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Abstract

Objective: Obesity is an increasingly prevalent nutritional disorder throughout
the world. In particular, abdominal obesity is associated with cardiovascular and
metabolic risk. The present study aimed to evaluate the effects of skin colour
and life-course socio-economic indicators on waist circumference (WC), hip
circumference (HC) and waist:hip ratio (WHR) in young adults.

Design: Population-based birth cohort study. Individuals born in 1982 in Pelotas
(southern Brazil) were visited on a number of occasions from birth to age 23-24
years. A sample of the cohort was sought in 2006 and 972 individuals were
located. The analysis was restricted to individuals with complete data available
(442 males, 414 females).

Results: In men, family income at birth and in 2004-5 were positively associated
with WC and HC, but not with WHR. Regardless of current income, men born to
wealthier families had larger WC and HC as adults. Skin colour was not associated
with any of the outcomes. In women, early poverty was associated with smaller
HC, and current poverty with larger WC. Poverty at any age thus led to higher
WHR. Black women had larger WC and HC than white women, but there were no
differences in WHR. All the associations were partially mediated by education and
behavioural variables.

Conclusions: The effects of early socio-economic position on WC and HC persist
even after adjustment for adult socio-economic position, highlighting the
importance of interventions during the first years of life.
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Obesity is a key risk factor for the incidence of and
mortality associated with CVD, diabetes, hypertension
and hypercholesterolaemia"™. Over the past three decades,
its prevalence has increased rapidly throughout the world
in both sexes®™® | but men and women are differentially
affected according to their socio-economic position
(SEP). In middle-income countries, obesity is more pre-
valent in richer men and poorer women”®

Obesity in adults is usually evaluated by BMI®’. How-
ever, BMI does not provide information on fat distribu-
tion, which is a better indicator of CVD risk'”. There have
been calls to use waist:hip ratio (WHR) instead of other
anthropometric measures for assessing CVD risk™*”
A meta-regression published in 2007 showed that WHR
was more strongly associated with CVD than waist
circumference (WC) among 4355 incident cases'”. The
INTERHEART Study evaluated 12461 cases of acute

*Corresponding author: Email david.epidemio@gmail.com

myocardial infarction in fifty-two countries, confirming
these findings even among individuals with normal or
low BMI (BMI < 25 kg/m*®. It is important to study WC
and hip circumference (HC) separately because the
adverse effects of WHR on CVD could be due to either a
relatively large WC or a small HC"'*'V. Furthermore, both
measures represent two distinct time periods of growth
and may be determined by different factors'**'*.
Nearly all studies evaluating socio-economic risk
factors for obesity in adults are cross-sectional ®131¢,
However, there is evidence that early poverty affects
nutritional status in adult life”’”'. Studies evaluating the
long-term effects of early SEP on abdominal obesity
in adults are rare and principally limited to data from
high-income countries; these report inverse associa-
tions in women and variable patterns for men®2%7,
Research in this area is particularly relevant for low- and
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middle-income settings to better understand the effects of
rapid nutritional transition®.

Studies examining the effects of ethnicity or skin colour
have also been exclusive to high-income countries and
have shown conflicting results""®#73% A recent literature
review indicated that variations in body composition
between blacks and whites are the result of a complex
multifactorial entanglement of lifestyle, environmental
and genetic differences", but more studies are required
to clarify the mechanisms involved.

Considering the limited literature on the long-terms
effects of SEP and ethnicity on body composition, the
current study evaluated the influence of family income
and skin colour on WC, HC, and WHR at age 2324 years
in a population-based birth cohort. Special attention was
given to socio-economic trajectories from birth to adult-
hood and the possible mediating roles of behavioural
variables.

Methods

Pelotas is a southern Brazilian city with a population of
340 000. In 2002 the city had a per capita Gross Domestic
Product of $US 1958 (national mean $US 2604)°*. The
main ethnic groups include European and African des-
cendents, with a small indigenous Brazilian population.
The 1982 Pelotas birth cohort study included 5914 live-
born babies (99-2% of all births) to mothers who lived in
the urban area of the city. Mothers were weighed and
interviewed in the hospital and babies were examined

FOLLOW-UP

Year: 1982
Target population: all hospital births from
January to December
n 5914 live births

D Gonzalez et al.

after birth and subsequently followed up on numerous
occasions from infancy until the age of 23-24 years.
Details regarding follow-up visits are shown in Fig. 1 and
described elsewhere®? .

In 1997, seventy of the city’s 265 census tracts were
randomly selected and all households in each sector were
visited, leading to 1076 cohort members being located
(follow-up rate 72%). Between October 2004 and August
2005, the entire cohort was sought through a census of all
98 000 urban households (follow-up rate 77 %). Informa-
tion on socio-economic and health variables was col-
lected. Between January and April 20006, the 1076 cohort
members examined in 1997 were sought. Anthropo-
metric, behavioural and health variables were collected
on 972 subjects (90-:3% of those studied in 1997).
Assessment of the three dependent variables (WC, HC
and WHR) was carried out in 856 subjects (88-1%; see
Table 1). For the measurements, interviewers were
trained and standardized. WC and HC were taken with
individuals in standing position using a flexible 160 cm
(precision: 1mm) fibreglass measuring tape. The waist
was considered the narrowest part of the trunk and was
taken directly on the skin. The hip was measured at the
widest point of the buttocks while wearing a gown over
underwear, in order to protect privacy. A linear regression
equation was used to correct the gowned measures
(hipcorrectea = —0°978 + 1:002 X gowned measure) based
on a validation study undertaken in 105 volunteers (fifty-
seven men, forty-eight women). Quality control measures
included repeating 10% of interviews during field work
by a supervisor, showing over 95 % repeatability.

VARIABLES

Family income
Maternal education

\ 4
Year: 1997
Target population: 1597
(27 % of cohort adolescents)
Losses to follow-up: 28-2 %

A 4

Year: 2004-5
Target population: 5914

Family income

Own attained education
Self-reported skin colour
Height, weight and BMI

(all cohort members)
Losses to follow-up: 226 %

A 4

Year: 2006
Target population: 1076

Behavioral variables: physical
activity, alcohol consumption,
smoking, fibre and fat intake
Parity (women)

Waist circumference

(cohort members located in 1997)
Losses to follow-up: 9:7 % in
addition to 1997 losses

Hip circumference
Waist:hip ratio

Fig. 1 Follow-up visits and variables used from the 1982 Pelotas birth cohort study
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Table 1 Comparison of demographic and socio-economic characteristics at birth between cohort members measured and not measured in

2006 (n 856): 1982 Pelotas birth cohort study, Brazil

Cohort members measured in 2006 related to:

Original cohort

Located in 1997 Located in 2006

Variables* n % measuredt n % measuredt n % measuredt
Sex
Male 3037 59-1 561 78-9 494 89-5
Female 2876 57-5 515 80-4 478 86-6
P valuet 0-5 0-6 0-2
Maternal skin colour
White 4851 58-9 909 79-0 824 87-0
Other 1060 55-8 166 83-1 147 93-9
P valuet 0-3 0-2 0-02
Family income at birth (minimum wages)
=1 1288 48-7 182 76-4 160 86-9
1-1-3 2789 59-2 514 80-2 456 90-4
>3 1808 64-1 376 80-5 352 85-8
P valuet <0-001 0-5 0-1
Maternal education (years)
04 1960 54-4 321 78-8 289 875
5-8 2454 60-7 455 81-5 412 89-8
9+ 1493 59-6 298 77-5 269 85-9
P valuet 0-08 0-4 0-3
Birth weight (g)
=2500 5375 58-0 1010 80-3 914 886
<2500 534 61-9 66 69-7 58 79-3
P valuet 0-4 0-04 0-03
Total 5914 58-4 1076 79-6 972 88-1

*All of the variables included missing data.

tNumber measured for waist and hip in 2006 as a percentage of those studied at each follow-up (allowing for selection of census tracts in 1997).

1x? test for heterogeneity.

The independent variables were collected at the dif-
ferent follow-up visits (Fig. 1). Self-reported skin colour
was collected in 2004 in five groups according to the
classification of the Brazilian Institute of Geography and
Statistics (white, black, brown, yellow and indigen-
ous)®®. In Brazil, self-reported skin colour is widely used
as a proxy for ethnic background. This variable was
categorized as white, black/brown or other. The last
group included twenty-five individuals who described
themselves as ‘yellow’ or ‘indigenous’. Due to the small
number of individuals in this group resulting in imprecise
estimates, they are not presented as a separate category in
the analyses, but they were retained in adjusted analyses
to avoid reducing the study power.

The main SEP indicator used in the analyses was
family income collected in 1982 and 2004. This variable
reflects access to essential resources, including food,
quality education and health care®. In 1982, 21-9%
of all families earned up to one minimum wage ($US 50/
month) which places them well below the poverty line. In
2004, the incomes of all family members were summed,
including the cohort member if currently employed, and
only 5-7% of all families had an income up to one
minimum wage ($US 180/month). To ensure compar-
ability between both periods the variable was divided
into tertiles. Details on how the income variables were
collected and categorized are available elsewhere”.
Family income change was classified as: (i) always poor
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(bottom tertile of family income at birth and at age 23-24
years); (i) never poor (top two tertiles in both periods);
(ii) poor—not poor (bottom tertile at birth and top two
tertiles at age 23-24 years); and (iv) not poor—poor (top
two tertiles at birth and bottom tertile at age 23-24 years).
All analyses were stratified by sex.

Own education, behavioural variables and parity
(women) were collected in 2004. Dichotomous variables
included current smoking (=1 cigarette/d), sedentary
behaviour (moderate physical activity <150 min/week)
and low fibre intake. Ordinal variables were used to
describe fat intake (very low, low, American diet, high,
very high), alcohol consumption (non-drinker, up to
1 unit/d, >1 unit/d), attained education of the individual
(=7, 8-11, =12 years) and parity (0, 1, 2, =3). Details on
the collection and classification of these variables are
available elsewhere®®

The adjusted analyses took into account the different
levels of determination. The most distal determinants
were skin colour and family income at birth, which were
adjusted for one another (model 1). The next level
included family income in 2004, that was adjusted for skin
colour and income at birth (model 2). The family income
change variable was adjusted solely for skin colour. To
investigate possible mediating effects, all of the above
variables were adjusted for current behavioural variables
and attained education of the individual (model 3).
Finally, these analyses were repeated with additional
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adjustment for concurrent BMI (model 4) to assess the
effect of each explanatory variable on WC, HC and WHR
independently of overall fatness. Variables were dropped
from the model when their P value was =0-20.

ANOVA was used in crude analyses and multiple linear
regression in adjusted analyses. Regression coefficients (3)
and standard errors of the differences relative to the refer-
ence category (sep) are expressed in centimetres for WC and
HC and as a percentage for WHR (B or sep X 100). Tests for
linear trend were used for ordinal variables. The STATA
statistical software package version 9-0 (Statacorp, College
Station, TX, USA) was used for analysis.

A posteriori calculations of statistical power showed
that the family income change variable had the least
power. In men, a difference of means between any two
categories equal to or greater than 4-0cm in WC, 3-4cm
for HC and 2-:0% for WHR was detectable with 80%
power. Corresponding values for women were 3-8cm,
3-9cm and 2:0%. For all other explanatory variables,
detectable differences were smaller than these.

The Federal University of Pelotas Ethical Committee
approved all phases of the 1982 Pelotas birth cohort
study. Verbal informed consent was obtained in 1982 and
written informed consent was collected in more recent
follow-ups.

Results

In 2006, 856 individuals had their waist and hip mea-
surements taken (58-4% of the original cohort; 79:6 % of
those interviewed in 1997). The sample had higher family
income at birth compared with the original cohort, but
there were no differences with respect to sex, skin colour,
maternal education or birth weight (Table 1). Pregnant
and postpartum women at the time of the measurements
were excluded (72 24).

Among men, mean values were 23-8kg/m* for BMI,
82-0cm for WC, 97-6 cm for HC and 0-84 for WHR. Cor-
responding values for women were 23-4 kg/m?, 74-2 cm,
98-7cm and 0-75. All variables were symmetrically dis-
tributed. Elevated WC (=94 cm and =80 cm, respectively)
was found in 12:0% of men and in 8:2% of women®.

Table 2 shows the crude associations between the
explanatory variables and WC, HC and WHR. All associa-
tions varied according to sex (P for interaction =0-05 for
all). In men, there were no significant differences in WC
or HC according to skin colour. Family income at birth and
in adulthood were directly associated with WC and HC.
Both measures were highest among men who were never
poor and lowest among those who were always poor. None
of the explanatory variables were associated with WHR.

In women, WC and WHR were higher in black/brown
compared with whites, but HC did not vary by skin colour.
Family income in 1982 and 2004 were inversely associated
with WC and WHR, but not with HC. Women in the always
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poor and in the not poor—poor groups had greater WC
compared with the other groups (2 of the overall differ-
ence = 0-06). Women who were poor at birth had lower
HC, especially in the poor—not poor group (P=0-05).
Women who were always poor had higher WHR than those
who were never poor.

Table 3 shows the adjusted analyses for men. Skin
colour was not associated with any of the outcomes. The
direct associations between family income at birth and
both circumferences persisted when adjusted for skin
colour (model 1). Further adjustment for family income
in 2004 reduced the differences but the associations
remained significant (model 2). The coefficients were
little affected when adjusted for behavioural variables
(model 3). Further adjustment for BMI (model 4) led to
a reduction in the coefficients and their standard errors,
but the association between early income and both
circumferences remained highly significant. WHR was not
associated with family income at birth in any level.

Family income in 2004 remained associated with an
increase of approximately 4cm in both circumferences
when adjusted for skin colour and family income at birth
(model 2). When behavioural variables were included,
these differences fell for HC but not for WC, and both
associations remained significant (model 3). The asso-
ciation was made null with further adjustment for BMI
(model 4). For WHR, there was no dose-response asso-
ciation with family income in 2004; only model 3 was
significant, but the relevance of this association is unclear.

For family income change both circumferences were
about 5 cm larger for men who were never poor compared
with those always poor, even after adjustment for skin
colour and behavioural variables. There was a substantial
reduction after adjustment for BMI, but the association
remained significant. WHR was slightly higher among
men who were never poor compared with the poor—not
poor, but only after adjustment for behavioural variables
(model 3); the relevance of this finding is unclear.

Summing up the results for men, both past and con-
current family income were positively associated with WC
and HC. These associations were partially mediated by
behavioural variables. BMI partially explained the effects
of family income at birth and fully explained the effect of
the concurrent family income. Whereas both circumfer-
ences increased proportionally to income, WHR remained
essentially constant. Skin colour showed no associations
with the outcome variables.

Table 4 shows the multivariate analyses for women.
After adjustment for family income at birth (model 1), WC
and HC were higher in black women compared with
white women. The associations remained significant after
adjustment for concurrent family income (model 2) and
behavioural variables (model 3), but not when current
BMI was included (model 4). The association between
skin colour and WHR disappeared with adjustment for
family income at birth (model 1).
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Table 3 Unadjusted and adjusted analyses for waist circumference (WC), hip circumference (HC) and waist:hip ratio (WHR) at 23 years in
men according to past and concurrent socio-economic variables: 1982 Pelotas birth cohort study, Brazil

Crude Model 1 Model 2 Model 3 Model 4
B SED B SED B SED B SED B SED
WC (cm)
Skin colour P=0-1* P=0-9" P=0-7* P=0-7* P=0-2*
White 0-0 - 0-0% - 0-0*¢ - 0-0%¢4 - 0-0*cde  —
Black/brown -1-8 1-2 0-2 1-3 0-5 1-4 0-5 14 -0-9 0-7
Tertile of family income at birth P<0-001t P<0-001t P=0-02t P=0-01t P=0-002t
Lower 0-0 - 0-0° - 0-0>¢ - 0-0bed  — o-gbede  —
Middle 34 1-2 37 1-3 29 1-4 3-0 1-4 1-8 0-7
Upper 4-8 1-2 5-2 1-3 37 15 4.2 16 2:5 0-8
Tertile of family income in adulthood P <0-001t P=0-002t P=0-003t P=0-1t
Lower 0-0 - 0-0** - 0-0%>¢  — 0-0%P%e  —
Middle 2:0 1-3 1-5 1-3 1-3 1-3 0-1 0-6
Upper 5-3 1-3 4-2 1-4 4-3 1-4 11 0-7
Family income change (1982-2004) P<0-001* P<0-001* P=0-002* P=0-001*
Always poor 00 - 0-0° - 0-0°d - 0-Q>de -
Not poor—poor 1-7 2:0 2:0 20 21 21 0-7 1-0
Poor—not poor 0-8 1-9 0-7 19 11 241 -0-8 1-0
Never poor 5-3 16 5-5 17 55 1-9 2:0 0-9
HC (cm)
Skin colour P=0-1* P=1-0* P=0-9* P=0-6* P=0-3*
White 0-0 - 0-0% - 0-0*°¢ - 0-0%¢4 - 0-02%%e -
Black/brown -1-8 11 0-0 11 0-2 1-2 0-4 1-2 -0-7 0-6
Tertile of family income at birth P<0-001t P<0-001t P=0-007t P=0-01t P=0-006t
Lower 0-0 - 0-0° - 0-0°° - 0-0>%¢  — 0-g>ede -
Middle 26 11 27 11 19 1-2 15 1-2 0-6 0-6
Upper 4-6 11 47 1-2 34 1-3 33 1-3 1-9 0.7
Tertile of family income in adulthood P <0-001t P=0-001t P=0-005t P=0-2t
Lower 0-0 - 0-0** - 0-0%2¢  — 0-0*0fe  —
Middle 2-8 11 24 11 2:0 11 1-0 0-6
Upper 5-2 11 41 1-2 35 1-2 0-9 0-7
Family income change (1982-2004) P<0-001* P<0-001* P=0-005* P=0-04*
Always poor 0-0 - 0-0° - 0-0>¢ - 0-0°¢° -
Not poor—poor 1-9 17 20 17 1-4 1-8 0-3 1-0
Poor-not poor 21 17 21 17 1-9 17 0-3 0-9
Never poor 5-5 1-4 5-6 1-5 4-5 1-6 17 0-9
WHR (%)
Skin colour P=0-5" P=0-8" P=0-9* P=0-9* P=0-5"
White 0-0 - 0-0% - 0-0*¢ - 0-0%¢4 - 0-0*c%e  —
Black/brown -0-4 0-6 0-1 06 0-2 0-6 0-1 07 -0-4 0-5
Tertile of family income at birth P=0-2t P=0-2t P=0-5t P=0-1t P=0-2t
Lower 0-0 - 00 - 0-0° - 0-0%¢ - 0-00%¢ -
Middle 1-2 0-6 12 06 1-0 0-6 1-4 0-6 1-3 0-5
Upper 0-9 0-6 0-9 0-6 0-4 0-7 11 0-7 0-8 0-6
Tertile of family income in adulthood P = 0-09t P=0-2t P=0-02t P=0-4t
Lower 0-0 - 0.0 - 0024 - 0-02%¢ -
Middle -0-3 0-6 -0-4 0-6 -0-2 0-6 -0-5 0-5
Upper 0-9 0-6 0-8 0-6 1-4 0-7 0-5 0-5
Family income change (1982-2004) P=0-1* P=0-1* P=0-04* P=0-06*
Always poor 00 - 00 - 0-0° - 0-0%¢ -
Not poor—poor -0-0 0-9 -0-0 0-9 0-6 0-9 0-4 0-8
Poor-not poor -1-0 0-9 -1-0 0-9 -0-4 0-9 -1-0 0-8
Never poor 0-5 0-7 0-5 0-7 1-4 0-8 0-5 0-7

B, regression coefficient; sep, standard error of the difference.

Adjusted for: ®family income at birth; b skin colour; ¢ family income in adulthood; d

fat intake; ©current BMI.
*Wald test for heterogeneity.
tWald test for trend.

The inverse association between family income at birth
and WC lost significance after adjustment for skin colour
(model 1). In all four models, HC was larger in the top
two tertiles of family income at birth than in the lowest
tertile. For WHR, the inverse association with family
income at birth remained significant when adjusted for
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own education, physical inactivity, alcohol consumption, smoking, fibre and

skin colour (model 1); and the association became pro-
gressively weaker when adjusted for mediating variables
(models 2 to 4).

The inverse association between family income in
2004 and WC showed little change in models 2 and 3,
but disappeared after adjustment for BMI (model 4).
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Table 4 Unadjusted and adjusted analyses for waist circumference (WC), hip circumference (HC) and waist:hip ratio (WHR) at 23 years in
women according to past and concurrent socio-economic variables: 1982 Pelotas birth cohort study, Brazil

Crude Model 1 Model 2 Model 3 Model 4
B SED B SED B SED B SED B SED
WC (cm)
Skin colour P=0-003* P=0-01* P=0-01* P=0-01* P=0-6*
White 0-0 - 0-0° - 0-0*° - 0-07%¢ - 0-07%%e  —
Black/brown 36 1-2 3-3 1-3 33 1-3 34 1-3 0-3 07
Tertile of family income at birth P=0-05t P=0-4t P=0-5¢t P=0-3t P=0-4t
Lower 0-0 - 0-0° - 0-0>° - 0-0°>%¢ - 0-°%%e -
Middle 0-3 1-2 1-2 1-4 2:3 1-3 25 1-3 0-2 0-7
Upper -2:2 1-2 -1-0 1-3 1-2 14 1-8 1-5 0-6 0-8
Tertile of family income in adulthood P <0-001t P<0-001t P=0-003t P=0-5t
Lower 00 - 0-0** - 0-0%P4 - 0-02Pde  —
Middle -1-3 1-2 -1-5 1-2 -1-6 1-3 0-6 06
Upper —4-8 1-2 —4-7 1-2 —4-3 1-5 -0-5
Family income change (1982-2004) P =0-03* P=0-07* P=0-1* P=0-9*
Always poor 0-0 - 0-0° - 0-0°d - 0-Q°d%e -
Not poor—poor 0-3 17 1-5 1-8 21 1-8 0-6 0-9
Poor—not poor -3-0 1-8 —2'6 1-8 —2-3 1-9 0-7 1-0
Never poor —2-9 1-3 -1-6 1-4 -0-4 16 0-6 0-8
HC (cm)
Skin colour P=0-09* P=0-02* P=0-02* P=0-006* P=0-4*
White 0-0 - 0-0% - 0-0*° - 0-0%%¢ - 0-02%% -
Black/brown 21 1-2 3-2 1-3 32 1-3 37 1-3 0-7 0-8
Tertile of family income at birth P=0-44% P=0-09t P=0-041 P=0-041 P=0-011
Lower 0-0 - 0-0° - 0-0°° - 0-0°c4 - 0-Q°ede  —
Middle 2:6 1-2 34 1-3 36 15 36 1-4 1-4 0-7
Upper 1-3 1-2 2:5 1-3 33 19 34 1-6 2:2 0-9
Tertile of family income in adulthood P = 0-4t P=0-2t P=0-08t P=0-2t
Lower 0-0 - 0-0** - 0-07Pd - 0-07Pde  _
Middle 1-0 1-2 0-4 1-3 -0-5 1-3 1-6 07
Upper -1-0 1-2 -1-9 1-4 —2:6 1-5 1-2 0-8
Family income change (1982-2004) P=0-2* P=0-06" P=0-06" P=0-007"
Always poor 0-0 - 0-0° - 0-0°¢ - 0-°de -
Not poor—poor 1-2 1-8 24 1-8 27 1-9 1-3 1-0
Poor—not poor -1-9 1-8 -1-6 1-8 -1-9 1-9 11 11
Never poor 11 1-4 2:3 1-4 1-9 17 2:9 0-9
WHR (%)
Skin colour P=0-007" P=0-4* P=0-4" P=0-7" P=0-4*
White 0-0 - 0-0° - 0-0*° - 0-02%¢ - 0-0%%%  —
Black/brown 1-8 06 0-6 0-7 06 07 0-2 0-7 -0-5 0-6
Tertile of family income at birth P<0-001t P<0-001t P=0-06t P=0-2t P=0-1t
Lower 0-0 - 0-0° - 0-0>° - 0-0°>%d - 0-Q°c%e -
Middle -17 06 -1-5 0-7 -0-5 07 -0-4 0-7 -0-9 0-6
Upper -3-3 06 =30 0-7 -1-4 07 -0-9 0-8 =11 0-7
Tertile of family income in adulthood P <0-001t P<0-001t P=0-002t P=0-041
Lower 0-0 - 0-0** - 0-0*>¢  — 0-02P%e  —
Middle -21 0-6 -1-9 06 -1-3 0 -0-8 06
Upper —41 06 -34 07 —-2:4 0-8 -1-5 0-7
Family income change (1982-2004) P<0-001* P=0-01"* P=0-02* P=0-04*
Always poor 0-0 - 0-0° - 0-0°d - 0-Q>de -
Not poor—poor -07 0-9 -0-5 0-9 -0-1 1-0 -0-5 0-9
Poor—not poor -1-6 0-9 -1-5 0-9 =11 1-0 -0-3 0-9
Never poor -3-8 0-7 -35 0-7 —21 0-8 -1-8 0-8

B, regression coefficient; sep, standard error of the difference.

Adijusted for: @family income at birth; ° skin colour; ®family income in adulthood; ® own education, physical inactivity, alcohol consumption, smoking, fibre and

fat intake; ©current BMI.
*Wald test for heterogeneity.
tWald test for trend.

The association with HC was not significant in any of the
models. Given its effect on WC, family income in 2004
was inversely associated with WHR in all analyses.

In terms of family income trajectory, WC tended to be
smaller among women who were not poor as adults,
but the differences were not quite significant (models 2
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and 3). This effect disappeared after adjustment for BMI
(model 4). HC was approximately 2-3 cm larger among
women who were not poor at birth (never poor and
not poor—poor groups) as shown in models 2 to 4. As a
consequence, women who were never poor had lower
WHR than other groups in all the models.
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All of the analyses in women were repeated including
parity as a possible mediator, but there were no note-
worthy changes in any of the associations. Additional
analyses restricted to nulliparous women also showed
similar results.

Summarizing the results for women, early poverty was
associated with smaller hips and current poverty with
larger waists. Poverty at any age, therefore, led to higher
WHR. Black women had higher WC and HC than white
women, and consequently there were no differences in
WHR. Behavioural variables played relatively weak
mediating roles, but current BMI seemed to mediate most
of the effects of current income.

Maternal (1982) and own education (2004) were also
evaluated as independent variables, but they were not
associated with the outcomes when adjusted for income
and skin colour (results not shown).

Discussion

The present study aimed to investigate the influence of
early and concurrent family income, socio-economic tra-
jectory and skin colour on WC, HC and WHR in young
adults. There were three differences between the sexes
with respect to SEP. First, family income at birth was
directly associated with WC in men, but not in women.
Second, WC and HC were larger in men with high current
family income, but the opposite was true in women,
especially for WC. Finally, family income change had a
clear cumulative effect in men (both circumferences were
larger among the never poor group) but not in women
(HC was directly associated with family income at birth
whereas WC was inversely associated with current family
income). The only consistent finding in both sexes was
the direct association between family income at birth
and HC. For skin colour, black/brown women had larger
WC and HC than whites, but no differences in WHR were
found. In men none of the measurements were related
to skin colour.

The long-term effects of early SEP on abdominal obe-
sity may be better understood by considering tissue
growth. WC is affected principally by changes in sub-
cutaneous and visceral adipose tissue. On the other hand,
HC can vary according to change in fat, bone and muscle.
All these tissues represent distinct periods of growth.
Adipogenesis begins in utero and the number of adipo-
cytes is determined during this period®?”. After birth
there are three periods with relatively fast physiological
fat mass increases: (i) the first sixth months of life; (ii)
during the adiposity rebound (5-6 years); and (iii) pub-
erty"*'_ Hip bone formation is determined in the fetal
period via hormonal, nutritional and mechanical factors,
the latter two exerting effects until the first year of
life"'*3%3? During puberty, hormonal factors (oestrogen)
become influential again, determining morphology in
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both sexes'?*” Muscle tissue is also formed early in life
but changes in muscle volume begin at puberty due to
hormonal and nutritional factors and physical activ-
ity""*'*_ In adulthood fat tissue in the abdomen accu-
mulates progressively, and after 60 years of age a
decrease of muscle mass in the hip is found1°2
Consequently, there are critical periods for tissues growth
— fetal life, early childhood and puberty — that are sus-
ceptible to adverse environmental conditions'*®.

In men, our findings are consistent with the observa-
tion that the wealthier are more likely to be overweight in
middle-income countries™>. A possible explanation for
the association between family income at birth and WC is
that wealth affects early-life fat deposition, with an
independent and cumulative effect of adult poverty on
abdominal adiposity. The same was observed for HC,
which is partly reflective of fat tissue. HC in men was
affected by current income independently of early
childhood income, suggesting that socio-economic tra-
jectories can also influence hip growth in late childhood
and adolescence. Two Brazilian studies found the same
direct relationships between SEP in childhood and BMI in
18- to 19-year-old men”*?, but no other studies from
low- or middle-income countries were located. Six studies
evaluated the association between early SEP and WHR in
adults in high-income countries, five showing inverse
associations for both sexes®”*'**%> and one finding an
inverse relationship in women and no association in
men®®. Only one study was located from the low- and
middle-income countries (China), which reported a direct
association in males and an inverse one in females”.

In women, even in middle-income countries, there is
an inverse association between concurrent SEP and obesity
in adulthood”®' . Our findings add to the evidence
suggesting that concurrent poverty — rather than early SEP
— determines central obesity. Poverty in early life, however,
is associated with lower HC independent of current SEP,
probably due to early developmental effects on the bony
or muscle structure of the hip. Adverse conditions in the
perinatal period related to poverty (obstetric complica-
tions, low maternal height, maternal and/or fetal under-
nutrition) can affect the anatomy of the hip, as well as
cause reductions in bone mass that persist until adult-
hood®®3” " Other osseous components can also be
affected; for example, early-life poverty was shown to be
associated with lower height at 18-19 years in the same
cohort!”. These findings agree with a recent review on
the long-term effect of maternal/infant nutrition*>.

Associations between SEP and the outcomes tested
were partially explained by adult behavioural variables
such as alcohol consumption, physical inactivity, poor
dietary habits (all directly associated with adiposity) and
smoking (inversely associated)***”. In Pelotas, alcohol
consumption is most common among richer men but
there is no pattern among women“*®, Smoking, on the
other hand, is more common among poorer men and
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women. Moreover, there is a strong inverse association
between overall physical activity and income in men“*”.
In women, levels of activity were slightly higher in the
poorest, but due to low-intensity domestic activities.
Several authors have suggested that poor women in
middle- and high-income countries have nutrient-poor,
energy-dense diets®”#'> and may not be as concerned
with the aesthetic aspects of thinness. These differences
partly explain the higher frequency of abdominal obesity
in richer men and the less intense mediating effects of
behavioural variables in women.

Current BMI is closely associated to the outcomes
under study, and BMI-adjusted analyses investigate pos-
sible specific effects beyond an association with overall
fatness. SEP at birth remained associated with WC (in
men) and HC (in both sexes) after adjustment for current
BMI, suggesting that early-life influences on the growth
of bone and muscle, and on fat distribution, lead to
permanent effects on body shape. On the other hand,
concurrent SEP, while strongly associated with BMI
(directly in men and inversely in women), was no longer
associated with the outcomes after controlling for BMI.
This suggests that — unlike early-life poverty — the effects
of adult wealth or poverty are not specifically related to
either waist or hip dimensions.

Parity has shown a direct association with BMI in the
cohort®? as well as with WC but not HC. Nevertheless, in
the present analysis, adjustment for parity did not remove
the social differences.

The associations with skin colour are likely related to
socio-economic factors, as whites compose 67% of the
lowest tertile of income and 87% of the highest. In
women, several risk factors for CVD — obesity, hyper-
tension, diabetes and insulin resistance — are more com-
mon in blacks than in whites®*®. This association has
also been described with respect to WHR?#202%39 Grof
et al*® showed that the difference in WHR between US
blacks and whites was reduced but remained significant
after adjustment for education and behavioural variables.
Our results in women show that racial/ethnic differences
in WHR disappeared after adjustment for SEP, but that the
effects of the adjustment were different for waist and hip
measures. The positive confounding for WC suggests that
black women have larger waist due to being poorer and
adopting the behavioural habits of this social group. For
HC, there was negative confounding, suggesting that the
biological growth potential of black women’s hips is not
being attained due to nutritional restrictions associated
with poverty in early life. In men, in accordance with the
literature, there were no differences in waist or hip
measures according to skin colour '3V,

Finally, associations between WHR and SEP result from
combined effects of socio-economic trajectories on WC
and HC. Men with higher family income at birth, higher
concurrent income and who were never poor had both
greater WC and HC, which may explain the lack of
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association with WHR. In women, WHR was inversely
associated with income at birth (due to smaller HC among
the poor) and in adult life (due to the inverse association
between current income and WC). There were no differ-
ences in WHR according to skin colour — black women had
both larger waists and hips than white women, whereas
there were no differences in either indicator among men.

Our analytical models were possible owing to the
longitudinal nature of the study. One methodological
limitation is that ~40% of the original cohort members
were not followed up. It is difficult to speculate how
more losses among poorer individuals could have affec-
ted the analyses described here, but it is unlikely that they
led to bias. Another possible limitation is the relatively
low frequency of individuals with higher levels of
abdominal obesity at 23-24 years. Nevertheless, this did
not affect the results and even at this age differences of
3-5cm in WC and HC were found between SEP groups.
Finally, the ratio of white to black/brown subjects
was lower compared with that in most other parts of
Brazil. However, our results of higher levels of abdominal
obesity among black women compared with whites and
on the lack of differences in men are consistent with the
literature 18:26.28-30)

In conclusion, we found strong sex-specific associa-
tions between socio-economic trajectories and the
anthropometric measures evaluated. The early effects of
poverty may be irreversible and therefore prevention
depends on interventions aimed at the first years of life.
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