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ABSTRACT 24 

BACKGROUND – In Brazil, the prevalence of maternal hyperglycemia is among the highest, 25 

costs are elevated and there is no evidence to recommend universal screening. OBJECTIVE – 26 

To evaluate the performance of risk factors (RF) for predicting hyperglycemia in pregnancy – 27 

Mild Gestational Hyperglycemia (MGH) or gestational Diabetes Mellitus (GDM) in public 28 

primary-care centers in Brazil. METHODS – A cohort study, including 514 women with a 29 

single pregnancy and no hyperglycemia. Study participants were evaluated at GA 30 

(gestational age) < or ≥ 20 weeks, and underwent a 75g-OGTT along with glycemic profile 31 

(GP) testing between 24 and 28 weeks. Clinical, anthropometric and laboratory data – 32 

fasting glucose (FG), glycated hemoglobin (HbA1c), basal insulin and lipid profile were 33 

obtained. The most common RF associations (OR and 95% CI and p <0.05) and different cut-34 

off points were tested for the prediction of MGH-GDM. Predictive performance was 35 

assessed by Sensitivity/Specificity, negative predictive value NPV (negative predictive value) 36 

and false positive rates (FP; 1-Esp). RESULTS – At GA <20 weeks, age ≥25 years, WC (Waist 37 

circumference) ≥ 88 cm, BMI pre ≥25 kg/m2 (pre gestational body mass index) and  BMI gest 38 

≥25 kg/m2 (gestational body mass index ); at GA (gestational age) ≥20 weeks, age ≥25 years, 39 

BMI pre ≥25 kg/m2 and TG (triglicerides) ≥150 mg/dL showed better performace for 40 

predicting MGH-GDM. Irrespective of gestational age, FG (Fasting glucose) ≥ 85 mg/dL, 41 

HbA1c ≥5.7% and HOMA-IR ≥2.71 were good predictors to rule out the risk of these 42 

complications. CONCLUSION – The results of this study should contribute to define the best 43 

diagnostic approach to MGH-GDM in our center and in others with similar characteristics. 44 

Key words – Gestational diabetes mellitus, hyperglycemia, prediction risk, diagnosis.  45 
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INTRODUCTION 46 

The diagnostic criteria for Gestational Diabetes Mellitus (GDM) have changed over the past 47 

decade. According to the American Diabetes Association (ADA), overt Diabetes – diagnosed 48 

earlier than 20 weeks of pregnancy, should be differentiated from GDM, which is diagnosed 49 

in the second or third trimester of pregnancy. The diagnosis of overt Diabetes is established 50 

when fasting glucose (FG) ≥ 126 mg/dL or glycated hemoglobin ≥ 6.5% or random glucose ≥ 51 

200 mg/dL; whereas the GDM diagnosis is made when FG ≥ 92 and < 126 mg/dL or a 75g- 52 

Oral Glucose Tolerance Test (75g-OGTT) performed at 24-28 weeks shows that any of the 53 

following levels is met: FG ≥92 mg/dL; 1-h ≥180 mg/dL; and 2h ≥153 mg/dL1,2,3. 54 

At our center, the ADA 20112 diagnostic approach has been adopted since August 2011. 55 

Furthermore, we combine glucose profile testing (GP) with a 75g-OGTT to identify women 56 

with mild gestational hyperglycemia (MGH), who  represent 17.3% of our patient population 57 

and do not meet GDM diagnostic criteria4. Women with MGH show the same maternal and 58 

fetal outcomes seen in those with GDM and, therefore, should be identified and treated for 59 

glycemic control during pregnancy5,6. 60 

The ADA 2011 diagnostic guidelines gave rise to an initial trend towards universal screening 61 

with fasting glucose (FG) measurement at the first prenatal visit (before 20 weeks of 62 

pregnancy) in all pregnant women. If no overt diabetes (FG ≥126 mg/dL) or GDM (FG ≥92 63 

and <126 mg/dL) is detected, a 75g-OGTT is performed at 24-28 weeks1-3,7,8. However, as 64 

universal screening is associated with an increased number of women diagnosed with GDM, 65 

and there is no sufficient evidence that this strategy improves maternal/neonatal outcomes 66 

or is cost-effective, screening for GDM is still a subject of debate.  67 
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Currently, ADA recommends a two-step testing approach – universal (one-step) and selective 68 

(two-step) – 75g-OGTT offered only to women identified as being at risk by 50g-OGTT 3.  69 

In Brazil, the Brazilian Federation of Gynecology and Obstetrics (FEBRASGO), in consensus 70 

with the Brazilian Diabetes Society (SBD), Pan-American Health Organization/World Health 71 

Organization (PAHO/WHO Brazil), and Ministry of Health (MS) recommend universal 72 

screening with FG and 75-g OGTT1-3 in settings where technical and financial resources are 73 

optimal and, therefore, allow diagnosing 100% of GDM cases. In settings where conditions 74 

are lower than optimal, but still good, recommendations are to measure FG at the first 75 

prenatal visit; if FG is normal (< 92 mg/dL), measurement should be repeated at 24-28 76 

weeks. In this case, GDM is likely to be diagnosed in 86% of the women investigated9,10. 77 

Under poorer conditions, risk-factor based selective screening may be an alternative. Risk-78 

factors include, maternal age ≥ 25 years, body mass index (BMI) ≥25 or 30 kg/m2, history of 79 

macrosomia and GDM, family history of Diabetes Mellitus, and non-Caucasian ethnicity3,11. 80 

These as well other risk factors have already been tested as GDM predictors, but the results 81 

were either conflicting or inconclusive12-17. The fact that the prevalence of risk factors is low 82 

and dependent on the population studied, and the diversity of GDM diagnostic criteria 83 

interfere with the predictive performance of these markers11,13,14. 84 

Considering that evidence to define the optimal approach for GDM diagnosis– universal or 85 

selective – is insufficient, and that Brazil is among the eight countries where the prevalence 86 

of hyperglycemia during pregnancy is highest9, it is important to investigate GDM risk factors 87 

across the different regions of the country. This might reduce the costs of the universal 88 

approach and improve the 86% rate of diagnoses based on FG ≥ 92 mg/dL9,10.  89 
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The objective of this study was to assess the performance of risk factors in the prediction of 90 

hyperglycemia during pregnancy in women attending public healthcare centers in the state 91 

of São Paulo, Brazil. 92 

 93 

METHOD 94 

Study setting, design, and ethical aspects 95 

This cohort study was conducted between March 2014 and December 2016 in primary public 96 

healthcare centers of the Botucatu Public Health Network and in the Diabetes and 97 

Pregnancy Center of Botucatu Medical School/Unesp, Brazil, a tertiary obstetric referral 98 

center. The study protocol was approved by the Human Subject Research Ethics Committee 99 

of Botucatu/Unesp (# 3900-2011; Of. No. 244/11). This study complies with national and 100 

international regulations for experiments in human beings, including resolution CNS 466/12 101 

of the Brazilian National Health Council and the 1989 Declaration of Helsinki. All participants 102 

signed an informed consent form before entering the study. 103 

This study included pregnant women who had undergone a 75g-Oral Glucose Tolerance Test 104 

(75g-OGTT) and Glucose Profile (GP) testing between 24 and 28 weeks of pregnancy. 105 

Women with a previous diagnosis of type 1 or type 2 DM, overt diabetes or GDM before 20 106 

weeks of pregnancy were excluded3.  107 

Sample size 108 

Sample size was calculated based on previous studies undertaken by our team and data from 109 

the literature that show that the frequency of maternal hyperglycemia is 15-20% 18,19. 110 

Assuming a type 2 error of 20%, and a confidence level of 95%, minimum sample size was 111 
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estimated as 196 women with gestational age < 20 weeks, and 246 women with gestational 112 

age ≥ 20 weeks. Thus, this study included 514 participants – 255 with gestational age< 20 113 

weeks and 259 with gestational age ≥ 20 weeks.  114 

Data collection 115 

At enrollment, a specific structured questionnaire was administered to all participants for 116 

the collection of epidemiological and clinical data including information on family and 117 

personal obstetric risk factors for GDM3,14,20. Incomplete or missing information was 118 

recovered from the participant’s prenatal care chart. Also at enrollment, clinical and 119 

anthropometric data were collected including blood pressure (BP), weight, height, waist 120 

circumference, and gestational body mass index 21. Blood samples were drawn for the 121 

analysis of FG, glycated hemoglobin (HbA1c), basal insulin and complete lipid profile (LDL 122 

and HDL-cholesterol, total cholesterol and  TG). 123 

Risk factors 124 

Risk factors, were defined as described in the literature and some cutoff points were tested 125 

based on previous results obtained by our team 3,11,14,20,22-30. At enrollment, the maternal 126 

characteristics assessed included: age in complete years (categorized as < and ≥ 25 years); 127 

self-reported race (white and non-white); number of pregnancies including current (1 = 128 

primigravida, >1= multigravida); physical activity; smoking; pressure levels (BP < or ≥ 140/90 129 

mmHg); waist circumference (86 and 88 cm); pregestational and gestational BMI estimated 130 

on the basis of pregestational and gestational weight, respectively (BMI ≥ 25 and BMI ≥ 30 131 

Kg/m2); fasting glucose (≥ 90 and ≥ 85 mg/dL); HDL-cholesterol (HDL-c < 50 and < 35 mg/dL); 132 

triglycerides (TG ≥ 250 and ≥ 150 mg/dL); glycated hemoglobin (HbA1c ≥ 5.7%); and 133 

homeostasis model assessment - Insulin resistance (HOMA-IR ≥ 2.71). Data on personal 134 
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history of (arterial hypertension and polycystic ovary syndrome-POS); family history (of 135 

Diabetes mellitus-DM, arterial hypertension, obesity, hypercholesterolemia and 136 

cardiovascular disease-CVD);  and obstetric history (of GDM, macrosomia, fetal death – FD 137 

and malformation – MF) were also collected. Gestational age at enrollment was categorized 138 

as < 20 and ≥ 20 weeks. 139 

GDM and MGH diagnosing  140 

From week 24 onwards, GDM was diagnosed if 75-g oral glucose tolerance testing (OGTT) 141 

showed one abnormal value (92, 180 and 153 mg/dl for fasting, one-hour and two-hour 142 

postglucose load, respectively) 1-3,7,8,31.  143 

For MGH diagnosis, a glucose profile test (GP) and a 75g-OGTT were performed over a one-144 

day hospital stay with the participant on a 2840 Kcal- diet fractionated in five meals. Plasma 145 

glucose measurement was taken every two hours, from 8 AM to 6 PM. The cutoff points 146 

used were 90 mg/dL for fasting (8h) and 130 mg/dL for any postprandial level. MGH was 147 

confirmed when 75g-OGGT was normal and one GP measure was equal or greater than 148 

cutoff values 5,6. 149 

Subject follow up 150 

Non-diabetic women received follow up at their original primary care center. Women with 151 

MGH or GDM were referred for follow up at the Diabetes and Pregnancy Center of Botucatu 152 

Medical School/Unesp, a tertiary center. Maternal hyperglycemia control, in both MGH and 153 

GDM cases, was performed according to the protocol established in our center as 154 

recommended by ADA2,3.  155 

Statistical analysis  156 
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Statistical analyses were performed using Open Source Epidemiologic Statistics for Public 157 

Health (OpenEpi), v. 3.0.132. The association between GDM-MGH risk predictors and 158 

diagnosis was assessed by calculating relative risk (RR) and 95% confidence intervals (95% 159 

CI). The performance of risk predictors was evaluated in terms of sensitivity  (Sens), 160 

specificity (Sp), positive and negative predictive values (PPV and NPV, respectively), 161 

accuracy, and  positive and negative likelihood  ratios (PLR and NLR, respectively) with their 162 

odds ratio (OR) and 95% CI. Performance analysis also included the assessment of false-163 

positive results, defined by the formula 1-Sp16,17,33,34. 164 

 165 

RESULTS 166 

The study flowchart (Figure 1) shows the number of pregnant women included (N = 514), 167 

and excluded (N = 03), as well the number of participants assessed before and after 20 168 

weeks of pregnancy (255 and 259, respectively). Irrespective of gestational age (GA) at 169 

enrollment, GDM-MGH prevalence was 16.5% in the study population. 170 

  171 



 
 
 

9 

 172 

 173 

 174 

 175 

 176 

 177 

 178 

 179 

 180 

 181 

 182 

Figure 1. Study flowchart 183 

Table 1 shows the frequency [number (N); percentage (%)] of the risk factors investigated 184 

according to GA group (< 20 and ≥ 20 weeks).  185 

Table 2 reports the results of association analysis with relative risk (RR) and 95% CI. Before 186 

20 weeks of pregnancy, age ≥ 25 years, WC ≥ 88 cm, pre BMI ≥ 25 Kg/m2, gest BMI ≥ 25 187 

Kg/m2, gest BMI ≥ 30 Kg/m2, FG ≥ 90 mg/dL, FG ≥ 85 mg/dL, HbA1c ≥ 5.7%, HOMA-IR ≥ 2.71 188 

and obstetric history of macrosomia were associated with GDM-MGH risk; personal history 189 

of hypertension and obstetric history of GDM showed borderline values (Table 2). After 20 190 

weeks of pregnancy, GDM-MGH risk was associated with  age ≥ 25 years, BP ≥ 140/90 191 

mmHg; WC ≥ 88 cm, pre BMI ≥ 25 Kg/m2, gest BMI ≥ 25 Kg/m2, gest BMI ≥ 30 Kg/m2, FG ≥ 90 192 
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mg/dL, FG ≥ 85 mg/dL, TG ≥ 150 mg/dL, HbA1c ≥ 5.7%, HOMA-IR ≥ 2.71. Obstetric history of 193 

GDM, and TG ≥ 250 mg/dL showed borderline values (Table 2). 194 

Tables 3 and 4 show the predictive performance of risk factors significantly associated with 195 

GDM-MGH. At GA < 20 weeks, optimal Sens/Sp balance was observed with age ≥ 25 years, 196 

WC ≥ 88 cm, pre BMI ≥ 25 Kg/m2, and gestational BMI ≥ 25 Kg/m2, with Sens/Sp values 197 

between 77.1/44.1 and 82.9/46.4% (Table 3). After 20 weeks, the best results were found 198 

with age ≥ 25 years, WC ≥ 88 cm, pre BMI ≥ 25 Kg/m2, gestational BMI ≥ 25 Kg/m2, and TG ≥ 199 

150 mg/dL, with Sens/Sp between 78.0/45.9 and 98.0/17.7%. (Table 4).  200 

The analysis of the percentual of false positive (FP) results (1-Sp) indicated that age ≥ 25 201 

years (FP = 55.9%), WC ≥ 88 cm (FP = 54.5%), pre BMI ≥ 25 Kg/m2 (FP = 49.1%) and gest BMI 202 

≥ 25 Kg/m2 (FP = 49.1%) were lower at GA < 20 weeks. At GA ≥ 20 weeks, lower values were 203 

observed when age ≥ 25 years (FP = 60.3%), pre BMI ≥ 25 Kg/m2 (FP = 54,1%) and TG ≥ 150 204 

mg/dL (FP = 59.8%). In contrast, WC ≥ 88 cm (FP = 82.3%) and gest BMI ≥ 25 Kg/m2 (FP = 205 

69.9%) showed the higher numbers of FP results. Figure 2 illustrates the performance of 206 

these risk factors for predicting GDM-MGH evaluated by the Sens/1-Sp ratio. 207 

  208 
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Table 1. Frequency of GDM-MGH risk factors in the study population expressed by number 209 

(N) and percent (%)  210 

 GS < 20 weeks GA ≥ 20 weeks 

 N = 255 N = 259 

 N % N % 

Age ≥ 25 years 150 58.82 169 66.80 

Non-white 35 13.73 19 7.51 

Multigravida 167 65.49 148 58.50 

Physical exercise (no) 198 77.65 167 66.01 

Smoking (yes) 78 30.59 50 19.76 

BP ≥ 140/90 mmHg 3 1.18 3 1.19 

WC ≥ 88 cm 147 57.65 221 87.35 

Pre BMI ≥ 25 Kg/m2
 134 52.55 152 60.08 

Gest BMI ≥ 25 Kg/m2
 147 57.65 191 75.49 

FG≥ 90 mg/dL 3 1.18 21 8.30 

HDL-c < 50 mg/dL 61 23.92 27 10.67 

TG ≥ 250 mg/dL 12 4.71 40 15.81 

HbA1c ≥ 5.7% 30 11.76 7 2.77 

HOMA-IR ≥ 2.71 37 14.51 31 12.25 

PH-hypertension 13 5.10 21 8.30 

PH-POS 2 0.78 2 0.79 

FH-DM 146 57.25 151 59.68 

FH-hypertension 146 57.25 180 71.15 

FH-obesity 64 25.10 80 31.62 

FH-Hypercholesterolemia 63 24.71 62 24.51 

FH-CVD 75 29.41 110 43.48 

OH-GDM 2 0.78 1 0.40 

OH-Macrosomia 12 4.71 15 5.93 

OH-FD 6 2.35 8 3.16 

OH-MF 4 1.57 6 2.37 

     

BP = blood pressure; WC = waist circumference; BMI = body mass index (pre = based on pregestational weight; gest = based on gestational 211 
weight); FG = fasting glucose; HDL = HDL-cholesterol; TG = Triglycerides; HbA1c = glycated hemoglobin; HOMA-IR = homeostasis model 212 
assessment  - Insulin resistance; PH = personal history; FH = family history; OH = obstetric history; POS = Polycystic ovary syndrome; DM = 213 
Diabetes mellitus; CDV = Cardiovascular disease; FD = fetal death; MF = Malformation 214 
. 215 
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ENTER Table 2. Association analysis – risk factors for MGH-GDM and respective RR and 95%CI values (at the end of the document text file)  216 

Table 3. Performance of the risk factors for MGH-GDM and respective OR and 95%CI values at gestational age <20 weeks 217 

GA < 20 weeks 

 Sens (%) Sp (%) PPV (%) NPV (%) Accuracy (%) PLR NLR OR 

age ≥ 25 years 77.1 44.1 18.0 92.4 48.6 1.4 0.5 2.7 
 (60.98–87.93) (37.69–50.71) (12.68–24.92) (85.68–96.09) (42.56–54.74) (1.33–1.43) (0.30–0.67) (1.16–6.12) 

WC ≥ 88 cm 77.1 45.5 18.4 92.6 49.8 1.4 0.5 2.8 
 (60.98–87.93) (39.01–52.06) (12.94–25.41) (86.06–96.21) (43.72–55.91) (1.36–1.47) (0.38–0.66) (0.02–0.17) 

Pre BMI ≥ 25 Kg/m2
 74.3 50.9 19.4 92.6 54.1 1.5 0.5 2.9 

 (57.93–85.84) (44.34–57.44) (13.6–26.91) (86.47–96.04) (47.99–60.13) (1.45–15.82) (0.40–0.64) (1.34–6.69) 

gest BMI ≥ 25 Kg/m2
 82.9 46.4 19.7 94.4 51.4 1.6 0.4 4.2 

 (67.32–91.91) (39.89–52.96) (14.1–26.91) (88.41–97.43) (45.26–57.44) (1.50–1.59) (0.26–0.52) (1.67–10.46) 

Gest BMI ≥ 30 Kg/m2
 51.4 78.2 27.3 91.0 75.5 2.4 0.6 3.8 

 (35.57–67.01) (82.27–83.13) (18–39.04) (86.07–94.31) (68.82–79.47) (2.04–2.72) (0.55–0.70) (1.82–7.92) 

FG≥ 90 mg/dL 8.6 100.0 100.0 87.3 87.5  0.9  

 (2.96–22.38) (98.28–100) (43.85–100) (82.62–90.86) (82.82–90.97)  (0.86–0.97)  

FG ≥ 85 mg/dL 14.3 95.5 33.3 87.5 84.3 3.1 0.9 3.5 
 (6.26–29.38) (91.84–97.51) (15.18–58.29) (82.72–91.11) (79.34–88.26) (0.25–40.17) (0.84–0.96) (1.12–10.94) 

HbA1c ≥ 5,7% 25.7 90.5 30.0 88.4 81.6 2.7 0.8 3.3 
 (14.16–42.07) (85.85–93.67) (16.66–47.88) (83.61–91.99) (76.35–85.85) (1.31–5.55) (0.76–0.89) (1.36–7.92) 

HOMA-IR ≥ 2,71 31.4 88.2 29.7 89.0 80.4 2.7 0.8 3.4 
 (18.55–47.98) (83.25–91.81) (17.49–45.78) (84.14–92.49) (75.08–84.81) (1.67–4.23) (0.71–0.84) (1.50–7.79) 

PH-hypertension 11.4 95.9 30.8 87.2 87.3 2.8 0.9 3.0 
 (4.54–25.95) (92.41–97.83) (12.68–57.63) (82.39–90.83) (79.34–88.26) (0.05–154.9) (0.87–0.98) (0.88–10.42) 

OH-GDM 2.9 99.6 50.0 86.6 86.3 6.3 1.0 6.4 
 (0.51–14.53) (97.47–99.92) (9.453–90.55) (81.81–90.22) (81.51–89.96) (0.40–98.20) (0.92–1.03) (0.39–105.4) 

OH-Macrosomia 11.4 96.4 33.3 87.2 84.7 3.1 0.9 3.4 
 (4.54–25.95) (92.99–98.15) (13.81–60.94) (82.46–90.87) (79.78–88.61) (0.06–179) (0.86–0.98) (0.98–12.03) 

         

- Sens = sensitivity; Sp = specificity; PPV = positive predictive value; NPV = negative predictive value; PLR= positive likelihood ratio; NLR = negative likelihood ratio; OR = Odds ratio; 95%CI = 95% confidence interval 218 
- WC = waist circumference; BMI = body mass index (pre = based on pregestational weight; gest = based on gestational weight); FG= fasting glucose; HbA1c = glycated hemoglobin; HOMA-IR = homeostasis model 219 
assessment  - Insulin resistance; PH = personal history; OH = obstetric history; GDM= gestational diabetes mellitus  220 
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Table 4. Performance of the risk factors for MGH-GDM and respective OR and 95%CI values at gestational age ≥20 weeks  221 

IG ≥ 20 semanas  

 Sens (%) Sp (%) PPV (%) NPV (%) Accuracy (%) PLR NLR OR 
age ≥ 25 anos 86.0 39.7 25.4 92.2 48.7 1.4 0.4 4.0 
 (73.81–93.05) (33.32–46.47) (19.47–32.51) (84.81–96.18) (42.63–54.71) (1.39–1.46) (0.26–0.48) (1.74–9.43) 

BP ≥ 140/90 mmHg 4.0 99.5 66.7 81.3 81.1 8.4 1.0 8.7 
 (1.10–13.46) (97.34–99.92) (20.77–93.85) (76.02–85.56) (75.87–85.38) (0.77–90.38) (0.93–1.0) (0.76–97.55) 

WC ≥ 88 cm 98.0 17.7 22.2 97.4 33.2 1.2 0.1 10.5 
 (89.5–99.65) (13.13–23.45) (17.2–28.1) (86.5–99.53) (27.75–39.15) (1.176–1.205) (0.01244–1.026) (1.41–78.79) 

Pre BMI ≥ 25 Kg/m2
 78.0 45.9 25.7 89.7 52.1 1.4 0.5 0.1 

 (64.76–87.25) (39.31–52.7) (19.37–33.14) (82.52–94.16) (46.05–58.13) (1.30–1.49) (0.39–0.59) (1.46–6.20) 

gest BMI ≥ 25 Kg/m2
 90.0 30.1 23.6 92.7 41.7 1.3 0.3 3.9 

 (78.64–95.65) (24.33–36.68) (18.1–30.06) (83.91–96.82) (35.86–47.78 (1.27–1.31) (0.21–0.53) (1.47–10.25) 

Gest BMI ≥ 30 Kg/m2
 58.0 61.2 26.4 85.9 60.6 1.5 0.7 2.2 

 (44.23–70.63) (54.49–67.59) (19.03–35.29) (79.41–90.59) (54.55–66.37) (1.39–1.61) (0.62–0.76) (1.17–4.08) 

FG ≥ 90 mg/dL 38.0 99.0 90.5 87.0 87.3 39.7 0.6 0.5 
 (25.86–51.85) (96.58–99.74) (71.09–97.35) (82.1–90.67) (82.65–90.78) (12.59–125.2) (0.59–0.67) (0.37–0.58) 

FG ≥ 85 mg/dL 56.0 93.3 66.7 89.9 86.1 8.4 0.5 17.7 
 (42.31–68.84) (89.07–95.97) (51.55–78.99) (85.13–93.21) (81.36–89.79) (6.88–10.16) (0.43–0.52) (8.14–38.61) 

TG ≥ 250 mg/dL 24.0 86.6 30.0 82.7 84.5 1.8 0.9 2.0 
 (14.3–37.41) (81.32–90.57) (18.07–45.43) (77.08–87.09) (68.88–79.44) (1.00–3.22) (0.83–0.93) (0.95–4.37) 

TG ≥ 150 mg/dL 92.0 40.2 26.9 95.5 50.2 1.5 0.2 7.7 
 (81.16–96.85) (33.78–46.96) (20.82–34) (88.89–98.22) (44.15–56.23) (1.51–1.57) (0.12–0.34) (2.68–22.27) 

HbA1c ≥ 5,7% 10.0 99.0 71.4 82.1 81.9 10.5 0.9 11.5 
 (4.35–21.36) (96.58–99.74) (35.89–91.78) (76.94–86.38) (76.71–86.07) (0.12–948.2) (0.86–0.95) (2.16–61.17) 

HOMA-IR ≥ 2,71 38.0 94.3 61.3 86.4 83.4 6.6 0.7 10.1 
 (25.86–51.85) (90.23–96.69) (43.82–76.27) (81.35–90.25) (78.38–87.43) (4.75–9.22) (0.62–0.70) (4.45–22.75) 

OH-GDM 2.0 100.0 100.0 81.0 81.1  1.0  
 (0.35–10.5) (98.2–100) (20.65–100) (75.78–85.33) (75.87–85.38)  (0.94–1.02)  
         

-  Sens = sensitivity; Sp = specificity; PPV = positive predictive value; NPV = negative predictive value; PLR= positive likelihood ratio; NLR = negative likelihood ratio; OR = Odds ratio; 95%CI = 95% confidence interval 222 

- BP= blood pressure; WC = waist circumference; BMI = body mass index (pre = based on pregestational weight; gest = based on gestational weight); FG= fasting glucose; TG= triglycerides;  HbA1c = glycated 223 
hemoglobin; HOMA-IR = homeostasis model assessment  - Insulin resistance; PH = personal history; OH = obstetric history; GDM= gestational diabetes mellitus. 224 
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 235 

Figure 2. Performance of the risk factors for GDM-MGH expressed by the Sens/1-Esp 236 

ratio at gestational age < and ≥20 weeks 237 

 238 

DISCUSSION 239 

This study, including 514 pregnant women attending Brazilian public healthcare 240 

centers, showed that age ≥ 25 years, WC ≥ 88 cm, pre BMI ≥ 25 Kg/m2, gest BMI ≥ 25 241 

and 30 Kg/m2, BP ≥ 140/90 mmHg, FG ≥ 85 and 90 mg/dL, HbA1c ≥ 5.7%, HOMA-IR ≥ 242 

2.71, TG ≥ 150 mg/dL, personal history of hypertension, and obstetric history of GDM 243 

and macrosomia are statistically associated with GDM-MGH. GDM-MGH risk factors 244 

predictive performance was assessed in terms of sensitivity and NPV at two different 245 
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gestational ages (< 20 and ≥ 20 weeks of pregnancy). The best GDM-MGH predictors 246 

(highest sensitivity and NPV) among study participants were age ≥ 25 years, WC ≥ 88 247 

cm, pre BMI ≥ 25 Kg/m2, and gest BMI ≥ 25 Kg/m2 at GA < 20 weeks; and  age ≥ 25 248 

years, pre BMI ≥ 25 Kg/m2, and TG ≥ 150 mg/dL  at GA ≥ 20 weeks. Irrespective of 249 

gestational age, FG ≥ 85 mg/dL, HbA1c ≥ 5.7% and HOMA-IR ≥ 2.71 were good 250 

predictors of low GDM-MGH risk.  251 

By initially assessing Sens/Sp balance, we observed that age ≥ 25 years, WC ≥ 88 cm, 252 

pre BMI ≥ 25 Kg/m2, and gest BMI ≥ 25 Kg/m2 at GA < 20 weeks; and age ≥ 25 years, 253 

WC ≥ 88 cm, pre BMI ≥ 25 Kg/m2, gest BMI ≥ 25 Kg/m2 and  TG ≥ 150 mg/dL at GA ≥ 20 254 

weeks had the best performance. That is, these markers best identified the individuals 255 

with the disease that had a positive result with the test (Sens) and those without the 256 

disease who were correctly identified by the test (Sp). However, decision making based 257 

on these indices alone may be faulty because Sens and Sp are inherent to the test and 258 

depend on diagnostic criteria, which are generally defined arbitrarily35.  259 

The new 75g-OGTT diagnostic criteria (the gold-standard in this study) based on the 260 

HAPO study establishes glucose cutoff points that convey an odds ratio of 1.75 for 261 

birth weight >90th percentile, cord C-peptide >90th percentile, and offspring percent 262 

body fat >90th percentile36,37. Our analysis of Sens/Esp balance was complemented 263 

with negative predictive values (NPV) so that the risk factor that best indicate the 264 

probability of the disease being absent when the test is negative could be identified. 265 

NPV depend on the test’s sensitivity and specificity as well as the prevalence of the 266 

disease and may improve the predictive value of Sens/Sp balance33,34. The risk factors 267 

showing optimal Sens/Sp also presented the best NPV. 268 
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The likelihood ratio has also been used to complement Sens/Sp balance analysis. The 269 

positive likelihood ratio (PLR) shows the best test to use for ruling in a disease while 270 

the negative likelihood ratio indicates the test to be used to rule it out. However, this 271 

strategy should only be used if the consequences from a false-positive test are the 272 

same as the consequences from a false-negative test32,34. In the case of GDM-MGH, 273 

not identifying the women at risk prevents them from being diagnosed and treated, 274 

and this might cause serious short- and long-term harm to the mother and her 275 

offspring 38-41. Therefore, neither positive nor negative likelihood ratios would be good 276 

indicators of predictive performance in GDM-MGH. 277 

In this study, the analysis of the Sens/1-Sp (false positive) ratio indicated that age ≥25 278 

years, WC ≥88 cm, pre BMI ≥25 Kg/m2, and gest BMI ≥25 Kg/m2 at GA <20 weeks would 279 

lead about 50% of the women investigated (1-Sp) to diagnostic testing to confirm 280 

MGH-GDM in about 70 to 80% of the cases (Sens). At GA ≥20 weeks, patient age ≥25 281 

years, pre BMI ≥25 Kg/m2 and TG ≥150 mg/dL would lead 50-60% of the women 282 

investigated to diagnostic testing to confirm MGH-GDM in 80-90% of the cases. CC ≥88 283 

cm (FP = 82.3%) and gest BMI ≥25 Kg/m2 (FP = 69.9%) generated a very high rate of FP.  284 

A recent study with data on two large cohorts demonstrated that only age > 25 years 285 

and pre BMI ≥ 30 Kg/m2 reached Sens > 50%. Age > 25 years identified 86% of GDM 286 

cases and about 68% of the women investigated underwent diagnostic testing17. Given 287 

that better Sens indices and FP rates were found in our study, the indication of 288 

diagnostic testing may be reduced by 40-50%, with a favorable reflection on universal 289 

screening costs. 290 
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Several studies have addressed the performance of risk factors as GDM predictors 291 

using the 75-g OGTT as gold standard with varying results. Besides focusing on 292 

different aspects, such as the application of preventive measures, new diagnostic tests, 293 

or different cutoff points, these studies differed in terms of population characteristics 294 

and risk factor prevalence as well as gestational age at assessment. In our study, we 295 

evaluated the value of risk factor for predicting not only GDM (using 75-g OGTT3 as 296 

gold standard), but also MGH (using glucose profile as gold-standard). Although this 297 

approach makes comparison with other studies difficult, it is justified by the fact that 298 

the new GDM diagnostic criteria are not met by 17% of our patients, who otherwise 299 

would be left untreated to suffer maternal and perinatal consequences4-6.  300 

Previous studies by our team in the same population have demonstrated that: a) WC ≥ 301 

88 cm and pre BMI ≥25 Kg/m2 have optimal Sens/Sp for predicting GDM at GA <24 302 

weeks25; b) overweight (pre BMI ≥ 25 Kg/m2) and obesity (pre BMI ≥ 30 Kg/m2) are risk 303 

factors for hyperglycemia in pregnancy (GDM-MGH)22; and c) the proportion of 304 

metabolic syndrome markers is associated with hyperglycemia level in women with 305 

GDM-MGH26. The results of other studies in diverse populations do not differ from 306 

ours11,13,14,16,42,43. Also in agreement with other reports, we observed that the higher Sp 307 

shown by FG, HbA1c and HOMA-IR indicate them as the best predictors for ruling out 308 

GDM risk and the need for a diagnostic test10,13,42,44,45.  309 

Finally, the best evidence available show that: (a) the combination of several risk 310 

factors may increase sensitivity indices but decrease specificity producing a higher rate 311 

of false-positive results; (b) screening by age or BMI is as effective as using multiple 312 

risk factors; and, c) the use of risk algorithms (or point scores) does not improve the 313 
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performance of screening by one or more risk factors. According to these studies, age 314 

>25 years and BMI ≥25 or 30 Kg/m2 are simpler and more accurate indicators and 315 

should be used in GDM screening as long as new and better evidence supporting 316 

universal screening are not available16,17,46. Therefore, the literature seems to support 317 

our results. 318 

Study limitations 319 

Although the size of our sample was adequate, our data might not represent the 320 

overall nationwide public healthcare centers or populations with similar 321 

characteristics. Moreover, further subdividing the gestational age groups investigated 322 

might improve the performance of the risk factors assessed, or even reveal other good 323 

predictors of MGH-GDM.  324 

Clinical implications 325 

In the short term, the results of this study can help decision making in favor of the 326 

selective MGH-GDM approach in our center. At GA <20 weeks, age ≥25 anos, WC ≥88 327 

cm and pre- or gestational BMI ≥25 Kg/m2 would identify the women at risk of MGH-328 

GDM, who would then undergo diagnostic testing at 24-28 weeks of pregnancy. In 329 

cases of late prenatal presentation (GA ≥20 weeks), age ≥25 years, pre BMI ≥25 Kg/m2 330 

and TG ≥125 mg/dL could be used to identify MGH-GDM risk or when diagnosis 331 

confirmation is necessary. Irrespective of GA at assessment, FG <85 mg/dL, HbA1c 332 

<5.7% and HOMA-IR <2.71 would be useful to identify the women at low risk, who 333 

would not require diagnostic testing. 334 

Research implications 335 
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Based on our results, further studies should be conducted to assess (i) the 336 

reproduction of our results or even the use of other predictors in different centers and 337 

populations; (ii) the cost-effectiveness of the risk predictors identified in different 338 

centers and populations, and thus contribute to determine the optimal approach, 339 

universal or selective, to hyperglycemia during pregnancy.  340 

 341 

CONCLUSION 342 

In this study, risk factors with good performance for predicting MGH-GDM risk were 343 

identified. At GA < 20 weeks, age ≥ 25 years, WC ≥ 88 cm, pre BMI ≥ 25 Kg/m2 and gest 344 

BMI ≥ 25 Kg/m2 had the best performance; at GA ≥ 20 weeks, idade ≥ 25 years, pre 345 

BMI ≥ 25 Kg/m2 and TG ≥ 150 mg/dL were the risk factors that best predicted GD 346 

irrespective of GA; FG ≥ 85 mg/dL, HbA1c ≥ 5.7% and HOMA-IR ≥ 2.71 were the best to 347 

rule out MGH-GDM risk. These findings may contribute to determine the optimal 348 

diagnostic approach to MGH-GDM in ours as well as in other centers of similar 349 

characteristics. 350 

 351 

LIST OF ABBREVIATIONS 352 

ADA: American Diabetes Association  353 

FA: Family antecedents 354 

BMI gest: Gestational body mass index 355 

BMI pre: Pre gestational body mass index 356 

BP: Blood pressure 357 
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CVD: Cardiovascular disease 358 

FD: Fetal death 359 

FEBRASGO: Brazilian Federation of Gynecology and Obstetrics  360 

FG: Fasting glucose  361 

FP: False positive 362 

GA: Gestational age 363 

GDM: Gestational Diabetes Mellitus 364 

GP: Glycemic profile 365 

HbA1c: Glycated hemoglobin  366 

HDL-c: HDL-cholesterol  367 

HOMA-IR: Homeostasis model assessment - Insulin resistance  368 

MHG: Mild Gestational Hyperglycemia  369 

MS: Ministry of Health 370 

NLR: Negative likelihood  ratios 371 

NPV: Negative predictive value  372 

NPV: Negative predictive values 373 

OGTT: Oral Glucose Tolerance Test 374 

OH: Obstetric history 375 

OR: Odds ratio 376 

PAHO: Pan-American Health Organization O Brazil) 377 
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PH: Personal history 378 

PLR: Positive likelihood  ratios  379 

POS: Polycystic ovary syndrome 380 

PPV: Positive predictive values  381 

RF: Risk factors  382 

RR: Relative risk  383 

SBS: Brazilian Diabetes Society  384 

Sens: Sensitivity 385 

Sp: Specificity  386 

TG: Triglycerides 387 

WC: Waist circumference 388 

WHO: World Health Organization 389 
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Table 2. Association analysis – risk factors of MGH-GDM with respective RR and 95%CI values  578 

 GA < 20 weeks (N = 255) GA ≥ 20 weeks (N = 259) 
 ND MGH-GDM   ND MGH-GDM   

 N % N % RR 95%CI N % N % RR 95%CI 

Age  ≥ 25 years 123 55.9 27 77.1 2.36 1.12–5.00 126 60.3 43 86 3.27 1.54–6.97 

Non-white 32 14.5 3 8.6 0.59 0.19–1.82 13 6.2 6 12 1.72 0.84–3.52 

Multigravida 141 64.1 26 74.3 1.52 0.75–3.10 135 64.6 13 26 0.26 0.15–0.47 

Physical exercise (no) 171 77.7 27 77.1 0.97 0.47–2.02 134 64.1 33 66 1.07 0.63–1.81 

Smoking (yes) 67 30.5 11 31.4 1.04 0.54–2.02 38 18.2 12 24 1.32 0.75–2.34 

BP ≥ 140/90 mmHg 2 0.9 1 2.9 2.47 0.48–12.6 1 0.5 2 4 3.56 1.54–8.23 

WC ≥ 88 cm 120 54.5 27 77.1 2.48 1.17–5.24 172 82.3 49 98 8.43 1.20–5.92 

WC ≥ 86 cm 140 63.6 27 77.1 1.78 0.84–3.75 180 86.1 1 2 0.01 0.00–0.06 

Pre BMI ≥ 25 Kg/m2
 108 49.1 26 74.3 2.61 1.27–5.34 113 54.1 39 78 2.4 1.34–4.65 

Gest BMI ≥ 25 Kg/m2
 118 53.6 29 82.9 3.55 1.53–8.25 146 69.9 45 90 3.72 1.54–9.03 

Gest BMI ≥ 30 Kg/m2
 48 21.8 18 51.4 3.03 1.66–5.53 81 38.8 29 58 1.87 1.13–3.01 

FG ≥ 90 mg/dL 0 0 3 8.6 7.88 5.70–10.90 2 1 19 38 6.95 4.86–9.92 

FG ≥ 85 mg/dL 10 4.5 5 14.3 2.67 1.21–5.88 14 6.7 28 56 6.58 4.19–10.31 

HDL-c < 50 mg/dL 52 23.6 9 25.7 1.1 0.55–2.22 27 12.9 0 0   

HDL < 35 mg/dL 3 1.4 1 2.9 1.85 0.33–10.37 4 1.9 0 0   

TG ≥ 250 mg/dL 10 4.5 2 5.7 1.23 0.33–4.52 28 13.4 12 24 1.73 1.00–3.01 

TG ≥ 150 mg/dL 66 30 12 34.3 1.18 0.62–2.26 125 59.8 46 92 5.92 2.20–15.91 

HbA1c ≥ 5.7% 21 9.5 9 25.7 2.5 1.35–5.00 2 1 5 10 4.00 2.34–6.85 

HOMA-IR ≥ 2.71 26 11.8 11 31.4 2.7 1.45–5.03 12 5.7 19 38 4.51 2.93–6.93 

  579 
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Table 2. continued 580 

 GA < 20 weeks (N = 255) GA≥ 20 weeks (N = 259) 

 ND MGH-GDM   ND MGH-GDM   

 N % N % RR 95%CI N % N % RR 95%CI 

PH-hypertension 9 4.1 4 11.4 2.40 1.00–5.79 15 7.2 6 12.0 1.55 0.75–3.11 

PH-POS 2 0.9 0 0.0   2 1.0 0 0.0   

FH-DM 126 57.3 20 57.1 0.90 0.54–1.85 121 57.9 30 60.0 1.07 0.64–1.79 

FH-hypertension 125 56.8 21 60.0 1.12 0.60–2.10 147 70.3 33 66.0 0.85 0.51–1.44 

FH-obesity 53 24.1 11 31.4 1.37 0.71–2.63 61 29.2 19 38.0 1.37 0.83–2.28 

FH-Hypercholesterolemia 52 23.6 11 31.4 1.30 0.73–2.69 56 26.8 6 12.0 0.43 0.19–0.97 

FH-CVD 68 30.9 7 20.0 0.60 0.27–1.31 84 40.2 26 52.0 1.47 0.89–2.41 

AO-DMG 1 0.5 1 2.9 3.72 1.00–15.40 0 0.0 1 2.0 5.27 4.09–6.77 

OH-Macrosomia 8 3.6 4 11.4 2.61 1.10–6.21 12 5.7 3 6.0 1.04 0.37–2.95 

OH-OF 4 1.8 2 5.7 2.52 0.78–8.15 6 2.9 2 4.0 1.31 0.38–4.46 

OH-MF 3 1.4 1 2.9 1.85 0.33–10.37 6 2.9 0 0.0   

             

- Pearson chi-square; RR = Relative risk; 95%CI = 95% confidence interval 581 
ND = Non diabetic; MGH = mild gestational hyperglycemia; GDM = Gestational diabetes mellitus.  582 
-BP = blood pressure; WC = waist circumference; BMI = body mass index (pre = based on pregestational weight; gest = based on gestational weight); FG = fasting glucose; HDL = HDL-cholesterol; TG = Triglicérides; 583 
HbA1c = glycated hemoglobin; HOMA-IR = Índice HOMA (homeostasis model assessment  - Insulin resistance);- Insulin resistance; PH = personal history; FH = family history; OH = obstetric history; POS = Polycystic 584 
ovary syndrome; DM = Diabetes mellitus; CDV = Cardiovascular disease; FD = fetal death; MF = Malformation 585 
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Performance of the risk factors for GDM-MGH expressed by the Sens/1-Esp ratio at gestational age < and
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