Prevalence of overweight and obesity is high in most of
the economically developed world and is increasing in
developing countries'. In Brazil the prevalence of over-
weight/obesity has increased sharply in the last two
decades, particularly among women of reproductive age.
Nation-wide nutritional surveys have shown a 20% with parity and breast-feeding.
increase in the prevalence of obesity for parous women
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Abstract

Objective: Studies on the independent role of parity in long-term body weight
change in economically developing countries are scarce and inconclusive, and only
a few studies have taken into account patterns of breast-feeding. This association
was examined in a national cross-sectional survey representative of Brazilian parous
women.

Design and setting: The survey conducted in 1996 measured women’s height and
weight in the household and data on weight prior to the first pregnancy, parity and
breast-feeding were recalled.

Subjects: A sample of 2338 parous women, 15 to 49 years of age, 29 months after last
delivery on average, had current body mass index (BMI, in kg m~?) modelled
through hierarchical multiple linear regression analysis. Explanatory variables
included parity, days of predominant breast-feeding, BMI pre-pregnancy, socio-
economic, geographic, demographic and other reproductive variables.

Results: Prevalences of overweight (BMI = 25.0-29.9kgm™2) and obesity (BMI =
30.0 kg m™~2) were 25.2% and 9.3%. The overall mean weight gain per year after the first
pregnancy was 0.90 kg for an average time since first pregnancy of eight years. BMI
pre-pregnancy modified the association between current BMI and parity. Therefore,
weight change attributed to parity calculated for a woman of average height (1.56 m)
was 0.60 kg greater for primiparous women with a BMI pre-pregnancy of 30 kg m™ 2,
compared with women with BMI pre-pregnancy of 25 kg m™ . This greater weight
retention among obese women was 1.21 kg for women with two children and 1.82 kg
for women with three or more children. Parity reduced the effect of weight loss
associated with lactation (1.75 kg for six months of lactation among primiparous
women and 0.87 kgamong women with three or more children). For the sub-sample of
793 primiparous women, a weight decrease of 300 g was associated with each month
of predominant breast-feeding for all prior BMI levels.

Conclusions: In this study, weight change associated to reproduction was highly
dependent on BMI previous to pregnancy and the effects of parity and lactation were small.
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Only one study has investigated this relationship for the
developing world"', and it showed that two or more
pregnancies significantly increased the risk of overweight.

We studied, in a nation-wide population-based sample
in Brazil, the cross-sectional association of body weight

aged 15 to 49 years from 1989 to 19967,

Reproductive factors, especially parity, have been
positively associated with weight gain and the onset of
obesity in population-based studies in developed coun-
tries” . The extent of this relationship and the pathways
leading to the parity-associated weight gain in the
different populations are, however, yet to be understood.
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Population and methods

Study population

The IIT Brazilian Demographic and Health Survey (DHS-
96) was conducted in 1996. Weight and height were
measured in a national representative sample of parous
women. For the specific purpose of assessing the
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relationship between reproduction and weight gain in
Brazil, these women were also asked to recall their weight
prior to the first pregnancy. A full description of the DHS-
96 sampling frame can be found elsewhere'?. In short, it
used a two-stage probability sampling of all regions of the
country, urban and rural areas, except for the rural North
region. Response rate for households was 80.9% and
14,252 households were visited.

The eligible population for the current analysis was the
3761 parous women with one or more children under five
years of age, as anthropometric data were collected for
these women only. Exclusions included women pregnant
at the time of the survey (285 women); history of multiple
births (59 women); last delivery six months or less prior to
the interview (469 women); first birth before the age of 15
(73 women) (as they could have gained height since their
first pregnancy, interfering with the calculations of the
prior body mass index (BMD); and 537 women who had
missing values for their weight before first pregnancy. The
final study sample size was 2338 women. From these
women, 793 were primiparous and further analysis of this
group was carried out.

Measurement of the variables

The dependent variable BMI (weight/height?, in kg m™%)
was calculated from measurements of weight and height
taken in the household by two trained interviewers. At the
end of the 30-minute interview, women were asked to
recall their weight before first pregnancy.

SECA-UNICEF 890 micro-electronic scales with lithium
batteries and STANLEY anthropometric tapes were used.
Techniques were standardised and interviewers were
selected on the basis of their precision. Quality control
was carried out during fieldwork supervision. Technical
errors of measurement were equal to 20 g for weight and
0.23 cm for height. The women wore light clothes and no
shoes.

Parity is the number of live births and stillbirths of each
woman and lactation is days of predominant breast-
feeding. For multiparous women the average lactation
value per child was calculated from their different
lactation experiences.

Purchasing power score, as used by the Brazilian
Association of Marketing Research, is a combined score of
highest level of education obtained by the family with
services and items available in the house, such as
housemaid, number of radios, video cassette recorders,
televisions, refrigerators, etc. Families were categorised
into five levels. The regions of the country were
combined in two categories: North/Northeast, which is
the less developed part of the country, and the three other
regions together (South, Southeast and Midwest).

Analytical procedures
The Brazilian DHS-96 survey used a complex sample
design requiring adjustment for design effects of cluster
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sample, performed using STATA software. All means or
percentages are weighted to reflect national estimates.
Multiple linear regressions used the forward chunk wise
method that incorporates the hierarchical conceptual
framework analysis'®. At the first stage socio-economic/
geographic variables were regressed on current BMI.
Modelling progressed with the inclusion of the demo-
graphic variables (chunk 2), previous BMI (chunk 3) and
reproductive variables (chunk 4). At the end of the fourth
step, all biologically plausible interactions between the
co-variables and parity, including parity xlactation (first
model), and between the co-variables and lactation
(second model) were tested jointly. Second-order terms
were tested for age, parity and breast-feeding. Exclusion
criterion for interaction was P > 0.05 and for keeping
variables in the model it was P > 0.10, starting with the
least significant variable. The two final models were
diagnosed for the linear regression assumptions, influen-
tial cases and collinearity.

An additional analysis, with similar modelling, con-
sidered only primiparous women in order to elucidate the
role of lactation independent of parity.

Results

The prevalence of overweight (BMI = 25.0-29.9 kgm™?2)
and obesity (BMI = 30.0kgm™2) increased from 11.5%
and 1.7% before the first pregnancy to 25.2% and 9.3%,
respectively. Overall mean weight gain after first preg-
nancy, for the period of 8 (7.7-8.2) years since first
pregnancy and the interview, was 0.9 (0.8—-1.0) kg per
year.

Mean BMI and the prevalence of overweight and
obesity increased with parity (P < 0.05), but the associa-
tion with breast-feeding was not significant (Table 1).
Prior overweight and prior obesity rates did not differ
among parity groups, but less educated women, with
lower purchasing power, living in a rural area or in the
North/Northeast region were more likely to have three or
more children (Table 1). Women with the higher parities
were also more likely to be mulatto or black.

Most of the association of parity with BMI was due to
the confounding effect of age, but women with only one
child had lower age-adjusted prevalence of overweight
and obesity than women with two or more children (data
not shown).

Table 2 shows regression coefficients () and multiple
correlation coefficients (R%) from a sequence of regression
models of BMI on (1) socio-economic/geographic, (2)
demographic, (3) previous BMI and (4) reproductive
variables. The final model explained 32% of the variance
of current BMI. At the first stage of modelling, region of
residence and education stayed in the model for
adjustment for the next chunk of demographic variables.
Age was kept from the second stage. Previous BMI
increased the model’s explanatory capacity by 27.5%
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Table 1 Means* and prevalences* of risk factors for overweight by categories of parity, DHS Brazil 1996 sub-sample of 2338 parous women

Parity category

One child Two children Three or more children

Variable (n=793) (n=743) (n = 802)
Current age (years) (mean) 24.42 28.3° 32.0°
Current BMI (kg m™~?) (mean) 23.3% 24.2° 24.6°
Overweight (BMI = 25.0-29.9 kgm~2) (%) 23.0° 25.0° 25.7°
Obese (BMI = 30.0kgm~2) (%) 5.8% 9.3° 8.4°
Age at birth of first child (years) (mean) 2248 2218 19.9°
Previous BMI (kg m~2) (mean) 21.8 21.6 21.6
Previously overweight (BMI = 25.0-29.9kgm™2) (%) 11.6 8.8 12.9
Previously obese (BMI = 30.0kgm™2) (%) 1.5 1.9 1.7
Time since last birth (months) (mean) 27.28 29.6° 30.9°
Predominant breast-feeding (days) (mean per child) 50.4 46.2 43.7
Proportion of urban population (%) 89.12 81.6% 75.7°
Region

South+Southeast+Midwest (%) 56.12 57.6% 40.5°

North+Northeast (%) 43.9 42.4 59.4
Class of purchasing power

A+B (%) (higher) 14.52 8.8° 2.9°

C (%) 28.8 27.3 10.5

D (%) 36.5 33.6 31.6

E (%) (lower) 20.1 30.2 54.9
Education

0 years (%) 0.4° 2.1° 11.1°¢

1 to 4 years (%) 22.0 31.6 45.8

5 to 8 years (%) 31.7 33.7 31.2

9 years or more (%) 45.8 32.5 11.9
Ethnic group

White (%) 44.9% 42.4% 27.5°

Mulatto (%) 51.2 53.9 67.4

Black (%) 3.9 3.6 5.1

* Values with different letters are significantly different (P < 0.05).

(partial R?®. At the fourth stage, reproductive variables
and interactions were included in the model. Significant
interaction terms were previous BMIxparity (P = 0.02)
and predominant breast-feedingxparity (P = 0.05).
Combined effects of parity and breast-feeding are
shown in Fig. 1. For clarity of presentation, the predictive
values of weight change attributed to breast-feeding were
calculated for a woman of average height (1.56 m). Parity

Table 2 Sequence of multivariate linear regression models of BMI
on (1) socio-economic/geographic, (2) demographic, (3) previous
BMI and (4) reproductive variables*, among 2338 women from the
11l Demographic and Health Survey, Brazil 1996

reduces the effect of weight loss associated with lactation
and the overall effect of lactation was small (1.75 kg for
six months of lactation among primiparous women and
0.87 kg among women with three or more children). The
interaction between parity and BMI shown in Table 2
refers to a weight retention of 0.60 kg for women with a
BMI pre-pregnancy of 30 kg m™ 2, after the first child
born, compared to women with a BMI pre-pregnancy of
25 kg m™ % This weight excess is 1.21 kg for two children
and 1.82 kg for three or more children.

Models for primiparous women, for whom recalled

information on breast-feeding practices is supposed to be

Variable B P Model R?
Region (OthersxNorth/Northeast) = —0.52  0.008 1

Years of education (four categories) —0.12  0.25 1 0.003
Age (continuous) 0.13 <0.001 2
Previous BMI (continuous) 0.85 <0.001 3 0.29
Age at birth of first child (continuous) —0.04 <0.001 4

Time since last birth (continuous) 0.01 0.004 4
Breast-feeding (days, continuous) —0.005 0.03 4

Parity (continuous) 095 0.04 4
Previous BMIxparity —0.05 0.02 4
Breast-feeding x parity 0.001 0.05 4 0.32

* (1) Socio-economic/geographic variables (geographic region of residence,
urban/rural area of residence, purchasing power score — A, B, C, D or E —
and years of education); (2) demographic variables (current age, age
squared and ethnic group); (3) previous BMI; (4) reproductive variables (age
at birth of first child, time since last birth, days of predominant breast-

feeding, parity and interactions).
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more precise, are shown in Table 3. From the first chunk of
socio-economic variables, only region of residence was kept
in the model. Previous BMI increased the model’s explana-
tory capacity by 43% and was kept in the final model with
time since last birth and lactation. No interactions were
observed and the final model explained 48% of the variation
of current BMI. Based on this model, a weight decrease of
almost 300 g was observed for each month of predominant
breast-feeding. Therefore, for both primiparous and multi-
parous models, weight loss associated with exclusive
lactation of the first child was about the same.

Graphical analysis of the model’s residuals did not
show violations in the linear regression assumptions of
normality, independence or homoskedasticity. Influential
points — 17 cases for the first model and 22 cases for
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Fig. 1 Weight loss associated with lactation duration by parity

the second — were identified and considered plausible;
and when models were examined without
cases coefficients were almost identical.
Collinearity was also tested through the analysis of
variance inflation factors and was not observed in the
models prior to the inclusion of interaction terms. With
interactions in the first model, minimal collinearity was
found, as expected'.

An attempt to validate the recalled pre-pregnancy
weight was made by comparing the recalled BMI
distribution of the 21- to 29-year-old women in our
study sample with a measured BMI distribution of
nulliparous women 15 to 23 years old from a previous
national representative survey carried out in Brazil in
1989. The recalled weight of our sub-sample corresponds
approximately to nulliparous women in the 1989 survey.

these
influential

Good consistency was observed in the percentile
distributions of mean BMI for each three-year interval
with the following means (standard deviation, SD, in
parentheses): 21.2 (£2.7), 21.8 (+£3.0) and 21.7 (£3.5) for
1989 and 21.8 (£3.2), 21.9 (£3.1) and 21.0 (£3.7) for
1996. Prevalence of BMI < 20.0kgm™% and BMI =

Table 3 Sequence of multivariate linear regression models of BMI
on (1) socio-economic/geographic, (2) demographic, (3) previous
BMI and (4) reproductive variables*, among 793 primiparous
women from the Il Demographic and Health Survey, Brazil 1996

Variable B P Model R?
Region (OthersxNorth/Northeast) —-0.83 <0.001 1 0.01
Previous BMI (continuous) 0.83 <0.001 3 044
Age at birth of first child (continuous) 0.02  0.003 4
Time since last birth (continuous) 0.02 <0.001 4
Breast-feeding (days, continuous) —0.004 0.04 4 048

* (1) Socio-economic/geographic variables (geographic region of residence,
urban/rural area of residence, purchasing power score — A, B, C, D or E —
and years of education); (2) demographic variables (current age, age
squared and ethnic group); (3) previous BMI; (4) reproductive variables (age
at birth of first child, time since last birth, days of predominant breast-
feeding, parity and interactions).
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30.0kgm™2 based on recalled weight in 1996 were 31.8
and 1.7, which were 5.0% and 5.8% lower than the
prevalence based on measured BMI in 1989.

The 537 women excluded from this study due to
missing information for previous weight were signifi-
cantly poorer and shorter, but their current mean BMI did
not differ from the group with complete information (data
not shown).

Discussion

We found that, in 1996, 25.2% of Brazilian parous women
were overweight and 9.3% were obese. This indicates a
need for immediate attention and management of female
overweight and obesity in Brazil as an increasingly
serious public health problem. Besides being a risk factor
for many chronic diseases, female excess weight is
associated with impaired psychological health, expressed
as low self-esteem, body dissatisfaction, depression and
eating disorders’.

The mean weight gain of Brazilian primiparous women
of 900 g year ' is in the range of weight increase in
studies from developed countries, the values of which
vary from 0.35 kg year™ ! to 1.5 kg per year”'%*15,

Reproduction is considered an important determinant
of weight gain during a woman’s life and this study has
attempted to estimate how much of the weight change
after pregnancy could be attributed to parity and breast-
feeding taking into account the weight pre-pregnancy.
Many studies have estimated parity-related weight
increase>>7 1014724 1y only a few studies®>10:1415:18.24
have made an analysis adjusted for previous BMI, an
important and recommended methodological step®®?*. In
addition, weight change related to parity is dependent
on the effect of lactation, but results of the effect of
lactation on weight retention after pregnancy have been
inconclusive®.
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We found that pre-pregnacy BMI was the most
important predictor of recent BMI, both in primiparous
as well as multiparous women, with lean women having
small overall weight gain. Consistent with this finding, a
US-based population follow-up analysis (NHANES I
follow-up) showed that women with high BMI had
increased risk of greater weight gain with parity”.

Two studies evaluated the interaction between lactation
and parity, but they did not control for previous BMI, and
the results were contradictory. One?? suggested that
breast-feeding was a protective factor for parity-related
weight retention and the other'® found no association.

Important variations in diet and physical activity
associated with pregnancy and lactation may explain
these differences in the literature. In addition, women
showed differences of a factor of eight in resting
metabolic rate associated with pregnancy®®. As a con-
sequence Pitkin®’ stated that the ‘one size fits-all
assumption should be avoided in relation to the energy
needs of pregnant women.

Our study contributes to the understanding of this
variability by showing the important interaction between
weight previous to any pregnancy with parity and
between parity and lactation. Women who started their
reproductive lives with normal weight (BMI = 25kgm™2)
gained less weight than women with higher BMI at
baseline. We found also a small effect of lactation on the
weight change, which is reduced further with increased
parity (1.75 kg reduction for six months of lactation
among primiparous women and 0.87 kg reduction among
women with three or more children). An 18-month
follow-up study of 110 American women after parturition
also found a reduction of less than 2 kg between bottle-
feeding and infants weaned at six to 12 months®®. Other
studies found that lactation was associated with weight
gainl(’_w. Our modelling based on primiparous women
showed consistent results, with each month of predomi-
nant breast-feeding corresponding to 300 g of weight
reduction, even counterbalancing the effect of age of
330 g of weight increase per year.

Recall bias of weight in our study probably did not
explain our findings, since great consistency was shown
in comparisons of recalled BMI distribution of a sub-
sample of 23- to 29-year-old women and a measured BMI
distribution of a set of nulliparous women aged 15 to 21
years from a previous national representative survey
carried out in Brazil in 1989.

Encouragement of breast-feeding is a priority public
health measure in Brazil due to its positive impact on
child health. However, the results of this study indicate
that lactation has a negligible role, particularly among
multiparous, overweight women, in the reduction of
obesity. As a consequence, public health services should
consider tailoring the recommendations for breast-feed-
ing in order to prevent the development of obesity among
lactating women.
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