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ABSTRACT

Objective: This study aimed to determine the prevalence of hyperglycemia using different diagnostic criteria for gestational
diabetes mellitus. Subjects and methods: This cross-sectional study evaluated parturients attending a hospital complex from
January to December 2017. Data were obtained retrospectively from medical records. Fasting glucose and 75-g oral glucose
tolerance test results were used to assess the prevalence of hyperglycemia during pregnancy. The diagnostic criteria evaluated
were: 1998 World Health Organization (WHO98), 2003 American Diabetes Association (ADAO03), 2015 National Institute for
Health and Care Excellence (NICE15), and 2015 International Federation of Gynecology and Obstetrics (FIGO15). The overall
kappa coefficient was used to analyze agreement among the four sets of diagnostic criteria. All analyses were performed using
SAS 9.2, and a significance level of 5% was adopted for all tests. Results: Data from 2,262 women were analyzed. The prevalence
of hyperglycemia differed depending on the diagnostic criteria: 10.3% (FIGO15), 7.34% (NICE15), 3.1% (ADAQ3), and 5.7%
(WHO98). The overall kappa coefficient of agreement was 0.61. Individual analysis of each set of diagnostic criteria showed
a kappa coefficient indicating moderate agreement, with FIGO15 used as the gold standard. Conclusion: In this population of
pregnant women, the prevalence of hyperglycemia varied according to the diagnostic criteria used, with the prevalence of the
disease being lower as the criteria became stricter. Lastly, the criteria showed moderate agreement when compared collectively

and individually to FIGO15.
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INTRODUCTION

Gestational diabetes mellitus (GDM) is defined as any
degree of glucose intolerance first recognized during
pregnancy (1). It is a significant public health concern
due to its association with maternal and fetal com-
plications during pregnancy, as well as its potential
long-term consequences. GDM increases the risk of
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preterm birth, fetal macrosomia, preeclampsia, and
neonatal complications (1,2).

The first diagnostic criteria for GDM were pro-
posed by O’Sullivan and Mahan in 1964 (3). In 1998,
the World Health Organization (WHO98) recom-
mended using diagnostic thresholds for non-preg-
nant individuals: fasting glucose 2126 mg/dL or
2-hour glucose 2140 mg/dL following a 75-gram oral
glucosetolerancetest(75-gOGTT) (4). Subsequently,
the American Diabetes Association (ADAO3) sug-
gestedfastingglucose 295 mg/dL, 1-hour 2180 mg/dL,
and 2-hour 2155 mg/dL, requiring at least two ab-
normal results (5). The Latin American Diabetes
Association (ALADOS8) and the National Institute for
Health and Care Excellence (NICE15) later recom-
mended fasting glucose 2100 mg/dL and 2-hour glu-
cose 2140 mg/dL (6,7).
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A significant advancement occurred with the
Hyperglycemia and Adverse Pregnancy Outcome study
in 2008, which included 25,505 pregnant women un-
dergoing 75-g OGTT between 24 and 32 weeks of ges-
tation. The study demonstrated that increases in ma-
ternal glucose levels, even below diabetic thresholds,
were independently associated with adverse perinatal
outcomes (8). Based on these findings, the International
Association of Diabetes and Pregnancy Study Groups
(IADPSG) recommended universal screening with fast-
ing glucose at the first prenatal visit and a 75-g OGTT
between 24 and 28 weeks of gestation (9).

Currently, diagnostic criteria for GDM proposed
by the American Diabetes Association (5), the World
Health Organization (4), the International Federation
of Gynecology and Obstetrics (FIGO15) (10), and the
Endocrine Society Clinical Practice Guidelines (11)
are based on the results of the Hyperglycemia and
Adverse Pregnancy Outcome study, with values cor-
responding to those recommended by IADPSG: one or
more values equal to or above 92-125 mg/dL (fasting),
180 mg/dL (1 hour), and 153-199 mg/dL (2 hours) af-
ter anhydrous 75-g glucose load (9). The diagnosis of
overt diabetes in pregnancy includes fasting glucose
(2126 mg/dL), 2-hour glucose (2200 mg/dL), random
glucose (2200 mg/dL), or glycated hemoglobin (26.5%)
(9). In Brazil, the Brazilian Federation of Gynecology
and Obstetrics Associations, the Brazilian Diabetes
Society, the Pan American Health Organization, and
the Brazilian Ministry of Health have adopted the same
IADPSG diagnostic recommendations in 2017 (12).

It is estimated that approximately 16% of live
births occur in women who experienced hyperglyce-
mia during pregnancy, with about 8% of these cases
involving pre-existing diabetes (13). Therefore, given
the limited data and ongoing debate regarding opti-
mal diagnostic thresholds, this study aimed to deter-
mine the prevalence of hyperglycemia using different
diagnostic criteria and to assess the agreement among
them in a population of pregnant women.

SUBJECTS AND METHODS

Study design and period

This observational, cross-sectional study analyzed
data from the hospital complex of Ribeirdo Preto
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(Sa0 Paulo State, Brazil). The complex, managed by
the University of Sdo Paulo, comprises two units: the
medium-complexity Referral Center for Women's
Health of Ribeirdo Preto (CRSMRP-MATER) and the
high-complexity University Hospital of the Ribeirdo
Preto Medical School (HCFMRP-USP). Both provide
pregnancy and postpartum care through the Brazilian
public health system, serving a population of approxi-
mately 1.4 million people. Ribeirao Preto is located in
northeastern Sao Paulo State, having a human devel-
opment index of 0.800 in 2010 and ranking 40th in
Brazil (14). This study analyzed data from pregnant
women attended between January and December
2017, coinciding with the adoption of Brazil’'s updat-
ed diagnostic criteria. It was conducted as outlined
by STROBE guidelines for reporting observational
studies and adhered to the Declaration of Helsinki.
Additionally, it was approved by the Research Ethics
Committee of HCFMRP-USP and CRSMRP-MATER
(CAAE no. 62213416.9.0000.5440).

Participants

The study included pregnant women residing in
Ribeirao Preto who delivered at CRSMRP-MATER or
HCFMRP-USP in 2017. Only those who completed
prenatal care and gave birth at these institutions were
included, ensuring adherence to national diagnostic
guidelines. Exclusion criteria included multiple preg-
nancies, previous diagnosis of type 1 or type 2 diabe-
tes mellitus, and absence of prenatal care in Ribeirdo
Preto. For GDM prevalence analyses, women without
fasting glucose or 75-g OGTT results were excluded.
For the analysis of adverse outcomes, women with
missing data on delivery, maternal, or perinatal out-
comes were also excluded.

Data collection

Data were collected retrospectively from medical re-
cords. Clinical and sociodemographic variables were
retrieved, including maternal age, self-reported skin
color, comorbidities, lifestyle habits, parity, previous
cesarean sections, prenatal care, gestational age at
delivery, and type of delivery. Fasting blood glucose in
early pregnancy (up to 20 weeks) and the 75-g OGTT
performed between 24 and 28 weeks were analyzed
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to assess the prevalence of hyperglycemia and diag-
nostic agreement. Four diagnostic criteria were ap-
plied: WHO98 (4), ADA03(5),NICE15(7),and FIGO15
(10). According to WHQ98 criteria (4), gestational
diabetes is diagnosed with fasting plasma glucose
2126 mg/dL or 2-hour plasma glucose 2140 mg/dL
after a 75-g OGTT. ADAOS3 criteria (5) define GDM
as two or more values meeting or exceeding the fol-
lowing thresholds during a 75-g OGTT: fasting 295
mg/dL, 1-hour 2180 mg/dL, and 2-hour 2155 mg/dL.
NICE15 criteria (7) recommend diagnosing GDM
when fasting plasma glucose is 2100 mg/dL or 2-hour
plasma glucose is 2140 mg/dL after 75-g OGTT. The
FIGO15 criteria (10), based on IADPSG recommenda-
tions (9), establish GDM diagnosis via a fasting plasma
glucose 292 mg/dL, or one or more of the following
OGTT thresholds: 292 mg/dL (fasting), 2180 mg/dL
(1 hour),or 2153 mg/dL (2 hour).For clarity, the FIGO15
diagnostic criteria applied are fully equivalent to the
IADPSG recommendations and have been the official
diagnostic standard in Brazil since 2017 (9,10,12).

Statistical analysis

Exploratory analyses were conducted to characterize
the sample. Quantitative variables are summarized
using measures of central tendency and dispersion,
while qualitative variables are presented as absolute
and relative frequencies. Agreement among the four
diagnostic criteria was assessed using the kappa co-
efficient, as described by Cohen (15). A kappa value
of 1 indicates perfect agreement, O indicates chance
agreement, and negative values represent agreement
below chance. Interpretation of kappa values followed
the Landis and Koch (16) classification: poor (<0),
negligible (0.00-0.20), weak (0.21-0.40), moderate
(0.41-0.60), strong (0.61-0.80), and almost perfect
(0.81-1.00). All statistical analyses were performed
using SAS version 9.2 (SAS Institute, USA) using a sig-
nificance level of 5%.

RESULTS

From an initial 4,690 records, the final sample of 2,262
pregnant women was selected based on the availabil-
ity of fasting plasma glucose and/or 75-g OGTT results.
The sample selection process is summarized in Figure 1.
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Women who gave birth at HCFMRP-USP
and CRSMRP-MATER in 2017
n =4,690

Women undergoing prenatal
care in another city
n=2,070

Women with twin pregnancy,
1DM or 2DM
n=98

Women receiving prenatal care in

Ribeirao Preto
n=2,522

Women without fasting glucose
and 75g OGTT data
(3 measuments)
n =260

Women included for assessment of
hyperglycemia during pregnancy by

fasting glucose and 75g OGTT
n=2,262

Figure 1. Flowchart depicting the study design.

Table 1 presents the clinical and sociodemographic
characteristics of the study population. The mean ma-
ternal age was 26.4 years (SD +5.7), with 70.2% aged
20-34 years. Regarding self-reported race, 65.2%
identified as white and 34.3% as black. Educational
attainment was high, with 65% having completed at
least secondary education. Most women (93.9%) ini-
tiated prenatal care before 20 weeks, and 93.4% at-
tended at least six prenatal consultations. The mean
pregestational body mass index was 26.2 kg/m?, with
41.5% classified as being overweight or obese.

To evaluate potential selection bias, we compared
the baseline characteristics of women who under-
went screening with those who did not. Non-screened
women were more likely to be older than 34 years,
report higher rates of drug use, and have fewer than
six prenatal visits. These differences suggest that the
excluded population may have had a higher underly-
ing risk for GDM. The detailed analysis is presented in
Supplementary Table 1.

The prevalence of hyperglycemia during preg-
nancy was calculated for the full cohort (n = 2,262)
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Table 1. Clinical and sociodemographic characteristics of women assessed for the prevalence of gestational hyperglycemia (n = 2,262)

Variable ] %

Maternal age (years)

Mean (SD) 26.41 (6.60)

Median (min—max) 26 (13-47)
Maternal age (years)

<20 372 16.44

20-34 1589 70.25

>34 301 13.31
Skin color

White 1,474 65.16

Black 776 34.31

Brown 7 0.31

Yellow 2 0.09

Not reported 3 0.13
Drug use

Yes 254 11.23

No 2,008 88.77
Maternal diseases

None 1,371 60.6

;irye;;enr;ir;f/ive disorders of Qa4 1078
HIV 14 0.62
Others 632 27.93
Not reported 1 4

Variable n %

Prenatal (> 6 visits)

No 83 3.67
Yes 2,112 93.37
Not reported 67 2.96
Total number of pregnancies
1 777 34.35
2 642 28.38
3 420 18.57
4 237 10.48
>5 86 8.22
Parity
0 885 39.12
703 31.08
2 393 17.37
3 175 1.74
4 58 2.56
>5 48 2.12
Previous cesarean section
0 1,742 77.01
1 370 16.36
2 115 5.08
3 32 1.41
>4 3 0.13

FIGO15, NICE15, WHO98, and ADAOQ3 criteria. Of
these, 1,772 women had complete three-point OGTT
results, allowing for the application of all four crite-
ria. For the remaining 490 women with only fasting
glucose data, only the FIGO15, NICE15, and WHO98
criteria could be applied, as ADAO3 requires complete
OGTT data. Table 2 lists the prevalence rates obtained
with each diagnostic criterion. Among women with
any available glucose data, the prevalence ranged
from 3.1% (ADAO3) to 10.3% (FIGO15). NICE15 and
WHO98 criteria yielded intermediate rates of 7.3%
and 5.7%, respectively. In the subgroup with complete
OGTT data, prevalence was highest with FIGO15
(11.6%), followed by NICE15 (8.8%), WHO98 (6.3%),
and ADAOQ3 (3.9%).

The prevalence of these variations across diagnos-
tic criteria are illustrated in Figure 2.

Table 3 presents the absolute margin of error
for prevalence estimates, considering both the to-
tal sample and the subgroup with complete OGTTs.
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The margins ranged from 0.71 to 1.32 percent-
age points, depending on criterion and sample size.
Agreement between diagnostic sets was evaluated
using kappa statistics. The overall kappa among the
four criteria was 0.61, indicating moderate agree-
ment. When compared individually to FIGO15 as the
reference, kappa values were 0.65 for NICE15, 0.51
for WHO98, and 0.44 for ADAO3.

DISCUSSION

This study evaluated the medical records of women
who received prenatal care through the Brazilian pub-
lic health system and gave birth at HCFMRP-USP and
CRSM-MATER. In 2017, the FIGO15 criteria were al-
ready recommended in Ribeirdo Preto.

Prevalence of hyperglycemia varied across di-
agnostic criteria: 10.3% (FIGO15), 7.3% (NICE15),
3.1% (ADAO03), and 5.7% (WHO98). This highlights
the direct impact of the diagnostic strategy on the
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Fasting glucose and all 75g OGTT values

E E implications for clinical practice, public health policy,
%7; 10 I and international comparability of data. Since the ini-
é '% 8 I tial recognition of hyperglycemiain pregnancy, the ab-
g § j i sence of a universal diagnostic standard has hindered
H § 2 i accurate estimates of GDM prevalence (9). Broad ear-
2 o " ) ]
601 NICETS ADAG3 WHO%S ly definitions, encompassing any degree of hypergly

« Diagnostic criteria cemia first recognized during pregnancy, contributed

to discrepancies across studies.
Individual fasting glucose and fasting glucose value extracted from 75g 0GTT

10 Globally, GDM prevalence estimates vary widely
E from 1% to 37.7%, with a mean prevalence of 16.2%
(10,17). The International Diabetes Federation re-
ports a pooled global standardized prevalence of
1 14.0%. By region, standardized GDM prevalence is
3 7.1% in North America and the Caribbean, 7.8% in
FIGOT5 NICET5 WHO98 Europe, 10.4% in South and Central America, 14.2% in
Diagnostic crteria Africa, 14.7% in the Western Pacific, 20.8% in South-
Throo 75 OGTT values East Asia, and 27.6% in the Middle East and North
12 Africa. According to economic status, the standard-
10 I ized prevalence is 12.7% in low-income countries,
I I 9.2% in middle-income countries, and 14.2% in high-
income countries (18). A meta-analysis indicated an
overall pooled prevalence of 4.4%, while specifically
applying FIGO15 criteria resulted in 10.6% (19), con-

FIGO15 NICE15 ADA03 WH098 sistent with our ﬁndings.
Diagnostic criteria

p

95% confidence interval

O—=N W H U ~I WO

Prevalence of GDM with

95% confidence interval

o N B~ o
-

Prevalence of GDM with respective

An investigation comparing various diagnostic cri-
Figure 2. Prevalence of gestational hyperglycemia in women with teria found that GDM prevalence ranged from 9.2%
fasting glucose and 75-g OGTT values according to each set of

diagnostic criteria to 45.3%, depending on the thresholds used (20).

Table 2. Prevalence of gestational hyperglycemia in women with fasting glucose and 75-g OGTT values according to each set of diagnostic
criteria

Individual fasting glucose and fasting

Fasting glucose and all 75g OGTT values

Three 75g OGTT values

Criteria glucose value extracted from 75-g 0GTT
n (%) 95% CI (%) n (%) 95% CI (%) n (%) 95% CI (%)
FIGO15
No 2,029 (89.70) 88.45; 90.95 2,082 (92.04) 90.93; 93.16 1,615(91.14) 89.82; 92.46
Yes 233(10.30) 9.05; 11.55 180 (7.96) 6.84;9.07 157 (8.86) 7.54;10.18
NICE15
No 2,096 (92.66) 91.59; 93.74 2,184 (96.55) 95.8;97.3 1,641(92.61) 91.39; 93.83
Yes 166 (7.34) 6.26; 8.41 78(3.45) 27:42 131(7.39) 6.17; 8.61
ADAQ3
No 2,191 (96.90) 96.19; 97.62 - - 1,711 (96.56) 95.71; 97.41
Yes 71(3.10) 2.38;3.81 - - 61(3.44) 2.59;4.29
WHO098
No 2,133 (94.30) 93.34; 95.25 2,245(99.25) 98.89; 99.6 1,657 (93.51) 92.36; 94.66
Yes 129 (5.70) 4.75; 6.66 17 (0.75) 0.4;1.11 115 (6.49) 5.34;7.64
GDM diagnosis by some of the criteria
No 1,998 (88.33) 87.01; 89.65 2,082 (92.04) 90.93; 93.16 1,586 (89.50) 88.08; 90.93
Yes 264 (11.67) 10.35;12.99 180 (7.96) 6.84; 9.07 186 (10.50) 9.07;11.92 _
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Table 3. Estimation of the margin of error based on the sample

Variable Diagnostic criteria
FIGO15
NICE15
ADAO03
WH098
S-GDM
FIGO15
NICE15
WHO098
S-GDM
FIGO15
NICE15
ADAO03
WH098
S-GDM

Fasting glucose and all 75-g OGTT values

Individual fasting glucose and fasting glucose value
extracted from 75-g OGTT

Three 75-g OGTT values

Criteria for gestational hyperglycemia

Prevalence of hyperglycemia n Absolute error (pp)
233(10.3%) 2,262 1.25
166 (7.34%) 2,262 1.07

70(3.1%) 2,261 071
129(5.7%) 2,262 0.96
264 (11.67%) 2,262 1.32
180 (7.96%) 2,262 1.12
78 (3.45%) 2,262 0.75
17 (0.75%) 2,262 0.36
180 (7.96%) 2,262 1.12
157 (8.86%) 1,772 1.32
131(7.39%) 1,772 1.22
61(3.44%) 1,772 0.85
115 (6.49%) 1,772 1.15
186 (10.5%) 1,772 1.43

Adoption of the IADPSG criteria significantly in-
creased GDM detection, and prevalence rates can
vary by a factor of 1.5 to 4.9. In Brazil, data are lim-
ited and divergent. A reanalysis of a cohort from 1991
to 1995 showed a GDM prevalence of 18% when us-
ing IADPSG criteria, which decreased to 2.7% under
stricter definitions (21). A 2024 systematic review
reported a pooled prevalence of 14% (95% Cl: 11.0-
16.0) for GDM in Brazil (22). Although more sensitive
criteria (i.e., IADPSG) identify additional cases, this
increase does not necessarily result in more adverse
outcomes.

Among the evaluated criteria, FIGO15 consistent-
ly showed the highest prevalence, as expected due to
its broader diagnostic thresholds. Conversely, ADAO3
was the most restrictive, requiring two abnormal
glucose values and thus producing lower prevalence
rates, aligning with findings from other studies, such
as that by Celik and cols. (23), which confirmed that
broader thresholds akin to those of FIGO15 signifi-
cantly increase detection rates. Although IADPSG and
FIGO15 criteria increase GDM diagnosis rates, they
improve maternal and neonatal outcomes and reduce
healthcare costs. A Spanish study demonstrated that
use of IADPSG criteria led to increased detection, im-
proved pregnancy outcomes, and cost savings (24).

Agreement analyses showed moderate concor-
dance among diagnostic sets, supporting the system-
atic differences found. Notably, agreement between
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FIGO15 and WHO98 was low when only fasting glu-
cose was available. The FIGO15 criteria are notable
for being the first to base diagnosis on perinatal out-
comes, facilitating early intervention and influencing
maternal and neonatal morbidity and mortality. Early
diagnosis of overt diabetes also enables more inten-
sive management; for example, maintaining glycated
hemoglobin below 6% reduces risks of large-for-ges-
tational-age infants, preterm delivery, and preeclamp-
sia(17).

Despite our promising findings, this study’s limita-
tions include its retrospective, observational design,
possible selection bias, and potential confounding
factors. The use of a convenience sample also limited
the generalizability of findings, highlighting the need
for multicenter studies to better characterize GDM
prevalence across Brazil’s diverse population.

In conclusion, the prevalence of gestational hy-
perglycemia varied according on the diagnostic crite-
ria, with ADAOQS yielding the lowest and FIGO15 the
highest prevalence. Broader criteria such as FIGO15
enhance early identification and allow for timely inter-
vention, potentially improving maternal and neonatal
outcomes. These findings support public health priori-
ties in low- and middle-income countries.

Author contributions: TMB: conception and design, data col-
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the manuscript and critical revision of intellectual content.
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SUPPLEMENTARY MATERIAL

Supplementary Table 1. Clinical and sociodemographic characteristics of screened vs. non-screened women who gave birth at HCFMRP-USP

and CRSM-MATER in 2017

Variable

Maternal age (years)
<20
20-34
>34

Skin color*
White
Black
Brown
Yellow

Drug use
No
Yes

Maternal diseases
None
Hypertensive disorders of pregnancy
HIV
Others

Prenatal (> 6 visits)
No
Yes

Total number of pregnancies
1

>5
Previous cesarean section
0
1
2
3
>4

Not screened (n = 260)

25(9.62%)
166 (63.85%)
69 (26.54%)

191 (73.46%)
69 (26.54%)
0(0%)
0(0%)

44 (16.92%)
216 (83.08%)

157 (60.38%)
24(9.23%)
0(0%)
79(30.38%)

37(14.23%)
223 (85.77%)

85 (32.69%)
75 (28.85%)
35(13.46%)
32(12.31%)
33(12.69%)

107 (41.15%)
74 (28.46%)
34(13.08%)
20(7.69%)
14(5.38%)
11(4.23%)

200 (76.92%)
36 (13.85%)
14 (5.38%)
6 (2.31%)
4(1.54%)

Criteria for gestational hyperglycemia

Screened (n = 2,262)

314 (13.88%) <0.01
1,600 (70.73%)
348 (15.38%)

1,474 (65.25%) 0.05
776 (34.35%)

7(0.31%)

2(0.09%)
2,008 (88.77%) <0.01

254 (11.23%)

1,371 (60.64%) 0.45
244.(10.79%)

14.(0.62%)
632 (27.95%)

83(3.78%) <0.01
2,112 (96.22%)

777 (34.35%) 0.04
642 (28.38%)
420 (18.57%)
237 (10.48%)
186 (8.22%)

885 (39.12%) 0.01
703 (31.08%)
393(17.37%)

175 (7.74%)

58 (2.56%)

48(2.12%)

1,742 (77.01%) <0.01
370 (16.36%)
115(5.08%)
32 (1.41%)
3(0.13%)

*Chi-square test; ‘Fisher's exact test.
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