@° PLOS | ONE

Check for
updates

G OPENACCESS

Citation: Newton S, Braithwaite D, Akinyemiju TF
(2017) Socio-economic status over the life course
and obesity: Systematic review and meta-analysis.
PLoS ONE 12(5): e0177151. https://doi.org/
10.1371/journal.pone.0177151

Editor: Guanghua Xiao, University of Texas
Southwestern Medical Center at Dallas, UNITED
STATES

Received: June 10, 2016
Accepted: April 24, 2017
Published: May 16, 2017

Copyright: This is an open access article, free of all
copyright, and may be freely reproduced,
distributed, transmitted, modified, built upon, or
otherwise used by anyone for any lawful purpose.
The work is made available under the Creative
Commons CCO public domain dedication.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information
files.

Funding: The authors received no specific funding
for this work.

Competing interests: The authors declare that they
have no competing interests.

Abbreviations: BMI, Body Mass index; HDI,
Human Development Index; HIV/AIDS, Human
Immunodeficiency Virus/ Acquired Immune

RESEARCH ARTICLE

Socio-economic status over the life course
and obesity: Systematic review and meta-
analysis

Suzy Newton', Dejana Braithwaite?, Tomi F. Akinyemiju'-3*

1 Department of Epidemiology, University of Alabama at Birmingham, Birmingham, Alabama, United States
of America, 2 Division of Cancer Epidemiology, Department of Epidemiology and Biostatistics, University of
California San Francisco, San Francisco, California, United States of America, 3 Comprehensive Cancer
Center, University of Alabama at Birmingham, Birmingham, Alabama, United States of America

* tomiakin@uab.edu

Abstract

Background

The purpose of this review was to summarize the published literature on the association of
childhood, adulthood and life course socio-economic status (SES) with obesity between
January 1990 and June 2015.

Methods

The major medical electronic databases were searched to identify studies that examined
SES over the life-course in relation to obesity. A total of 219 studies were identified through
the initial search, and 35 qualified for full review. Of these, 14 publications met our inclusion
criteria for the meta-analysis, all from developed or upper-middle income countries.

Results

There was a consistent association between lower life course SES and obesity among
women (summary OR: 1.35, 95% CI: 1.04, 1.76), but not among men (summary OR: 0.92,
95% ClI: 0.60, 1.40). Overall, mean BMI was higher among individuals with lower life course
SES compared with those with higher life course SES (summary mean BMI difference:
0.65, 95% CI: 0.59, 0.71). Mean waist circumference (WC) was higher among women with
lower life course SES compared with those with higher life course SES (summary mean
WC: 4.67, 95% Cl: 4.15, 5.20), but lower among men (summary mean WC difference:
-0.10, 95% CI: -0.11, -0.08).

Conclusion

The inverse relationship between life course SES and obesity among women was consis-
tent, based mostly on studies in developed countries. Nevertheless, critical information
gaps remain in relation to the impact of childhood and life course SES on obesity in develop-
ing countries.
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Background

Although the global prevalence of obesity nearly doubled between 1980 and 2008, obesity rates
have risen faster in low- and middle- income countries (LMICs) compared with high income
countries [1]. Recent transitions in nutrition and lifestyle in many LMICs have led to increased
life expectancy, but also to increased consumption of high-fat and high-calorie diets and physi-
cal inactivity, mirroring trends observed in high-income countries several decades ago[2].
Renewed attention has been paid to the importance of social inequalities in health, and a recent
Institute of Medicine report recognized that chronic disease risk factors, such as obesity, are
likely shaped over the life course during critical windows of development from childhood to
adolescence [3]. Scientific evidence suggests that social class affects health [4-9], and cumula-
tive stress beginning in infancy predicts risk factors, leading to development of chronic dis-
eases [10]. These observations, coupled with evidence of increasing global prevalence of
obesity and obesity-associated chronic diseases, which are also socio-economically patterned,
highlight the importance of understanding the socio-economic patterns of obesity over the life
course.

Current recommendations from the World Cancer Research Fund (WCRF) state that
median adult body mass index (BMI) be maintained between 21-23kg/m?, based on popula-
tion-specific normal ranges [11]. As countries transition from low to middle income, under-
standing the demographic and socio-economic patterns of obesity across the life course will be
critical for avoiding the obesity trend observed as middle-income countries transition to high-
income[2]. Progress on reducing obesity and obesity-associated chronic diseases requires a
thorough understanding of risk factors starting in early life in order to inform obesity preven-
tion strategies that have the best chance of success. In this systematic review and meta-analysis,
we summarize the existing literature on the link between life course SES and obesity, and
assessed similarities and differences between studies from developed and developing
countries.

Methods
Data sources and literature search

We conducted a systematic review of previously published studies between January 1990-June
2015 through the PUBMED, MEDLINE, EMBASE and CINAHL databases, following estab-
lished PRISMA guidelines. We used relevant text words and medical subject heading (MESH)
terms to identify relevant studies, including all iterations of ‘Life course’, ‘socioeconomic’,
‘social class’, ‘social accumulation’, ‘father’s’, ‘mother’s’ combined with any of the following
keywords: ‘body mass index’, ‘obesity’, ‘adiposity’, and ‘weight change’. Included studies were
those focused on adults and published in the English language. Data for this study was
obtained from published articles, and was therefore exempt from ethical review.

Study selection and data extraction

A flowchart depicting the process of study selection according to PRISMA guidelines is
detailed in S1 Fig. Two authors (SN and TA) independently reviewed study titles, abstracts
and full text, and discrepancies in selected articles were resolved following a discussion by
both authors. Studies were included in the analysis if they reported a quantitative estimate (e.g.
odds ratio (OR), mean BMI, prevalence) and standard errors (SE or 95% confidence interval)
between life course SES and a measure of obesity (weight, BMI, waist-to-hip ratio, adiposity).
If there was no data on confidence interval or standard error of an estimate presented, the
sample size of each group had to be present to be included in our analysis. Studies were
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excluded if they met at least one of the following criteria: (1) no relevant data presented;

(2) non-English language; (3) other outcomes; (4) not original research; (5) no life course SES;
or (6) published outside the range of 1990-June 2015. Data from each selected study was
abstracted into an electronic database and independently verified against the original articles.
Study data extracted included: author name and year of publication, country of the study,
study design, study population demographics, sample size, SES construct, BMI or obesity mea-
sure and study covariates. We extracted estimates and 95% CI or standard errors for the two
most extreme categories of life course SES- comparing the highest SES categories over the life
course with the lowest.

Statistical analysis

We calculated the mean BMI, mean waist circumference (WC) and odds ratios (ORs) for BMI
comparing the lowest life course SES category with the highest life course SES category for
each study. When relative estimates were reported comparing the opposite contrast i.e. highest
SES compared with lowest, we calculated the inverse to correspond to lowest SES vs. highest
SES. We estimated summary rate ratios and mean BMI estimates comparing low life course
SES with high life course SES using random-effects models. We assessed heterogeneity across
studies using the Cochran Q-statistic, and used the I” statistic to approximate the proportion
of total variation in the estimates due to between-study heterogeneity. We conducted subgroup
analysis by gender, (males, females, all genders), and tests of heterogeneity between subgroups
were estimated using meta-regression analysis. Potential publication bias was assessed via
visual inspection of funnel plots as well as with the Egger’s test. We present here the results of
the Egger’s test. All statistical analyses were performed using STATA software, version 12.0
(Stata Corp, College Station, Texas USA).

Results
Literature search and included studies

We identified 219 unique studies through our literature search, and reviewed 35 studies in full
(Fig 1). After full-text review, 15 studies were eligible for inclusion in Table 1[4, 12-25]. One
study did not report data required for calculating confidence intervals, and therefore was not
included in the calculation of summary estimates using meta-analysis but was included in the
systematic review since it met the study inclusion criteria[25]. Most of the studies were pub-
lished between 2003 and 2014[4, 12-24]. Three out of the 15 were based on US populations
[19, 20, 22], while others included study populations from the UK[13, 17, 18, 23], Denmark
[15], Brazil[12, 21], Singapore[16], Scotland[14, 25], Australia[4], and Spain[24]. Seven studies
were longitudinal in design [4, 12, 13, 15, 17, 19, 21], and eight were cross-sectional [14, 16, 18,
20, 22-25]. Life course SES was evaluated using self-reported data in only two studies [4, 15],
while the majority used a combination of self-reported and primary data [12-14, 16-20, 22—
25]. Data source was not reported in one study [21]. Eight studies reported life course SES
based on father’s (or the primary caregiver’s) occupation [13, 14, 17, 18, 22-25], others
reported life course SES based on childhood family income [12, 16, 21], while others used a
combination of parental occupation, family income and/or parental education [4, 15, 19, 20].
One study [25] obtained data from males only, three studies [4, 22, 23] on females only, while
11 studies [12-21, 24] obtained data from both male and female participants. Nine studies
[14-16, 18-20, 22, 23, 25] provided estimates of the association between life course SES and
measures of obesity that were adjusted for confounders, while six studies [4, 12, 13, 17, 21, 24]
reported only unadjusted estimates.
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Fig 1. Publication search and selection results.

https://doi.org/10.1371/journal.pone.0177151.g001

Association between life-course SES and mean BMI

Five studies reported an association between life course SES and mean BMI[4, 12, 13, 17, 20],
four included data from both males and females [12, 13, 17, 20], and one study included only
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females [4]. Four of the studies were conducted in the developed countries of US, UK and Aus-
tralia [4, 13, 17, 20], while one study was conducted in Brazil [12]. The results of the meta-anal-
ysis examining the association between life course SES and adult BMI are displayed in Fig 2.
Males with lower life course SES had slightly higher mean BMI compared with those of higher
life course SES; the pooled estimate of the mean BMI difference was 0.21 (95% CI: 0.14-0.18).
Among females, there was a larger mean BMI difference among those of lower life course SES
compared with those of higher life course SES; the pooled estimate of the mean BMI difference
was 1.44 (95% CI: 1.35-1.54). Overall when both genders were combined, mean BMI remained
higher among participants with lower life course SES compared with those of higher life course
SES: 0.65 (95% CI: 0.59-0.71). Results for females were consistent across all included studies,
while two studies for males reported lower mean BMI among lower life course SES adults (63,
44). One of the two studies was a longitudinal study from Brazil[12] while the other was a
cross-sectional study from the U.S.[20]. There was evidence of significant heterogeneity across
the included studies (I> = 99%, p-value = 0.00) overall, and for both males (I* = 99%, p-

value = 0.00) and females (I = 94%, p-value = 0.00). Sensitivity analysis excluding the only
study with a cross-sectional design had minimal effects on the finding.

%

Study ES (95% Cl) Weight
Males

Aitsi-Selmi, 2013 (Brazil) Longitudinal - -0.60 (-0.71, -0.49) 43.33
Murray, 2011 (UK) Longitudinal - 1.20 (1.02, 1.38) 16.98
Langenberg, 2003 (UK) Longitudinal - 0.90 (0.78, 1.02) 34.55

Bennett, 2007 (United States) Cross—sectional —_—— -0.90 (-1.22, -0.58) 5.14
Subtotal (I-squared = 99.4%, p = 0.000) <> 0.21(0.14, 0.28) 100.00
Females

Aitsi-Selmi, 2013 (Brazil) Longitudinal

Murray, 2011 (UK) Longitudinal

Ball, 2006 (Australia) Longitudinal
Langenberg, 2003 (UK) Longitudinal

Bennett, 2007 (United States) Cross—sectional

Subtotal (I-squared = 92.9%, p = 0.000)

Heterogeneity between groups: p = 0.000

Overall (I-squared = 99.2%, p = 0.000)

—_— 2.00 (1.64,2.36)  7.42
— 260 (2.13,3.07)  4.27
- 1.30(1.19,1.41)  85.67

————— 270(1.91,349) 152

——e——> 270(1.78,362) 1.12

<> 1.44(1.35,1.54)  100.00

0.65 (0.59, 0.71)

R T T e

-3.62 0 3.62

Fig 2. Mean BMI difference by life course SES.
https://doi.org/10.1371/journal.pone.0177151.g002
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Study

Males

Association between life course SES and BMI categories

Seven studies examined life course SES in relation to the odds of obesity (Fig 3) among males
and females [14-16, 18, 19, 21, 24], while two other studies examined the same association but
results were not stratified by gender [22, 23]. The studies represented in the analyses were
mostly from developed countries, including Denmark, US, Scotland, Spain, England, UK, Sin-
gapore, and one middle-income country- Brazil. There was no significant difference in the
odds of obesity by life course SES among males (Summary OR: 0.92, 95% CI: 0.60-1.40). In
contrast, females of lower life course SES had significantly higher odds of obesity compared
with those of higher life course SES (Summary OR: 1.76, 95% CI: 1.38-2.25). Two studies
reported estimates that were un-stratified by gender [22, 23], and also showed a higher sum-
mary odds ratio of obesity among lower life course SES compared with higher life course SES
(Summary OR: 1.88, 95% CI: 1.6402.17). The overall summary OR across all included studies
was 1.35 (1.04-1.76). While all of the included studies for females reported higher OR for obe-
sity among lower life course SES participants, two out of the seven studies of males reported
lower ORs among lower life course SES participants; a longitudinal study conducted in Brazil

%
OR (95% Cl)  Weight

Boylan, 2014 (Denmark) Longitudinal
Scharoun-Lee, 2009 (United States) Longitudinal
Barros, 2006 (Brazil) Longitudinal

Malhotra, 2013 (Singapore) Cross—sectional
Heraclides, 2010 (England) Cross—sectional
Hart, 2008 (Scotland) Cross—sectional

Regidor, 2004 (Spain) Cross-sectional

Subtotal (I-squared = 95.1%, p = 0.000)

Females
Boylan, 2014 (Denmark) Longitudinal

1.00 (0.30, 2.908.13
1.18 (0.82, 1.705.61
0.42 (0.36, 0.49)7.38

—_—— 0.68 (0.38, 1.22)5.51
- 1.25 (1.00, 1.55)7.20
— 1.28 (1.09, 1.51)7.36

1.01 (0.84, 1.217.31

0.92 (0.60, 1.4044.50

2.80 (0.90, 8.308.21

Scharoun-Lee, 2009 (United States) Longitudinal —_— 3.01 (1.95, 4.666.27
Barros, 2006 (Brazil) Longitudinal 1.40 (1.20, 1.63)7.39
Malhotra, 2013 (Singapore) Cross—sectional —— 1.32 (0.88, 1.996.40
Heraclides, 2010 (England) Cross—sectional ! —_—— 2.61 (1.79, 3.786.57
Hart, 2008 (Scotland) Cross-sectional I —— 1.92 (1.63, 2.26)7.36
1
Regidor, 2004 (Spain) Cross-sectional — 1.21 (1.06, 1.38)7.43
Subtotal (I-squared = 84.8%, p = 0.000) :<> 1.76 (1.38, 2.2544.63
1
. 1
Overall !
James, 2006 (United States) Cross—sectional : + 2.12 (0.75, 6.008.46
Ebrahim, 2004 (UK) Cross—sectional ! —— 1.88 (1.63, 2.17)7.41
Subtotal (I-squared = 0.0%, p = 0.822) 1 <> 1.88 (1.64,2.17)10.87
1
. 1
Overall (I-squared = 94.9%, p = 0.000) <> 1.35 (1.04, 1.76)100.00
1
NOTE: Weights are from random effects analysis '
I I
1 156 2

Fig 3. Summary odds ratio for obesity by life course SES.
https://doi.org/10.1371/journal.pone.0177151.g003
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Study

Males

[21] and a cross-sectional study from Singapore [16]. There was evidence of significant
heterogeneity across all of the included studies (I = 95%, p-value = 0.00) and for both males
(I = 95%, p-value = 0.00) and females (I* = 85%, p-value = 0.00). However, there was no
evidence of heterogeneity in the two studies that were un-stratified by gender (I* = 0.0%,

p = 0.82). Both studies were cross-sectional designs, and based in the U.S. and U.K.

Association between life course SES and waist circumference

Three studies examined life course SES in relation to waist circumference (WC) among males
and females [12-14]. The three studies were conducted in Brazil, UK and Scotland. Two [12,
14] of the three studies showed lower mean WC among lower life course SES males, while the
other study [13] showed higher mean WC among lower life course SES males (Fig 4). The
summary mean WC comparing lower life course SES with higher life course SES among males
was -0.10 (95% CI: -0.11, -0.08). All three studies showed significantly higher WC among
lower life course SES compared with higher life course SES females, with summary mean WC
of 4.67 (95% CI: 4.15, 5.20). Overall, the summary WC comparing lower life course SES adults
with higher life course SES adults was -0.09 (-0.11, -0.07). There was evidence of significant
heterogeneity across all of the included studies (I* = 99%, p-value = 0.00) and for both males
(I = 99%, p-value = 0.00) and females (I* = 73%, p-value = 0.02).

%
ES (95% Cl) Weight

Aitsi-Selmi, 2013 (Brazil) Longitudinal
Langenberg, 2003 (UK) Longitudinal
Hart, 2008 (Scotland) Cross-sectional

Subtotal (I-squared = 99.4%, p = 0.000)

Females

Aitsi-Selmi, 2013 (Brazil) Longitudinal
Langenberg, 2003 (UK) Longitudinal
Hart, 2008 (Scotland) Cross—sectional

Subtotal (I-squared = 73.1%, p = 0.024)

Heterogeneity between groups: p = 0.000

Overall (I-squared =99.2%, p = 0.000)

-2.10 (-2.48, -1.72)0.18
1.90 (1.64,2.16)  0.40
-0.10 (-0.12, -0.08) 99.42
-0.10 (~0.11, -0.08) 100.00

5.50 (4.52,6.48)  29.00

—— 5.90 (4.17,7.63) 9.33

4.10 (3.43, 4.77) 61.67
4.67 (4.15, 5.20) 100.00

-0.09 (-0.11, -0.07).

-7.63 0 7.63

Fig 4. Mean difference in waist circumference by life course SES.
https://doi.org/10.1371/journal.pone.0177151.g004

PLOS ONE | https://doi.org/10.1371/journal.pone.0177151 May 16,2017 9/15


https://doi.org/10.1371/journal.pone.0177151.g004
https://doi.org/10.1371/journal.pone.0177151

@° PLOS | ONE

Life course socio-economic status and obesity review

Discussion

We focused our review on the influence of SES across the life course on obesity. Whereas we
observed that there were somewhat consistent findings for the association between life course
SES and obesity in developed countries[4, 13, 14, 16, 18-20, 22, 23, 26, 27], there was very little
information available for developing countries. We conducted a systematic review and meta-
analysis to synthesize the current evidence in this area and identify gaps in the literature, focus-
ing on studies that directly examined SES change over the life course. The results of our meta-
analysis were highly consistent with previous findings. Women with higher SES throughout
their life have lower BMI, while findings among men were less consistent. One possible reason
for the differing association is that females may have weight-related ideals that are easier to
maintain with higher income[28], and that these ideals may not exist for men[29]. While
another possible reason for this difference is the fact that low SES men might engage in higher
levels of physical activity because they engage in more manual occupational labor[30], this
does not take into account the effect of childhood SES.

Most of the studies were conducted in developed countries (13 out of 15), with the excep-
tion of two studies that were conducted in Brazil[12, 21], an upper-middle income country
according to the World Bank Income Classification. Therefore, it was not surprising that find-
ings from the Brazilian studies were similar to results of other developed countries, i.e. women
were more likely to be obese if they had lower life course SES. This is consistent with Mon-
teiro’s and Dinsa’s reviews indicating that the association between SES and obesity becomes
inverted as countries transition into higher income [31, 32]. Singapore was an interesting
inclusion in the meta-analysis, because the majority of the participants, all aged > 60 years,
would have spent all or most of their childhood during the period 1912-1965, during which
time Singapore was considered to be a developing country [16]. While the study from Singa-
pore revealed that men were more likely to be obese if they had higher life course SES, women
were more likely to be obese if they had lower life course SES, similar to patterns observed in
developed countries. Further research is needed to illuminate the socio-economic transition
that occurred in Singapore, and the impact of obesity and associated chronic diseases in
adulthood.

The studies included in this review sought to determine the influence of SES on obesity
from childhood through adulthood, providing a comprehensive investigation of reported dif-
ferences in both developed and developing countries. Although some studies find that the
effects of childhood SES on adult obesity were attenuated when adult SES was accounted for([4,
6,13, 14, 20, 22, 23, 27, 33-45], other studies nevertheless highlight the importance of consid-
ering the lasting effects of childhood social class, notably Tucker-Seeley et al.’s 2011 study (74)
on multi-morbidity among older adults. In this study, participants who experienced childhood
financial hardship were slightly more likely to suffer from chronic conditions in adulthood
compared with those who did not report childhood financial hardship[46]. Another recent
study linked childhood SES to breast cancer incidence and mortality[47], and a systematic
review on the association between childhood SES and cause-specific mortality concluded that
mortality risk for all causes was higher among those who experienced poor SES during child-
hood[48]. In the current review, the vast majority of studies have been in developed countries,
with a few studies in middle-income countries where the association between childhood SES
and adult obesity remains inconsistent. This highlights the need for more studies in developing
countries, where chronic disease rates have risen significantly and are expected to outstrip
infectious diseases as the major cause of death in a few decades. In all regions, further studies
are needed to develop public health strategies aimed at mitigating the impact of low childhood
SES on adult health.
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Several publications from countries in both developed and developing countries suggest
that there may be opposite, but consistent associations between adult SES and obesity which
may also vary by gender. Several reviews of the literature have been conducted focusing on
adult SES and obesity across countries, with most concluding that there are no consistent asso-
ciations between obesity and SES among men [8, 31, 32]. High-income countries consistently
show an inverse relationship between adult SES and obesity[4-9, 49]. Data from middle-
income countries are somewhat less consistent, but this is most likely explained by the views of
Monteiro (27) and Dinsa (31) in previous literature reviews, in which the authors concluded
that the association between SES and obesity in women changes from a positive association to
an inverse association as a country’s GDP increases [31, 32]. This view is supported by other
studies[8, 50-52] that include LMICs. Older studies have characterized a positive, i.e. direct,
association between BMI and SES[9, 53-55], while more recent studies suggest this link is
complicated and changes as nations become more developed. The decreasing levels of obesity
in higher SES women observed in more recent studies could be attributed to the availability of
more variety in diet, including healthier options, and more chances for exercise[56, 57]. How-
ever, studies conducted in Brazil highlight the opposite shift in women, with low-income
groups transitioning from excessive under-nutrition to obesity within 20 years[50]. Public
health messages on obesity prevention and physical activity should target both higher SES
adults as well as lower SES adults in low-income countries. This strategy will potentially pre-
vent observed patterns from developed countries where, as high SES adults became more
aware of the negative health impact of obesity, consumption of food with low dietary quality
was reduced, but similar reductions were not observed among low SES adults, likely due to
the greater convenience and lower cost of fast food options compared with higher quality
diets[58, 59].

Strengths and limitations

Our systematic review and meta-analysis identified the lack of consensus among studies focus-
ing on life course SES. The meta-analysis was strengthened by the inclusion of a large number
of high-quality studies and participants. Some limitations of the studies included in this sys-
tematic review should also be noted. First, life course SES was frequently ascertained through
self-reports, especially in cross-sectional studies, leading to potential recall bias. Nevertheless,
the results were mostly consistent across cross-sectional and longitudinal studies. Second,
given that all the included studies were conducted in developed and upper-middle income
countries, the heterogeneity in dietary patterns across regions and countries may portend
potentially limited generalizability of these findings. Third, differences in the definition of SES
across included studies, with some studies using parental income and education, and others
using material wealth, could be a source of heterogeneity in the observed associations. Finally,
included studies differed in the type and number of confounders adjusted for in the analysis,
raising the possibility of other unmeasured confounders of the associations. Nevertheless,
these limitations are unlikely to significantly alter our conclusion since most of the included
studies showed consistent associations.

Conclusion

At least 50% of NCD related deaths are preventable through prevention strategies focused on
modifiable risk factors such as obesity, physical activity and nutrition [60-63]. Specifically,
recent studies estimate that when started in early life, a large proportion of chronic diseases
like cancer and cardiovascular diseases are preventable by reducing obesity and excess weight,
and increasing physical activity [62, 63]. This systematic review and meta-analysis summarizes
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the existing literature on the association between SES and obesity, highlighting the need for
public health strategies in population subgroups most vulnerable to obesity (due to easy access
to cheap, unhealthy foods and lack of physical activity) and the need for effective strategies
that have the best chance of reducing obesity at early ages. The lack of information regarding
the association between childhood and life course SES and obesity in developing countries
highlights the need for empirical studies to inform obesity prevention strategies in developing
countries. Ethical Approval: This study was conducted using data from published studies and
was exempt from ethical review.
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