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Abstract

Background: Pre-pregnancy nutritional status and weight gain during pregnancy have
short- and long-term consequences for the health of women and children. This study was
aimed at evaluating maternal height,- and overweight or obesity at the beginning of the
pregnancy and gestational weight gain, according to socioeconomic status and maternal
skin colour of mothers in Pelotas, a southern Brazilian city, in 1982, 1993, 2004 and 2015.
Methods: In 1982, 1993, 2004 and 2015, the maternity hospitals in Pelotas were visited
daily, all deliveries were identified and mothers who lived in the urban area of the city
were interviewed. Maternal weight at the beginning of the pregnancy was self-reported
by the mother or obtained from the antenatal card. Maternal height was collected from
the maternity records or measured by the research team. Overweight or obesity was de-
fined by a body mass index >25 kg/m?. Gestational weight gain was evaluated according
to the Institute of Medicine guidelines.

Results: In the four cohorts, we evaluated 19 931 women. From 1982 to 2015, the preva-
lence of overweight or obesity at the beginning of the pregnancy increased from 22.1%
to 47.0% and height increased by an average of 5.2cm, whereas gestational weight gain
did not change. Socioeconomic status was positively associated with maternal height,
and the difference between the poorest and the wealthiest decreased. Overweight or
obesity was lower among those mothers in the extreme categories of family income.
Conclusions: Over the 33-year span, mothers were taller at the beginning of the preg-
nancy, but the prevalence of overweight or obesity more than doubled.
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Key Messages

decreased.

ning of the pregnancy increased from 22.1% to 47.0%

* Maternal height increased byan average of 5.2 cm from 1982 to 2015 and inequalities by socioeconomic status

* Increase in weight was greater than that observed for height, and prevalence of overweight or obesity at the begin-

* Prevalence of maternal underweight at the beginning of the pregnancy decreased, but the reduction was higher
among the wealthiest mothers and inequalities by socioeconomic status increased.

Introduction

Maternal nutritional status during pregnancy is often eval-
uated through anthropometric indicators such as pre-
pregnancy height, weight and body mass index (BMI), and
by weight gain during pregnancy. Maternal height results
from the interaction of the genetic potential for growth
with early life conditions,' whereas maternal pre-
pregnancy weight and BMI reflect nutritional status before
conception. Gestational weight gain, on the other hand,
depends on health and nutrition during pregnancy.

Malnutrition before and during pregnancy may have
short- and long-term consequences. Maternal height,
weight, BMI and gestational weight gain are positively
associated with intrauterine growth and birthweight.”
Maternal height is also associated with long-term conse-
quences, being positively related to the offspring’s hu-
man capital® and linear growth.* Maternal underweight
is a risk factor for several perinatal outcomes.’ On the
other hand, pre-pregnancy overweight or obesity
increases the risk of stillbirth and infant mortality,® pre-
term  birth and large-for-gestational- age babies.”
Excessive weight gain during pregnancy is a risk factor
for adverse fetal and maternal outcomes.® Furthermore,
maternal obesity and higher gestational weight gain pos-
sibly increase the risk of obesity and of non-
communicable diseases in the offspring.”

Globally, adult height and BMI'!'! have been steadily
increasing both for men and women, and obesity has
reached epidemic proportions.'! In an earlier report com-
paring the Pelotas (Brazil) birth cohorts of 1982 and 2004,
mean maternal height increased from 156.4cm to
158.8 cm, and in all cohorts maternal height was positively
associated with family income; the same period witnessed
a marked increase in pre-pregnancy BMI. Maternal BMI
was lower among the mothers in the extreme categories of

family income, i.e. the poorest and wealthiest.'*'?

In the present study, we report on: maternal height; pre-
conceptional underweight, overweight and obesity; and
gestational weight gain, according to socioeconomic posi-
tion and maternal skin colour in the four population-based
birth cohorts that were studied in the city of Pelotas
(southern Brazil) in 1982, 1993, 2004 and 2015. We hy-
pothesized that the trends observed from 1982 to 2004,
particularly the increase in stature and in overweight and
obesity,"* would continue to evolve in the period from
2004 to 2015. We focus on the description of time trends
in levels and inequalities, rather than on the identification
of other risk factors for anthropometric status.

Methods

In 1982, 1993, 2004 and 2015, all maternity hospitals in
Pelotas were visited daily and all children born to women
who lived in the urban area of the city were examined, and
their mothers were interviewed using a pre-coded question-
naire, soon after the delivery.'* Fewer than 1% of all births
in the city took place outside a hospital, and subjects have
been followed on several occasions; further details on the
methodology of each birth cohort have been published
elsewhere.">'®

In the four cohorts, information on maternal weight at
the beginning of the pregnancy was obtained from the an-
tenatal card, or through self-report if the information was
not available on the card. Regarding maternal weight at
the end of the pregnancy, in 1982 and 1993 women were
weighed at hospital admission wearing light clothes and
without shoes, using a scale (Filizola, precision 100 g) that
was calibrated weekly by the research team using standard
weights, and this information was abstracted by the re-
search team from the maternity records. In 2004 and 20135,
the mothers were asked about their weight at the end of
the pregnancy during the perinatal interview. Concerning
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maternal height, in 1982 and 1993 mothers were measured
at hospital admission by hospital staff and the research
team retrieved this information from maternity records,
whereas in 2004 and 2015 the mothers were measured at
home, during the 3 months’ follow-up visit. In the four
cohorts, all height measurements were carried out with the
same model of a locally made portable stadiometer, with
1 mm precision.

Pre-pregnancy body mass index (in kg/m?) was calculated
using the information on height and maternal weight at the
beginning of the pregnancy. Overweight was defined by a
body mass index at the beginning of the pregnancy >25 and
<30 kg/m?, obesity by a BMI >30 kg/m?, overweight or obe-
sity by a BMI >25 kg/m”*and underweight by a BMI
<18.5kg/m*. Gestational weight gain was evaluated accord-
ing to the Institute of Medicine (IOM) guidelines, which rec-
ommend weight gain ranges of 12.5-18.0 kg, 11.5-16.0 kg,
7-11.5 kg and 5.0-9.0 kg, among underweight, normal
weight, overweight and obese mothers, respectively. For mul-
tiple pregnancies, we used the provisional IOM guidelines.'”

The units of analyses were women who gave birth to a
live-born child or to a stillbirth (a fetus with a gestational
age of 28 or more weeks, or a birthweight of 1000g or
higher when gestational age was not known). Measurement
procedures of birthweight and gestational age have been
reported elsewhere.?” Single and multiple pregnancies were
included.

Analyses were stratified by family income quintiles and
maternal skin colour (white, brown or black). Further in-
formation on the stratification variables is available else-
4 With respect to skin colour, in 1982 the
interviewer classified maternal skin colour as white, black

where.

or other (either indigenous or yellow/Asian), and mothers
with brown skin colour were classified as black. In 1993,
the interviewer also classified the colour, and an option for
brown skin color was included. In 2004 and 2015, skin
colour was self-reported by the mothers using the five cate-
gories (white, brown, black, indigenous, yellow/Asian)
employed by the Brazilian census bureau. Means and pro-
portions were compared using analysis of variance
(ANOVA) and chi square testing, respectively. Tests for
heterogeneity and linear trends were carried out, and we
reported the one with the lowest P-value of the two results.
We compared differences inter- and intra-cohorts, i.e. in
the inter-cohort comparisons we compared the change in
the estimate across cohorts, for each category of the ex-
planatory variable. For intra-cohort analysis, we estimated
the likelihood that differences among the categories of the
exposure variable were due to chance.

Two summary indices were used to assess the magni-
tude of income-related disparities.>! The slope index of in-
equality is a measure of absolute inequality and shows the

difference in the outcome, expressed as percentage points,
between the extremes of the wealth scale. The concentra-
tion index is a measure similar to the Gini coefficient, and
reflects relative inequalities. Both indices range from —100
to +100, with positive values showing that the outcome is
more common in the high-income group than in the poor-
est group. Both indices are based on the full distribution of
the outcomes in the five wealth quintiles.”! A weighted
least-square regression was used to carry out a formal sta-
tistical test of the variation in the concentration index and
the slope index of inequality across the cohorts. Data anal-
yses were carried out using Stata software 15.%%

Ethical approval for observational studies was not re-
quired in Brazil until 1996.The 2004 study was ap-
proved by the Ethics Committee of the School of
Medicine and the 2015 study by the Ethics Committee
of the School of Physical Education, Federal University
of Pelotas, and written informed consent was obtained
from the mothers.

Results

Response rates during the perinatal interview were greater
than 98% in all four cohorts.'* From 1982 to 2015, the
number of total births, including stillbirths, fell from 6011
to 4329. Additional information on the sociodemographic
characteristics of the mothers in the four cohorts are pre-
sented elsewhere.'”

Table 1 shows that average maternal height increased
by 5.2cm, from 156.4cm in 1982 to 161.6cm in 2015.
The increment was slightly higher between 1982 and 1993
than from 2004 to 2015, whereas from 1993 to 2004 there
was a slight decrease in height. Mean pre-pregnancy
weight increased by 11.5 kg from 1982 to 2015, with the
largest increment taking place between 2004 and 2015.
Because the increase in weight was faster than that in
height, a sharp increase in BMI was observed, mostly in
the latest 11-year period. Whereas the prevalence of under-
weight declined from 7.8% to 3.7%, there was a marked
increase in the prevalence of pre-pregnancy overweight or
obesity, which affected about half of all women in 2015.
Although mean gestational weight gain varied across the
cohorts, there was no clear time trend and the means for
1982 and 2015 were similar. However, the proportion of
mothers who gained more weight than recommended by
the IOM guidelines was higher in 2004 and 20135, because
a greater proportion of women were overweight or obese
at the start of pregnancy—and therefore should have
gained less weight.

Table 2 shows mean maternal height in each cohort,
disaggregated by quintiles of family income and maternal
skin colour. In all four cohorts, maternal height was
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Table 1. Maternal height, pre-pregnancy body mass index and weight gain during pregnancy in four birth cohorts, Pelotas,

Brazil
Birth cohort (year)? P-value
1982 1993 2004 2015
Maternal height (cm)® 156.4 159.8 158.8 161.6 <0.01
(156.3;156.6) (159.6; 160.0) (158.5;159.0) (161.3;161.8)
5902 5256 4011 4204
Maternal height <150 cm (%)° 16.0 8.6 8.9 6.1 <0.01
(15.1516.9) (7.959.4) (8.1;9.8) (5.4;6.9)
Pre-pregnancy weight (kg)® 55.7 58.2 61.0 67.2 <0.01
(55.5; 56.0) (57.9; 58.5) (60.6; 61.4) (66.7567.6)
5146 5190 3998 4267
Pre-pregnancy body mass 22.7 22.8 23.6 25.7 <0.01
index (kg/m?)® (22.6522.8) (22.7522.9) (23.4;23.7) (25.5;25.8)
5055 5147 3775 4152
Pre-pregnancy underweight 7.8 8.8 7.4 3.7 <0.01
(BMI <18.5 kg/m?) (%)° (7.0; 8.5) (8.1;9.6) (6.5;8.5) (3.2;4.3)
Pre-pregnancy overweight (BMI 17.7 17.5 20.4 28.2 <0.01
>25 and < 30 kg/m?) (%)° (16.75;18.8) (16.5;18.6) (19.0521.9) (26.9529.6)
Pre-pregnancy obesity (BMI > 4.4 4.9 9.0 18.7 <0.01
30 kg/m?) (%)° (3.9;5.0) (4.3;5.5) (8.0510.0) (17.6520.0)
Pre-pregnancy overweight or 22.1 22.4 29.4 47.0 <0.01
obesity (BMI >25 kg/m?) (%)< (21.0523.3) (21.2523.6) (27.7; 31.0) (45.5;48.5)
Gestational weight gain (kg)® 11.8 11.6 12.4 12.0 <0.01
(11.75;12.0) (11.5;11.8) (12.2;12.6) (11.8;12.2)
4468 5067 3949 4230
Gestational weight gain according to IOM guidelines <0.01
Below the recommendation (%) 41.0 42.6 27.5 30.8
(39.5;42.4) (41.25 44.0) (26.1;28.9) (29.4;32.2)
Within the recommendation (%) 34.4 33.8 32.4 33.5
(33.1;35.9) (32.5;35.1) (31.05 33.9) (32.1; 34.9)
Above the recommendation (%) 24.6 23.6 40.1 35.7
(23.3;25.9) (22.5;24.8) (38.6;41.6) (34.3;37.2)

%95% confidence interval is presented between brackets.
"Mean.

“Prevalence.

positively associated with family income. Mean height in-
creased markedly over time in all socioeconomic groups,
but the increase was greater in the two poorest quintiles
(5.9 and 7.1cm, respectively) than in the two richest
quintiles (3.9 and 4.4 cm, respectively). The slope index
of inequality and the concentration index suggest that the
gap between the wealthiest and the poorest narrowed
(P <0.01), mostly from 1982 to 1993. Regarding maternal
skin colour, in 1993 and 2004 no differences in mean
height were observed between white, brown and black
women, and the increase in height over time was com-
parable in all three groups. On the other hand, in 1982
white mothers were taller than non-white mothers
(P=0.02), whereas in 2015 the 95% confidence intervals
show that maternal height was higher among black and
white mothers than for women with brown skin colour
(P <0.01).

Maternal underweight prevalence is presented in
Table 3. Except for 1982, there were inverse associations
with family income. Important reductions over time were
observed in all income groups, particularly among women
in the richest quintiles. As a consequence, inequalities
tended to increase slightly, particularly in relative terms
as measured by the concentration index (P=0.02).
Regarding skin colour, we did not observe major differen-
ces across the cohorts.

In all four cohorts, the prevalence of pre-pregnancy
overweight or obesity showed inverted U-shaped patterns
according to income, with the highest prevalence in the in-
termediate quintiles (Table 4). Prevalence more than dou-
bled between 1982 and 20135 in all but the second quintile.
The slope and concentration indices do not show evidence
of income-related inequality in maternal overweight or obe-
sity in any cohort, as all confidence intervals included the
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Table 2. Maternal height according to family income and skin colour in four birth cohorts, Pelotas, Brazil

Mean maternal height in cm (95% confidence interval) P-value
1982 1993 2004 2015

Quintiles of family income

P -value <0.01° <0.01° <0.01° <0.01°

Q1 (poorest) 154.1 158.1 157.5 160.0 <0.01°¢
(153.8; 154.4) (157.7; 158.5) (157.0; 157.9) (159.6; 160.5)

Q2 153.7 159.2 157.7 160.8 <0.01°¢
(153.4; 154.0) (158.8; 159.6) (157.3;158.2) (160.3; 161.2)

Q3 157.2 159.5 158.5 161.2 <0.01°¢
(157.0; 157.5) (159.1; 160.0) (158.1; 158.9) (160.8; 161.6)

Q4 158.0 160.6 159.0 161.9 <0.01°¢
(157.7; 158.4) (160.2; 161.0) (158.6; 159.5) (161.5; 162.3)

QS5(wealthiest) 159.4 161.7 160.7 163.8 <0.01°¢
(159.0; 159.7) (161.3; 162.1) (160.3; 161.1) (163.4; 164.2)

Concentration 0.75 0.40 0.38 0.44 <0.01

index (0.69; 0.80) (0.33;0.46) (0.31; 0.45) (0.36; 0.51)
Slope index of 1.60 0.76 0.76 0.76 <0.01
inequality (1.49;1.71) (0.64; 0.88) (0.63; 0.90) (0.64; 0.88)

Maternal skin colour

P-value 0.0% 0.09% 0.30% <0.01°

White 156.5 159.8 158.7 161.9 <0.01°¢
(156.4; 156.7) (159.6; 160.0) (158.5; 159.0) (161.6; 162.1)

Brown 158.9 158.2 159.9 <0.01°¢
156.0¢ (158.0; 159.8) (157.5; 159.0) (159.4; 160.5)

Black (155.7; 156.4) 160.0 158.5 161.5 <0.01°¢

(159.6; 160.4) (158.0; 158.9) (160.9; 162.1)

?P-value for heterogeneity from intra-cohort ANOVA tests.
bP_value for linear trend from intra-cohort ANOVA tests.
°P-value for heterogeneity from inter-cohort ANOVA tests.

9In 1982, brown women were classified as black; the results presented here expressed the mean height of black and brown women.

reference (0). For maternal skin colour, the prevalence was
lowest among white women in each cohort, but prevalence
increased to similar extents in all groups over time. Table 5
shows that over the 33-year span, the prevalence of obesity
increased by at least four times in all but the second quintile.
Supplementary Figure 1 (available as Supplementary data at
IJE online) shows that the prevalence of obesity presented
an inverted U-shaped pattern with family income. We also
analysed the trends for overweight (Supplementary Table 1,
available as Supplementary data at IJE online).

In all cohorts except for 20135, the proportion of moth-
ers whose weight gain was above the recommended range
(Table 6) was higher in the top income quintile, but the
fastest increase was observed in the poorest quintiles.
Accordingly, the concentration and slope indices show im-
portant declines in inequalities over time (P < 0.01). From
1982 to 2004 weight gain was not associated with skin col-
our, but in 2015 the proportion of mothers with a weight
gain above the recommendation was lower among white
women compared with other women.

Discussion

The strengths of our analyses include the population-
based nature of the samples. Each perinatal study in-
cluded nearly all births in a calendar year and response
rates were above 98%, thus minimizing the likelihood of
selection bias. The four studies were conducted by the
same group of researchers. The study’s limitations in-
cluded differences in the assessment of maternal weight.
Whereas in 1982 and 1993 women were weighed at hos-
pital admission, in 2004 and 2015 the information on the
weight at the end of the pregnancy was provided by the
mothers, who usually reported their weight at the latest
antenatal care visit. This change in the way of assessing
maternal weight may have biased our analysis of the trend
of gestational weight gain. Moreira and colleagues studied
the agreement between self-reported and measured
weights in the 2013 national health survey in Brazil,
showing that there was a high degree of agreement be-
tween both variables.”® Headen et al®* systematically
reviewed the evidence on the accuracy of self-reported
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Table 3. Prevalence of maternal underweight at the beginning of the pregnancy according to family income and skin colour in

four birth cohorts, Pelotas, Brazil

Prevalence of maternal underweight (95% confidence interval) P-value
1982 1993 2004 2015

Quintiles of family income

P-value 0.13* <0.01* <0.01* <0.01*

Q1 (poorest) 8.8 9.9 9.8 5.8 <0.01"
(7.1; 10.9) (8.2;11.9) (7.6;12.7) (4.4;7.6)

Q2 7.0 10.6 9.9 3.9 <0.01°
(5.6; 8.8) (8.9;12.5) (7.7; 12.8) (2.8; 5.4)

Q3 9.0 9.1 7.4 3.7 <0.01°
(7.4;10.9) (7.4;11.2) (5.5;9.9) (2.6;5.2)

Q4 7.6 7.4 6.3 2.4 <0.01¢
(6.1;9.3) (5.9;9.2) (4.6; 8.5) (1.5; 3.6)

QS5(wealthiest) 6.5 6.4 4.6 3.0 <0.01¢
(5.1; 8.1) (5.1; 8.1) (3.2;6.5) (2.1; 4.4)

Concentration —4.53 —7.81 —-15.25 —-13.27 0.02

index (—9.87;0.80) (—12.77; —2.85) (—22.29; —8.21) (—22.36; —4.18)
Slope index of -2.03 —4.27 —7.04 —3.40 0.41
inequality (—4.55;0.49) (—6.96; —1.58) (—10.38; —3.70) (—5.54; —1.27)

Maternal skin colour

P-value 0.44% 0.20* 0.20% 0.63*

White 7.9 8.9 7.4 3.6 <0.01¢
(7.1; 8.7) (8.1; 9.8) (6.4; 8.6) (3.0;4.3)

Brown 11.6 10.2 4.4 <0.01¢
7.14 (8.0; 16.4) (6.8;15.2) (3.0; 6.5)

Black (5.5;9.0) 7.8 6.4 3.9 <0.01°¢

(6.3;9.8) (4.6; 8.8) (2.6;5.7)

2P-value for heterogeneity from intra-cohort chi square tests.
bP-value for heterogeneity from inter-cohort chi square tests.
€P-value for linear trend from inter-cohort chi square tests.

9In 1982, brown women were classified as black; the results presented here expressed the prevalence of underweight among black and brown women.

maternal weight across pregnancy. Concerning weight at
the end of pregnancy, most studies reported errors of
small magnitude, with mothers tending to under-report
their weight. Because the last antenatal care visit usually
takes place before the day of delivery, in 2004 and 2015
we did not capture the change in weight between the ante-
natal care visit and the delivery, and thus weight gain dur-
ing pregnancy was underestimated. Since this error is
expected to be independent of socioeconomic status, non-
differential misclassification bias may be present. This
will tend to underestimate the associations with risk fac-
tors in 2004 and 2015. Other limitations, regarding the
collection of information on family income and skin col-
our, are further discussed in the first article in this sup-
plement.'* The misclassification of family income that
may have occurred in 1993, due to the hyperinflation,
tends to be unrelated to maternal nutritional status and
this error may have underestimated the association of nu-
tritional status with socioeconomic status in 1993. By the
same token, the change in the assessment of skin colour

(as the ‘brown’ category was not considered in 1982) may
have introduced some noise in the observed associations.

In the 33-year period covered by the four birth cohorts,
there were important changes in sociodemographic charac-
teristics of the mothers, which are described in an accom-
panying article."* There were important improvements in
education and income. The proportion of adolescent moth-
ers remained stable, but there was a substantial increase in
the number of mothers aged 35 years or older. Parity de-
clined rapidly, and birth intervals increased.

The present results show that average maternal height
and pre-pregnancy weight increased markedly. Because the
increase was faster for weight than for height, the preva-
lence of pre-pregnancy overweight or obesity rose from
22.1% in 1982 to 47.0% in 2015. The fastest increase
took place after 2004. On the other hand, weight gain dur-
ing pregnancy did not change across the cohorts, but this
could be at least partly due to the above-mentioned differ-
ences in how the final weight was assessed in 2004 and
2015.
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Table 4. Prevalence of overweight or obesity at the beginning of the pregnancy according to family income and skin colour in

four birth cohorts, Pelotas, Brazil

Prevalence of overweight or obesity at the beginning of the pregnancy (95% confidence interval) P-value
1982 1993 2004 2015
Quintiles of
family income
P-value <0.01% 0.07% <0.017 <0.01*
Q1 (poorest) 18.6 21.2 22.8 41.8 <0.01°
(16.2;21.3) (18.7;23.8) (19.5;26.6) (38.4;45.2)
Q2 28.2 22.1 31.3 50.1 <0.01°
(25.5;31.1) (19.9; 24.6) (27.5;35.3) (46.6; 53.5)
Q3 21.7 24.5 30.6 52.4 <0.01¢
(19.3;24.2) (21.8;27.5) (27.0; 34.6) (49.0; 55.8)
Q4 232 24.4 33.7 50.7 <0.01¢
(20.8;25.8) (21.8;27.2) (30.1; 37.5) (47.3; 54.0)
QS5 (wealthiest) 18.7 20.0 27.8 39.8 <0.01¢
(16.4;21.1) (17.7522.6) (24.5;31.3) (36.6;43.2)
Concentration —2.52 0.02 3.12 -0.71 0.44
index (—5.42;0.39) (—2.71; 3.08) (0.005 6.30) (—2.56;1.14)
Slope index of -3.00 0.11 5.08 -1.92 0.33
inequality (—6.81;0.88) (—3.76; 3.98) (—=0.50;10.65) (—=7.13; 3.29)
Maternal skin colour
P-value <0.01° 0.03* 0.08* <0.01*
White 20.9 21.7 28.2 45.9 <0.01¢
(19.7;22.1) (20.4; 23.0) (26.4;30.2) (44.2;47.7)
Brown 222 31.7 46.0 <0.01¢
28.5¢ (17.3;28.1) (25.7; 38.4) (41.8;50.2)
Black (25.5;31.6) 25.7 32.8 53.1 <0.01¢
(23.0; 28.6) (29.0; 36.9) (49.2557.0)

?P-value for heterogeneity from intra-cohort chi square tests.
bP-value for heterogeneity from inter-cohort chi square tests.
°P-value for linear trend from inter-cohort chi square tests.

9In 1982, brown women were classified as black; the results presented here expressed the prevalence of overweight or obesity among black and brown women.

Both small stature and underweight were more common
among low-income women. Inequalities in maternal
heights according to income fell rapidly particularly be-
tween 1982 to 1993 but, in contrast, inequalities in under-
weight increased slightly due to faster reductions in the
richest quintiles where the prevalence is rather low. In con-
trast, overweight or obesity did not show a linear associa-
tion with income, and inequalities in overweight or obesity
were small and remained stable during the study period, as
prevalence increased in all quintiles. Weight gains during
pregnancy above the recommendations were more frequent
among high-income women in 1982, but by 2015 these dif-
ferences were markedly reduced due to faster increase
among the poor. Generally speaking, women from all in-
come groups were more similar in terms of anthropometric
status in 2015 than they were in 1982. On the one hand
this is a positive finding, as is the case for height, but on
the other hand improved equality was due to the faster
rises among the poor in overweight or obesity and weight

gain during pregnancy above the recommendation. When
equity improves as a function of worsening status among
the poor, the improvement is illusory.

The findings on maternal anthropometry are consistent
with the reduction in stunting and the increase in over-
weight or obesity in the children from the four cohorts,
which are described in another article in this supplement.*’
Changes in inequalities were also similar for mothers and
children: the socioeconomic gap in stunting was greatly re-
duced, but the faster increase in overweight or obesity
among poor children led to the elimination of the gap that
was present in 1982.

The findings from our four cohorts are consistent with
the global increase in overweight and obesity, which has
reached epidemic levels in several countries.'" Increases in
the prevalence of overweight and obesity in the beginning
of pregnancy have been described in high-income coun-

2628 where several studies report higher prevalence of

28,29

tries,
obesity among mothers of low socioeconomic status.
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Table 5. Prevalence of obesity at the beginning of the pregnancy according to family income and skin colour in four birth

cohorts, Pelotas, Brazil

Prevalence of obesity at the beginning of the pregnancy (95% confidence interval) P-value
1982 1993 2004 2015
Quintiles of family income
P-value <0.01% 0.10° 0.51% <0.017
Q1 (poorest) 3.6 4.0 8.1 17.8 <0.01¢
(2.5;5.0) (3.0;5.5) (6.1;10.8) (15.3;20.5)
Q2 6.7 5.1 10.1 20.3 <0.01°
(5.3;8.4) (3.9;6.5) (7.9; 13.0) (17.7;23.2)
Q3 4.8 5.7 9.9 21.3 <0.01°
(3.7;6.3) (4.4;7.5) (7.7;12.6) (18.6;24.1)
Q4 4.5 5.9 9.1 20.8 <0.01°
(3.4;5.9) (4.6;7.5) (7.1;11.7) (18.2;23.7)
Q5(wealthiest) 2.5 3.7 7.7 13.6 <0.01¢
(1.7; 3.7) (2.7;5.1) (5.9;10.0) (11.45 16.0)
Concentration —8.6 0.12 -1.31 -3.70 0.55
index (—15.20; —2.02) (—6.49; 6.73) (—7.83;5.22) (—7.20; —0.21)
Slope index of -2.37 —0.02 -1.19 -3.93 0.96
inequality (—4.18;-0.58) (—1.92;1.88) (—4.66;2.27) (—7.84; —0.01)
Maternal skin
colour
P-value <0.01% 0.14* 0.01* 0.22%
White 3.9 4.5 8.1 18.2 <0.01°
(3.4;4.6) (3.9;5.2) (7.0;9.3) (16.8;19.6)
Brown 5.8 13.2 19.3 <0.01¢
7.0¢ (3.3;9.7) (9.2;18.5) (16.2;22.8)
Black (5.4;8.9) 6.0 10.8 21.1 <0.01°
(4.7,7.7) (8.4;13.7) (18.1524.5)

?P-value for heterogeneity from intra-cohort chi square tests.
bP-value for heterogeneity from inter-cohort chi square tests.
°P-value for linear trend from inter-cohort chi square tests.

9In 1982, brown women were classified as black; the results presented here expressed the prevalence of obesity among black and brown women.

In contrast, studies from low-income countries show
higher prevalence among wealthy women, although this
pattern is changing rapidly.* A study of national trends in
Brazil up to 2008*" showed that the prevalence of obesity
was increasing faster among the poor than among the rich
women. In contrast, we found that although the absolute
increase in percentage points was greater for poor than for
rich women (Supplementary Figure 1), there were similar
5-fold increases in prevalence in both the poorest and rich-
est quintiles. Both the national study and our own findings
show that the prevalence of obesity was highest among
women in the intermediate categories of socioeconomic
status. This pattern of association did not change over
time. On the other hand, similarly to other settings, black
mothers were more likely to be overweight.***

As observed in other countries, we documented an
important increase in maternal height over time. This
increase in height in our birth cohorts was more pro-
nounced in two different periods, from 1982 to 1993

and from 2004 to 2015. Over the 33-year span, mean
maternal height increased by about 5cm and the pro-
portion of mothers whose height was <150cm de-
creased from 16.0% in 1982 to 6.0% in 2015. Though
an increase in adult height has been reported
worldwide,'® an analysis of data from 354 low- to
middle-income countries showed that in 35 of them a
stagnation or decline in female height has been docu-
mented in most recent birth cohorts,®? with the increase
in height being concentrated among women in the
wealthiest socioeconomic groups in more recent years.
In Pelotas, the slope index of inequality and the concen-
tration index make clear that the difference in maternal
height between the richest and the poorest narrowed,
mostly from 1982 to 1993, which indicates that socioeco-
nomic inequalities in terms of maternal height decreased.
The improvements in maternal height which we docu-
mented in our cohorts have also been observed for height
of young children; Gongalves et al. reported a marked
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Table 6. Prevalence of weight gain during pregnancy above the recommended range, according to family income and skin col-

our in four Birth Cohorts. Pelotas, Brazil

Percentage weight gain during pregnancy above the recommendations (95 % confidence interval) P-value
2004 2015
Quintiles of
family income
P-value <0.01° <0.01° <0.01" <0.01%
Q1 (poorest) 15.7 21.9 33.5 30.1 <0.01°
(13.2;18.6) (19.4;24.6) (30.2; 37.0) (27.1;33.4)
Q2 21.1 20.8 38.9 39.4 <0.01¢
(18.5;24.0) (18.5;23.2) (35.5;42.3) (36.2;42.8)
Q3 24.4 22.8 40.9 36.5 <0.01¢
(21.8;27.3) (20.1;25.7) (37.5; 44.4) (33.4;39.8)
Q4 25.6 24.6 43.3 36.1 <0.01¢
(22.9;28.4) (22.1;27.4) (39.9; 46.7) (32.9;39.4)
QS5 (wealthiest) 33.3 28.6 43.4 36.3 <0.01°
(30.4; 36.3) (25.9;31.4) (40.0; 46.8) (33.2539.6)
Concentration 13.22 5.70 4.72 1.82 <0.01
index (10.31516.12) (2.83;8.57) (2.53;6.91) (—0.50;4.13)
Slope index of 18.92 7.75 11.60 4.24 <0.01
inequality (14.63;23.21) (3.68;11.83) (6.38;16.83) (—0.71; 9.18)
Maternal skin colour
P-value 0.51° 0.18 0.26 0.04"
White 24.8 24.1 40.6 34.8 <0.01¢
(23.4;26.2) (22.8;25.5) (38.8;42.4) (33.1; 36.5)
Brown 19.4 39.2 37.8 <0.01¢
23.6° (14.7;25.3) (33.6;45.1) (33.8;41.9)
Black (20.6526.9) 22.4 38.4 38.6 <0.01¢
(19.8;25.2) (35.0541.9) (34.9;42.4)

?P-value for heterogeneity from intra-cohort chi square tests.
bP_value for linear trend from intra-cohort chi square tests.
“P-value for heterogeneity from inter-cohort chi square tests.
dP-value for linear trend from inter-cohort chi square tests.

In 1982, brown women were classified as black; the results presented here expressed the mean weight gain during pregnancy of black and brown women.

decrease in the prevalence of stunting at 12 months
of age,”> as well as reductions in socioeconomic inequal-
ities. In Brazil, the prevalence of stunting in childhood
decreased from 37.1% in 197475 to 7.1% in 2006-7.%
Because undernutrition in childhood is positively associ-
ated with stature in adulthood,® such improvement in ma-
ternal height was expected and should be associated with
further improvements in the next generation, as early
growth is associated with intrauterine growth in the next
generation.>

This analysis showed positive trends in maternal height
and socioeconomic inequality which increased and de-
clined, respectively. On the other hand, the increase in ma-
ternal overweight or obesity is a cause for concern, given
its short- and long-term consequences on the health of the
mother and the baby. These findings reinforce the need for
ample public health policies aimed at tackling the obesity
epidemic.

Supplementary data

Supplementary data are available at IJE online.

Funding

The four cohorts received funding from the following agencies:
Wellcome Trust, International Development Research Center,
World Health Organization, Overseas Development Administration
of the United Kingdom, European Union, Brazilian National
Support Program for Centers of Excellence (PRONEX), Brazilian
National Council for Scientific and Tehcnological Development
(CNPq), Science and Technology Department (DECIT) of the
Brazilian Ministry of Health, Research Support Foundation of the
State of Rio Grande do Sul (FAPERGS), Brazilian Pastorate of the
Child and Brazilian Association for Collective Health (ABRASCO).

Pelotas Cohorts Study Group

Aluisio J D Barros,! Alicia Matijasevich,” Ana M B Menezes,'
Andrea Damaso Bertoldi,'! Diego G Bassani,> Fernando C

6102 UoIBIN 6Z U0 3senb Aq 88128€5/92!/L  Jusws|ddns/gyoesqe-sjonte/alwoo dno-olwspese//:sdly Wwoly pepeojumoq


https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyy278#supplementary-data

International Journal of Epidemiology, 2019, Vol. 48, Supplement 1

i35

Wehrmeister,! Helen Gongalves,! Joseph Murray,! Luciana Tovo-
Rodrigues,! Mariangela F Silveira® and Pedro R C Hallal.!

'Federal University of Pelotas, Brazil, *University of Sio Paulo,

Brazil and *University of Toronto, Canada.

Conflict of interest: None declared.

References

1.

10.

11.

12.

13.

14.

15.

Li L, Manor O, Power C. Early environment and child-to-adult
growth trajectories in the 1958 British birth cohort. Am | Clin
Nutr 2004;80:185-92.

Kramer MS. Determinants of low birth weight: methodological
assessment and meta-analysis. Bull World Health Organ 1987;
65:663-737.

Victora CG, Adair L, Fall C et al. Maternal and child undernutri-
tion: consequences for adult health and human capital. Lancet
2008;371:340-57.

Addo OY, Stein AD, Fall CH et al. Maternal height and child
growth patterns. | Pediatr 2013;163:549-54.

Black RE, Allen LH, Bhutta ZA et al. Maternal and child under-
nutrition: global and regional exposures and health consequen-
ces. Lancet 2008;371:243-60.

Aune D, Saugstad OD, Henriksen T, Tonstad S. Maternal body
mass index and the risk of fetal death, stillbirth, and infant death.
A systematic review and meta-analysis. JAMA 2014;311:1536.
Marchi J, Berg M, Dencker A, Olander EK, Begley C. Risks asso-
ciated with obesity in pregnancy, for the mother and baby: a sys-
tematic review of reviews. Obes Rev 2015;16:621-38.
Cedergren MI. Optimal gestational weight gain for body mass
index categories. Obstet Gynecol 2007;110:759-64.

Godfrey KM, Reynolds RM, Prescott SL et al. Influence of ma-
ternal obesity on the long-term health of offspring. Lancet
Diabetes Endocrinol 2017;5:53-64.

Risk Factor Collaboration;
Bentham J, Di Cesare M, Stevens GA et al. A century of trends in
adult human height. eLife 2016;5:e13410.

Non-communicable Disease Risk Factor Collaboration; Di
Cesare M, Bentham ], Stevens GA, et al. Trends in adult
body-mass index in 200 countries from 1975 to 2014: a pooled

Non-communicable Disease

analysis of 1698 population-based measurement studies with
19-2 million participants. Lancet 2016;387:1377-96.

Santos IS, Barros AJD, Matijasevich A et al. Mothers and
their pregnancies: a comparison of three population-based
cohorts in Southern Brazil. Cad Saiide Piiblica 2008;24(Suppl 3):
$381-s89.

Lima NP, Horta BL, Motta JVDS et al. Evolution of over-
weight and obesity into adulthood, Pelotas, Rio Grande do
Sul State, Brazil, 1982-2012. Cad Saiude Piblica 2015;31:
2017-25.

Bertoldi AD, Horta BL, Gongalves H et al. Trends and
inequalities in maternal and child health in a Brazilian city: meth-
odology and sociodemographic description of four population-
based birth cohort studies, 1982-2015. Int | Epidemiol 2019;
48(Suppl1):i4-15.

Barros FC, Victora CG, Horta BL, Gigante DP. Methodology of
the Pelotas birth cohort study from 1982 to 2004-5. Rev Saride
Piiblica 2008;42:7-15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Hallal PC, Bertoldi AD, Domingues MR et al. Cohort Profile:
The 2015 Pelotas (Brazil) birth cohort study. Int | Epidemiol
2018;47:1048.

Santos IS, Barros AJ, Matijasevich A, Domingues MR, Barros
FC, Victora CG. Cohort Profile: The 2004 Pelotas (Brazil) birth
cohort study. Int | Epidemiol 2011;40:1461-68.

Victora CG, Hallal PC, Araujo CL, Menezes AM, Wells JC,
Barros FC. Cohort Profile: The 1993 Pelotas (Brazil) birth cohort
study. Int | Epidemiol 2008;37:704-09.

Siega-Riz AM, Deierlein A, Stuebe A. Implementation of the
new institute of medicine gestational weight gain guidelines.
] Midwifery Womens Health 2010;55:512-19.

Silveira MF, Horta BL, Menezes AMB et al. Low birthweight
and preterm birth: trends and inequalities in four population-
based birth cohorts in Pelotas, Brazil, 1982-2015. Int |
Epidemiol 2019;48(Suppl 1):i46-i53.

Barros AJ, Victora CG. Measuring coverage in MNCH: determin-
ing and interpreting inequalities in coverage of maternal, newborn,
and child health interventions. PLoS Med 2013;10:e1001390.
StataCorp. Stata Statistical Software: Release 15.1. College
Station, TX: StataCorp LP, 2017.

Moreira NF, Luz VG, Moreira CC et al. Self-reported weight
and height are valid measures to determine weight status: results
from the Brazilian National Health Survey (PNS 2013). Cad
Saude Publ 2018;34:¢00063917.

Headen I, Cohen AK, Mujahid M, Abrams B. The accuracy of
self-reported pregnancy-related weight: a systematic review.
Obes Rev 2017;18:350-69.

Gongalves H, Horta BL, Barros AJ et al. Infant nutrition and
growth: trends and inequalities in four population-based birth
cohorts in Pelotas, Brazil, 1982-2015. Int | Epidemiol 2019;
48(Suppl1):180-8.

Deputy NP, Dub B, Sharma A]J. Prevalence and trends in pre-
pregnancy normal weight - 48 States, New York City, and
District of Columbia, 2011-2015. MMWR Morb Mortal Wkly
Rep 2018;66:1402-07.

Garabedian C, Servan-Schreiber E, Riviére O, Vendittelli F,
Deruelle P. Obésité maternelle et grossesse: évolution de la prév-
alence et du lieu d’accouchement a partir des donneés
AUDIPOG (Maternal obesity and pregnancy: Evolution of prev-
alence and of place of birth). ] Gynecol Obstet Biol Reprod
(Paris) 2016;45:353-59.

Heslehurst N, Rankin J, Wilkinson JR, Summerbell CD. A na-
tionally representative study of maternal obesity in England, UK:
trends in incidence and demographic inequalities in 619 323
births, 1989-2007. Int | Obes 2010;34:420-28.

Chu SY, Kim SY, Bish CL. Pre-pregnancy obesity prevalence in
the United States, 2004-2005. Matern Child Health | 2009;13:
614-20.

Monteiro CA, Moura EC, Conde WL, Popkin BM.
Socioeconomic status and obesity in adult populations of devel-
oping countries: a review. Bull World Health Organ 2004;82:
940-46.

Brasil, Ministério do Planejamento Orcamento e Gestao.
Pesquisa de Orcamentos Familiares 2008-2009. Tendéncia
secular adultos: antropometria e estado nutricional de criancas,

adolescentes e adultos no Brasil (Secular trend in adults:

6102 UoIBIN 6Z U0 3senb Aq 88128€5/92!/L  Jusws|ddns/gyoesqe-sjonte/alwoo dno-olwspese//:sdly Wwoly pepeojumoq



i36 International Journal of Epidemiology, 2019, Vol. 48, Supplement 1
anthropometry and nutritional status of children, adolescents 33. Victora CG, Aquino EM, Leal MC, Monteiro CA, Barros FC,
and adults in Brazil). Rio de Janeiro, Brazil: IBGE, 2010. Szwarcwald CL. Maternal and child health in Brazil: progress

32. Subramanian SV, Ozaltin E, Finlay JE. Height of nations: a so- and challenges. Lancet 2011;377:1863-76.
cioeconomic analysis of cohort differences and patterns among 34. Horta BL, Gigante DP, Osmond C, Barros FC, Victora CG.
women in 54 low- to middle-income countries. PLoS One 2011; Intergenerational effect of weight gain in childhood on offspring
6:¢18962. birthweight. Int | Epidemiol 2009;38:724-32.

6102 Udie 6z uo isenb Aq 881z8£G/9z!/1 uswalddng/gyAoelsqe-sjoiue/all/wod dno-olwepeoe//:sdiy wol pspeojumoq



	dyy278-TF1
	dyy278-TF2
	dyy278-TF3
	dyy278-TF4
	dyy278-TF5
	dyy278-TF6
	dyy278-TF7
	dyy278-TF8
	dyy278-TF9
	dyy278-TF10
	dyy278-TF11
	dyy278-TF12
	dyy278-TF13
	dyy278-TF14
	dyy278-TF15
	dyy278-TF16
	dyy278-TF17
	dyy278-TF18
	dyy278-TF19
	dyy278-TF20
	dyy278-TF21
	dyy278-TF22
	dyy278-TF23
	dyy278-TF24

