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Abstract

Short stature, a marker for undernutrition early in life, has been
associated with obesity in Brazilian women, but not in men. We tested
the hypothesis that weight gain during the reproductive years could
explain this gender difference. A national two-stage household survey
of mothers with one or more children under five years of age was
conducted in Brazil in 1996. The subjects were women aged 20 to 45
years (N = 2297), with last delivery seven months or more prior to the
interview. The regions of the country were divided into rural, North/
Northeast (urban underdeveloped) and South/Southeast/Midwest (ur-
ban developed). The dependent variables were current body mass
index (BMI) measured, BMI prior to childbearing (reported), and BMI
change. Socioeconomic variables included mother’s years of educa-
tion and family purchasing power score. A secondary analysis was
restricted to primiparous women. The prevalence of current over-
weight and overweight prior to childbearing (BMI ≥25 kg/m2) was
higher among shorter women (<1.50 m) compared to normal stature
women only in the urban developed region (P < 0.05). After adjust-
ment for socioeconomic variables, age, parity, BMI prior to childbear-
ing, and age at first birth, current BMI was 2.39 units higher (P =
0.008) for short stature women living in the urban developed area
compared with short stature women living in the urban underdevel-
oped area. For both multiparous and primiparous women, BMI gain
compared to the value prior to childbearing was significantly higher
among short stature women living in the urban developed region (P ≤
0.04). These results provide clear evidence that short stature was
associated with a higher BMI and with an increased risk of weight
gain/retention with pregnancy in the developed areas of Brazil, but not
in the underdeveloped ones.
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Introduction

Undernutrition early in life has been as-
sociated with obesity among children and
adults in some (1-6), but not all, studies (7-
9). Short stature, a marker of early poor
nutrition, was associated with obesity and
abdominal fatness among women, but not
among men in two population-based surveys
in Brazil (6,10). Reproductive factors are a
plausible explanation for this gender differ-
ence in the association between short stature
and obesity. Parity has been positively asso-
ciated with weight gain and with the onset of
obesity in population-based studies in devel-
oped countries (11-16), and also in Brazil, as
shown by a previous analysis of the III Bra-
zilian Demographic and Health Survey (DHS-
96) (17). Events during the fetal and early
postnatal growth period by causing perma-
nent metabolic alterations through adult life
may facilitate maternal fat deposition during
pregnancy. Thus, low birth weight has been
linked to adult glucose intolerance (18,19),
and to activation of the cortisol axis during
adult life (20,21). These metabolic changes
due to insulin or cortisol could drive a greater
fat deposition among short stature pregnant
women. Therefore, in a sample of parous
women we determined whether weight gain
during the reproductive years increases the
prevalence of obesity/overweight in women
of short stature, and whether this association
varies in different regions of Brazil. By de-
sign, this survey did not include nulliparous
women. In order to better differentiate the
effects of childbearing from underlying secu-
lar trends and aging on weight change a
secondary analysis included only primipa-
rous women.

Subjects and Methods

Study population

The III DHS was conducted in 1996. A
full description of the survey sampling frame

can be found elsewhere (17,22). This was a
nationwide, two-stage probability sampling
survey that included only women with one
or more children under five years of age. The
response rate for households was 80.9%.
The population eligible for the current anal-
ysis consisted of the 2368 parous women
surveyed in the III DHS aged 20 to 45 years
at the time of the interview after excluding
pregnant women at the time of the survey
(285 women), women who reported delivery
seven months before or less at the time of the
interview (621 women), first birth before the
age of 15 (199 women; since they could have
gained height since their first pregnancy in-
terfering with the calculations of the prior
body mass index, BMI). Also excluded were
41 women whose weight or stature values
were missing and 30 with improbable values
(stature <130 cm or weight <35 kg). The
final study sample size was 2297 women.

Measurement of the variables

The dependent variable, current BMI
(weight/height2, in kg/m2), was calculated
from weight and height measurements taken
in the household by two trained interview-
ers. Weight before childbearing was recalled
at the end of the 30-min interview (22).
Weight was measured using Seca-UNICEF
890 microelectronic scales with lithium bat-
teries, and height using Stanley anthropo-
metric tapes. Anthropometrists were trained
and standardized and quality control was
carried out during fieldwork supervision.
The technical error for stature was equal to
0.23 cm. Short stature was defined as the 5th
percentile of the US population (150 cm)
(23).

Purchasing power score as used by the
Brazilian Association of Marketing Research
is a combined score of highest level of edu-
cation obtained by the family, with services
and items available in the house such as
housemaid, number of radios, VCRs, televi-
sions, refrigerators, etc. (17,22). Regions of
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the country were divided into three catego-
ries: rural, urban area of the North/North-
east, which is the least developed region of
the country, and the third region combining
the urban areas of the South, Southeast, and
Midwest, which are more developed regions.
Throughout the text these three regions are
called rural, urban underdeveloped and ur-
ban developed regions, respectively. Parity
is the number of live births and stillbirths of
each woman and education is the total num-
ber of completed formal years of education.

Analytical procedures

Means and percentages were weighted to
reflect national estimates. In order to ac-
count for the variance associated with sam-
pling, we used the “Proc surveyreg” proce-
dure of the Statistical Analysis System (SAS).
We regressed short stature on weight prior to
childbearing, current weight, and weight
change from prior to childbearing to current
weight. Models included age, socioeconomic,
geographic, and reproductive variables.
When weight gain and current BMI were the
dependent variables, BMI prior to childbear-
ing was included in the model, since previ-
ous analysis of these data as well as data
from other studies indicate that high BMI
prior to childbearing is the most important
predictor of weight gain associated with re-
production. In addition, since parity and short
stature are highly associated with socioeco-
nomic factors, we included in the models
markers for socioeconomic level (purchas-
ing power score and women’s years of edu-
cation). Plausible interactions between the
co-variables and stature were tested jointly.
Second-order terms were tested for age and
parity (number of live births and stillbirths).
The exclusion criterion for interaction and
second-term variables was a P value >0.05.
Both BMI and weight change were log trans-
formed to normalize the data. To permit log
transformation of weight change, the small-
est negative weight difference was added to

each weight change value. The analysis com-
pared the risk of overweight and obesity by
measuring prevalence ratios.

Results

The prevalence of current overweight and
obesity (BMI ≥25 kg/m2) was higher among
short stature women living in the urban de-
veloped region of the country compared to
short stature women living in rural or urban
underdeveloped areas (Table 1). Among
women living in the urban developed region
the risk of overweight or obesity (BMI ≥25
kg/m2) was 1.27 (46.0 vs 36.2%) when short
stature women were compared to normal
stature women. Prior to childbearing, over-
weight and obesity rates were higher among
short stature women in all regions, although
prevalences were much lower and differ-
ences according to stature were statistically
significant only for the urban developed re-
gion (Table 1).

The prevalence of short stature was 23.9%
in the rural area, 21.7% in the urban under-
developed area, and 10.1% in the urban de-
veloped area.

Parity was significantly different in the
three regions studied, with the highest parity
level being observed in the rural area (Table
2). For most of the socioeconomic variables,
statistically significant differences were found
between the urban developed region and the
urban underdeveloped region (Table 2).

After adjustment for age, reproductive
factors and socioeconomic variables, cur-
rent BMI was 2.39 units (0.86 +1.72 -0.19)
higher among short stature women living in
the urban developed area compared to nor-
mal stature women living in the urban under-
developed region  (Table 3). Yet the ß re-
gression coefficient for the urban developed
area (-0.19) was not statistically significant.
Region was included in the model as two
indicator variables with urban developed re-
gion as the reference group; therefore, for
effect estimation both indicator variables and
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interaction terms were considered.
Thus, region of the country is a strong

modifier of the association between short
stature and BMI. In these multivariate mod-
els parity, previous BMI and age were im-
portant predictors of current BMI (P < 0.01)
(data not shown). Table 3 also shows that,
when analysis was restricted to primiparous
women allowing a better control of cohort
effect, the interaction term in the current
BMI model was no longer significant (P =

0.07). However, overall models for BMI
prior to childbearing and BMI change in-
volved the same interpretation as the models
including all women, with the same pattern
and magnitude of association.

Discussion

In 1996, about 50% of Brazilian parous
women living in the urban developed area
and with stature shorter than 1.50 m were

Table 2. Age, age-adjusted means and standard deviation (SD) of body mass index (BMI, kg/m2), weight gain
and reproductive and socioeconomic variables among parous women in three regions of Brazil, 1996.

Rural Urban underdeveloped Urban developed

Age (years) 29.9 ± 6.3a 28.4 ± 5.5b 29.5 ± 5.7a

Current BMI 23.6 ± 4.3a 23.7 ± 4.0a 24.3 ± 4.2b

BMI prior to childbearing 21.7 ± 3.5a,b 21.3 ± 3.3a 21.7 ± 3.2b

Weight gain (kg) 5.2 ± 9.4a 5.6 ± 8.5a 6.4 ± 8.8b

Height (m) 1.54 ± 0.064a 1.55 ± 0.064a 1.58 ± 0.062b

Purchasing power score 16.3 ± 15.5a 16.1 ± 14.3a 26.6 ± 15.9b

Education (years) 2.9 ± 1.5a 3.8 ± 2.0b 3.9 ± 1.9b

Age at first birth (years) 21.0 ± 3.6a 21.4 ± 4.3a 22.4 ± 4.6b

Parity 3.4 ± 2.3a 2.7 ± 1.9b 2.2 ± 1.4c

Data are reported as means ± SD.
*Values with different letters are significantly different (P < 0.05, ANOVA).

Table 1. Prevalence of overweight and obesity by stature among parous women in three regions of Brazil,
1996.

Rural Urban Urban
underdeveloped developed

Short Normal Short Normal Short Normal

Current BMI (N = 116) (N = 370) (N = 179) (N = 645) (N = 100) (N = 887)
Overweight - BMI 25.0-29.9 25.0 23.0 23.5 24.3 34.0 26.6
Obesity - BMI ≥30.0 11.2 10.3 6.1 8.0 12.0 9.6
Both BMI >25.0 36.2 33.3 29.6 32.3 46.0 36.2
χ2 P value (BMI <25/≥25) 0.56 0.47 0.05

BMI prior to childbearing (N = 85) (N = 288) (N = 147) (N = 567) (N = 83) (N = 832)
Overweight - BMI 25.0-29.9 14.2 13.5 10.9 9.88 22.8 9.6
Obesity - BMI ≥30.0 5.88 0.69 2.72 1.06 2.41 1.56
Both BMI >25.0 20.0 14.2 13.6 10.9 25.3 11.1
χ2 P value (BMI <25/≥25) 0.20 0.33 0.002

Weight gain (kg) 4.92 5.97 2.89 6.27* 6.73 6.32
Relative weight gain (BMI units) 2.30 2.42 1.34 2.53* 3.09 2.53

BMI = body mass index (kg/m2). BMI data are reported as percent.
*P < 0.05 comparing short and normal stature women within each region (Student t-test).
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overweight or obese. Women with such stat-
ure in this region had a higher prevalence of
overweight (RR = 1.27) than their counter-
parts with normal stature, but for the other
two regions (rural and urban North/North-
east) short stature was not associated with
BMI. This association was unchanged after
adjustment for demographic and socioeco-
nomic factors. This modification of region
effect on the association between stature and
BMI was not observed for BMI prior to child-
bearing (stature*rural and stature*developed
terms had P values >0.60), after adjusting
for socioeconomic factors. However, short
stature and living in the urban region were
predictors of BMI prior to childbearing

(P < 0.05). Thus, short stature, a marker for
undernutrition during childhood, appears to
be related to higher BMI prior to childbear-
ing in all regions and also to weight gain
after pregnancy in the more developed re-
gion of the country. Analysis including only
primiparous women showed the greatest BMI
change with short stature in the urban devel-
oped region (+0.49 + 1.46 = 1.95 units of
BMI). These findings support the hypothesis
of preferential weight gain, or weight reten-
tion with pregnancy associated with short
stature and may contribute to understanding
the gender effect of short stature on BMI, as
shown in two Brazilian studies which found
a risk of greater BMI and waist-hip ratio

Table 3. Regression coefficients (ß) of multivariate linear regression of short stature on body mass index
(BMI) in three different models adjusted for the main confounding variables (Brazil, 1996).

Parameter All women (N = 1931)

Current BMI* Pre-pregnancy BMI** BMI change***

ß P value ß P value ß P value

Stature (<1.50/1.50) 0.86 0.02 0.66 0.04 -1.13 0.001
Region

Rural -0.002 0.99 0.50 0.09 -0.19 0.60
Urban underdeveloped 0 (reference) 0 (reference) 0 (reference)
Urban developed -0.19 0.39 0.48 0.02 -0.16 0.40

Stature*Rural 0.72 0.35 -0.26 0.68 0.86 0.21
Stature*Developed 1.72 0.008 0.12 0.81 1.50 0.02
R2 0.29 0.02 0.06

Primiparous women (N = 622)

Current BMI* Pre-pregnancy BMI** BMI change***

ß P value ß P value ß P value

Stature (<1.50/1.50) 1.39 0.002 0.77 0.07 -0.77 0.04
Region

Rural -0.39 0.23 0.43 0.28 -0.50 0.09
Urban underdeveloped 0 (reference) 0 (reference) 0 (reference)
Urban developed 0.50 0.05 0.65 0.06 0.49 0.03

Stature*Rural 1.12 0.25 -0.48 0.75 1.05 0.19
Stature*Developed 1.50 0.07 -0.73 0.43 1.46 0.04
R2 0.56 0.02 0.04

*Models adjusted for age, age squared, purchasing power score, years of education, BMI before childbear-
ing, mother’s age at birth, and parity. **All previous variables except for BMI prior to childbearing, mother’s
age at birth and parity. ***All previous variables except for BMI prior to childbearing.
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among short stature women, but not among
men (6-10).

Also interesting is the lack of association
between short stature and current BMI in the
rural and the underdeveloped areas of the
country. This important interaction, at least
in this population, suggests that the health/
nutritional transition may modify the effect
of early exposures, such as undernutrition,
on chronic diseases. Our data may indicate
that a minimum of food availability or the
kind of food availability present in urban
centers would be required for the expression
of a metabolic programming at an early age.

It should be noted that the five regions of
the country, North, Northeast, South, South-
east and Midwest, have special dietary and
lifestyle habits. However, other anthropo-
metric studies have shown that these re-
gions, as clustered into rural, urban devel-
oped and urban underdeveloped regions in
the present study, are important predictors of
obesity (24).

In a previous study of Brazilian women
we showed that the association between stat-
ure and overweight was not due to limita-
tions of using BMI as an indicator of obesity,
or to possible bias due to the persistence in
adult life of socioeconomic conditions which
produced the effects attributed to program-
ming (10). In the present study we found an
association of both current BMI and weight
gain (BMI change) with short stature, but
this association persisted after controlling
for socioeconomic factors only in the more
developed area of the country. Under the
hypothesis of an incomplete control of con-
founding for socioeconomic condition oper-
ating in this population we would expect a
greater association between stature and obe-
sity in rural and underdeveloped urban ar-
eas, which had the lowest socioeconomic

levels. However, after adjustment for socio-
economic factors there was no association in
these areas. This finding of a statistical inter-
action between area of the country and stat-
ure may indicate that a western life style,
such as that present in metropolitan areas of
developing countries, may contribute to the
manifestation of a metabolic programming
early in life.

Although there was no confirmation of
pre-childbearing weight other than the re-
call, as an attempt to validate the recalled
pre-pregnancy weight we compared the re-
called BMI distribution of the 21- to 29-
year-old women in our study with a meas-
ured BMI distribution of nulliparous women
from a national survey. There was a good
consistency in the percentile distributions as
we presented in a previous paper (17).

In agreement with other studies we found
that BMI prior to childbearing was the most
important predictor of recent BMI (12,14,
16,17). Population-based follow-up analysis
of the United States population (NHANES I
follow-up) showed that women with high
BMI had an increased risk of greater weight
gain with parity (21).

Adult short stature has been related to
glycemia (18,19), insulin (13) and cortisol
levels (21,22). Changes in insulin sensitivity
during pregnancy increase fat deposition (25)
and may explain how environmental condi-
tions that allow marginal adequacy of energy
intake may favor metabolic changes directed
to fat deposition. These hormonal changes
could explain how small increases in food
availability are associated with a large in-
crease in the prevalence of obesity. Energy
intake and fat intake did not explain the
association between short stature and obe-
sity in a Brazilian population-based survey
(10).
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