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Abstract

The aim of this study is to evaluate the diag-
nostic properties of waist circumference in the 
prediction of obesity-related gestational out-
comes. Pregnant women 20 years or older were 
consecutively enrolled in six Brazilian State 
capitals from 1991 to 1995. Weight, height, and 
waist circumference were measured and an oral 
glucose tolerance test was performed. Patients 
were followed through childbirth by chart re-
view. Diagnostic performance for the differ-
ent outcomes, as measured by area under the 
receiver operating characteristic (ROC) curve, 
was estimated through logistic regression. Areas 
under the ROC curve (95%CI) for waist circum-
ference were 0.621(0.589-0.652) for gestational 
diabetes, 0.640 (0.588-0.692) for preeclampsia, 
and 0.645(0.617-0.673) for macrosomia. These 
areas were similar to those for BMI (p > 0.05). A 
waist circumference of 82cm jointly maximized 
sensitivity (63%) and specificity (57%). Cutoff 
points of 23kg/m2 for pre-pregnancy BMI and 
26kg/m2 for BMI at enrollment produced simi-
lar diagnostic properties. In conclusion, waist 
circumference predicts obesity-related adverse 
pregnancy outcomes at least as well as BMI.
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Introduction

The prevalence of obesity and its related medi-
cal consequences are increasing throughout the 
world, becoming a major problem not only in 
developed nations but also in many developing 
countries 1. Prevalence of obesity during preg-
nancy has doubled over the past 20 years, and 
obesity is strongly associated with adverse ges-
tational and perinatal outcomes 2. For example, 
anthropometric measurements taken in the an-
tenatal period can predict increased risk of ges-
tational diabetes, preeclampsia, eclampsia, fetal 
macrosomia, post-term delivery, and cesarean 
section 3.

Although obesity is defined as a condition 
of excessive body fat, it is usually assessed clini-
cally by body mass index (BMI), obtained by di-
viding weight by height squared 4. As pregnancy 
progresses, this index is influenced by gesta-
tional weight gain in lean tissues, thus limiting 
its use in pregnancy 5. An alternative, the use of 
pre-pregnancy BMI as an indicator of obesity in 
pregnancy, may be complicated by the fact that 
the weight used for this calculation is frequently 
self-reported, producing inaccuracies.

Abdominal adiposity, measured by waist cir-
cumference, is frequently used outside of preg-
nancy as a risk factor for diabetes and cardiovas-
cular disease 6. In pregnancy, however, it is sel-
dom used to predict risk, probably because it is 
believed to be unduly influenced by the increas-
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ing uterine volume. Among the various standard-
ized sites for measuring waist circumference, the 
minimal waist, being most distant from the grow-
ing uterus, is likely to be less influenced.

To contribute information regarding the use 
of pregnancy measures of obesity in the predic-
tion of adverse gestational outcomes, this study 
aims to evaluate minimal waist circumference 
and BMI, assessed using either a reported pre-
pregnancy weight or a weight measured between 
gestational weeks 20 to 28, in the prediction of 
preeclampsia, gestational diabetes, and macro-
somia. 

Methods

The Brazilian Study of Gestational Diabetes 
(EBDG) enrolled 5,564 consecutive pregnant 
women from May 1991 to August 1995 in health 
centers belonging to the Unified National Health 
System in six Brazilian State capitals (Porto Alegre, 
São Paulo, Rio de Janeiro, Salvador, Fortaleza, and 
Manaus). Women were eligible if 20 years or older, 
at weeks 20 through 28 of pregnancy, and with no 
history of diabetes outside of pregnancy.

Of the 5,564 women enrolled, we excluded 51 
patients with twin pregnancy and 262 patients 
without complete anthropometric measure-
ments, leaving 5,251 for analysis. After additional 
exclusions related to outcome-specific missing 
information, we had information available to 
examine preeclampsia in 4,861 women (93% of 
those included), fetal macrosomia in 3,942 (75%), 
gestational diabetes in 4,735 (90%), and all of 
these outcomes jointly in 3,649 (69%).

Information on maternal age, parity, years 
of formal schooling, and pre-pregnancy weight 
were obtained through a standardized question-
naire. Weight, height, and waist circumference 
(minimal abdominal circumference between the 
lower edge of the ribcage and the iliac crest, or, if 
the minimal point was not clear, the circumfer-
ence measured one finger below the lower edge 
of the ribcage) were obtained in duplicate at en-
rollment, according to a standardized protocol. 
A standard oral glucose tolerance test was per-
formed between weeks 24 and 30 of pregnancy. 
We defined gestational diabetes as blood glucose 
greater than or equal to 140mg/dl two hours after 
ingestion of 75g of anhydrous glucose, in accor-
dance with current WHO criteria 7. Information 
on hypertensive disorders was obtained from 
routine prenatal care records and was classified 
according to the National High Blood Pressure 
Education Program Working Group 6. We defined 
preeclampsia as only new cases of hyperten-
sion after week 20 of pregnancy associated with 

proteinuria or convulsions. Birth weight was ob-
tained by chart review, and when charts were not 
available through review of birth certificates. Fe-
tal macrosomia was defined as weight above the 
90th percentile of birth weight specific to each 
gestational age in the study 8.

Sensitivity, specificity, positive and negative 
predictive values, and the percentage of women 
classified as positive at each value of waist cir-
cumference and BMI were calculated.

We generated ROC (receiver operating char-
acteristic) curves for waist circumference and 
BMI. The area under the curve, obtained through 
logistic regression, was used to compare overall 
diagnostic performance. Contingency tables and 
areas under the curve, with their respective 95% 
confidence intervals, were obtained with SAS 
(SAS Institute, Cary, USA). Areas were compared 
with the Hanley & McNeil method 9 through 
Analyse-it 1.68 software (Analyse-It Software 
Ltd., Leeds, UK).

Results

Table 1 shows characteristics of the 5,564 partici-
pants of the EBDG, separately for those having 
data for all outcomes studied (N = 3,649), and the 
1,915 who were either excluded from all analyses 
(N = 313) or included in some but not all analyses, 
since they lacked information for a specific out-
come (N = 1,602).

For women with complete data, the mean 
(SD) waist circumference was 81.7 (7.7) cm, mean 
gestational BMI was 25.8 (3.8) kg/m2, and mean 
pre-pregnancy BMI was 23.2 (3.8) kg/m2. Women 
without complete data had slightly greater values 
for all three of these measurements. Given the 
large sample size, these and several other charac-
teristics presented statistically significant differ-
ences between those with and without complete 
data. However, most of these differences were 
quite small: women without complete data were 
slightly older (0.5 years), had slightly more (0.4) 
pregnancies, somewhat lower educational at-
tainment (0.6 grades), and greater (0.4 cm) uter-
ine height (Table 1).

We identified 354 cases of gestational dia-
betes (7.4%), 119 cases of preeclampsia (2.4%), 
and 384 cases of macrosomia (9.7%). Overall, 663 
(18.2%) of patients presented at least one adverse 
event. Of these, 604 (16.6%) presented only one 
of these adverse outcomes, 56 (1.5%) presented 
two associated adverse outcomes, and 03 (0.08%) 
presented all three study outcomes. The inci-
dence of these adverse outcomes increased with 
increasing quintiles of the three anthropometric 
measurements (Table 2). 
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Table 1

Selected characteristics (mean ± SD) of 5,564 participants in the Brazilian Study of Gestational Diabetes, 1991 to 1995.

 Study Sample for the Joint Outcome

 Variables Analyzed (n = 3649) Excluded (n = 1915) p

 Age (years) 27.6 ± 5.3 28.1 ± 5.8 < 0.01

 Height (cm) 155.5 ± 6.5 155.6 ± 6.5 0.63

 Educational level (grade) 8.0 ± 3.7 7.4 ± 3.8 < 0.01

 Number of previous pregnancies 1.7 ± 1.9 2.1 ± 2.0 < 0.01

 Gestational age at interview (days)  167.27 ± 21.6 168.02 ± 19,03 0.22

 Uterine height at enrollment (cm) 22.9 ± 3.2 23.3 ± 3.5 0.04

 Waist circumference (cm) 81.7 ± 7.7 82.9 ± 8.9 < 0.01

 Gestational body mass index (kg/m2) 25.8 ± 3.8 26.4 ± 4.5 < 0.01

 Pre-pregnancy body mass index (kg/m2) 23.2 ± 3.8 23.7 ± 4.5 < 0.01

Table 2

Prevalence of gestational diabetes, preeclampsia, and macrosomia according to quintiles of waist circumference, 

gestational body mass index, and pre-pregnancy body mass index.

 Quintiles

 Measure of obesity 1 2 3 4 5

 N % N % N % N % N %

 Waist circumference * 

  Gestational diabetes mellitus  50 5.3 45 4.9 52 5.5 75 7.9 132 13.5

  Preeclampsia  15 1.5 15 1.5 25 2.5 19 2.0 45 5.2

  Macrosomia  37 4.7 46 6.1 70 9.0 91 11.4 140 17.1

 Gestational body mass index **

  Gestational diabetes mellitus  36 3.9 54 5.7 54 5.6 74 8.1 136 13.9

  Preeclampsia  8 0.8 25 2.4 20 2.0 20 2.2 46 5.3

  Macrosomia  34 4.6 54 6.8 71 8.8 95 12.4 130 15.6

 Pre-pregnancy body mass index ***

  Gestational diabetes mellitus  45 4.7 52 5.6 66 7.34 68 6.8 123 13.0

  Preeclampsia 14 1.4 20 2.0 18 1.9 27 2.7 40 4.7

  Macrosomia  43 5.6 64 8.4 75 9.8 90 10.7 112 13.9

* Waist quintile cutoff points: ≥ 75, 79, 83, 88, 122cm;

** Gestational body mass index quintile cutoff points: ≥ 21, 25, 26, 29, and 50kg/m2;

*** Pre-pregnancy body mass index quintile cutoff points: ≥ 20, 22, 24, 26, and 53kg/m2;

Differences in the frequencies of all outcomes across quintiles were statistically signifi cant (p < 0.05) for all 

anthropometric measurements.

Table 3 and Figure 1 summarize the areas un-
der the ROC curves for various anthropometric 
indices as predictors of gestational outcomes for 
patients 20 to 27 weeks of gestation. Values clos-
est to the upper left shoulder of each ROC curve 
indicate maximal combined sensitivity and spec-
ificity. For the combined endpoint of any adverse 
outcome, the difference between areas under the 
ROC curves for waist circumference and gesta-
tional BMI was 0.001, waist circumference and 
pre-pregnancy BMI 0.036, and pre-pregnancy 

and gestational BMI 0.036. All areas were sig-
nificantly different from the reference diagonal, 
but none was statistically significantly superior 
to the others (p > 0.05) for any of the outcomes 
studied.

Cutoff points that identify the highest num-
ber of subjects with and without the obesity-re-
lated outcome varied from 82 to 83cm for waist 
circumference, from 26 to 27kg/m2 for gesta-
tional BMI, and from 23 to 24kg/m2 for pre-preg-
nancy BMI (Table 4). When the occurrence of any 
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Table 3

Comparison of area under the receiver operating characteristic (ROC) curves for anthropometric measures in detecting 

obesity-related outcomes in pregnant women aged 20 to 48 years, Brazil.

 Area under the ROC curve and 95%CI

 Outcome Waist Gestational body Pre-pregnancy

  circumference mass index body mass index

 Gestational diabetes 0.621 (0.589-0.652) 0.635 (0.604-0.666) 0.615 (0.584-0.645)

 Preeclampsia 0.640 (0.588-0.692) 0.655 (0.604-0.706) 0.629 (0.575-0.682)

 Macrosomia 0.645 (0.617-0.673) 0.632 (0.604-0.661) 0.588 (0.558-0.617)

 At least one adverse outcome 0.633 (0.610-0.657) 0.634 (0.610-0.657) 0.597 (0.573-0.621)

Figure 1

Receiver operating characteristic curve of waist circumference (thin dashed line), gestational (thick solid line) and 

pre-pregnancy (thick dashed line) body mass index (BMI) in identifying subjects with at least one adverse gestational 

outcome in the Brazilian Study of Gestational Diabetes: 1991 to 1995. The joint value of sensitivity and specifi city was 

maximal between 82 and 83cm for waist circumference, 25 and 26kg/m2 for gestational BMI (GBMI), and 23 and 24kg/m2 

for pre-pregnancy BMI (PBMI), as shown in the graph.
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Table 4

Diagnostic properties (%) of different cutoff points for waist circumference and gestational and pre-pregnancy body mass index (BMI) in detecting 

obesity-related outcomes, Brazilian Study of Gestational Diabetes (EBDG), 1991 to 1995.

  Gestational diabetes Preeclampsia Macrosomia Any adverse

 Cutoff    gestational outcome 

  Point Test positivity (%) # Se * Sp ** PPV *** Se Sp PPV Se Sp PPV Se Sp PPV

 Waist circumference (cm)

  81 50-52 68 49 10 69 51 3 71 50 15 68 52 26

  82 45-47 63 55 10 61 57 3 66 55 16 63 57 26

  83 40-42 59 59 11 55 62 4 62 60 16 58 62 27

  84 35-37 55 64 11 52 66 4 56 64 17 53 68 28

  85 31-33 50 68 11 49 70 4 51 69 15 49 71 29

 Gestational BMI (kg/m2)

  25 56 73 46 10 69 47 3 71 45 12 70 47 24

  26 43-44 62 57 10 59 59 4 63 57 14 60 59 26

  27 33-34 54 67 11 50 69 4 52 67 15 50 69 28

  28 25-27 46 74 13 44 76 4 44 74 15 42 76 30

 Pre-pregnancy BMI (kg/m2)

  22 58 71 43 9 70 44 3 70 42 12 69 43 23

  23 46-47 61 54 10 62 56 3 58 53 12 59 55 24

  24 35-37 52 64 11 51 67 4 49 64 13 48 65 25

  25 28 46 73 12 41 75 4 38 73 13 39 75 27

* Se = sensitivity;

** Sp = specifi city;

*** PPV = positive predictive value;
# Range of test positivity (fraction of sample having a value for the obesity index in question greater than or equal to the specifi ed cutoff point) across the 

outcomes.

of the three adverse conditions was considered 
the outcome of interest, no additional gain in 
diagnostic prediction was found. The prediction 
of at least one adverse outcome with maximal 
combined specificity and sensitivity is obtained 
with a waist circumference of 82cm (sensitivity 
= 63 and specificity = 57), a gestational BMI of 
26kg/m2 (sensitivity = 60 and specificity = 59), 
and a pre-pregnancy BMI of 23kg/m2 (sensitivity 
= 59 and specificity = 55) (Figure 1).

Secondary analysis (data not shown) with 
waist circumference, including only women with 
uterine fundal height less than 27cm, produced 
similar results. For example, the area under the 
ROC curve evaluating diagnostic properties for 
the detection of at least one adverse outcome in 
this secondary analysis was 0.646 (vs. 0.641 for 
the whole sample, p > 0.05).

Discussion

The present study provides diagnostic properties 
for various obesity indices that are potentially 

useful in the prediction of adverse pregnancy 
outcomes. We found that waist circumference, 
measured between 20 and 28 weeks of gestation, 
is as good a predictor of these outcomes as BMI 
based on weight taken at the same period, or on 
a reported pre-pregnancy weight, as judged by 
similar areas under the ROC curves (Figure 1). 
A waist circumference cutoff point of 82 cm has 
equivalent diagnostic properties (when sensi-
tivity and specificity are jointly maximized) to a 
BMI of 26kg/m2 taken at the same period, and 
to a pre-pregnancy BMI of 23kg/m2, in the iden-
tification of obesity-related adverse gestational 
outcomes.

Maternal obesity, usually defined on the 
basis of pre-pregnancy BMI, is associated with 
a higher incidence of many pregnancy com-
plications. The risk of developing hypertensive 
disorder and preeclampsia has been shown to 
increase according to levels of pre-pregnancy 
BMI 10, gestational BMI taken in the first prenatal 
visit 5, or pre-pregnancy body weight 11. A sys-
tematic review 12 evaluating preeclampsia and 
pre-pregnancy BMI showed that the risk doubles 
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for each 5-7kg/m2 increase in BMI. Obesity, eval-
uated as BMI during or before pregnancy, is also 
associated with an increased risk of gestational 
diabetes 5,11,13. Obesity is also considered a risk 
factor for macrosomia 2,5,13, when assessed by 
BMI. 

Of note, most studies that used BMI based 
on pregnancy weight usually took the weight 
obtained during the first prenatal visit, utilizing 
BMI cutoff points derived from non-pregnant 
populations. Moreover, most studies assessing 
cutoff points for BMI were based on techniques 
to compare risks rather than to compare diag-
nostic properties. 

According to our results, gestational BMI 
had similar predictive capacity to pre-pregnancy 
BMI, as judged by similar areas under the ROC 
curves. However, while simultaneously optimiz-
ing sensitivity and specificity in the prediction of 
obesity-related outcomes, we found an optimal 
cutoff point of 23kg/m2 for pre-pregnancy BMI, 

which is lower than that identifying overweight 
(25kg/m2), the cutoff point largely used outside 
of pregnancy.

Waist circumference, although widely used 
in non-pregnant women to assess obesity and 
related health risks 14,15, has received little atten-
tion in pregnancy. Sattar et al. 16 found that waist 
circumference was as good as BMI for predicting 
pregnancy-induced hypertension in women up 
to 16 weeks of gestational age. They suggested 
that a cutoff point of 80cm could be used to de-
fine high risk, since it was related to an increased 
risk of developing preeclampsia (OR = 2.7). We 
evaluated women between weeks 20 to 28, thus 
further along in pregnancy, and perhaps as a con-
sequence, found that a slightly higher cutoff point 
(82cm) had the best diagnostic properties. Addi-
tionally, we based our analyses of cutoff points 
for their diagnostic capacity to predict adverse 
outcomes, rather than to measure the strength of 
their associations with adverse outcomes.

Some limitations of our study merit discus-
sion. Although we lost many patients to follow-
up, the resulting bias is likely to be small, since 
those studied and those excluded were similar 
for the most important characteristics. In this re-
gard, the exclusion of twin pregnancies may help 
explain the greater uterine height and waist cir-
cumference seen in the group without complete 
data. We have no reason to believe that those 
lost would have presented different diagnostic 
properties for the indices studied than those in-
cluded. A limitation of our study is that pre-preg-
nancy BMI was calculated using reported pre-
pregnancy weight, which is subject to recall er-
ror. However, since in many settings a measured 
pre-pregnancy weight is not available, our use 

of reported weight makes our results more ap-
plicable to routine clinical practice. Waist mea-
surement is influenced by uterine volume in late 
pregnancy. This influence appears to become 
important when fundal height reaches 27cm 17, 
which corresponds, in our sample, to the median 
fundal height at 28 weeks of gestation. Since our 
objective was to find a good predictor of disease 
earlier, between 20-28 weeks, a time when risk 
assessment for gestational diabetes is usually un-
dertaken, we feel that our waist measurements 
were scarcely influenced and are applicable dur-
ing this relevant clinical period of gestation. Fur-
ther, when we stratified the analysis by fundal 
height above and below 27 cm, we found similar 
results in each stratum. 

One important advantage to this study is that 
we used a large population sample to evaluate 
the utility of three simple indicators of obesity 
as a screening method for obesity-related out-
comes in pregnant women. This is illustrated by 
the reasonably small confidence intervals for the 
various diagnostic properties (Table 3). 

Waist circumference is a good marker of fat 
distribution 18, can be easily self measured 19, 
and has been considered a better indicator of 
obesity-related health risks than BMI in the non-
pregnant general population 20. In our study, a 
waist circumference of 82cm maximized sensi-
tivity (63%) and specificity (57%) and as such, is 
potentially useful in predicting obesity-related 
outcomes (preeclampsia, gestational diabetes, 
and macrosomia) during pregnancy. 

In conclusion, waist circumference, mea-
sured between 20 and 28 weeks of pregnancy, is 
a valid and simple method to identify pregnant 
women at higher risk of developing obesity-re-
lated adverse outcomes. Our data suggest that it 
performs as well as BMI indices in the prediction 
of these pregnancy complications. Waist circum-
ference measured during the second trimester of 
pregnancy may be useful in prenatal nutritional 
evaluation and risk assessment.
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Resumo

O objetivo deste estudo é avaliar as propriedades diag-
nósticas da circunferência da cintura na predição de 
desfechos adversos da gestação relacionados à obesi-
dade. Gestantes com 20 ou mais anos de idade, foram 
arroladas consecutivamente, entre 20 e 28 semanas de 
gestação, em seis capitais do Brasil, entre 1991 e 1995. 
Peso, altura e circunferência da cintura foram aferi-
dos e um teste de tolerância à glicose foi realizado. As 
pacientes foram acompanhadas até o parto através 
de revisão de prontuários. Propriedades diagnósticas 
para os diferentes desfechos, mensurados através da 
área sob a curva Receiver Operator Charactheristic 
(ROC), foram estimadas por regressão logística. Áreas 
(IC95%) sob as curvas ROC para a cintura foram 0,621 
(0,589-0,652) para diabetes gestacional, 0,640 (0,588-
0,692) para pré-eclâmpsia e 0,645 (0,617-0,673) para 
macrossomia. Estas áreas foram similares às encon-
tradas para o IMC (p > 0,05). A cintura de 82cm apre-
sentou máximas sensibilidade (63%) e especificidade 
(57%). Um ponto de corte de 23kg/m2 para o IMC pré-
gestacional e de 26kg/m2 para o IMC no arrolamento 
produziu propriedades diagnósticas semelhantes. 
A medida da circunferência da cintura prediz com-
plicações como diabete gestacional, pré-eclâmpsia e 
macrossomia fetal tão bem quanto o IMC.

Obesidade; Gravidez; Antropometria
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