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Factors associated to the 
evolution of gestational 
weight of pregnant women: a 
multilevel analysis

ABSTRACT

OBJECTIVE: To assess the infl uence of socioeconomic, reproductive, and 
behavioral factors on the evolution of weight during pregnancy. 

METHODS: Body weight was measured prospectively in a cohort of 215 
healthy pregnant women attended to by a public prenatal service in the city of 
São Paulo, between 1997 and 1998. The criteria for inclusion were the following: 
aged 18 or older and with the beginning of prenatal care at a gestational age ≤ 
16 weeks. The relation between the independent variables and the evolution of 
weight during pregnancy was assessed by means of the multilevel hierarchical 
linear analysis, and subsequently analyzed by the maximum likelihood test.  

RESULTS: In the multilevel analysis, the factors that were signifi cantly 
associated to gestational weight gain were the following: initial BMI, level of 
education, marital status and parity. The equations thus obtained enabled to 
identify the individual effect of each of these characteristics: eutrophic initial 
BMI, level of education ≥ 4 years, lack of partner, and primiparity cause 
increases of 3.0 kg, 1.9 kg, 2.3 kg and 2.4 kg in the total weight gain during 
pregnancy, respectively.   

CONCLUSIONS: Initial BMI, level of education and parity are the 
maternal characteristics that, along with the marital status, must be taken into 
consideration in the development of strategies to promote adequate weight 
gain during pregnancy.  

KEY WORDS: Pregnant women. Weight gain. Obesity. Body measures 
and weights, utilization. Risk factors. Socio-economic factors.

INTRODUCTION

Obesity is currently one of the major public health problems in developed 
countries. For some developing countries, the increase in the prevalence of 
obesity represents an emerging problem. Brazil shows high obesity rates (Body 
Mass Index – BMI≥30.0 kg/m2), especially in the female population, at 13.1%; 
whereas in the male population it is at 8.9%.14,*

Regarding the epidemiology of weight gain during pregnancy, recent systematic 
literature review4 indicates that both excessive weight gain during pregnancy 
and change of lifestyle after the birth of the baby raise the risk of obesity 

* Instituto Brasileiro de Geografi a e Estatística. Pesquisa de Orçamentos Familiares 2002-2003: 
análise da disponibilidade domiciliar de alimentos e do estado nutricional no Brasil. Rio de 
Janeiro; 2004.
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among women of fertile age. There is evidence that 
pregnancy may increase postpartum body weight in 
some subgroups of women, mainly those with high 
gestational weight gain.4 High pre-gestational BMI 
is equally associated with accelerating, persistent in-
creases in postpartum weight.3

Gestational weight gain expresses the rise in maternal 
fat and nutrient storage, fetal growth, expansion of 
maternal tissues (placenta, fatty tissue and uterus), 
breasts, increase in extracellular fluid and blood 
volume, and amniotic fl uid formation.17 The major 
variations in gestational weight gain among healthy, 
single pregnancy women seem to be determined by 
differences in maternal characteristics, such as pre-
gestational nutritional status, age, parity, ethnic origin, 
socioeconomic condition, drug use, physical activity, 
and psychosocial factors.7,9

The World Health Organization (WHO) and the In-
stitute of Medicine (IOM-US) recommend different 
gestational weight gains according to the pre-gesta-
tional nutritional status, recommendations that are 
also adopted in Brazil by the Ministério da Saúde 
(Ministry of Health). Pregnant women who are low 
weight must have a weight gain between 12.5 kg and 
18.0 kg; women with adequate weight, between 11.5 
kg and 16.0 kg; overweight women, between 7.0 kg 
and 11.0 kg; and obese women ≤7.0 kg.3,4,7,18

Studies performed among American women show 
that approximately 35% of those who were pregnant 
showed gains above the ones recommended by the 
IOM, especially the eutrophic ones and the overweight 
ones.13 In Brazil, a retrospective cohort study among 
pregnant women in six Brazilian capitals showed that 
23.3% of women with low weight, 29.5% of those with 
adequate weight, 52.7% of the overweight ones, and 
39.2% of the obese ones showed gains above those 
recommended by the IOM.11

According to the WHO, weight gain monitoring during 
pregnancy is a low-cost, highly useful procedure to 
establish nutritional interventions aiming at reducing 
maternal and fetal risks. Nutritional guidance can 
enable an adequate weight gain, preventing exces-
sive gain and, as a result, causing a reduction in the 
incidence of gestational diabetes, pre-eclampsia, ec-
lampsia, and arterial hypertension. The same is true as 
regards insuffi cient weight gain, one of the determin-
ing factors in intrauterine growth restriction.18

The objective of the present study was to assess the 
socioeconomic, reproductive and behavioral factors 
that infl uence weight gain during pregnancy.

METHODS

Clinically healthy women, enrolled in the low-risk 
prenatal service of a charity maternity in the city of São 
Paulo took part in the study. The criteria for inclusion 

were the following: aged 18 or older and with the 
beginning of prenatal care at a gestational age ≤ 16 
weeks. Women with multiple pregnancy, those who 
were HIV positive and those whose pregnancy ended 
in fetal death were excluded.

In the period between March of 1997 and March of 
1998, a total of 260 women were recruited: 33 were 
considered not eligible and two women refused to 
participate in the study, totaling a fi nal sample of 225 
pregnant women.

Information referring to the pregnant women’s identi-
fi cation, level of education, marital status, socio-eco-
nomic characteristics, obstetric history, smoking habit 
and morbidity were obtained in three different moments 
of the pregnancy, from interviews with the women, by 
applying pre-tested questionnaires. Anthropometric 
measurements (height and weight) were performed 
according to the technique described in Lohman et al9 
(1988). The three anthropometrists were standardized, 
following the procedure recommended by Habicht5 
(1974).

The initial nutritional status (until the 16th week of 
pregnancy) was assessed by means of the BMI cutoff 
point (BMI = weight/height2) for the gestational age 
proposed by Atalah1 (1997). The gestational age was 
obtained from the date of the last menstruation, con-
fi rmed by ultrasound scan performed before the 20th 
week of pregnancy by a single doctor from the prenatal 
service staff.

The infl uence of the study factors on the evolution 
of gestational weight was assessed by means of the 
multilevel analysis.2 This type of analysis was adopted 
because of the study design (longitudinal with multiple 
observations of pregnant women’s body weight) and 
the fact that there was no need for a complete follow-up 
of the women, permitting a reduced number of losses 
when analyzing the data.

Considering the multilevel model, two hierarchical 
levels were observed: measurement occasion (level 1 
units) and pregnant women (level 2 units). The program 
utilized for the statistical analysis of the multilevel 
linear regression model was the MLwiN.19

The predictors for the pregnant women level (level 2) 
– initial BMI, height, level of education, marital status, 
parity and smoking – can infl uence both: 1) the model 
intercept, that is, the variable affects the initial body 
weight (7th week of pregnancy); 2) and the magnitude 
of the curve slope, that is, when the variable affects the 
weight gain throughout pregnancy (speed of weight 
gain per week). To assess the effect on the model 
intercept, each predictive variable was included (level 
2) as a main term for the gestational age (level 1). To 
observe the effect on the curve slope, the interaction 
of each explanatory variable with the gestational age 
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was added. The interaction of the variables with the 
gestational age’s quadratic and cubic terms was also 
tested. Only the interaction with the gestational age’s 
simple term was left due to the small effect shown by 
the other interactions.

Evolution of weight during pregnancy = weight 
in the 7th week of pregnancy + gestational age + 
predictive variable of level 2 + predictive variable 
of level 2 x gestational age

For the construction of the multilevel linear regression 
model, the strategy based on the hierarchical conceptual 
model proposed by Victora et al15 (1997) was utilized. 
The variables were grouped in fi ve hierarchical blocks 
following the time precedence of their determination: 
1) BMI in the beginning of pregnancy and height; 2) 
level of education; 3) marital status; 4) age and parity; 
5) smoking habit. The variables BMI in the beginning 
of pregnancy and height were included in the fi rst block, 
as the expected weight gain during pregnancy varies 
according to the initial nutritional status and height.18 
The variables level of education and marital status 
(blocks 2 and 3), subsequently included, apart from 
directly infl uencing the response variable, would also 
have an infl uence on the variables of the subsequent 
blocks and so on successively.

The statistical signifi cance of each variable in the mul-
tilevel model was analyzed by the maximum likelihood 
test. A critical level of 5% was adopted for the study 
factors and of 20% for the identifi cation of confounding 
variables. The variables of each block that showed these 
p-values were maintained in the subsequent model, 
which includes the most proximal block.

The study was carried out in conformity with the Reso-
lution 196/96 by the Brazilian Ministry of Health and 
was approved by the Ethics Committee of Faculdade 
de Saúde Pública da Universidade de São Paulo. As 
part of the service routine, whenever necessary, the 
pregnant women were referred to the nutritionist or the 
high risk prenatal service.

RESULTS

The characteristics of the pregnant women’s cohort are 
found on Table 1. This cohort was mostly constituted 
by young women (20 to 29 years of age), with fi ve or 
more years of formal education, primiparous, with a 
partner, and non-smoking.

For the multilevel analysis, pregnant women with low 
weight at the beginning of pregnancy (N=20) were 
excluded as they were not the objective of the study. 
Only the measurements within the 7th and 40th weeks 
of pregnancy were utilized.

The gestational age (level 1) and its quadratic (p<0.001) 
and cubic terms (p<0.001) were associated with the 
response variable, pointing to the fact that during 

pregnancy the body weight gain is not constant, that 
is, in the fi rst trimester the speed of weight gain is low, 
whereas in the second trimester major increases in 
weight are observed, and in the last trimester the speed 
slows down (Figure).

The study factor – nutritional status in the beginning 
of pregnancy – showed descriptive p level below 0.001 
as an independent term in the model. The other factors 
did not infl uence the weight in the 7th week of preg-
nancy, the initial weight of the model. The interaction 
of the study factors – initial nutritional status, level of 
education, presence of partner and parity – with the 
variable gestational age showed descriptive p levels 
equal to 0.004, 0.05, 0.03, 0.01 respectively, indicating 
that these characteristics have an effect on the speed 
of weight gain.

Table 2 shows that, in the fi rst hierarchical block, 
women with adequate initial nutritional status began 
their pregnancy with a difference of 16 kg less in their 
body weight (p<0.001), when compared to women who 
were overweight or obese. However, the former gained 
an average of 0.075 kg per week (p=0.004) more than 
those who were overweight/obese.

In block 2, it is observed that the level of education 
showed a direct association with the body weight during 

Table 1. Distribution of cohort pregnant women according to 
socioeconomic and demographic characteristics, nutritional 
status, gestational age, reproductive history, and smoking 
habit. São Paulo, Southeastern Brazil, 1997-1998. 

Variable N %

Level of education

< 4 years 69 31.7

> 4 years 149 68.3

Age

<20 years 33 14.8

20 to 30 years 170 71.7

>30 years 30 13.5

Marital Status

With a partner 166 74.4

Without a partner 57 25.6

Initial BMI

Low weight 10 4.4

Adequate weight 154 68.4

Overweight/Obese 61 27.1

Parity

Primiparous 120 53.8

Multiparous 103 46.2

Smoking habit

Yes 71 35.3

No 130 64.7

BMI: Body Mass Index
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pregnancy. Thus, pregnant women with fi ve or more 
years of formal education showed positive weekly 
increases of 0.048 kg (p=0.05) in average, when com-
pared to those who had lower level of education. It was 
observed that the absence of a partner infl uenced the 
weight gain during pregnancy positively, adding 0.058 
kg per week (p=0.03) in average in relation to women 
who lived with their partners.

Primiparity was positively associated with the evolu-
tion of body weight in pregnant women. Primiparous 
women showed weekly gains of 0.060 kg (p=0.01) 
in average, when compared to the multiparous ones. 
Interactions between age/parity and level of educa-
tion/marital status were tested in relation to gestational 
weight gain. However, statistical signifi cance for these 
interactions was not detected.

Table 2. Multilevel hierarchical linear regression analysis to predict the evolution of weight during pregnancy. São Paulo,  
Southeastern Brazil, 1997-1998.

Variable Estimate Standard-error 95% CI p

Intercept 58.8950 0.7798

Level 1: Measurement

Gestational age (months) 0.0245 0.0359 -0.0459 ; 0.3154 0.49

Gestational age to the square (months) 0.0256 0.0022 0.0207 ; 0.0293 <0.001

Gestational age to the cube (months) -0.0005 0.00004 0.0004 ; 0.0006 <0.001

Level 2: Pregnant woman

Hierarchical block 1

Initial BMI

Adequate weight -16.1703 1.2469 -18.614 ;-13.726 <0.001

Overweight and obesity - - -

BMI and gestational age interaction

Adequate weight and Gestational age 0.0755 0.0263 0.0239 ; 0.1270 0.004

Overweight/obesity and Gestational age - - -

Hierarchical block 2

Level of education 

< 4 years - -

> 4 years 1.0276 1.2106 1.3452 ; 3.4004 0.10

Level of education and gestational age interaction

< 4 years and Gestational age - - -

> 4 years and Gestational age 0.0485 0.0249 -0.0003 ; 0.0973 0.05

Hierarchical block 3

Marital status

Lives with a partner - -

Does not live with a partner 0.02832 1.2852 -2.4907 ; 2.5473 0.80

Marital status and gestational age interaction

Lives with a partner and gestational age - - -

Does not live with a partner and gestational age 0.0577 0.0263 0.0062 ; 0.1092 0.03

Hierarchical block 5

Parity

Primiparous 0.7274 1.1922 -1.6093 ; 3.0641 0.5

Multiparous - - -

Parity and gestational age interaction

Primiparous and gestational age 0.0596 0.0240 0.0126 ; 0.1066 0.01

Multiparous and gestational age - - -

Hierarchical block 1: variables level 1 + initial BMI
Hierarchical block 2: hierarchical block 1 + level of education 
Hierarchical block 3: hierarchical block 1 + hierarchical block 2 + marital status
Hierarchical block 5: hierarchical block 1 + hierarchical block 2 + hierarchical block 3 + parity
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For the random part of the model, the variance on level 
2 was adopted, depending on the gestational age, a 
procedure that gives the model the best adjustment and 
uniform dispersion of residues throughout pregnancy, 
according to residue analysis.

Table 3 shows the gestational weight gain due to the 
individualized effect of the variables that were associ-
ated with weight evolution during pregnancy. These 
values were obtained by means of substitutions in the 
multilevel analysis equations corresponding to the 
respective hierarchical blocks, considering the fi nal 
(40 weeks) and initial gestational ages (seven weeks).

It was observed that beginning pregnancy with an 
adequate BMI increases in 3 kg the total weight gain 
(7th to 40th week of pregnancy). Regardless of the initial 
nutritional status, to have at least fi ve years of formal 
education leads to an additional gain of 1.9 kg during 
pregnancy. Lack of a partner causes gestational weight 
to increase 2.3 kg in average. Primiparity enables aver-
age increases of 2.4 kg in the fi nal gestational weight.

DISCUSSION

The weight gain pattern observed in the present study 
– lower gains in the fi rst trimester, sharp increase in 
the second trimester, and slower increase in the third 
trimester – is in accordance with what is described in 
the literature about evolution of weight gain during 
pregnancy.7,16

In the fi rst and second trimesters, the weight gain during 
pregnancy mostly refl ects the fat deposition that will be 
later utilized to meet the increased energetic demand 
caused by pregnancy itself. The fetal development 
begins to contribute substantially to the maternal body 
weight in the last trimester.16,10

According to what was expected, eutrophic pregnant 
women in the beginning of pregnancy showed higher 
weight increases, when compared to those who were 
overweight/obese. This result is in accordance with 
those presented by Lederman et al8 (1997), Nucci et 
al11 (2001) and Olson & Strawderman12 (2003). These 
studies show that the weight gain tends to be lower in 
the group with the highest BMI, when compared to 
the groups with adequate and low BMI.7 At the end 
of pregnancy, women with adequate initial nutritional 
status showed higher average gains than those who 
were overweight/obese.

Table 3. Average increase in gestational weight gain, estima-
ted according to initial nutritional status, individual effect 
of level of education, marital status and parity. São Paulo, 
Southeastern Brazil, 1997-1998.

Variable

Difference in 
estimated weight 

gain among selected 
subgroups (kg)

Initial BMI

Adequate weight 3.0

Overweight/Obesity -

Level of education

< 4 years -

> 4 years 1.9

Marital status

Lives with a partner -

Does not live with a partner 2.3

Parity

Primiparous 2.4

Multiparous -

Figure. Evolution of gestational weight gain according to gestational age. São Paulo, Southeastern Brazil, 1997-1998.
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By comparing pregnant women with higher level of 
education (≥4 years) to those with lower level of edu-
cation (<4 years), it is observed that the former gain 
1.9 kg more at the end of pregnancy, indicating that, in 
the population studied, the level of education is possibly 
a marker of food access. Hickey6 (2003), while review-
ing the literature on demographic and psychosocial 
factors associated with weight gain during pregnancy, 
concluded that there exists a direct relation between the 
level of education and gestational weight gain.

Pregnant women who did not have a partner gained 
an average of 2.3 kg more than those who lived with 
their partners. One possible explanation for this result 
in the present study is the fact that the lack of a partner 
indicates inadequate psychosocial support. In a study 
with 547 pregnant women, the effect of inadequate 
psychosocial support on gestational weight gain was 
observed.12

Primiparous women showed higher weight gain than the 
multiparous ones (an average of 2.4 kg more), a result 
that was also found by Olson & Strawderman12 (2003). 
For the purpose of illustration, the average weight gain 
among pregnant women with adequate initial BMI and 
medium height (158.5 cm) was estimated. The average 
value found was 14.9 kg for the period that goes from 
the 7th to the 40th week of pregnancy. For the women 
with fi ve or more years of formal education, the aver-
age gain for the same period was 16.8 kg. If, apart 
from this, the women were primiparous, the average 
weight gain became 19.2 kg. Pregnant women with 

these characteristics and without a partner show average 
weight gain of 21.5 kg. Thus, the estimated average gain 
in these three last situations is above the WHO’s weight 
gain recommendation for eutrophic pregnant women 
(11.5 a 16.0 kg). Studies have pointed to the fact that 
pregnant women with gestational gain above the IOM’s 
recommendation show a better chance of postpartum 
weight retention and future obesity.4

In the present study, the frequency of pregnant women 
who showed characteristics that were positively as-
sociated with weight gain was high: eutrophic initial 
nutritional status (68.4%), fi ve years or more of formal 
education (68.3%), primiparity (53.8%) and lack of 
partner (26.6%). The combination of these character-
istics with the effect of the pregnancy itself (gestational 
age) resulted in weight gains that were higher than the 
current recommendation.

The results here presented indicate that the monitoring 
of weight gain during pregnancy and the nutritional 
guidance, recommended by the WHO, the IOM and 
the Ministry of Health, must also take into consider-
ation pregnant women’s characteristics such as initial 
nutritional status, parity, level of education and marital 
status. These factors seem to determine a different 
standard of weight gain, not the characteristics directly 
involved with the diet exclusively. Due to the high 
proportion of women who show excessive weight gains 
during pregnancy, nutritional interventions appear to be 
necessary to provide an adequate weight gain during 
this time of their life.
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