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Abstract

This article aimed to systematically review the association between socio-
economic status according to the life course models and the body mass in-
dex (BMI) in adults. A review was performed following the guidelines of the
PRISMA. The studies were identified in the MEDLINE/PubMed, LILACS
and Web of Science databases. The eligible articles investigated the association
between at least one life course model (risk accumulation, critical period or
social mobility) and BML In order to assess the quality of the selected articles,
the NOS checklist was applied to each study. Eleven articles were selected for
the systematic review, and seven articles were selected for the meta-analysis.
The average score and the median in the NOS checklist were 6.4, within a
maximum possible score of 8 points. The most used model was social mobility.
Regarding meta-analysis, there was association between lower life course so-
cioeconomic status and BMI among women. BMI mean difference (MD) was
higher among those who remained with low socioeconomic status throughout
life when compared with those who maintained a high socioeconomic status
(MD: 2.17, 95%CI: 1.48; 2.86). Before that, the BMI MD was higher among
those with upward mobility, compared with those who maintained a high so-
cioeconomic status throughout life (MD: 1.20, 95%CI: 0.73; 1.68). The risk
of overweight was also higher among women who maintained low socioeco-
nomic status (summary RR: 1.70, 95%CI: 1.05; 2.74); however, according to
the GRADE, the studies presented very low quality evidence. For men, no as-
sociation was observed. Having low socioeconomic status sometime during life
is associated with higher BMI in adulthood.
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Introduction

It is well established that obesity is one of the most important risk factors for mortality and morbidity
and that it has been increasing globally in all age groups 1.2. The prevalence of global obesity tripled
between 1975 and 2014 2. According to the World Health Organization (WHO), in 2014, an estimated
over 1.9 billion adults (39% of the adults aged 18 or older) were overweight and, out of these, over 600
million were obese (13%) 2.

The body mass index (BMI) is a simple index, calculated by dividing the weight in kilograms by
the height squared in meters. It is commonly used to classify underweight, overweight and obesity
in adults 3.

In an attempt to capture the cumulative and dynamic nature of the socioeconomic status, several
life course models have been developed. The social mobility model considers the process by which
people move up or down the social hierarchy throughout their life cycle. This model presupposes that
changes in the socioeconomic position can affect the adult’s health 4 and considers both intragenera-
tional (within the same generation) and intergenerational (between two or more generations) trajec-
tories 5. The socioeconomic status accumulation model refers to the continuation of the childhood
social conditions through their life and assumes that environments and/or experiences accumulate
over the years, with a dose-response effect — since the impact on an individual’s health would increase
as the number, duration and intensity of those exposures increased — and affects the risk of becoming
sick in adulthood 4. The critical period model presupposes that there are time windows within which
exposure can cause irreversible effects in the structure and functions of organs and tissues, which in
the future may trigger illnesses 4.

Although several studies have tried to demonstrate the association between socioeconomic sta-
tus and various health indicators, such as childhood and adulthood, particularly in certain phases of
life 6,7,89,10,11,12  very few studies have tried to use socioeconomic status throughout life as exposure
for BMI in adulthood. Many studies have limited themselves to investigating the effect of the social
conditions on only one life stage and, consequently, the temporal nature of this association has not
been considered, leading to a partial explanation of how socioeconomic status contributes to health
outcomes 13. Besides, there is no record of a systematic review that has evaluated the effect of socio-
economic status over time, encompassing the three life course models, on BMI in adulthood. Newton
et al. 14 performed a systematic review and meta-analysis; however, the authors only evaluated a
lifelong socioeconomic status model (social mobility) by comparing individuals who, throughout life,
remained with low socioeconomic status with those who maintained a high socioeconomic status.

This systematic review aimed to identify longitudinal studies that have evaluated socioeconomic
status through life during the life course models and verify its association with BMI. Moreover, it
intended to identify the most used models and to summarize its data with a meta-analysis.

Methods

Data sources and literature search

This study is a systematic review, following the guidelines of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA), a protocol that defines the main items that must be reported in
systematic reviews and meta-analyses 15. The identification of the articles was carried out by search-
ing the LILACS, PubMed/MEDLINE and Web of Science databases, as well as by tracking down
bibliographical references from the articles selected for analysis. The systematic review protocol
was registered in the International Prospective Register of Systematic Reviews (PROSPERO; registration
number: CRD42018093713).

The search was carried out from September 2017 to December 2017, with an update conducted
in December 2018 that found no new publications, and included three groups of terms for identify-
ing the articles. The first group comprised terms related to socioeconomic status: (“life course epide-
miology”, “socioeconomic status”, “socio-economic position”, “socioeconomic trajectories”, “changes
of socioeconomic status”, “socioeconomic position”, “social mobility”, “life course socioeconomic
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position”, “risk accumulation”, “critical period” and “life course models”). The second group consisted
of terms related to body mass index (“obesity”, “body mass index”, “adiposity” and “body composi-
tion”). Finally, the third group comprised terms that outline the study’s design (“cohort studies” and
“longitudinal studies”). The Boolean operator “or” was used within each groups, whereas the operator
“and” was used between the three groups. Only terms in English were used. The search was comple-
mented by investigating the references from the selected articles.

The search strategy was limited to publications of original investigations conducted with human
beings, but with no restrictions as for age, date and language. The articles found were transferred
to the software EndNote (http://www.endnote.com/) for the reading of titles and abstracts, and for
selecting full texts.

Study selection and data extraction

Two reviewers (I1.O.B. and L.S.V)) selected the articles to be included in the review, and the disagree-
ments between them were settled by a third reviewer (M.C.F.A.). The reviewers excluded articles
which did not evaluate at least one of the life course models (critical period, risk accumulation and
social mobility) with the BMI outcome, and those which did not assess BMI in adults or did not con-
sider background and life experiences when assessing socioeconomic status, that is, those studies that
did not measured socioeconomic status in at least two life phases.

Studies were included in the meta-analysis if they reported a quantitative estimate (e.g. odds ratio
(OR), relative risk (RR), mean BMI, prevalence) and standard errors or standard deviation (SD) or 95%
confidence interval (95%CI) between life course socioeconomic status and BMI.

Quality assessment

The Newcastle-Ottawa Scale (NOS) checklist was applied to each study. The NOS assesses the quality
of nonrandomized studies with case-control or cohort designs. The scale judges three perspectives:
study groups selection, comparability of the groups and the assortment of exposure or outcome, pro-
viding a general score with values ranging from 0 to 9 16. The NOS was applied independently by the
two reviewers (I.O.B. and L.S.V.)).

In addition to evaluating the methodological quality of the studies using the NOS, the GRADE
(Grading of Recommendations, Assessment, Development and Evaluation) was used to summarize the
general quality of the evidence. GRADE classifies the quality of evidence and the strength of recom-
mendation provided by systematic reviews, scientific advice, and clinical guidelines 17.18. It is a way
of representing confidence in the provided information, by classifying the level of evidence and
expressing the emphasis, so that a particular conduct is adopted or rejected in the case of clinical
trial reviews. The starting point is the appreciation of the research design. Outcomes from random-
ized clinical trials started the evaluation with a high-quality score (4 points), while those generated
by observational studies started as low quality (2 points). Next, a weighting is performed to decrease
or increase the quality of evidence. Five factors may decrease the quality of evidence score and three
factors may increase it 17.

The risk of bias (lack of randomization, lack of allocation concealment, and lack of blinding),
inconsistency (when there is significant and unexplained variability in results from different trials),
indirect evidence, imprecision (when wide confidence intervals mar the quality of the data) and pub-
lication bias (when studies with “negative” findings remain unpublished) may decrease the quality of
evidence score 17.

A large effect (when the effect is so large that bias common to observational studies cannot pos-
sibly account for the result), the dose-response relation (when the result is proportional to the degree
of exposure) and all plausible biases only reducing an apparent treatment effect (when all possible
confounders would only reduce the observed effect. Thus, it is likely that the actual effect is larger
than the data suggests) may increase the quality of evidence score 17.

Using these criteria, the level of evidence was classified, among the four levels shown by the
GRADE: high quality, moderate quality, low quality and very low quality. In high quality evidences,
additional research is very unlikely to change the prevalence estimate shown by the systematic review.
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When the study has very low-quality evidence, its prevalence estimate is very uncertain, and new
studies are necessary 17,18,

Statistical analysis

To strengthen the study, a meta-analysis was conducted with the model of social mobility and the
studied outcome. We performed meta-analyses regarding BMI mean difference (MD) in adulthood,
making the following comparisons: individuals who continued in a low socioeconomic status cat-
egory throughout life with individuals who continued in high socioeconomic status; individuals
with upward mobility with individuals who remained in high socioeconomic status throughout life;
and individuals with downward mobility with individuals with upward mobility throughout life. In
addition, meta-analyses were performed regarding prevalence of obesity in adulthood, comparing
individuals who, throughout life, remained in a low socioeconomic status category with those who
remained in high socioeconomic status. For this, random-effects models were used.

We assessed heterogeneity across studies using the 12 statistic to approximate the proportion of
total variation in the estimates due to between-study heterogeneity. All statistical analyses were per-
formed using STATA software, version 12.1 (https://www.stata.com).

Results

Article selection

A total of 6,942 articles was identified. After excluding duplicates, 5,620 titles were screened, 53 articles
were selected for full text assessment and 11 manuscripts were included in the review, although only
seven articles were included in the meta-analysis. Of these four articles that were not included, one did

not evaluate social mobility and three did not report data required for meta-analysis (Figure 1).

General characteristics

As for the general characteristics, the oldest publication dated from 2003; 2 articles were from
middle-income countries 7,19 and 9 were from high-income countries 20,21,22,23,24,2526,27,28. The size
of the samples ranged from 623 to 13,701 individuals (Table 1). Concerning the quality assessment of
the articles, the average score and the median in the NOS scale were 6.4 and 6.0, respectively, within
a maximum possible score of 8 points. The greatest limitations in the assessed articles were: not
describing differential losses, not indicating the rate of follow-up, inadequate adjustment or lack of
adjustment for confounding variables and not describing the results by sex (see Supplementary Table:
http://cadernos.ensp.fiocruz.br/site/public_site/arquivo/supl-table-e00125518_2905.pdf).

Evaluation of the outcome

The method used for analyzing the outcome was very heterogeneous among the articles: 7 articles
assessed the outcome as BMI mean and standard deviation 7,19,22,23,24,25,27 and four articles assessed
BMI by categorizing it in overweight and/or obesity 20.21,26.28, In addition, the BMI categorizations
were different: one study used the category “overweight” for BMI between 25-29.9kg/m2 and “obe-
sity” for BMI > 30kg/m2 20; one study assessed excess weight (BMI > 25kg/m?2) 29; two studies used
the category “overweight” for BMI 25-30kg/m2 and “obesity” for BMI > 30kg/m2) 21,26 and one study
assessed only “obesity” (BMI > 30kg/mz2) 28 (Table 1).

Exposure assessment

The variables used for constructing the socioeconomic status variable through life were heteroge-
neous. The variables used included: level of education, occupation, family income, employment status
and home ownership (Table 1).

Cad. Saude Pablica 2019; 35(10):e00125518



SOCIOECONOMIC STATUS THROUGHOUT LIFE AND BODY MASS INDEX 5§

Figure 1

Illustration of literature search.

6,942 records identified

A 4
R

L 1,322 duplicates removed

5,620 records screened

5,373 records excluded

\ 4

247 abstracts screened

194 abstracts excluded

\ 4
)

53 full-text articles assessed for eligibility
42 full-text excluded:
16 did not assess the target exposure;
12 did not relate to the target population;
7 did not assess the target outcomes;
5 were cross-sectional studies;
1 did not have sufficient data;
1 used data already presented by the same authors in
another article that was already included in the review

A 4

11 articles included in the review

4 were not included in the meta-analysis:
1 did not evaluate social mobility;
3 did not report data required for meta-analysis

A 4

7 articles included in the meta-analysis

Concerning the assessed periods of socioeconomic status throughout life, seven studies evaluated
socioeconomic status in childhood and adulthood (intergenerational mobility) 7,19,20.23,24,25,27; three
assessed it from adolescence to adulthood (intergenerational mobility) 21,22,.28; and one article assessed
socioeconomic status from 40 to 60 years old (intragenerational mobility) 26 (Table 1).

As for “socioeconomic status throughout life”, only two studies assessed the three life course
models (risk accumulation, critical period and social mobility) simultaneously 25.26; seven stud-
ies assessed only social mobility 7,19.20,23,24,27,28; one study assessed critical period and socioeco-
nomic status accumulation 22 and one study investigated social mobility and socioeconomic status
accumulation 21 (Table 1).
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Table 1

Studies that assessed the relation between socioeconomic status throughout life and body mass index (BMI).

Study (Country/ Sample Life course model Outcome Lifetime estimative Main results NOS
Year) BMI score
Bernardi et al. 19 2,063 individuals, Social mobility from BMI: assessed Low vs. high Among women born with 8
(Brazil/2017) followed from birth childhood to adulthood.  continuously  socioeconomic status normal weight, the BMI was
to 23-25 years old.  In childhood, maternal [mean BMI (SD)]: higher in the group with
Age at outcome level of education; in Males: 26.1 (6.8) vs. always low socioeconomic
assessment: between adulthood, participant’s 25.4 (6.7); Females: status, as compared to the
23 and 25 years level of education 25.1(7.3)vs. 22.5 group with always high
(6.7) socioeconomic status.
Among those born with low
weight, BMI was higher in
the group with always low
socioeconomic status, as
compared to the group with
upward mobility. There was
no association for men
Savitsky et al. 27 1,132 individuals, Social mobility from BMI: assessed Low vs. high Individuals with upward 6
(Israel/2017) followed from birth to childhood to adulthood.  continuously socioeconomic mobility had, on average,
32yearsold. Age at In childhood, parental status: B (p-value): a higher BMI, as compared
outcome assessment: occupation was used; in 1.019(0.289) to individuals with always
32 years adulthood, participant's high socioeconomic status.
level of education and Analyses of downward social
occupation mobility and always low
socioeconomic status were
not significant
Albrecht & 13,701 individuals, Social mobility from  BMI: overweight Low vs. high In the first generation of 6
Gordon-Larsen 20 followed from 11/20 childhood to adulthood. (25.0-29.9kg/m?2) socioeconomic immigrants, individuals with
(United to 24/33 yearsold.  In childhood, parental  and obesity (=  status by immigrant upward mobility had a lower
States/2014) Age at outcome level of education was 30kg/mz2) generation [mean BMI mean as compared to
assessment: between  used; in adulthood, BMI (SE)]: First: 26.1 those who remained in the
24 and 33 years the participant’s level (1.84) vs. 24.7 (1.57); low socioeconomic status
of education was Second: 28.3 (1.25) group. No association was
used. The mobility vs. 26.0 (1.03); Third: observed with the other
was assessed in 29.3(0.50) vs. 27.7 generations and with
three generations of (0.50) downward and stable high or
immigrants medium mobility
Boylan et al. 21 623 adolescents. Socioeconomic BMI: overweight Low vs. high Women with downward 5

Followed for 20-22 status accumulation

years (from 17 to 38

(Denmark/2014)
and social mobility
from adolescence
to adulthood. For

socioeconomic status in

adolescence, paternal
level of education
and occupation was

years old). Age at
outcome assessment:
38 years

used; in adulthood,
the participant’s level
of education and
occupation

(25-30kg/m2) and socioeconomic status
obesity (> 30kg/  [OR (CI)]: Males: 1.0
m2) (0.3; 2.9); Females:
2.8(0.9; 8.3)

socioeconomic status were
more likely to be overweight/
obese as compared to
those who remained in
the high socioeconomic
status group. The OR of
overweight/obesity among
women who accumulated
low socioeconomic status
from 17 to 38 years of age
was 3.6 times higher than
those who accumulated high
socioeconomic status. There
was no association for men

(continues)
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Study (Country/ Sample Life course model Outcome Lifetime estimative Main results NOS
Year) BMI score
Padyab & 3,340 individuals, Socioeconomic status ~ BMI: assessed Low vs. high Women who kept a low 6
Norberg 26 followed from birth to  accumulation, social continuously  socioeconomic status socioeconomic status
(Sweden/2014) 60 years old. Age at mobility and critical [mean BMI (SD)I: had a higher BMI average
outcome assessment: period. The three Males: 26.1 (3.5) vs. than those who kept high
60 years models were assessed 26.4 (3.5); Females: socioeconomic status.
with socioeconomic 26.6 (4.4)vs. 25.3  Women with no accumulation
status at 40, 50 and (3.6) of socioeconomic status
60 years old. It was disadvantage had a lower
assessed by the BMI mean than those
participant’s occupation with accumulation of
socioeconomic status
disadvantage. At each
increase of one unitin the
accumulation score, the BMI
increased by an average of
0.44kg/m2. The critical period
model was not significant
Aitsi-Selmi et al. 7 2,063 individuals, Social mobility from BMI: assessed Low vs. high Women with upward 8
(Brazil/2013) followed from birth  childhood to adulthood  continuously  socioeconomic status mobility and who kept a high
to 23/25 years old. assessed by family [mean BMI (SD)I: socioeconomic status had,
Age at outcome income Males: 24.8 (4.6) vs. on average, lower BMI as
assessment: between 25.4 (4.7); Females: compared to those who kept
23 and 25 years 24.6 (5.8) vs. 22.6 a low socioeconomic status.
4.1) There was no association for
men
Gustafsson 863 individuals, Critical period assessed  BMI: assessed Accumulation (R2): Among women, the 6
etal. 22 followed from 16 to from 16 to 43 years continuously Males: 1.0% (age 30 accumulation of
(Sweden/2012) 43 years old. Age at  old and socioeconomic years); Females: 1.0% socioeconomic status
outcome assessment:  status accumulation (age 16 years)and  disadvantage was associated
43 years assessed by number 4.6% (age 43 years). with the increase in BMI
of times with low Critical period (low  average in all ages studied.
socioeconomic status socioeconomic status ~ For men, only at 30 years,
(occupation) in all the 16 years): B (Cl): with positive association.
follow-ups Females: mean BMI  Among women, adolescence
30 years: 1.11 (0.43; was considered a critical
1.78); mean BMI 43 period for a higher BMI
years: 2.14 (1.23; average at 30 and 43 years
3.06) of age. For men, no critical
period was observed
Krzyzanowska 2,090 individuals, Social mobility from BMI: assessed  Mean BMI difference  Individuals with downward 6
& Mascie- followed from birth  childhood to adulthood  continuously (kg/m?2) from non- mobility had, on average,
Taylor 23 to 33-40 years. Age at  assessed by paternal mobile reference a higher BMI as compared
(England, outcome assessment: occupation and group. Downwardly to those without social

Scotland and
Wales/2011)

between 33 and 40 participant's occupation
years

mobile: 0.68; Upward mobility, and individuals

mean: -0.07 with upward social mobility
had, on average, a lower BMI
as compared to individuals

without social mobility

(continues)
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Table 1 (continued)

Study (Country/ Sample Life course model Outcome Lifetime estimative Main results NOS
Year) BMI score
Murray et 3,035 individuals, Socioeconomic status ~ BMI: assessed Low vs. high Among women, the best 6
al. 25 (United followed from birth to  accumulation, social continuously  socioeconomic status ~ model was accumulation
Kingdom/2011) 53 years old. Age at mobility and critical [mean BMI (SD)I: of socioeconomic status
outcome assessment:  period. In childhood, Males: 27.9 (4.2) vs. disadvantage, where at
53 years parental occupation 26.7 (3.8); Females:  each increase of one unitin
was used; in early 28.6 (6.3) vs. 26.0 the score of accumulation
adulthood and late (4.4) of socioeconomic status
adulthood, the disadvantage, BMI increased
participant’s occupation by an average of 0.91kg/m2
at 53 years. For men, the best
model was the critical period
(low socioeconomic status in
childhood), where individuals
with low socioeconomic
status in childhood had a
higher BMI average
Scharoun-Lee 12,940 adolescents Social mobility from BMI: obesity (> Low vs. high Women were 3 times more 6
et al. 28 (United followed into young adolescence to 30kg/m?2). socioeconomic status likely to be obese if they
States/2009) adulthood (mean age  adulthood assessed [RR (CN]: Males: 1.18 were in the persistent low life
=21.7 years). Age at by parental material (0.82; 1.7); Females:  course socioeconomic status
outcome assessment: endowments, skills, 3.01 (1.95; 4.66) compared to high life course
mean age = 21.7 knowledge, material, socioeconomic status. There
years human, and social was no association for men

capital + own of above

Langenberg et 1,299 individuals, Social mobility from BMI: assessed Low vs. high For both men and women, 7
al. 24 (England, followed from birth to childhood to adulthood.  continuously  socioeconomic status those who maintained a low
Scotland and 53 years old. Age at  In childhood, parental [mean BMI (SD)]: socioeconomic status or had
Wales/2003) outcome assessment: occupation was used; in Males: 27.7 (4.0) vs. upward mobility had a higher
53 years adulthood, participant's 26.8 (3.9); Females: BMI average as compared
occupation 28.8 (5.4) vs. 26.1 to those who kept a high
(5.6) socioeconomic status

Cl: confidence interval; NOS: Newcastle-Ottawa Scale; OR: odds ratio; RR: relative risk; SD: standard deviation; SE: standard error.

Social mobility

Out of the seven articles that analyzed social mobility among women 7,19.21,24,25.26,28 five verified
that women who continued with low socioeconomic status throughout life had a higher mean
BMI 7,19,24.26 or higher prevalence of obesity 28, and one study found that women with downward
social mobility were more likely to be overweight or obese compared to those who maintained a high
socioeconomic status throughout life 21.

Among men, out of the seven studies that assessed social mobility 7,19.21,24,2526,28 six did not find
associations 7,19,21,2526,28 One study verified that men with low socioeconomic status throughout life
had, on average, a higher BMI 24.

The forest plots of the meta-analyses of the BMI MD between individuals of both sexes who
remained in a low socioeconomic status category and those who remained in a high socioeconomic
status category throughout life are displayed in Figure 2. With regard to the BMI MD between men
who remained in a low socioeconomic status category and those who remained in a high socioeco-
nomic status category throughout life, there was no significant difference (MD: 0.38, 95%CI: -0.34;
1.11). Among females, the mean BMI difference was higher among those who remained with low
socioeconomic status compared with those who maintained a high socioeconomic status throughout
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Figure 2
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BMI mean difference comparing individuals who continued in low socioeconomic status category with individuals who remained in high

socioeconomic status.

Study SE (95%Cl) Weight (%)
Males
Bernardi et al. 1 — . 0.70(-0.38; 1.78) 15.89
Padyab & Norberg — -0.30(-0.72; 0.12) 22.65
Aitsi-Selmi et al. 7 — -0.60 (-1.44; 0.24) 18.39
Murray et al. 2° —_—— 1.20(0.62; 1.78) 21.14
Langenberg et al. 2 —_—— 0.90 (0.40; 1.40) 21.93
Subtotal (12 =85.3%, p = 0.000) <:> 0.38(-0.34; 1.11) 100.00
Females
Bernardi et al. *r— > 2.60(1.52; 3.68) 16.82
Padyab & Norberg 2 —— 1.30(0.85; 1.75) 25.81
Aitsi-Selmi et al. 7 * 2.00(1.09; 2.91) 19.11
Murray et al. 25 * 2.60 (1.55; 3.65) 17.20
Langenberg et al. 2 * 2.70(1.92; 3.48) 21.06
Subtotal (I2 =71.9%, p = 0.007) <> 2.17 (1.49; 2.85) 100.00
NOTE: Weights are from random effects analysis
1 1
-3.68 0 3.68

95%Cl: 95% confidence interval; BMI: body mass index; SE: standard error.

life; the pooled estimate of the mean BMI difference was 2.17 (95%CI: 1.49; 2.85). Results for females
were consistent across all included studies, while two studies for males reported lower mean BMI
difference among lower life course socioeconomic status adults 7,26. There was evidence of significant
heterogeneity across the included studies (males: 12 = 85.3%, p-value = 0.000, and females: 12 = 71.9%,
p-value = 0.007).

The forest plots of the meta-analyses of the BMI MD between individuals of both sexes with
upward mobility and those who remained in a high socioeconomic status category throughout life
are shown in Figure 3. With regard to the BMI MD between men with upward mobility and those
who remained in a high socioeconomic status category throughout life, there was no significant dif-
ference (MD: 0.12, 95%CI: -0.61; 0.86). Among females, the BMI MD was higher among those with
upward mobility compared with those who maintained a high socioeconomic status throughout life;
the pooled estimate of the BMI MD was 1.20 (95%CI: 0.73; 1.68). There was evidence of significant
heterogeneity across the included studies (males: 12 = 83.1%, p-value = 0.000, and females: 12 = 58.5%,
p-value = 0.047).

Regarding the BMI MD with downward mobility and those with upward mobility among both
sexes, the MD for men was 0.34 (95%CI: -1.20; 0.52), and MD for women was 0.03 (95%CI: -0.48; 0.54)
(data shown in Supplementary Figure: http://cadernos.ensp.fiocruz.br/site/public_site/arquivo/
supl-figure-e00125518_3897.pdf).

In relation to the categorical data, only two studies were included in the meta-analysis (Figure
4). There was no significant difference in the RR of overweight by life course socioeconomic status
among males (summary RR: 1.19, 95%CI: 0.77; 1.85). Differently, females who continued with low

Cad. Saude Pablica 2019; 35(10):e00125518
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Figure 3

BMI mean difference comparing individuals with upward mobility with individuals who continued in high socioeconomic status.

Study SE (95%Cl) Weight (%)
Males
Bernardi et al. 1 e -0.30 (-1.09; 0.49) 19.01
Padyab & Norberg 2 —e 0.00 (-0.49; 0.49) 21.94
Aitsi-Selmi et al. 7 -1.00 (-1.72; -0.28) 19.71
Murray et al. 2 . 1.20 (0.56; 1.84) 20.58
Langenberg et al. 2 . 0.70(-0.11; 1.51) 18.75
Subtotal (I =83.1%, p = 0.000) <> 0.12(-0.61; 0.86) 100.00
Females
Bernardi et al. 1° * 1.40 (0.62; 2.18) 18.15
Padyab & Norberg 26 . 0.50(-0.01; 1.01) 24.75
Aitsi-Selmi et al. 7 . 1.10(0.30; 1.90) 17.52
Murray et al. . 1.60(0.90; 2.30) 19.88
Langenberg et al. 2 . 1.60 (0.89; 2.31) 19.69
Subtotal (12 = 71.9%, p = 0.007) <> 1.20(0.72; 1.68) 100.00
NOTE: Weights are from random effects analysis

1 1

-2.31 0 2.31

95%Cl: 95% confidence interval; BMI: body mass index; SE: standard error.

socioeconomic status had significantly higher relative risk of overweight compared those who main-
tained a high socioeconomic status throughout life (summary RR: 1.70, 95%CI: 1.05; 2.74).

Regarding the GRADE assessment for the association between socioeconomic status throughout
life and BMI MD and prevalence of obesity in adulthood, the association was considered of very low
quality because of problems regarding study design and high statistical heterogeneity.

Risk accumulation

Risk accumulation was assessed in four articles 21,22,25,.26, [t was observed that a higher mean BMI and
a higher prevalence of excess weight in adulthood were associated with women who had an accumula-
tion of socioeconomic disadvantage throughout life, as compared to the women who did not 22,2526,

Gustafsson et al. 22 showed that, among women with low socioeconomic status accumulation,
aged 16 to 43 years, BMI was, on average, 0.8kg/m?2 higher than women who did not accumulate low
socioeconomic status (B: 0.80, 95%CI: 0.47; 1.14). Boylan et al. 21, also evaluating women, showed
that the OR of overweight/obesity among those who accumulated low socioeconomic status, from
17 to 38 years of age, was 3.6 times greater (95%CI: 1.7; 7.7) than those who accumulated a high
socioeconomic status. Murray et al. 25 showed that, among women, 1-unit increase in socioeconomic
status score (a higher score means lower socioeconomic status) was associated with an increase of
0.91 in BMI at age 53 (95%CI: 0.66; 1.61). Among men, out of the four studies, only Gustafsson
et al. 22 found the same results observed among women, while the other three did not find any
associations 21,25,26, Gustafsson et al. 22 showed that, among men with low socioeconomic status accu-
mulation and between 16 to 30 years of age, BMI was, on average, 0.34kg/m2 higher than men who
did not accumulate low socioeconomic status (B: 0.34, 95%CI: 0.05; 0.63).
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Figure 4

Summary of relative risk for overweight comparing individuals who continued in low socioeconomic status category throughout life with individuals who

remained in high socioeconomic status throughout life.

Study RR (95%Cl) Weight (%)
Males
Scharoun-Lee et al. 28 —— 1.18(0.76; 1.83) 98.61
Boylan et al. 2! . 2.80(0.07; 113.24) 1.39
Subtotal (12 =0.0%, p = 0.649) > 1.19(0.77; 1.85) 100.00
Females
Scharoun-Lee et al. 28 — 3.01(0.78; 11.67) 12.62
Boylan etal. 2! —— 1.56 (0.93; 2.61) 87.38
Subtotal (12 =0.0%, p = 0.374) <> 1.69 (1.05; 2.74) 100.00
NOTE: Weights are from random effects analysis

1 1 1 11

0.1 05 1 2 34

95%Cl: 95% confidence interval; RR: relative risk.

Critical period

The critical period model was analyzed in three studies 222526, Out of those, Padyab & Norberg 26
did not observe an association with BMI for any of the sexes. Gustafsson et al. 22 verified that, among
women, adolescence (16 years old) was a critical period, that is, the BMI of adolescents with low socio-
economic status was, on average, 1.54kg/m?2 times higher when compared with adolescents who did
not show low socioeconomic status (B: 1.54, 95%CI: 0.77; 2.32). Gustafsson et al. 22 found no associa-
tion among men. Murray et al. 25 showed that, among men, childhood was a critical period, indicating
that the BMI of boys with low socioeconomic status was, on average, 1.46kg/m2 times higher when
compared to boys who did not present low socioeconomic status (B: 1.46, 95%CI: 1.14; 1.77).

Social mobility, risk accumulation and critical period

Two studies assessed the three life course models 25.26. Both of the studies found that the model that
best explains the association between socioeconomic status throughout life and BMI, among women,
is the risk accumulation model, as it was concluded that the more periods with low socioeconomic
status throughout life, the higher the BMI 25,26, Among men, only one study observed an association
25, showing that the critical period in childhood was the best model (the critical period model showed
a match as good as the one of the saturated model, which includes all the hypotheses, and is better
than the social mobility and risk accumulation) 30. Therefore, men that were exposed to a low socio-
economic status in childhood showed, on average, a higher BMI in adulthood 25.
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Discussion

The BMI of women with upward mobility was, in general, higher than the BMI of those who kept
a high socioeconomic status throughout life. Before that, women who remained with low socioeco-
nomic status throughout life had a higher mean BMI or higher prevalence of obesity as compared to
those who maintained a high socioeconomic status throughout life. Findings among men were less
consistent. Newton et al. 14 found similar results despite having used longitudinal and cross-sectional
studies in meta-analysis. This pattern is consistent with the hypothesis of risk accumulation, in
which a greater duration of exposure to low socioeconomic status is associated with a bigger risk of
high BMI 4. The risk accumulation may also be due to the clustering of exposures, for example, indi-
viduals with lower socioeconomic status are more likely to be born with low birth weight 31, to have
unhealthy diets 32 and to be less physically active during leisure time 33 and, therefore, had a greater
risk of high BMI.

The fact that individuals with upward mobility show BMI values higher than individuals that kept
a high socioeconomic status throughout life suggests that childhood might be a critical period. It is
likely that these individuals with low socioeconomic status in childhood had less access to healthcare
and information, as compared to those who kept a high socioeconomic status throughout life.

The evidence of heterogeneity among the included studies is an important point. Although it is not
possible to perform subgroup analyses because of the small number of studies included in the meta-
analyses, some divergent aspects stand out among the studies included in the meta-analysis, especially
among men. While Murray et al. 25 and Langenberg et al. 24 showed a negative effect between socio-
economic status and mean BMI difference (men who maintained low socioeconomic status over time
had a mean BMI difference greater than those who maintained high socioeconomic status throughout
life), Padyab & Norberg 26 and Aitsi-Selmi et al. 7 showed a positive effect between socioeconomic
status and mean BMI difference (men who maintained low socioeconomic status throughout life
had a MD in BMI lower than those who maintained high socioeconomic status throughout life). The
converging points between Murray et al. 25 and Langenberg et al. 24 are as follows: both accompanied
individuals from birth to 53 years of age, both studies were performed in high-income countries, both
used occupation to assess the socioeconomic status and the results of the two studies were statistically
significant. Aitsi-Selmi et al. 7 followed birth individuals at 23/25 years of age in a middle-income
country, used income to assess socioeconomic status, and adjusted the analyses for birth weight.
Padyab & Norberg 26, meanwhile, followed the individuals from birth to 60 years of age and used
occupation to evaluate the socioeconomic status. Padyab & Norberg 26 and Aitsi-Selmi et al. 7 did not
find statistically significant results.

Concerning the critical period, further research is necessary to elucidate the results, as only two
out of the three articles evaluating the critical period found an association with BMI in adulthood, one
found an association among women (critical period in adolescence) 22 and one among men (critical
period in childhood) 25.

About the different results between men and women, literature shows that it can be
explained by differences in the eating behavior, parity, social pressure for women to be thin and
occupation 3435, Assumpcao et al. 36, in a population-based study, evinced a better quality diet among
women, as opposed to men, especially due to higher consumption of fruit, vegetables and milk and
dairy. Concerning parity, there is evidence that women’s level of education is inversely related to birth
rate 37,38, Since childbirth is associated with a long-term increase in obesity 3940, this could explain
why the association between socioeconomic status and BMI is stronger among women than among
men. In relation to social pressure, there is evidence that it is heavier against overweight and obesity
in women and this pressure is even greater among women with a higher socioeconomic status 3441,

In addition, some evidence suggests that obesity is associated with occupation, where weight
discrimination is comparable to the rates of color and age discrimination, especially among women.
After using the microdata from the National Longitudinal Survey of Youth (NLSY), carried out in the
United States, Cawley 42 reported that, among women, an increase in two standard deviations in
weight is associated with a 9% decrease in salaries, an effect equivalent to one and half years of educa-
tion or three years of work experience. When it comes to men, there is no consensus. Also based on
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the microdata from NLSY, Alauddin Majumber 43 found a positive effect of obesity on salary, whereas
Pagan & Davila 44 did not find significant effects.

It is important to discuss the reverse causality of our findings. The meta-analysis conducted by
Kim & von dem Knesebeck 45 evaluated the bidirectionality of the socioeconomic level and BMI.
The authors observed a consistent relation between obesity and subsequent income 45. One possible
explanation is the greater discrimination in workplaces, people with obesity have lower wages, spend
more time unemployed, are classified as less qualified and work longer hours than people with healthy
average weight 45,46,47,48. Consequently, discrimination may lead to adverse effects on the individual’s
health, such as impairment of psychosocial well-being, social isolation, lack of health care, binge eat-
ing, shame and guilt related to the body and development of obesity 49,50.

The strengths of this review include the search in multiple bibliographical bases, the manual
revision of the list of references from the articles included, the independent search for duplicates
to minimize selection errors, the use of a protocol following established guidelines and a scale to
assess the quality of the articles, the exclusion of studies that measured retrospectively the childhood
socioeconomic status (cross-sectional studies) and the fact that there is not any systematic review
about socioeconomic status throughout life and BMI in adulthood that encompasses the three life
course models.

An important limitation to be highlighted is the scale to evaluate the quality of the articles. If a
study has a single major flaw (e.g. lack of adjustment for important confounders), that would decrease
our confidence in its results, but it would still receive a high quality rating despite the fact that this
methodological flaw alone should decrease substantially our trust in the study results. Another rel-
evant limitation was the very low quality of evidence from the studies included in this review, mainly
due to the observational design and several methodological limitations that compromised the quality
of the evidence; thus, our results should be interpreted with caution.

It is recommended that future longitudinal studies evaluate the relation between the socioeco-
nomic level throughout life and BMI in adult life with greater methodological rigor, considering the
importance of not adjusting for mediating variables, but rather for confounding variables. Besides,
more studies are needed to evaluate the critical period and risk accumulation models. About one third
of the articles did not adjust the analyses for potential confusion factors 21,23,2425 and adjusted their
analyses for mediators such as alcohol drinking, smoking, physical activity and diet, which may have
led to an underestimated effect measure 7.22.26. None of the studies indicated whether the individu-
als were different in relation to the participation in the study according to the assessed models, that
is, whether individuals that kept a low socioeconomic status throughout life participated more than
individuals that continued with a high socioeconomic status throughout life, which could lead to a
selection bias. Another possible bias present in the assessed articles are the losses to follow-up, inher-
ent to cohort studies. Moreover, the majority of the studies used only one life course model (social
mobility), therefore the meta-analysis was only performed for this model.

Concerning the heterogeneity of the indicators used for evaluating socioeconomic status through-
out life, it is possible to observe that, in high-income countries, the chosen indicators were occupation
and level of education, while in middle-income countries, the preferred indicator was family income.
Both middle-income studies were carried out in Brazil, a country that has had a widespread expansion
in education, as well as several incentives for the access to higher education by those layers of society
that were before left out. Therefore, it is reasonable to assume a reduction in the discriminating effect
of the education level for younger generations and, consequently, a preference for family income as a
more discriminating factor, given that occupation, in countries such as Brazil, poses limitations due
to the lack of precision in measurement and classification 51. It was also found that a large number
of the studies used dichotomous variables for socioeconomic status (high/low), which were usually
limited to two points in time, such as childhood and adulthood. This may have led to a disregard of a
possible important variation in socioeconomic status because a long period was not assessed. Studies
on socioeconomic status throughout life that include three or more points in time enable the analysis
of more informative trajectories than studies assessing only two points.

Maintaining a low socioeconomic status throughout life, particularly among women, is associated
with higher BMI values. Studies that assess the causal mechanisms of this association are necessary
for indicating interventions that can minimize this effect.
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Resumo

Este trabalho teve como objetivo realizar uma re-
visdo sistemdtica da associacdo entre nivel socioe-
conémico de acordo com os modelos de curso de
vida e indice de massa corporal (IMC) em adultos.
Foi realizada uma revisdo com base nas diretrizes
PRISMA. Os estudos foram identificados nas ba-
ses de dados MELINE/PubMed, LILACS ¢ Web
of Science. Os artigos elegiveis investigaram a
associagdo entre pelo menos um modelo de curso
de vida (acimulo de riscos, periodo critico ou mo-
bilidade social) e IMC. Para avaliar a qualidade
dos artigos selecionados, a lista de critérios NOS
foi aplicada a cada estudo. Foram selecionados
11 artigos para a revisdo sistemdtica e sete arti-
gos para a metandlise. A pontuacao média e a
mediana na lista NOS foram 6,4, dentro de uma
pontuacdo possivel de 8. O modelo mais utilizado
foi 0 da mobilidade social. Na metandlise, entre
mulheres, houve associacdo entre nivel socioeco-
nomico ao longo da vida e IMC. A diferenca mé-
dia (DM) no IMC foi maior entre individuos que
permaneceram com nivel socioeconémico baixo ao
longo da vida, comparado aos que mantiveram ni-
vel socioecondmico alto (DM: 2,17; IC95%: 1,48;
2,86). Antes disso, a DM no IMC foi maior entre
individuos com mobilidade ascendente, comparado
aqueles que mantiveram nivel socioecondémico alto
ao longo da vida (DM: 1,20; IC95%: 0,73; 1,68).
O risco de sobrepeso também foi maior entre mu-
lheres que mantiveram nivel socioecondomico baixo
(RR sumdrio: 1,70; IC95%: 1,05; 2,74); porém, de
acordo com os critérios GRADE, os estudos apre-
sentaram evidéncias de qualidade muito baixa.
Nao foi observada associacdao em homens. O nivel
socioeconomico baixo em algum momento da vida
estd associado ao IMC mais alto na vida adulta.

Revisdo; Metandlise; Indice de Massa Corporal;
Situacdo Socioeconomica
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Resumen

Este trabajo tuvo como objetivo realizar una re-
vision sistemdtica de la asociacion entre nivel
socioeconomico, de acuerdo con los modelos de
curso de vida, y el indice de masa corporal (IMC)
en adultos. Se realizé una revision en base a las
directrices PRISMA. Los estudios se identificaron
en las bases de datos MELINE/PubMed, LILACS
y Web of Science. Los articulos elegibles investi-
garon la asociacion entre por lo menos un modelo
de curso de vida (acumulacion de riesgos, periodo
critico o movilidad social) e IMC. Para evaluar la
calidad de los articulos seleccionados se aplico la
lista de criterios NOS en cada estudio. Se seleccio-
naron 11 articulos para la revision sistemdtica y
siete articulos para el metaandlisis. La puntuacion
media y la mediana en la lista NOS fueron 6,4,
dentro de una puntuacion posible de 8. El modelo
mds utilizado fue el de la movilidad social. En el
metaandlisis entre mujeres hubo asociacion entre
nivel socioecondmico a lo largo de la vida e IMC.
La diferencia media (DM) en el IMC fue mayor
entre individuos que permanecieron con un nivel
socioeconémico bajo a lo largo de la vida, compa-
rado a los que mantuvieron un nivel socioeconé-
mico alto (DM: 2,17; IC95%: 1,48; 2,86). Antes de
esto, la DM en el IMC fue mayor entre individuos
con movilidad ascendente, comparado con aquellos
que mantuvieron un nivel socioeconémico alto a lo
largo de la vida (DM: 1,20; IC95%: 0,73; 1,68). El
riesgo de sobrepeso también fue mayor entre muje-
res que mantuvieron un nivel socioecondomico bajo
(RR sumario: 1,70; IC95%: 1,05; 2,74); no obstan-
te, de acuerdo con los criterios GRADE, los estu-
dios presentaron evidencias de calidad muy baja.
No se observo asociacion en hombres. El nivel so-
cioecondmico bajo en algin momento de la vida
estd asociado al IMC mds alto en la vida adulta.
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