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Gestational Diabetes and  

Pre-Eclampsia: Common Antecedents?

ABSTRACT

Objective: to evaluate commonality of risk factor profiles of women who de-
velop gestational diabetes and pre-eclampsia. Methods: Prospective cohort 
study in prenatal clinics of the Brazilian unified Health System in six state 
capitals. 4.766 pregnant women between 20 to 48 years old were consecu-
tively enrolled between 20th and 28th gestational weeks. Smoking habits and 
traditional risk factors for pre-eclampsia and gestational diabetes were  
obtained by the interview at enrollment. gestational diabetes was diagnosed 
using a 75-g oral glucose tolerance test and pre-eclampsia through chart re-
view. Results: Both gestational diabetes and pre-eclampsia were associated 
with age (Or 2.07; 95% cI 1.65-2.23 and Or 1.55; 95% cI 1.08-2.23, respec-
tively), pre-pregnancy body mass index (Or 1.62; 95% cI 1.40-3.53 and Or 
1.83; 95% cI 1.52-4.80, respectively) and weight gain in early pregnancy (Or 
1.28; 95% cI 1.12-1.47 and Or 1.27; 95% cI 1.06-1.52, respectively). Lower 
odds of gestational diabetes (Or 0.31; 95% cI 0.22-0.44) and pre-eclampsia 
(Or 0.36; 95% cI 0.20-0.51) were observed in nulliparous women who have 
smoked during pregnancy. Conclusions: gestational diabetes and pre- 
eclampsia share a pattern of risk factors, suggesting the possibility of com-
mon aetiology. (Arq Bras Endocrinol Metab 2008; 52/6:975-984)

Keywords: gestational diabetes; Pre-eclampsia; tobacco; Pregnancy; risk 
factors

RESUMO

Diabetes Gestacional e Pré-Eclâmpsia: Antecedentes Comuns?

Objetivo: Avaliar a concordância do padrão de fatores de risco de mulheres 
que desenvolvem diabetes gestacional e pré-eclâmpsia. Métodos: Estudo de 
coorte prospectivo em clínicas de atendimento pré-natal do Sistema Único  
de Saúde de seis capitais do Brasil, 4.766 mulheres grávidas de 20 a 48 anos de 
idade foram arroladas de maneira consecutiva entre a 20º e 28º semanas de 
gestação. O hábito de fumar e os fatores de risco tradicionais para pré-eclâmp-
sia e diabetes gestacional foram obtidos por entrevista no arrolamento. diabe-
tes gestacional foi diagnosticada usando um teste oral de tolerância a glicose 
com 75 g e pré-eclâmpsia por meio de revisão de prontuário. Resultados: dia-
betes gestacional e pré-eclâmpsia são associadas com idade (rc 2,07; 95% Ic 
1,65-2,23 e rc 1,55; 95% Ic 1,08-2,23, respectivamente), índice de massa corpo-
ral pré-gestacional (rc 1,62; 95% Ic 1,40-3,53 e rc 1,83; 95% Ic 1,52-4,80, res- 
pectivamente) e ganho de peso precocemente durante a gestação (rc 1,28; 
95% Ic 1,12-1,47 e rc 1,27; 95% Ic 1,06-1,52, respectivamente). Menor chance 
de diabetes gestacional (rc 0,31; 95% Ic 0,22-0,44) e pré-eclâmpsia (rc 0,36; 
95% Ic 0,20-0,51) foram observados em mulheres nulíparas que fumaram du-
rante a gestação. Conclusão: diabetes gestacional e pré-eclâmpsia comparti- 
lham um padrão de fatores de risco, sugerindo a possibilidade de uma etiologia 
comum. (Arq Bras Endocrinol Metab 2008; 52/6:975-984)

Descritores: diabetes gestacional; Pré-eclâmpsia; tabaco; gravidez; Fatores 
de risco
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INTRODUCTION

Gestational diabetes and pregnancy-induced hyper-
tension associated with proteinuria are two of the 

main complications of pregnancy. Hypertensive disorders 
of pregnancy complicate 5 to 8% of all pregnancies and are 
the major causes of maternal death (1), accounting for 
37% of direct maternal deaths in Brazil (2). Gestational 
glucose intolerance affects 1 to 16% of pregnancies and 
is associated with increased risk of gestational and peri-
natal adverse outcomes such as macrosomia, respiratory 
distress syndrome, fetal hyperinsulinemia and, in some 
settings, perinatal death (3). Pre-eclampsia has been 
frequently reported as a complication of gestational 
diabetes(4) but the relationship between these two 
conditions is not well understood. Several studies sug-
gest underlying common pathophysiology, including 
insulin resistance, chronic inflammation and endothe-
lial dysfunction (5-9). Common risk factors, such as 
elevated body mass index and advanced age have been no-
ted for each of the two conditions (10.11). 

Comparison of the risk factors for pre-eclampsia 
and gestational diabetes may provide insight into the 
etiologic mechanisms related to theses conditions. To 
date, most epidemiologic research has focused on ges-
tational diabetes as a risk factor for pre-eclampsia, not 
directly comparing these risk factor profiles, not even 
documenting which risk factors are similar and to what 
extent they could be related.

One factor that has been consistently found to be 
associated with lower risk of pre-eclampsia is smoking 
during pregnancy (12-16). The same consistency has 
not been reported for gestational diabetes (17). Re-
analysis of this association with both outcomes is rele-
vant, since smoking may be linked to pathophysiologic 
processes for both disorders (5,18,19). 

Thus, we aim in this report to evaluate and compa-
re the risk factor profile of women developing gestatio-
nal diabetes and pre-eclampsia in the Brazilian Study of 
Gestational Diabetes, including the association of ciga-
rette smoking with each disease.

METhODS

Study population
The Brazilian Study of Gestational Diabetes is a pros-
pective cohort study conducted in six state capitals of 
Brazil (Porto Alegre, São Paulo, Rio de Janeiro, Salva-

dor, Fortaleza and Manaus) between 1991 and 1994. 
A total of 5,564 pregnant women, aged 20 or more, 
without diagnosis of type 2 diabetes, were enrolled be-
tween 20 and 28 weeks of pregnancy in prenatal clinics 
of the Unified Health System, and were followed until 
delivery through chart review. Of these, we excluded 
798 women classified as Asiatic (due to the small num-
ber of such subjects), having twin pregnancies, lacking 
information on pre-eclampsia, or not undergoing a 75g 
oral glucose tolerance test (OGTT-75g), leaving 4766 
women for analyses (Figure 1). With this sample size 
we would expect to obtain statistical significance (α = 
5%; β = 20%) in associations with relative risk of 0.70 or 
less between smoking during pregnancy (present in 
25.5 %), and gestational diabetes (frequency of 7.5 %) 
and of 0.56 or less between smoking and pre-eclampsia 
(frequency of 3.1%). The local ethic committee of each 
study centre has approved the study protocol, and pa-
tients consented to participate after being informed 
about the nature of the study.

Definition of study variables

A standardized interview at enrolment collected data 
on maternal sociodemographic characteristics, medical 
history and smoking habits. Skin colour was noted by 
the interviewer as white, black or mixed, the latter in-
cluding various admixtures of European, African and 
native Brazilian descent. Standardized anthropometric 
measures were obtained, and the women were invited 
to undergo a standardized 2-h 75-g oral glucose tole-
rance test (OGTT) (20) between the 24th and the 28th 
gestational weeks. We abstracted data on blood pressu-
re, urinary protein, use of anti-hypertensive medication 
and diagnosis of pre-eclampsia or eclampsia from medi-
cal records. Smoking habits, including quantity of ciga-

Pregnant women (n=5564) Included in cohort

Asiatic race (n=25)

Twin pregnancies (n=51)

Did not complete de 2-h 75-g OGTT
(n=557)

Women who completed the 2-h 75-g
OGTT (N=4959)

Lost to follow up

Women included in analysis
(n=4766)

Figure 1. Study flow chart, see text for exclusions.
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rettes smoked and alterations in the habit related to 
pregnancy, were obtained through a structured inter-
view at enrolment. Women were classified according 
with parity in nulliparas (first child) or multiparas (one 
or more previous children).

Weight and height were measured in duplicates at 
enrolment. Pre-pregnancy body mass index (BMI) was 
calculated using pre-pregnancy weight as reported at the 
interview. Weight gain was calculated subtracting pre-
pregnancy weight from weight measured at enrolment. 

Gestational diabetes was defined on the basis of the 
2-h 75-g OGTT, according to WHO panel recommen-
dations: fasting glucose ≥7.0mmol/L or 2-h glucose 
≥7.8 mmol/L) (21). Ascertainment of pre-eclampsia 
through chart review was based on the recommenda-
tions of the National High Blood Pressure Education 

Program Working Group (14). Briefly, the definition 
consisted of diagnosis, after the 20th week of gestation, 
of either chronic or incident hypertension associated 
with proteinuria or convulsions (eclampsia).

Women were classified according to their current 
and past smoking habits at enrolment into three cate-
gories: non-smokers, those who quit before the current 
pregnancy, and those who have smoked during the cur-
rent pregnancy.

Statistical analysis
Potential risk factors were selected on the basis of pre-
vious knowledge on their association with gestational 
diabetes and pre-eclampsia. Logistic regression was used 
to estimate the association between risk factors and the 
development of gestational diabetes and pre-eclampsia. 

Table 1. Characteristics of pregnant women between 20 to 48 years old, according to the presence of gestational diabetes 
and pre-eclampsia (n= 4766).

Characteristic Total* Gestational diabetes Pre-eclampsia
Present Absent Present Absent

Pre-eclampsia 148 (3.1) 22 (14.9) 126 (7.3)

Gestational diabetes 359 (7.5) 22 (6.1) 337 (2.9)

Skin colour

 White 2128 (44.7) 202 (9.1) 2022 (90.9) 75 (3.5) 2053 (96.5) 

 Black 653 (13.7) 31 (4.6) 647 (95.4) 31 (4.8) 622 (95.3) 

 Mixed 1984 (41.6) 139 (6.8) 1895 (93.2) 42 (2.1) 1942 (97.9) 

Study centre

 Porto Alegre 1025 (21.5) 75 (7.3) 950 (92.7) 39 (3.8) 986 (96.2) 

 Salvador 818 (17.2) 29 (3.5) 789 (96.5) 24 (2.9) 794 (97.1) 

 Fortaleza 983 (20.6) 82 (8.3) 901 (91.7) 23 (2.3) 960 (97.7) 

 Rio de Janeiro 479 (10.1) 58 (11.9) 421 (87.9) 22 (4.6) 457 (95.4) 

 São Paulo 1053 (22.1) 77 (7.6) 976 (93.0) 39 (3.7) 1014 (96.3) 

 Manaus 408 (8.6) 38 (9.0) 370 (90.7) 1 (0.3) 407 (99.7) 

Parity

 Nulliparas 1305 (30.7) 96 (7.3) 1209 (92.6) 62 (4.7) 1243 (95.3)

 1-2 delivery 2249 (52.3) 170 (7.7) 2054 (92.4) 49 (2.2) 2175 (97.8)

 ≥ 3 deliveries 720 (17.0) 51 (7.2) 669 (92.9) 21 (2.9) 699 (97.1)

Smoking habits 

 Not smoking 2836 (59.5) 227 (7.5) 2609 (92.5) 96 (3.4) 2740 (96.6)

 Quitting before pregnancy 716 (15.0) 53 (7.4) 663 (92.6) 27 (3.8) 689 (96.2)

 Smoking during pregnancy 1214 (25.5) 79 (6.5) 1134 (93.5) 25 (2.1) 1189 (97.9)

Age (years) 27.8 (5.4) 30.1 (6.0) 27.6 (5.4) 29.3 (5.4) 27.7 (5.4)

Pre-pregnancy body mass index (kg/m2) 23.4 (4.1) 24.9 (4.5) 23.2 (4.0) 25.7 (5.4) 23.3 (4.0)

Waist circumference (cm) 82.2 (8.2) 85.8 (9.4) 81.9 (8.1) 86.8 (9.8) 82.0 (8.1)

Weight gain in pregnancy (kg) 6.5 (4.9) 6.9 (5.5) 6.4 (4.9) 6.8 (6.1) 6.4 (4.9)

Data presented as mean (standard deviation) or N (%); *occasional small variation in totals results from missing information relating to the characteristic in question. 
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For multivariable models, variables were chosen based 
on the statistical significance (p>0.10) of their unadjus-
ted association with at least one of these outcomes.

The Wald statistic for the interaction term was used 
to test interaction, having the significance level being de-
fined as 10%. Collinearity across independent variables 
was investigated with linear regression models, using as 
criterion a variance inflation factor greater than 3. 

Adjusted means were estimated by analysis of cova-
riance (ANCOVA), taking into account age, body mass 
index, weight gain during pregnancy, race, study cen-
tre, and parity. Tukey’s test was used for multiple com-
parisons. All analyses were performed using Statistical 
Analysis System (SAS) version 8.2 and our results were 
reported following the STROBE statement (22).

RESUlTS

Among the women studied, 148 (3.1%) were ascertai-
ned as having pre-eclampsia or eclampsia and 359 (7.5%) 

as having gestational diabetes, virtually all of the latter, 
by 2h post-load glycaemia >7.8 mmol/L. General charac-
teristics overall and according to the presence of gestatio-
nal diabetes or pre-eclampsia are presented in Table 1. 
The frequency of the two conditions varied substantially 
according to skin colour, study centre, parity and 
smoking habits categories. Approximately one third of 
the women were nulliparas. The mean gestational age at 
enrolment was 24±2.8 weeks. Included women were si-
milar to the 798 excluded in terms of age, pre-pregnancy 
body mass index, weight gain, smoking status and the 
prevalence of gestational diabetes and pre-eclampsia 
(data not shown). Studied women were more frequently 
white (45 vs. 40%) and nulliparous (31 vs. 26%). 

The prevalence of smoking during pregnancy was 
26%, and 15% of women reported quitting smoking 
prior to pregnancy. Among those who continued to 
smoke during pregnancy, most (76.4%) were classified as 
light smokers (less then 9 cigarettes/day) and 6.3% 
being classified as heavy smokers (≥ 20 cigarettes/day). 

Table 2. Crude and adjusted* odds ratios (OR) for associations of risk factors with pre-eclampsia and gestational diabetes 
among 4766 pregnant women, 1991 a 1995.

Risk factors Gestational diabetes (n=359) Pre-eclampsia (n=148)
Crude Adjusted* Crude Adjusted*

OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Gestational diabetes 2.22 1.39-3.53
Pre-eclampsia 2.22 1.39-3.54
Age (each 10 years) 2.21 2.17-2.56 2.07 1.65-2.60 1.62 1.22-2.15 1.55 1.08-2.23
Pre-pregnancy BMI (kg/m2) –  
each 5 units

1.52 1.35-2.90 1.62 1.40-3.53 1.72 1.47-2.02 1.83 1.52-4.86

Weight gain (kg) – interquartile range 1.10 0.98-1.24 1.28 1.12-1.47 1.08 0.90-1.30 1.27 1.06-1.52
Skin colour 
 White 1.0 1.0 1.0 1.0
 Black 0.49 0.33-0.72 0.41 0.26-0.66 1.36 0.89-2.09 1.14 0.69-1.89
 Mixed 0.75 0.60-0.94 0.82 0.60-1.11 0.59 0.40-0.87 0.74 0.45-1.21
Study centre
 Porto Alegre 1.0 1.0 1.0 1.0
 Salvador 0.47 0.30-0.72 0.49 0.28-0.84 0.76 0.46-1.28 0.73 0.37-1.43
 Fortaleza 1.15 0.83-1.60 1.43 0.97-2.10 0.61 0.36-1.02 0.68 0.36-1.27
 Rio de Janeiro 1.75 1.22-2.51 1.31 0.86-1.97 1.22 0.71-2.08 1.02 0.55-1.89
 Sao Paulo 1.00 0.72-1.39 0.65 0.45-0.94 0.97 0.62-1.53 0.72 0.43-1.18
 Manaus 1.30 0.87-1.96 0.06 0.01-0.45
Parity (n)
 Nulliparas 1.0 1.0 1.0 1.0

 1-2 deliveries 1.04 0.80-1.35 0.80 0.59-1.08 0.45 0.31-0.66 0.33 0.22-0.50
 ≥ 3 deliveries 0.96 0.68-1.37 0.53 0.34-0.83 0.60 0.36-1.00 0.31 0.16-0.57
Smoking habits
 Not smoking 1.0 1.0 1.0 1.0
 Quitting before pregnancy 0.92 0.67-1.25 0.75 0.52-1.09 1.12 0.72-1.73 1.20 0.73-1.95
 Smoking during pregnancy 0.80 0.61-1.04 0.69 0.50-0.96 0.48 0.27-0.85 0.68 0.41-1.11

* Adjusted for all other variables in the table in 3713 women after 408 from Manaus and 644 with missing values were excluded (see text). 
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Crude and adjusted odds ratios for various putative 
risk factors for gestational diabetes and pre-eclampsia are 
shown in Table 2. A common pattern of associations was 
seen for age, BMI, waist circumference and early preg-
nancy weight gain. Additionally, each condition predicted 
the other. Due to a very small number of pre-eclampsia 
cases in Manaus, data was excluded from this centre in 
multiple logistic regression analysis. Table 2 shows that, in 
models simultaneously investigating age, pre-pregnancy 
BMI, early pregnancy weight gain, parity, study centre 
and smoking, the first three factors were associated with 
higher odds of developing both gestational diabetes and 
pre-eclampsia. Interestingly, smokers during pregnancy 
showed a tendency toward protection for both gestational 
diabetes (OR=0.69; 95% CI 0.50-0.96) and pre-eclamp-
sia (OR=0.68; 95% CI 0.41-1.11).

As an interaction between smoking and parity was 
detected for each outcome (p=0.061 for gestational dia-
betes and p=0.059 for pre-eclampsia), further analyses 
was conduted separately for nulliparas and multiparas 
(Table 3). Smoking during pregnancy was associated 
with a lower odds of developing gestational diabetes and 

pre-eclampsia, especially so among nulliparous women 
(Figure 2). The patterns of the association between 
smoking and gestational diabetes and pre-eclampsia were 
similar, with significantly lower odds ratios for gestatio-
nal diabetes (OR=0.31; 95% CI 0.22-0.44) and for pre-
eclampsia (OR=0.36; 95% CI 0.20-0.51) in nulliparous 
women who have smoked during pregnancy.

Table 4 shows the adjusted means for glucose concen-
trations at each time point during the oral glucose tolerance 
test. While there were no significant differences in fasting 
and 1-h plasma glucose means, those for 2h glucose were 
significantly lower in smokers (5.58±0.03 mmol/L) com-
pared to non-smokers (5.77±0.04 mmol/L), p<0.01.

It was additionally investigated the association of 
smoking with gestational diabetes when the latter was 
defined according to the American Diabetes Association 
(at least two values greater than or equal to a fasting 
glucose of 5.3 mmol/l, a 1h glucose of 10.0 mmol/L, 
or a 2h glucose of 8.6 mmol/L (23). With this more 
stringent definition, only 120 cases were ascertained. 
With full adjustment (for age, skin colour, pre-pregnancy 
BMI, weight gain during pregnancy and parity), gesta-
tional diabetes was not associated with smoking during 

Table 3. Adjusted* associations of risk factors with gestational diabetes and pre-eclampsia according to parity, based on 4358 
pregnancies† between 1991 and 1995.

Gestational diabetes (271) Pre-eclampsia (123)

Multiparas (186) Nulliparas (85) Multiparas (62) Nulliparas (61)

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Age (years) 1.08 1.05-1.11 1.04 0.99-1.09 1.04 0.99-1.09 1.05 0.99-1.10

Pre-pregnancy BMI (kg/m2) 1.10 1.06-1.14 1.11 1.06-1.17 1.13 1.07-1.19 1.13 1.07-1.19

Weight gain (kg) 1.03 1.00-1.07 1.08 1.03-1.13 1.02 0.98-1.07 1.07 1.02-1.13

Skin color

 White 1.0 1.0 1.0 1.0

 Black 0.42 0.25-0.73 0.36 0.13-0.95 1.38 0.72-2.63 0.91 0.40-2.07

 Mixed 0.73 0.51-1.06 1.07 0.61-1.88 0.62 0.31-1.23 0.98 0.47-2.00

Study Center

 Porto Alegre 1.0 1.0 1.0 1.0

 Salvador 0.53 0.27-1.02 0.38 0.14-1.06 0.78 0.31-1.92 0.59 0.22-1.74

 Fortaleza 1.70 1.07-2.70 1.00 0.49-1.98 1.11 0.50-2.46 0.37 0.14-0.99

 Rio de Janeiro 1.45 0.92-2.30 1.15 0.41-3.26 0.90 0.41-2.01 1.53 0.55-4.25

 Sao Paulo 0.79 0.51-1.21 0.63 0.34-1.18 0.61 0.30-1.27 0.72 0.36-1.43

Smoking habits

 Not smoking 1.0 1.0 1.0 1.0

 Quitting before pregnancy 0.58 0.36-0.92 1.36 0.73-2.52 1.03 0.52-2.05 1.50 0.71-3.00

 Smoking during pregnancy 0.80 0.56-1.15 0.31 0.13-0.75 0.91 0.49-1.67 0.34 0.12-0.89

*Derived from multiple logistic regression analysis adjusted for all other variables in the table; †Excluding 421 women from Manaus.
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pregnancy overall (OR=1.09; 95% CI 0.67-1.77) nor in 
nulliparas (OR=0.32; 95% CI 0.07-1.42). 

DISCUSSION

The results from this study demonstrate that gestatio-
nal diabetes and pre-eclampsia have a similar profile of 
risk factors – the frequency of each increasing with age 
and adiposity, and decreasing with parity. Cigarette 
smoking during pregnancy is independently associated 
with lower 2h post-load plasma glucose and, similarly 
to that of pre-eclampsia, the prevalence of gestational 
diabetes was inversely associated with smoking during 
pregnancy in nulliparous women, independent of adi-
posity. The associations found for age, pre-pregnancy 
body mass and pregnancy weight gain corroborate tho-
se previously reported independently for each disease 
(24). Like others, it was found an increased risk of de-
veloping pre-eclampsia in nulliparous women (25). 

To date, most epidemiologic studies investigating 
the relationship of gestational diabetes with pre-
eclampsia have considered gestational diabetes as a risk 
factor for pre-eclampsia (5.26). However, results here 
presented regarding similarity of risk profiles and cur-
rent knowledge on similar metabolic, vascular and im-
mune abnormalities support the concept of a common 
soil of causality for these two diseases. Increased insulin 
resistance, a characteristic of gestational diabetes (27), 
has also been associated with the development of pre-
eclampsia (28-30). Similarly, abnormal endothelial 
function with impaired flow mediated dilatation (31-
33) and inflammatory cytokine release as C-reactive 
protein and E-selectin are reported in both conditions 
(34-38). 

Pregnancy can act as a challenge, unmasking ab-
normalities in the regulation of glycaemia and blood 
pressure. Women who have had gestational diabetes or 
pre-eclampsia have an increased risk of develop type 2 

Gestational diabetes

10 10

0.1

11

0,1

Pre-eclampsia

Quit before pregnancy Smoking in pregnancy Quit before pregnancy Smoking in pregnancy

O
dd

s 
R

at
io

O
dd

s 
R

at
io

Figure 2. Heterogeneity in the associations of gestational diabetes (a) and pre-eclampsia (b) with smoking habits by parity: 
nulliparas, open columns; multiparas, filled columns. Odds ratio for interaction and 95% confidence intervals adjusted for mater-
nal age, pre-pregnancy body mass index, weight gain during pregnancy, study centre and race. Reference group is non-
smokers.

Table 4. Adjusted fasting, 1-hour and 2-hour glucose means during a 75-g oral glucose tolerance test, according to smoking 
categories in pregnant women between 1991 a 1995.

Smoking habits

Glucose concentration (mmol/L)

Fasting 1 hour 2 hour

Mean (SD) Mean (SD) Mean (SD)

Not smoking† 4.44 (0.01) 6.71 (0.04) 5.77 (0.03)

Quitting before pregnancy 4.48 (0.02) 6.65 (0.06) 5.72 (0.05)

Smoking during pregnancy 4.48 (0.02) 6.67 (0.05) 5.58 (0.04)*

*Statistical testing of differences between groups performed with ANCOVA (Tukey’s test for multiple comparisons) adjusting for study centre, age, skin colour, body mass 
index, weight gain and parity. Different from reference category at p < 0.01. † Reference category.
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diabetes (39.40), as well as hypertension and cardiovas-
cular disease (41-43). 

The clustering of risk factors, including hyperglycae-
mia and hypertension – the so-called metabolic syndro-
me – suggests a common soil of causality in the 
pathogenesis of diabetes and atherosclerotic cardiovas-
cular diseases and has generated great interest over the 
past two decades (44-46). Our data, together with the 
literature, support the existence of a similar phenome-
non in pregnancy. Although our investigation lacks data 
on dyslipidemia, it has shown important associations be-
tween three metabolic syndrome elements in pregnancy 
– hypertension, diabetes and obesity, demonstrating as-
sociations in pregnancy with risk factors for the metabo-
lic syndrome – increased age, baseline obesity and weight 
gain. As mentioned above, much like with the metabolic 
syndrome outside of pregnancy (47), endothelial dys-
function and systemic inflammation are associated with 
this complex in pregnancy (48). Further, hypertriglyce-
ridemia and low HDL-C have been associated with both 
gestational diabetes (49) and pre-eclampsia (50). Thus, 
the increased risk of pre-eclampsia in women with gesta-
tional diabetes may be reflecting an underlying common 
pathophysiology related to the metabolic syndrome out-
side of pregnancy. Although gestational diabetes and 
pre-eclampsia have each been postulated to be an early 
expression of metabolic syndrome (51-54), our report 
provides epidemiological evidence for common risk fac-
tors in pregnancy for both diseases.

Smoking was associated with lower risk of pre-
eclampsia in many studies (55-59). The results of indivi-
dual studies where confirmed in two meta-analyses, with 
summary relative risks of 0.68 (95% CI 0.67-0.69)(60) 
and 0.51 (95% CI 0.37-0.63) (61), respectively. Smoking 
as a risk factor for gestational diabetes has been less stu-
died, with mixed findings. A study (62), different from 
ours, found increased risk with smoking, while others 
found no statistically significant association (63-65). Fa-
tness has been associated with a greater frequency of ges-
tational diabetes (66.67) and is inversely associated with 
smoking habits (68.69). The lack of adjustments for 
pregnancy weight gain in other studies may in part ex-
plain differences in relation to our results. 

Our findings have a certain biological plausibility. 
Systemic inflammation with release of inflammatory 
cytokines has been shown to be associated with insulin 
resistance and an increased prevalence of gestational 
diabetes (70-73). Nicotine has been shown to block 
the release of inflammatory cytokines, suppressing the 

phosphorylation of molecules responsible for the inhi-
bition of insulin action through a series of transcriptio-
nal events mediated by the NFkB or JNC pathways 
(74.75), as well as endothelial activation and leukocyte 
recruitment (76). Thus, cigarette smoking, by inhibi-
ting inflammatory activity linked to insulin resistance, 
could diminish hyperglycaemia. This hypothesis do not 
exclude that smoking could be associated to diabetes in 
other specific population groups, through different 
metabolic pathways (77).

The strengths of our study include its relatively lar-
ge, multiracial study population, its standardized oral 
glucose tolerance test, and its prospective study design, 
risk factors being measured independently of the ou-
tcomes. Study size permitted the investigation of inte-
ractions, finding statistically significant interactions for 
smoking and parity with the two diseases. 

Some limitations to our study should be noted. It 
was used medical records to diagnose pre-eclampsia. As 
such, ascertainment of pre-eclampsia was performed in a 
clinical, rather than a research context. Although we can-
not exclude misclassification within this context, medical 
registry has acceptable validity for etiologic studies (78) 
and it is unlike that we missed severe pre-eclampsia or 
eclampsia cases. The prevalence of pre-eclampsia in our 
study, 3.1%, is consistent with other reports from deve-
loping countries (79). The small number of pre-eclamp-
sia cases in Manaus could be due to misclassification of 
cases or real differences in population characteristics, de-
serving future research. It was also used self-reported 
weight to calculate pre-pregnancy BMI. Although this 
may have increased inaccuracy, our results confirm pre-
vious observations of an association of BMI with both 
pre-eclampsia and gestational diabetes (80.81). Thus, 
we feel that limitations in the quality of our data are un-
likely to have produced the results  found. We cannot 
exclude misclassification bias with respect to smoking, as 
assessment was obtained through self-report. Given 
smoking’s well-known major adverse effects during 
pregnancy, self-report measures of smoking may unde-
restimate the true prevalence. How this may have affec-
ted our results is difficult to conclude. Finally, the 
association reported is limited to 2h glycaemia and, 
though statistically significant, it is not highly so. Addi-
tional studies are necessary for its confirmation.

In conclusion, data from the Brazilian Study of 
Gestational Diabetes has demonstrated that gestational 
diabetes and pre-eclampsia share common risk factors. 
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This concept may be better than that of considering 
one disease as a risk factor for the other, as there are 
potential links between the two diseases reflecting com-
mon underlying pathophysiology. Both are associated 
with lower post load glycaemia and gestational diabetes 
prevalence in nulliparas who have smoked during preg-
nancy. Epidemiological and laboratory studies with a 
focus on promising pathways are needed to confirm 
these associations. 
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