obesity), LRs of the 
risk factors are multiplied with the LR of the 50-g glucose challenge test, and thus the 
post-test probability might be improved.
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Figure 5. sROC plots of sensitivity and specificity for various subgroups (depending on recruitment and 
threshold of the reference test), based on the estimates of the bivariate model.

proefschrift van Leeuwen 2.indb   64 6-9-2012   14:03:55



G
lucose challenge test

65

C
hapter 4

Our findings imply that if the 50-g glucose challenge test is performed in a cohort of 
1000 unselected women, with an assumed prevalence of 4%, and with a threshold of 
7.8 mmol/l, 30 women would have a true-positive test result and 144 would have a 
false-positive test result (positive predictive value of 17%). Ten women would have a 
false-negative test result and 816 women would have a true-negative test result (negative 
predictive value of 99%). In many potentially relevant studies dealing with the 50-g 
glucose challenge test in pregnant women, the OGTT was only performed if the 50-g 
glucose challenge test was considered to be abnormal. This design characteristic, known 
as partial verification, is encountered in many studies on diagnostic accuracy: to minimise 
the burden of possibly redundant additional testing in women with a negative screening 
test result, only abnormal screening test results are verified by the reference test. To avoid 
this partial verification bias, only studies that performed both a 50-g glucose challenge 
test and an OGTT independent of the result of the gram glucose challenge test in more 
than 75% of the women were included in this systematic review.

A limitation of the present study is that details on study and sample characteristics were not 
reported equally well in the individual studies. Because of this incomplete reporting, we 
were not able to evaluate every quality item in every study. Inclusion of methodologically 
poor studies may have affected our estimates of (diagnostic accuracy).42 With the 
bivariate model that we used to calculate summary estimates of sensitivity and specificity, 
the potential influence of clinical and study characteristics (covariates) on the mean 
sensitivity and specificity can be evaluated. Because of the limited details that were 
reported, clinical variables of interest (for example age, BMI and time between the last 
meal and the index test), the number of covariates included in the bivariate model was 
limited. To evaluate the true effect of clinical variables and different threshold values, 
individual patient data meta-analysis is needed.

Another limitation of our study was the lack of a uniform reference test for GDM. The 
glucose load of the OGTT is either 75 or 100 g. Both tests are used in clinical practice. 
For the 75-g as well as for the 100-g OGTT, various criteria for an abnormal test result 
exist. Direct comparison between all studies included in our systematic review was therefore 
complicated. With the bivariate model we were able to account for the variation in summary 
estimates caused by the difference in cutoff values used for the index test. We accounted 
for variation in summary estimates caused by the various criteria to define an abnormal 
OGTT as well, by categorising the threshold for an abnormal OGTT as being high or low. 
Adding this variable to the bivariate model increased the fit of the model. We do not know, 
however, to what extent the arbitrary categorisation of the OGTT thresholds is justified. 
In pregnancy placental hormones cause maternal insulin sensitivity to decrease, and as 
a consequence postprandial glucose levels increase. Combs et al.43 showed that rising 
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postprandial glucose values were associated with fetal macrosomia, a common feature 
in pregnancies complicated by GDM. A glucose loading test like the 50-g glucose 
challenge test in theory seems an adequate method to mimic postprandial glucose 
levels, and therefore to measure the degree of glucose (in) tolerance in pregnancy.

A health technology report concerning various screening strategies for GDM stated that 
the cost-effectiveness of a of number of studies find that screening with the 50-g glucose 
challenge test, and then testing screen-positives with the OGTT, was less costly than 
going straight to universal OGTT. However, a high-quality cost-effectiveness analysis 
developed by the UK’s National Institute for Health and Clinical Excellence (NICE) 
guideline development group, that compared costs and effects of multiple screening 
strategies including the 50-g glucose challenge test, found that two other screening 
strategies dominated: selection by American Diabetes Association (ADA) risk criteria, 
followed by the 75-g OGTT; and selection by high-risk ethnicity, followed by the 
75-g OGTT.44 In view of these findings, and as an extension to the results of the cost-
effectiveness analysis of the NICE guideline development group, it would be interesting 
to consider the cost effectiveness of a strategy that consists of selection based on various 
risk factors, followed by screening with a 50-g glucose challenge test, followed by an 
OGTT in the case of an abnormal test result of the 50-g glucose challenge test, and to 
compare this in a randomised controlled trial with other screening strategies.

Conclusion

As GDM is often asymptomatic, screening is necessary to identify women with GDM. 
High sensitivity is often warranted in screening tests, as a false-negative test result (in 
which disease remains undiscovered) is considered to be more harmful than a false-
positive test result (in which a reference test is unnecessarily performed). Although higher 
detection rates would be preferable, the detection rate of the 50-g glucose challenge test 
of 74% might be acceptable if used as a screening test for a condition such as GDM. On 
the other hand one could consider a one-step method, using the OGTT for screening for 
example in a selected population (risk factors). This could be a lesser burden for women 
and more cost-effective than a two-step method in which a glucose-loading test might be 
performed twice. To use the 50-g glucose challenge test as a definite diagnostic test for 
GDM (replacement of the OGTT), higher accuracy measures are warranted.
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