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Significance of this study

What is already known about this subject?
►► Despite recent updates on the diagnostic criteria for 
gestational diabetes mellitus (GDM), opinions are di-
vided on the need for selective screening using risk 
factors, glycosuria and random blood glucose.

What are the new findings?
►► The  presence of risk factors was more sensitive 
compared with glycosuria, random blood glucose 
and  glycated hemoglobin, which were highly in-
sensitive and diagnostically poor, and hence missed 
majority of the cases.

►► Fasting plasma glucose threshold ≥5.1 mmol/L was 
more sensitive than values ≥5.6 mmol/L.

How might these results change the focus of 
research or clinical practice?

►► Findings reaffirm the rising prevalence of GDM and 
highlight the need to integrate fasting blood glu-
cose monitoring into all GDM screening/diagnostic 
procedures.

►► When deciding to treat, the presence of risk factors 
could be complementary to fasting plasma glucose, 
particularly where  oral glucose  tolerance test  is 
not available.

Abstract
Objective  Despite the short-term and long-term health 
implications of gestational diabetes mellitus (GDM), 
opinions are divided on selective vis-à-vis universal 
screening. We validated the accuracy of screening tests 
for GDM.
Research design and methods  Pregnant 
women (n=491) were recruited to this 
prospective, blind comparison with a gold standard study. 
We did selective screening between 13 and 20 weeks 
using reagent-strip glycosuria, random capillary blood 
glucose (RBG) and the presence of ≥1 risk factor(s). 
Between 20 and 34 weeks, we did universal screening 
following the ‘one-step’ approach using glycated 
hemoglobin (HbA1c), fasting venous plasma glucose (FPG), 
and the 1-hour and the ‘gold standard’ 2-hour oral glucose 
tolerance test (OGTT). Tests accuracy was estimated 
following the WHO and the National Institute for Health 
and Care Excellence (NICE) diagnostic criteria. Overall test 
performance was determined from the area under the 
receiver operating characteristic curve (AUC).
Results  GDM prevalence per 2-hour OGTT was 9.0% for 
the WHO criteria and 14.3% for the NICE criteria. Selective 
screening using glycosuria, RBG and risk factors missed 
97.4%, 87.2% and 45.7% of cases, respectively. FPG 
threshold ≥5.1 mmol/L had the highest clinically relevant 
sensitivity (68%) and specificity (81%), but FPG threshold 
≥5.6 mmol/L had higher positive predictive value. Although 
sensitivity of 1-hour OGTT was 39.5%, it had the highest 
accuracy and diagnostic OR. Regarding test performance, 
1-hour OGTT and FPG were very good (AUC>0.8), RBG 
was poor (AUC≈0.60), whereas HbA1c was invaluable 
(AUC<0.5).
Conclusions  Selective screening using glycosuria and 
random blood glucose is unnecessary due to its 
low sensitivity. Fasting glucose ≥5.1 mmol/L could 
be applicable for screening at the population level. 
Where 2-hour OGTT is not available, FPG ≥5.6 mmol/L, 
complemented by the presence of risk factors, could be 
useful in making therapeutic decision.

Introduction
Gestational diabetes mellitus (GDM), a form 
of pregnancy-specific glucose intolerance, has 

been identified as the most prevalent meta-
bolic disorder in pregnancy. The condition 
is associated with adverse maternal, fetal and 
neonatal outcomes,1 2 and  increases the  risk 
of type II diabetes in mother–child dyads in 
later years.3 In 2013, the global prevalence 
of hyperglycemia in pregnancy in women 
aged 20–49 years was 17%. Over 90% of 
cases occurred in low-income and middle-in-
come countries.4 In Africa, the  prevalence 
of hyperglycemia in pregnancy has consid-
erably increased from negligible levels to 
almost 30% in some settings within the past 
four decades.5–7 The rising  prevalence of 
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hyperglycemia has been attributed to epidemiologic tran-
sition associated with increasing type II diabetes mellitus, 
unhealthy dietary habits, obesity, physical inactivity, and 
advanced maternal age at childbirth.3 8 However, consid-
eration of gross variations in screening and diagnostic 
procedures and the reference thresholds used is neces-
sary when interpreting these trends.

Screening here denotes the  scheduled measurement 
of blood glucose in all pregnant women whether asymp-
tomatic or symptomatic, and whether ‘at risk’ or not, 
followed by diagnostic testing in screen-positive clients. 
However, the specific screening procedures and outcomes 
that should provide indication to conduct a diagnostic 
test are still controversial.9–11 Despite recent establish-
ment of diagnostic criteria by various health regulating 
bodies, opinions are divided on selective versus universal 
screening. Selective screening, sometimes known as 
routine screening, is where only pregnant women iden-
tified from screening procedures to be at high risk for 
GDM are requested to perform diagnostic test to eval-
uate their actual glycemic status. Conversely, universal 
screening is where all pregnant women irrespective of 
their glycemic status perform a recommended diagnostic 
test to assess their likelihood for developing GDM.

In line with evidence from the  hyperglycemia and 
adverse pregnancy outcome study,1 and the recommen-
dations from the International Association of Diabetes 
and Pregnancy Study Group (IADPSG),12 the WHO 
updated its clinical guidelines for detecting hypergly-
cemia in pregnancy in 2013.10 Similarly, the American 
Diabetes Association (ADA) updated its guidelines in 
2015 in accordance with the  recommendations of the 
IADPSG.11 The WHO recommends one-step diagnosing 
of GDM using fasting plasma glucose (FPG) ≥5.1 mmol/L 
or 75 g oral glucose intake, followed by 1-hour postpran-
dial glucose ≥10.0 mmol/L. However, 2-hour oral glucose 
tolerance test (OGTT) ≥8.5 mmol/L performed at any 
time during pregnancy but preferably between 24 and 28 
weeks is highly recommended.

On the other hand, the National Institute for Health 
and Care Excellence (NICE) considers 2-hour 75 g 
OGTT performed between 24 and 28 weeks as the ‘gold 
standard’. Compared with the current WHO/IADPSG/
ADA guidelines, NICE’s diagnostic threshold for 2-hour 
OGTT is 0.7 mmol/L lower (≥7.8 mmol/L), whereas the 
FPG  threshold is 0.5 mmol/L higher (≥5.6 mmol/L).9 
Meanwhile, the 1999 WHO diagnostic criteria for FPG was 
≥7.0 mmol/L, whereas the  2-hour OGTT  was  ≥7.8 
mmol/L, same as the current NICE guideline. Even 
though this paper focuses on GDM, it is worth noting that 
the WHO/IADPSG recommend random plasma glucose 
or 2-hour OGTT ≥11.1 mmol/L at any time during preg-
nancy as suggestive of clinical (pre-existing) diabetes.10 13 
In this paper, the WHO, IADPSG and ADA diagnostic 
recommendations are collectively denoted as the WHO 
criteria.

Screening protocol for GDM in Ghana comprises 
reagent-strip urinalysis to detect glycosuria, tested at 

every antenatal care (ANC) visit. Values of 1+ and 2+ on 
two occasions or 3+ and 4+ on one occasion warrant an 
OGTT.14 Although fasting blood glucose is recommended 
at the first ANC booking, and at 28–32 weeks, no diag-
nostic cut-offs are provided in the standard treatment 
guidelines. Adherence to the screening and diagnostic 
protocol is discretionary by the clinician and dependent 
on the level of healthcare provision. Making diagnostic 
decision based on maternal risk factor assessment is often 
the norm. However, there is no clear guideline on the 
type or number of risk factors that should necessitate diag-
nostic testing. Previous macrosomia delivery (birth weight 
>4.0 kg), a cardinal adverse neonatal outcome of GDM, 
has identified 3%15 of pregnant women to be at risk of 
developing the condition. Meanwhile, the reported GDM 
prevalence according to 2-hour OGTT using the WHO 
reference threshold of ≥8.5 mmol/L is 9% in the largest 
referral facility in Ghana.16

Urinalysis through reagent-strip glycosuria is not 
without challenges. During pregnancy, the  renal 
threshold for glomerular glucose reabsorption is 
reduced, leading to increased glycosuria at some point in 
about 50% of all pregnancies.17 However, hyperglycemia 
without detectable glycosuria is not unlikely.18 Although 
dipstick glycosuria test is cheap and convenient, we 
suspect that its usage as the main routine screening 
test is resulting in missed (false negative) opportuni-
ties for diagnosis and management. Therefore, this 
diagnostic accuracy study was conducted to compare 
the  prevalence of GDM in primary and secondary 
healthcare settings in Ghana using the current WHO 
and NICE diagnostic criteria. We validated the  perfor-
mance of dipstick glycosuria, random capillary whole 
blood glucose (RBG) and the presence of risk factors as 
screening tests for accurately detecting GDM. Outcomes 
were validated against fasting venous plasma glucose 
(FPG), glycated hemoglobin (HbA1c), and postpran-
dial 1-hour and 2-hour  OGTT considered as the diag-
nostic tests. The effectiveness of universal and selective 
screening approaches was assessed. Finally, cut-off points 
that optimized sensitivity and specificity were suggested 
from the coordinates of the receiver operating charac-
teristic (ROC) curve.

Methods
Design
This diagnostic accuracy study, reported according to 
the Standards for Reporting Diagnostic Accuracy guide-
lines,19 was designed as a prospective, blind compar-
ison with a gold standard study. This design compares 
the diagnostic accuracy of different tests in the same indi-
vidual. This study is part of a prospective cohort study 
aimed at assessing the effects of hyperglycemia in preg-
nancy on maternal, fetal and neonatal outcomes. The 
index screening tests assessed were dipstick glycosuria 
test, RBG and maternal risk factors. One-hour OGTT 
and HbA1c were the index diagnostic tests evaluated. 
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Performance of each test within the same individual was 
validated against 2-hour OGTT and FPG.

Study sites
The study was conducted at the antenatal clinics of one 
primary-level and four secondary-level public health-
care facilities in the Volta Region of Ghana. Forty-seven 
percent (516 461) of the 1 098 854 women in the region 
are in their reproductive ages (15–49 years).20 ANC and 
delivery services are provided predominantly in second-
ary-level hospitals in Ghana. Hence although the study 
was performed predominantly in secondary care settings, 
it was designed to replicate results that would have been 
achieved at all healthcare levels. The largest of the 
secondary facilities was the Volta Regional Hospital, a 
240-bed capacity regional referral hospital in the process 
of upgrade to a university teaching hospital. The other 
three facilities were district hospitals. These included the 
Hohoe Municipal Hospital with a bed capacity of 178, 
Margret Marquart Catholic Hospital with a bed capacity 
of 152 and the Ho Municipal Hospital with a bed capacity 
of 130. The Jasikan District Hospital, a 45-bed  capacity 
facility, represented maternal healthcare provision at the 
primary level.

Sample size and eligibility
Cochran’s formula,21 which accounts for finite popula-
tion corrections, was used to determine the minimum 
sample size required. We considered 9.3% reported 
prevalence of GDM in Ghana16 and a total target popu-
lation of 516 46120 women in their reproductive age in 
the region. A 95% confidence level corresponding to 
1.96 Z-score and a 5% permitted error margin generated 
a sample size of 130. The primary and secondary facili-
ties were each treated as separate clusters. To account for 
variability of health service provision at each level, the 
effect of clustering was adjusted for, ensuring maximized 
statistical accuracy of GDM estimate that is nationally 
representative.

Aided by the G*Power software (V.3.1.9.2),22 a design 
effect of 3.2 was determined based on a two-tailed t-test 
statistic with an alpha error probability of 0.05, 1-β error 
probability of 0.95 and an intracluster correlation of 
0.16 derived from 0.03 coefficient of determination. The 
sample size was multiplied by the design effect, resulting 
in an effective sample size of 416. An a priori statis-
tical power analysis yielded 91%, an indication that the 
sample size was adequately powered. Participant recruit-
ment from the primary and secondary facilities was done 
proportional to size in the ratio of 1:6.

Irrespective of the  presence or absence of GDM risk 
factors, any pregnant woman aged 15 years and above 
identified in the first trimester accessing ANC in any 
of the five study facilities between June and November 
2016 and who provided written consent was eligible 
to participate. However, pregnant women with prior 
diabetes, identified either from the medical records or 
self-affirmed, were excluded. Every consecutive pregnant 

woman who met the inclusion criteria was recruited until 
the required sample size was attained.

Test procedures and diagnostic cut-offs
Maternal risks factors were assessed from the sociodemo-
graphic data collected, as well as medical and obstetric 
history. Women with three or more known risk factors 
(maternal age above 35 years, body mass index above 29.9 
kg/m2, parity above three children, history of diabetes 
and previous macrosomia delivery) were regarded to be 
at high risk for GDM.

The one-step strategy recommended by the IADPSG for 
diagnosing GDM was followed.12 Glycosuria, RBG and risk 
factors were considered as screening tests, whereas FPG, 
HbA1c, and 1-hour OGTT were diagnostic. These tests 
were all evaluated with reference to the 2-hour OGTT.

Glycosuria urinalysis was tested at every ANC visit as a 
qualitative urine dipstick test using the ‘Urit 2VPG’ urine 
reagent strips to detect the presence of glucose in about 
10 mL of urine. A color change corresponding to trace 
test result or above (1+  to 4+) at any one point during 
pregnancy was considered to be screen-positive for GDM. 
Between 13 and 20 weeks, participants were screened for 
GDM through RBG. About 0.8 μL  capillary blood was 
drawn from the middle fingertip prick and measured on 
the point-of-care testing device called ‘On Call Plus Blood 
Glucose Meter’. Random blood glucose >7.0 mmol/L 
was considered to be screen-positive for GDM.9

All participants were scheduled for diagnostic testing 
between 20  and  28 gestational weeks. Participants who 
failed to turn  up were rescheduled between 30  and  34 
weeks. The evening prior to the test, participants were 
called and reminded to fast overnight for 10–12 hours. On 
arrival at the laboratory on the morning of the test, they 
were made to rest for about 15 min before the tests were 
conducted. Three milliliters of preprandial venous blood 
were drawn from the antecubital fossa. One milliliter of the 
blood was used to measure the FPG on a fully automated 
‘Selectra ProM’ clinical chemistry analyzer operating on 
kinetic enzymatic peroxidase-antiperoxidase principle. In 
accordance with the WHO10 and NICE9 diagnostic criteria, 
FPGs ≥5.1 mmol/L and ≥5.6 mmol/L were considered to 
be GDM diagnostic-positive. HbA1c was checked irrespec-
tive of clients’ fasting status using 2 mL of venous blood. It 
was analyzed on an automated HA-8160 ADAMS analyzer 
operating on the ion exchange  High Performance Liquid 
Chromatography(HPLC) principle. The  results were 
aligned to the Diabetes Control and Complications Trial 
method. HbA1c results ≥6.5% (7.8 mmol/L) were sugges-
tive of GDM.9

After drawing the preprandial blood, participants were 
supervised to drink within 3 min 75 g anhydrous glucose 
dissolved in 300 mL of water at room temperature. Post-
prandial venous blood was collected at 1-hour and 2-hour 
intervals and plasma glucose levels checked following 
similar biochemical procedure as for the FPG. As per the 
WHO diagnostic criteria, 1-hour OGTT  ≥10.0 mmol/L 
and 2-hour OGTT  ≥8.5 mmol/L10 were indicative of 

 on 19 June 2018 by guest. P
rotected by copyright.

http://drc.bm
j.com

/
B

M
J O

pen D
iab R

es C
are: first published as 10.1136/bm

jdrc-2017-000493 on 15 June 2018. D
ow

nloaded from
 

http://drc.bmj.com/


4 BMJ Open Diab Res Care 2018;6:e000493. doi:10.1136/bmjdrc-2017-000493

Figure 1   Flow of participants through the study and the proportions who tested positive and negative to each test. HbA1c, 
glycated hemoglobin; Neg, negative; OGTT, oral glucosetolerance test; Pos, positive.
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GDM. Also, as per  the NICE diagnostic criteria, 2-hour 
OGTT  ≥7.8 mmol/L  was  indicative of GDM.11 Test 
quality was ensured by running controls after every 20th 
test and/or on the morning of each test day as the case 
might be. Where thresholds for two out of these four tests 
were obtained (RBG ≥11.1 mmol/L, 2-hour OGTT ≥11.1 
mmol/L, HbA1c  ≥6.5% or FPG ≥5.6 mmol/L), it was 
considered to be a case of pre-existing diabetes first 
detected in pregnancy.

Statistical analysis
The data were entered into EpiData software and 
exported into STATA software (V.14.0) for analysis. All 
missing inputs for FPG and 2-hour OGTT were automati-
cally excluded from the analysis. Dichotomous outcomes 
indicating positive or negative disease state were assigned 
to each screening and diagnostic test. Differences among 
primary and secondary facility users were tested using 
independent sample t-test for continuous scale glucose 
values and presented as mean with SD. Categorical data 
were tested using χ2 test. The results were presented with 
the corresponding 95% CI of the level. P value <0.05 was 
statistically significant.

The numbers of true positive, true negative, false posi-
tive, and false negative were estimated with reference to 
the diagnostic criteria for 2-hour OGTT based on the 

WHO (≥8.5 mmol/L) and NICE (≥7.8 mmol/L) guide-
lines. Similar measures were calculated for FPG  ≥5.1 
mmol/L and ≥5.6 mmol/L in accordance with the WHO 
and NICE diagnostic criteria. Paired diagnostic accu-
racy was estimated using standard formulas for disease 
measurement to evaluate the discriminative, predictive 
and diagnostic properties of each test. Discriminatory 
and predictive abilities were determined by test sensi-
tivity, specificity, positive and negative predictive values, 
diagnostic accuracy, and diagnostic OR (DOR). Higher 
values indicated better diagnostic properties.

To determine overall test performance, the ROC curve 
was obtained from the raw glucose values. The closer 
the curve was to the left-hand upper border of the ROC 
space, the more accurate the test. Test performance was 
evaluated based on the area under the curve (AUC). 
Rating ranged from excellent (AUC=0.9–1.0), very good 
(0.8 to <0.9), good (0.70 to <0.80), sufficient (0.60 to 
<0.70), poor (0.50 to <0.60) to invaluable (AUC<0.5).23 24 
The p value for each variable tested the null hypothesis 
that the true area under the ROC curve (AUC) is equal 
to 0.5 (no effect). This correponds to the diagonal where 
the true positive rate equals the false positive rate. A 
p value <0.05 indicates that we can reject the null hypoth-
esis, meaning the test is clinically relevant.23 The lower 
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Figure 2  Percentage of participants who tested positive to the screening and diagnostic tests. HbA1c,  glycated 
hemoglobin; NICE,  National Institutefor Health and Care Excellence; OGTT, oral glucosetolerance test.
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the p value, the better the test performance. Reference 
cut-offs of each test that provided analogous and clini-
cally useful sensitivity and specificity for the study popu-
lation were estimated from the coordinates of the ROC 
curve.

Results
Overall, 491 pregnant women aged 15–54 years were 
screened for GDM between 12 and 20 gestational weeks, 
while 435 performed the diagnostic tests between 
20 and 34 weeks. The 56 fallout was a  result of sponta-
neous abortions, inability to fast overnight and difficulty 
tolerating the OGTT. The  flow of participants through 
the study, proportions who performed each screening 
and diagnostic test, and the main reasons for withdrawal 
from each stage of the screening/diagnosing are shown 
in figure 1.

Presented in figure  2  is a comparison of the GDM 
positive proportions based on screening and diagnostic 
outcomes. Per the WHO diagnostic criteria, the  preva-
lence of GDM based on the ‘gold standard’ 2-hour OGTT 
was 9.0% (n=39, 95% CI 6.5 to 12.0). The prevalence based 
on FPG was 23.8% (n=106, 95% CI 19.8 to 27.9), whereas 
based on 1-hour OGTT was 4.5% (n=20, 95% CI 2.7 to 
6.7). On the other hand, the NICE diagnostic criteria for 

2-hour OGTT yielded a GDM prevalence of 14.3% (n=63, 
95% CI 11.0 to 17.5), whereas the diagnostic cut-off for 
FPG yielded a prevalence of 10.8% (n=48, 95% CI 7.9 to 
13.7). Meanwhile, 29.1% (n=130, 95% CI 24.7 to 32.6) 
had at least one risk factor for GDM. If the WHO 1999 
criteria for FPG ≥7.0 mmol/L was in use, the prevalence 
of GDM would have been 2.7% (n=12, 95% 1.1 to 4.3). 
Cases of pre-existing diabetes first detected in pregnancy 
were 2.0% (n=10, 95% CI 1.0 to 3.5).

Presented in the box and whisker plots in figure 3 are 
the interquartile values for RBG, HbA1c, FPG, and 1-hour 
and 2-hour OGTT among participants accessing ANC 
in primary (n=78) and secondary (n=357) facilities. 
The solid line represents the WHO diagnostic criteria, 
whereas the dotted lines represent the NICE diagnostic 
criteria. In comparison with participants who received 
ANC from the secondary facilities, participants who 
received ANC from the primary healthcare facilities had 
significantly higher mean FPG (4.44±0.98 vs  5.12±0.85 
mmol/L), and 1-hour (6.70±1.88 vs  7.20±1.83 mmol/L) 
and 2-hour (6.24±1.71 vs  6.74±1.72 mmol/L) postpran-
dial glucose. However, no statistical differences were 
found for RBG and HbA1c values.

Overall, the  mean 1-hour postprandial glucose 
(7.2±1.8 mmol/L) was 0.5 mmol/L higher than the 

 on 19 June 2018 by guest. P
rotected by copyright.

http://drc.bm
j.com

/
B

M
J O

pen D
iab R

es C
are: first published as 10.1136/bm

jdrc-2017-000493 on 15 June 2018. D
ow

nloaded from
 

http://drc.bmj.com/


6 BMJ Open Diab Res Care 2018;6:e000493. doi:10.1136/bmjdrc-2017-000493

Figure 3   Mean and interquartile glucose values for (A) random blood glucose, (B) fastingplasma glucose, (C) HbA1c, (D) 
1-hour OGTT, (E) 2-hour OGTT and (F)triglycerides among participants receiving antenatal care in the primary and secondary 
facilities. HbA1c,  glycated hemoglobin; OGTT, oral glucose tolerance test; solid line, WHO criteria; dottedline, the NICE criteria.

Epidemiology/Health Services Research

2-hour postprandial glucose  (6.7±1.7 mmol/L). Also, 
the mean random blood glucose (5.4±1.1 mmol/L) was 
0.3  mmol/L higher than the FPG  (5.1±0.9 mmol/L). 
Breakdown of the diagnostic-positive, screen-positive, 
and risk factor-positive proportions among primary 
and secondary facility users is presented in table  1. 

Even though GDM tended to be more prevalent among 
primary healthcare users, no significant differences 
existed except for the prevalence based on FPG and 
HbA1c. Regarding risk factors, first trimester obesity 
was found to be significantly higher among participants 
attending the secondary-level facilities.
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Table 1   Prevalence of GDM and risk factors among users of primary and secondary healthcare facilities

Test and reference cut-off values Mean±SD % (n) 95% CI*

Facility (%)

P values†Primary Secondary

Diagnostic tests

 � 2-hour OGTT ≥8.5 mmol/L‡ 6.7±1.7 9.0 (39) 6.5 to 12.0 10.3 8.7 0.663

 � 2-hour OGTT ≥7.8 mmol/L§ 6.7±1.7 14.3 (63) 11.0 to 17.5 20.5 12.9 0.106

 � 1-hour OGTT ≥10.0 mmol/L‡ 7.2±1.8 4.5 (20) 2.7 to 6.7 6.4 4.1 0.368

 � FPG ≥5.1 mmol/L‡ 5.1±0.9 23.8 (106) 19.8 to 27.9 48.7 18.7 <0.0001

 � FPG ≥5.6 mmol/L§ 5.1±0.9 10.8 (48) 7.9 to 13.7 23.4 8.2 <0.0001

 � HbA1c ≥6.5%§ 5.5±0.9 6.3 (30) 4.2 to 8.5 11.7 5.2 0.040

Screening tests

 � RBG >7.0 mmol/L§ 5.4±1.1 4.7 (23) 2.9 to 6.7 6.2 4.4 0.562

 � Glycosuria ≥trace – 3.1 (15) 1.6 to 4.7 1.2 3.4 0.484

Risk factors

 � Maternal age >35 years 28.4±6.3 13.8 (62) 10.5 to 17.2 13.3 13.9 1.000

 � Gravidity above 5 2.7±1.5 5.4 (24) 3.4 to 7.7 6.7 5.1 0.577

 � Parity above 3 children 1.5±1.3 7.1 (30) 4.8 to 9.7 5.8 7.4 0.801

 � Body weight >90 kg¶ 63.0±13.1 3.4 (15) 1.8 to 5.3 1.4 3.8 0.483

 � Height <150 cm¶ 161.8±8.2 4.2 (19) 2.4 to 6.2 5.9 3.9 0.509

 � BMI ≥29.9 kg/m2¶ 24.7±4.9 12.0 (52) 9.0 to 15.0 4.3 13.5 0.027

 � MUAC >30 cm¶ 28.3±3.9 23.3 (103) 19.5 to 27.6 16.9 24.5 0.220

 � Family history of  diabetes – 6.4 (29) 4.2 to 8.6 8.0 6.1 0.604

 � Systolic BP >140 mm Hg 106.6±12.4 2.0 (9) 0.7 to 3.3 1.4 2.1 1.000

 � Diastolic BP >90 mm Hg 66.2±9.4 1.8 (8) 0.7 to 3.1 1.4 1.9 1.000

 � Proteinuria ≥1+ – 4.2 (19) 2.4 to 6.0 1.3 4.8 0.338

 � Triglycerides >2.25 mmol/L 3.0±1.7 59.5 (290) 55.0 to 63.9 35.0 64.4 <0.0001

*95% CI for the positive proportions (% (n)).
†Differences among primary and secondary facility estimated by χ2 test.
‡Same tests but diagnostic criteria based on WHO guidelines.
§Same tests but diagnostic criteria based on the NICE guidelines.
¶Maternal weight, height and MUAC  measured in the first trimester.
BMI, body mass index; BP, blood pressure; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; MUAC, mid-upper arm 
circumference; NICE, National Institutefor Health and Care Excellence; OGTT, oral glucose tolerance test; RBG, random blood glucose.
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Table 2 shows the diagnostic accuracy of the test instru-
ments with reference to the ‘gold standard’ 2-hour OGTT 
and FPG estimated based on the WHO and NICE cut-offs. 
Generally, the screening tests had low sensitivity and posi-
tive predictive value (PPV), whereas their specificity and 
negative predictive value (NPV) were relatively high. Using 
the WHO diagnostic criteria for 2-hour OGTT as reference, 
FPG ≥5.1 mmol/L had the highest sensitivity (68%) and 
NPV (96%). However, 1-hour OGTT had the highest spec-
ificity, PPV (75%) and DOR. Glycosuria, HbA1c and RBG 
were the least sensitive (<15%) and hence yielded a clin-
ically irrelevant specificity >95%. Although the  presence 
of at least one risk factor was 54% sensitive, its accuracy 
was the least among the test instruments (≈70%). Similar 
pattern was observed when the NICE diagnostic criteria for 
2-hour OGTT (≥7.8 mmol/L) was used as the reference. 
But here the test instruments had relatively lower sensitivity 
and DOR.

Using the WHO diagnostic criteria for FPG (≥5.1 
mmol/L) as the reference yielded generally lower diag-
nostic measures. Here, 2-hour OGTT  ≥7.8 mmol/L 
had the highest sensitivity and NPV. This was followed 
by risk factors with a sensitivity of 32%. However, the 
1-hour OGTT ≥10.0 mmol/L had the highest PPV and 
DOR. When the NICE diagnostic criteria for FPG (≥5.6 
mmol/L) was used as the reference, sensitivity of the test 
instruments was slightly higher.

If selective screening based on trace/above glycosuria 
was used, only 3.2% would have performed a diagnostic 
test for GDM. Out of this total, only 2.6% would be posi-
tive if the test of choice was 2-hour OGTT. Should glycos-
uria cut-off be changed to 1+ and above, screen-positive 
would have further declined to less than 1% and none of 
the participants would have needed a diagnostic test. If 
selective diagnostic testing based on RBG >7.0 mmol/L 

 on 19 June 2018 by guest. P
rotected by copyright.

http://drc.bm
j.com

/
B

M
J O

pen D
iab R

es C
are: first published as 10.1136/bm

jdrc-2017-000493 on 15 June 2018. D
ow

nloaded from
 

http://drc.bmj.com/


8 BMJ Open Diab Res Care 2018;6:e000493. doi:10.1136/bmjdrc-2017-000493

Table 2   Diagnostic measure of test instruments using 2-hour OGTT (≥8.5 mmol/L or ≥7.8 mmol/L) and fasting plasma 
glucose (≥5.1 mmol/L or ≥5.6 mmol/L) as diagnostic criteria

Reference test
Diagnostic 
measure TP FN FP TN

Sensitivity
(%)

Specificity 
(%)

PPV 
(%) NPV (%)

Accuracy 
(%) DOR

2-hour OGTT 
≥8.5 mmol/L*

Risk factors 19 16 97 267 54.3 73.4 16.4 94.4 71.7 3.3

Glycosuria 1 38 13 383 2.6 96.7 7.1 91.0 88.3 0.8

RBG 5 33 16 381 13.2 96.0 23.8 92.0 88.7 3.6

HbA1c 1 37 26 364 2.6 93.3 3.7 90.8 85.3 0.4

FPG* 26 12 77 318 68.4 80.5 25.2 96.4 79.5 9.0

FPG† 16 21 29 367 43.2 92.7 35.6 94.6 88.5 9.6

1-hour OGTT 15 23 5 391 39.5 98.7 75.0 94.4 93.6 51.0

2-hour OGTT 
≥7.8 mmol/L†

Risk factors 23 35 93 248 39.7 72.7 19.8 87.6 67.9 1.8

Glycosuria 3 59 11 362 4.8 97.1 21.4 86.0 83.9 1.7

RBG 6 56 15 358 9.7 96.0 28.6 86.5 83.7 2.6

HbA1c 2 59 25 342 3.3 93.2 7.4 85.3 80.4 0.5

FPG* 38 22 65 308 63.3 82.6 36.9 90.9 79.9 8.2

FPG† 21 39 24 349 35.0 93.6 46.7 90.0 85.5 7.8

1-hour OGTT 17 44 3 370 27.8 99.2 85.0 89.4 89.2 47.7

FPG ≥5.1 
mmol/L*

Risk factors 31 67 83 217 31.6 72.3 27.2 76.4 62.3 1.2

Glycosuria 5 101 9 330 4.7 97.3 35.7 76.6 75.3 1.8

RBG 11 95 10 329 10.4 97.1 52.4 77.6 72.2 3.8

HbA1c 10 93 18 317 9.7 94.6 35.7 77.3 70.3 1.9

1-hour OGTT 17 89 3 334 16.0 99.1 85.0 79.0 75.2 21.3

2-hour OGTT* 27 76 12 318 26.2 96.4 69.2 80.7 79.7 9.4

2-hour OGTT† 38 65 22 308 36.9 93.3 63.3 82.6 79.9 8.2

FPG ≥5.6 
mmol/L†

Risk factors 18 27 98 265 40.0 73.0 15.5 90.8 69.4 1.8

Glycosuria 4 44 10 387 8.3 97.5 28.6 89.8 87.9 3.5

RBG 8 40 13 384 16.7 96.7 38.1 90.6 88.1 5.9

HbA1c 6 41 22 369 12.8 94.4 21.4 90.0 85.6 2.5

1-hour OGTT 13 35 7 388 27.1 98.2 65.0 91.7 90.5 20.6

2-hour OGTT* 17 28 21 367 37.8 94.6 44.7 92.9 88.7 10.6

2-hour OGTT† 21 24 39 349 46.7 89.9 35.0 93.6 85.5 7.8

Screen-positive is ≥1 risk factors, trace/above reagent-strip glycosuria and random capillary blood glucose >7.0mmol/L. Diagnostic-positive is 
HbA1c ≥6.5%†, fasting venous plasma glucose ≥5.1mmol/L* and ≥5.6mmol/L†, and 1-hour OGTT ≥10.0mmol/L* and 2-hour OGTT ≥8.5mmol/L* 
and ≥7.8mmol/L† per the *WHO and †NICE criteria. Higher sensitivity, specificity, positive and negative predictive values, accuracy and DOR are 
indicative of better test performance. DOR values range from 0 to infinity.
DOR, diagnostic OR; FP, false positive; FPG, fasting plasma glucose; FN, false negative; HbA1c, glycated hemoglobin; NICE, National Institutefor 
Health and Care Excellence; NPV, negative predictive value; OGTT, oral glucose tolerance test; PPV, positive predictive value; RBG, random blood 
glucose; TN, true negative; TP, true positive.
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were used, only 4.8% would have performed a diagnostic 
test for GDM, out of which 12.8% would have tested posi-
tive. If selective diagnostic testing based on the presence 
of at least one risk factor was used to inform diagnostic 
testing, 29.1% would have performed a diagnostic test, 
out of which 53.4% would be positive.

Figure  4  presents  the ROC curves showing the  AUC 
as indication of test performance. Interpretation of the 
ROC curves is presented in table 3. In figure 4A and B, 
the reference test was 2-hour OGTT based on the WHO 
(≥8.5 mmol/L) and NICE (≥7.8 mmol/L) guidelines. 
Here, we observed that the 1-hour OGTT and FPG were 
very good tests as the AUC was between 0.88 and 0.86. 
Random blood glucose was a poor test for detecting 

GDM (AUC≈0.6), whereas HbA1c was invaluable because 
the AUC was <0.5 and the CI of the AUC was statistically 
insignificant (p=0.686). In figure  4C and D, FPG≥5.1 
mmol/L and ≥5.6 mmol/L were used as the reference 
test. Here, 1-hour and 2-hour OGTT were found to be 
‘good’ test because the AUC was between 0.76 and 0.78. 
Although AUC values for RBG and HbA1c were slightly 
higher when compared with figure  4A and B, the test 
rating was similar as when the 2-hour OGTT was used as 
the reference.

Finally, from the coordinates of the ROC curve where 
2-hour OGTT ≥8.5 mmol/L was the reference, we esti-
mated the diagnostic thresholds for the study population 
that provided optimized and clinically relevant sensitivity 

 on 19 June 2018 by guest. P
rotected by copyright.

http://drc.bm
j.com

/
B

M
J O

pen D
iab R

es C
are: first published as 10.1136/bm

jdrc-2017-000493 on 15 June 2018. D
ow

nloaded from
 

http://drc.bmj.com/


9BMJ Open Diab Res Care 2018;6:e000493. doi:10.1136/bmjdrc-2017-000493

Figure 4   Receiver operating characteristic analyses showing area under the curves with reference to 2-hour OGTT (A,B) and 
fasting plasma glucose (C,D). HbA1c, glycated hemoglobin; OGTT, oral glucosetolerance test.
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and specificity. A random blood glucose threshold of 5.2 
mmol/L corresponded to a sensitivity of 60% and spec-
ificity of 54%. Similar sensitivity and specificity (62% vs 
41%) were obtained for the HbA1c threshold of 5.2%. 
Increasing the sensitivity of both RBG and HbA1c to 70% 
corresponded to thresholds of 5.0 mmol/L and 5.0%, 
respectively, but the specificity of both was not clini-
cally relevant (38% vs 25%). Regarding fasting glucose, 
90% sensitivity and 72% specificity corresponded to 4.8 
mmol/L. At the same threshold, the NICE criteria (2-
hour OGTT ≥7.8 mmol/L) yielded 80% sensitivity and 

74% specificity. In the case of 1-hour OGTT, 7.8 mmol/L 
threshold corresponded to 82% sensitivity and 81% 
specificity.

Discussion
Through this diagnostic accuracy study, we found that 
GDM prevalence from 2-hour OGTT (9.0%) was similar 
to the 9.3% recorded in a tertiary facility in Ghana in 
2015.16 Glycemic values of primary healthcare users 
tended to be higher. Although the presence of at least one 
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Table 3   Test performance estimated from area under the ROC curves using 2-hour OGTT and fasting plasma glucose values 
as reference test according to the WHO and NICE diagnostic criteria

Reference criteria Test assessed AUC‡ 95% CI P values§

2-hour OGTT ≥8.5 
mmol/L*

1-hour OGTT 0.88 0.81 to 0.94 <0.0001

Fasting glucose 0.86 0.80 to 0.91 <0.0001

Random glucose 0.60 0.51 to 0.69 0.035

HbA1c 0.48 0.40 to 0.57 0.686

2-hour OGTT ≥7.8 
mmol/L†

1-hour OGTT 0.85 0.80 to 0.91 <0.0001

Fasting glucose 0.83 0.78 to 0.88 <0.0001

Random glucose 0.62 0.55 to 0.69 0.002

HbA1c 0.48 0.40 to 0.55 0.567

Fasting glucose ≥5.1 
mmol/L*

1-hour OGTT 0.77 0.71 to 0.82 <0.0001

2-hour OGTT 0.78 0.72 to 0.83 <0.0001

Random glucose 0.63 0.57 to 0.69 <0.0001

HbA1c 0.51 0.44 to 0.57 0.880

Fasting glucose ≥5.6 
mmol/L†

1-hour OGTT 0.76 0.68 to 0.84 <0.0001

2-hour OGTT 0.78 0.70 to 0.86 <0.0001

Random glucose 0.65 0.56 to 0.74 0.001

HbA1c 0.51 0.41 to 0.60 0.867

*WHO and †NICE diagnostic criteria. ‡Area under the curve under the null hypothesis=0.5. Test rated excellent for AUC 0.9–1.0, very good 
for AUC 0.8–0.9, good for AUC 0.70–0.80, sufficient for AUC 0.60–0.70, poor for AUC 0.50–0.60 and invaluable for AUC <0.5 if p<0.05.23 24 
§The lower the p value, the higher the clinical relevance of the test.
HbA1c, glycated hemoglobin; NICE, National Institutefor Health and Care Excellence; OGTT, oral glucose tolerance test; ROC, receiver 
operating characteristic.
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risk factor for GDM had the least specificity, it was a more 
sensitive screening tool for the condition compared with 
glycosuria and random blood glucose testing. Regarding 
diagnostic tests, FPG had more clinically useful sensitivity 
and specificity, while 1-hour OGTT had the highest spec-
ificity, DOR and AUC.

Short-term and long-term adverse effects of gestational 
hyperglycemia are well documented.1–3 Prevention and 
management start with timely and accurate diagnosing. 
Apart from  maternal risk evaluation through medical/
obstetric history taking and physical assessment, reagent-
strip glycosuria and RBG are used for screening purposes 
particularly in resource-constraint settings and serve as 
the basis for diagnostic testing.9 It is therefore crucial that 
these screening tests are clinically useful and adequately 
sensitive (at least 70%) to rule out the condition. Highly 
specific tests are known to be vital for disease confirma-
tion after a positive screening.25

Like in most low-income and middle-income health-
care settings, reagent-strip glycosuria testing is a routine 
ANC practice in Ghana, and diagnostic decision is made 
based on its outcome. NICE recommends glycosuria of 
≥1+ on more than one occasion or ≥2+ on one occasion 
as indication to conduct the ‘one-step’ OGTT.9 In Ghana, 
glycosuria values of 1+/2+ on two occasions or 3+/4+ on 
one occasion are indications for OGTT.14 In this study, 
women with glycosuria of 1+ and above at any one point 
during pregnancy were less than 1%. The test sensitivity 
was <5% and only 3% of clients had positive glycosuria. 

With the prevalence of GDM based on the 2-hour OGTT 
and fasting blood glucose being much higher, it is not 
surprising that NICE recommends a re-evaluation of use 
of glycosuria in pregnancy,9 while others have discredited 
its use.17 26

It has been established that during pregnancy, renal 
glucose threshold is highly variable with a reduction in 
glycemic thresholds needed for the diagnosis of gesta-
tional diabetes,26 while there is possibility of asymp-
tomatic hyperglycemia without detectable glycosuria.18 
Often, glycosuria and proteinuria are checked simulta-
neously using a single test strip and provide vital basis 
for detecting pre-eclampsia as well. Hence, the test is 
cost-effective despite its associated limitations. In primary 
healthcare settings where glycosuria testing is predom-
inant, clients with trace results should be closely moni-
tored and possibly booked for diagnostic testing if trace 
result is obtained on more than one occasion. But it is 
important that the  diagnostic decision for GDM does 
not rely on the presence of glycosuria because it is highly 
insensitive and has a very low DOR.

Maternal risk factors are increasingly becoming a 
significant predictor for GDM.3 8 We found that a third 
of the pregnant women had at least one risk factor for 
GDM. In a similar study in South Africa, almost half 
(45.8%) had at least one risk factor.7 However, 26.0% of 
those ‘at risk’ in the South African study developed GDM 
compared with 54.3% in our study. We observed that 
the use of risk factors is a better screening tool compared 
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with glycosuria and RBG because whereas risk factors 
would miss approximately half of the true positive rate, 
glycosuria and RBG would miss approximately 90%. This 
supports the ongoing call for universal screening where 
all pregnant women are tested using a recommended 
diagnostic criterion instead of selective screening based 
on screen-positive results.7 10 12

HbA1c  test had the highest number of false negative 
and  least DOR, and the test performance was diagnos-
tically invaluable. As pregnancy progresses, HbA1c 
levels decrease27 as a result of factors such as increased 
red cell turnover, hemoglobin variations and iron defi-
ciency anemia,28 which is a major public health problem 
in Ghana. This might explain why our mean HbA1c was 
5.5%, similar to the 5.3% reported in South African.7 
HbA1c provides information about 3-month glycemic 
control. Values  >6.5% at first prenatal visit are sugges-
tive of overt diabetes.9 However, in deprived populations 
where over 90% of pregnant women are unaware of their 
prepregnancy glycemic status and half make their first 
ANC visit after the first trimester, it is difficult to delin-
eate pre-existing hyperglycemia from pregnancy-induced 
diabetes. Considering the limited availability of HbA1c 
testing, its high cost (approximately $15  equivalent in 
Ghana) and the lack of correlation between HbA1c and 
average blood glucose due to gestational metabolic alter-
ations,29 the use of HbA1c as a routine GDM detection 
tool in resource-constraint settings is unnecessary at the 
population level.

Although the  diagnostic accuracy of random blood 
glucose was poor, its accuracy was better than glycosuria 
and HbA1c. Interestingly, the  mean RBG was only 0.3 
mmol/L-point higher than the mean FPG. In our study 
setting, care seekers typically attend healthcare facilities 
in fasting state in anticipation of service providers unex-
pectedly requesting a biochemical test that might require 
overnight fasting. Also, long waiting times and high clien-
tele turnout often compel clients to skip breakfast or eat 
meals typically smaller than usual in order to arrive early 
at the hospital and thus minimize delays. Meanwhile, the 
effect of pregnancy-related physiologic changes altering 
dietary patterns and preferences cannot be ruled out.27 
No wonder the highest sensitivity and specificity for RBG 
were at the 5.2 mmol/L threshold. RBG using capillary 
finger prick checked on a glucose meter is cheap and 
can be done by low-cadre health workers with minimum 
training, thereby making it the test of choice in primary 
healthcare care settings. However, none of the health 
regulating bodies have established a diagnostic threshold 
for this test, although NICE recommends RBG  >7.0 
mmol/L as an  indication for OGTT, while  WHO/
IADPSG recommend >11.1 mmol/L as diagnostic of clin-
ical (overt) diabetes. This >11.1 mmol/L cut-off would 
have yielded only one positive case in this study. Due to 
non-consensus on diagnostic threshold for RBG, and 
the test not being sufficiently sensitive to detect GDM, 
the  effectiveness of RBG needs to be further explored 
with emphasis on the reference threshold and optimum 

postprandial conditions under which the test would be 
most accurate.

FPG  had the highest true positive rate and the test 
performance was very good, thereby making it useful for 
ruling out GDM and minimizing missed cases. In the USA, 
FPG reduced 7% missed cases when used as a screening 
tool.30 The test has an added advantage of being readily 
available, easy to perform, relatively inexpensive, requiring 
minimal client preparation and is applicable for both GDM 
screening and diagnostic purposes. When assessing diag-
nostic accuracy, tests with high discriminatory measures are 
helpful in screening and making health policy decisions, 
whereas highly predictive tests are useful in predicting 
the probability of the disease at the individual level in order 
to facilitate client-centered case management.23 The NICE 
cut-off (≥5.6 mmol/L) had higher PPV, thus making it the 
test and cut-off option for predicting the probability of GDM 
in an individual. The WHO cut-off (≥5.1 mmol/L) was the 
most sensitive but has the potential for overdiagnoses due 
to the high number of false positives. Nonetheless, its high 
sensitivity makes it the test of choice if prevention of missed 
cases is the focus.

Even though WHO,10 IADPSG,12 and NICE9 have estab-
lished FPG as a diagnostic test for GDM, the preferred 
test is the ‘gold standard’ 2-hour OGTT. The criteria for 
diagnosing diabetes in pregnancy based on the 1-hour 
postload value have not been fully established,10 and 
we have found its sensitivity to be <50%. Therefore, in 
settings where 2-hour postprandial glucose-load testing 
is unavailable for confirmation, GDM diagnosis and deci-
sion to commence therapy should be established based 
on preprandial glucose values ≥5.6 mmol/L as substitute 
for an OGTT. This should be complemented by the pres-
ence of risk factors.

In the wake of updated guidelines for detecting hyper-
glycemia in pregnancy whereby diagnostic thresholds 
have reduced,9–12 there are widespread concerns about 
overdiagnosing and the associated implications particu-
larly for fragile health systems. Nonetheless, evidence of 
increasing prevalence of pregnancy-triggered diabetes 
from negligible rates to almost 30% in certain settings 
in African5–7 necessitates a critical review of diagnostic 
strategies by health systems if adverse outcomes such as 
newborn macrosomia, hypoglycemia, hyperinsulinemia, 
respiratory distress, perinatal mortality, maternal pre-ec-
lampsia, cesarean delivery1 and risk for long-term meta-
bolic conditions3 are to be reduced.

Our study is not without limitations. Although 
HbA1c was performed in the fasting state (n=445), few 
non-fasting pregnant women (n=35) were included. 
Nonetheless prandial state has been shown not to affect 
HbA1c levels. Whereas random blood glucose was 
checked from capillary finger prick before 20 gestational 
weeks, FPG was checked from venous blood from 20 to 
34 weeks. Variability in sampling collection procedure 
and testing times poses a challenge when equating these 
two glucose values. Because pregnant women also receive 
ANC in primary facilities where laboratory services could 
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be unavailable, accuracy of point-of-care testing using 
fasting whole blood glucose obtained from a capillary 
finger prick should have been investigated as well.

Despite these limitations, unlike in most diagnostic accu-
racy studies where retrospective data sources were used, 
our study was conducted prospectively using the blind 
comparison with a gold standard design, a type of random-
ized controlled trial design that compares the accuracy of 
diagnostic procedures in the same individual. This design 
increases the probability of the test outcomes being close 
to the true values. In low-income and middle-income coun-
tries, studies of this nature are mostly concentrated in 
tertiary hospitals. Our study shows higher glycemic values 
among primary healthcare users. This provides evidence 
of obstetric transition even in rural communities and 
highlights the need to enhance access to quality maternal 
healthcare at primary healthcare levels.

Implications for practice
Gestational diabetes is common in the study popula-
tion and was high among primary healthcare users. In 
as much as overdiagnoses (false positive) will increase 
costs, underdiagnoses (false negative) have adverse 
public health implications. Selective screening using risk 
factors is better compared with glycosuria and random 
blood glucose because these tests missed majority of 
cases, thereby decreasing opportunities for diagnostic 
testing. Because FPG  was the most sensitive test with 
minimal false negatives diagnoses, its integration into 
all GDM detection procedures through universal testing 
of all pregnant women is recommended as it is easier to 
accomplish for many women compared with OGTT. At 
the population level, the WHO diagnostic criteria  ≥5.1 
mmol/L could be useful for screening purposes because 
of its discriminatory properties, a key consideration  for 
making health policy decisions. At the individual level, 
the NICE diagnostic criteria  ≥5.6 mmol/L, which has 
higher GDM prediction properties, could be useful 
in making therapeutic decisions. In settings where 2-hour 
postprandial OGTT is difficult to obtain, fasting glucose 
value ≥5.6 mmol/L should be complemented with risk 
factor assessment and collectively serve as the  basis to 
commence treatment.
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