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ABSTRACT

Objective Disadvantaged socioeconomic circumstances
in early life have the potential to impact lung function.
Thus, this study aimed to summarise evidence on the
association between socioeconomic circumstances and
respiratory function from childhood to young adulthood.
Design Systematic review and meta-analysis.

Methods Following the Preferred Reporting Items

for Systematic Review and Meta-analysis guidelines,
Medline, ISI-Web of Science and Scopus were searched
from inception up to January 2018. Original studies on
the association between socioeconomic circumstances
and respiratory function in early ages (ie, participants
younger than 25 years of age) were investigated. Two
investigators independently evaluated articles, applied
the exclusion criteria, extracted data and assessed the
risk of bias using the Newcastle-Ottawa Scale. A meta-
analysis of the standardised mean difference and 95% Cl
in respiratory function between participants from different
socioeconomic circumstances was conducted, using a
random-effects model.

Results Thirty-three papers were included in this review
and 23 showed that disadvantaged socioeconomic
circumstances were significantly associated with reduced
respiratory function. The meta-analysis including seven
papers showed a significant difference of —0.31 (95%

Cl —0.42 to —0.21) litres in forced expiratory volume

in the first second between children, adolescents and
young adults from disadvantaged versus advantaged
socioeconomic circumstances. Specifically a difference of
—0.31 (95% CI —0.51 to —0.10) litres in girls and —0.43
(95% Cl —0.51 to —0.35) litres in boys was observed.
Conclusions Children, adolescents and young adults from
disadvantaged socioeconomic circumstances had lower
respiratory function, and boys presented higher respiratory
health inequalities. This information contributes to explain
the social patterning of respiratory diseases, and might
enable health policy makers to tackle respiratory health
inequalities at early ages.

INTRODUCTION

Disadvantaged socioeconomic circumstances
have been associated with worse respiratory
health outcomes, as for instance, underdevel-
oped lungs and a higher risk of respiratory
disease in later life."™ Studies on adult and
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Strengths and limitations of this study

» This study is the first systematic review and me-
ta-analysis quantifying the magnitude of difference
in respiratory function in early ages due to disadvan-
taged socioeconomic circumstances.

» It includes a broad literature search, screening and
data extraction performed in duplicate, a firm study
quality assessment and a comprehensive data anal-
ysis, including numerous sensitivity analysis.

» The review protocol has been developed in ac-
cordance with the Preferred Reporting Items for
Systematic Review and Meta-analysis statement.

» The study limitations included the different es-
timates of forced expiratory volume in the first
second presented in the studies and the high het-
erogeneity in the statistical analysis which also
makes comparisons difficult. Nevertheless, we were
able to perform the meta-analysis with two different
estimates, showing that the effect size was quite
similar independently of the estimate used.

older populations have demonstrated that
individuals with lower socioeconomic posi-
tion presented poorer respiratory function
and a faster decline of lung volumes over
time.” Low social class was also previously
associated with a reduction in forced expi-
ratory volume in the first second (FEV)) of
more than 300 ml among men, and more
than 200 ml among women.”

In the period from childhood to early
adulthood, the association between socioeco-
nomic circumstances and lung function has
also been explored,” and disadvantaged
socioeconomic circumstances were associ-
ated with poorer lung function attainment.’ !
Growing evidence shows that childhood and
adolescence constitute a critical time window
for subsequent respiratory health!' for
several reasons. First, in this period lungs
are growing,'” and are highly susceptible to
adverse influences, (eg, indoor and outdoor
pollution, tobacco smoke, poor nutrition)
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which mightrestrain lung development, modulate respira-
tory function and induce airway diseases.”'' ' '* Addition-
ally, it is becoming evident that respiratory diseases have
part of their origins in early childhood," thus tracking
respiratory function since this period has the potential
to detect early life differences in respiratory growth,
which might be influenced by the social context and the
social determinants of health.'® ! Moreover, it has been
demonstrated that lung volumes tend to increase from
birth until early adulthood,"'® therefore by studying this
period we are able to assess inequalities in the maximal
lung function attained.

Prior studies also suggest that there are sex differences
in lung physiology and development, and these differ-
ences impact the incidence, susceptibility and severity
of several lung diseases."” * Specifically in spirometry
tests, the studies demonstrated that throughout child-
hood and adolescence, boys have 7%-8% larger lungs,
but girls have faster lung rates (shorter expiratory time
constants), judged from the FEV, /forced vital capacity
(FVC) ratio.'?*

Therefore, ascertaining the impact of early life socio-
economic circumstances on respiratory function is
crucial to prevent uneven lung function growth among
the different socioeconomic groups, which could result
in unequal prevalence of respiratory diseases over the life
course. Hence, this study aimed to systematically review
the published evidence on the association between socio-
economic circumstances and respiratory function in
children, adolescents and young adults, stratified by sex.
Specifically, we aimed to assess the direction of this asso-
ciation, and to quantify its magnitude by conducting a
meta-analysis, if possible, due to the nature of the studies.

METHODS

This systematic review and meta-analysis was performed
and is reported in accordance with Preferred Reporting
Items for Systematic Review and Meta-analysis (PRISMA)
guidelines.*

Search strategy

A search in Medline, ISI-Web of Science and Scopus
was conducted from inception up to 22 January 2018.
The search expression included numerous MESH terms
and other relevant words and expressions (‘Lung func-
tion’ OR spirometry OR ‘FEVI’ OR ‘Forced Expiratory
Volume’ OR ‘Forced Vital Capacity’ OR ‘FVC’ OR ‘pulmo-
nary function” OR ‘respiratory function’ OR ‘total lung
capacity’ OR tlc) AND (‘socioeconomic factors’ OR ‘socio-
economic position’ OR ‘social class” OR ‘socioeconomic
determinants’ OR ‘socioeconomic class’ OR poverty OR
education OR income OR occupation OR wealth OR
deprivation OR overcrowding OR unemployment) AND
(infant OR child* OR ‘preschool child*” OR adolesc* OR
youth OR teenager OR young OR ‘young adult’). Further
details on the search expression can be seen in (online
supplementary table S1). Early life was considered the

period from childhood to early adulthood, which also
matches the period of lung growth.'** Evidence suggests
that FEV, and FVC keep increasing from birth tll 25
years of age, that is, young adulthood, then remain stable
for about 5-10 years, and start declining in later adult-
hood.'? Two researchers (Vania Rocha and Sara Soares)
independently screened all titles, abstracts and keywords,
removed articles clearly failing to meet the inclusion
criteria, and retrieved potentially eligible articles for full-
text review. The reference lists of the reviewed articles
were also screened for potentially relevant articles that
the electronic search failed to identify. Any disagreement
between the researchers was sorted out by consulting a
third investigator (Silvia Fraga).

Eligibility criteria

The screening process occurred in three steps: first, arti-
cles were excluded based on title, abstract and keywords.
In step 2, full texts of the articles were evaluated to deter-
mine eligibility based on previously defined criteria.
And, in step 3, the selected articles were re-evaluated
to determine their adequacy for data extraction. There-
fore, during the whole screening process the investi-
gators consecutively applied the following criteria to
exclude studies: (1) That were not original peer-reviewed
observational studies of the general population. (2) Not
written in English, French, Portuguese or Spanish. (3)
Not involving humans (eg, in vitro or animal studies).
(4) That were review articles, editorials, methodological
studies, conference or meeting abstracts, case reports or
case studies, commentaries and letters or book chapters
without original data. (5) With subjects older than 25
years. (6) That did not address respiratory function by
different socioeconomic circumstances. (7) That did not
report respiratory function with at least one spirometry
value (eg, FEV ; FVC; ratio between FEV, and FVC, FEV, /
FVC; forced expiratory flow, FEF) by at least one socio-
economic indicator (ie, education, income, occupation,
etc). (8) In which socioeconomic factors or respiratory
function variables were just used for adjustments.

Data extraction

Data extraction was undertaken independently by the
researchers in order to retrieve information on: authors
and year; country; study design; sample size (total and
number of subjects involved in the analysis of socioeco-
nomic circumstances and respiratory function); female
proportion; participants’ age range or mean age with SD;
information on diseases and/or respiratory symptoms;
socioeconomic indicators; respiratory function indices,
with the respective reference equations; and the relation-
ship between socioeconomic circumstances and respira-
tory function indices.

Quality assessment

The risk of bias of each study was assessed independently
by two reviewers using the Newcastle-Ottawa Scale
(NOS).* For longitudinal studies, the original eight-item
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NOS for cohort studies was used to assess the three key
areas of potential bias—selection of participants, compa-
rability and measurements. For cross-sectional studies,
only the relevant items were used assessing selection of
participants, comparability and the associated factors.** *
More details on the items assessed can be found in online
supplementary text S1 and S2. The NOS for cohort studies
ranges between zero and nine stars and for cross-sectional
studies ranges between zero and six. Any disagreements
between the two reviewers were resolved by discussion
with a third investigator (Silvia Fraga).

Data analysis

As summary measures, we extracted the direction of the
association (eg, inexistent, positive or negative) and the
magnitude of the association between the socioeconomic
indicators and respiratory function indices. A positive
association was considered when advantaged socioeco-
nomic circumstances were associated with an increase
in respiratory function or disadvantaged socioeconomic
circumstances led to a decrease in respiratory func-
tion; a negative association was considered when advan-
taged socioeconomic circumstances were associated to a
decrease in respiratory function or disadvantaged socio-
economic circumstances led to an increase in respiratory
function.

Owing to the heterogeneity in the studies analyses,
only articles that reported means and SD between advan-
taged and disadvantaged socioeconomic circumstances
groups were brought forward into the meta-analysis. The
estimates from articles reporting means and SD were
transformed into standardised mean differences (SMDs)
between advantaged and disadvantaged socioeconomic
groups.

In the meta-analysis we also narrowed our focus to
FEV, measurements, as this respiratory function indi-
cator has been the most widely reported and best under-
stood index in the medical literature.'” Pooled SMDs and
corresponding 95% CIs were calculated by the DerSimo-
nian-Laird method assuming a random-effects model,
to account for both within-study and between-study
variances.”® Between-study heterogeneity was quantified
using Issquared (I%) statistic. This statistic describes the
percentage of variation across studies due to heteroge-
neity rather than chance.” Visual inspection of the funnel
plot, the Egger’s regression asymmetry test and the Beggs’
test were used for publication bias assessment.*® A broadly
symmetrical plot indicated a lower risk of bias against the
publication of negative results.

Sensitivity analyses

Sensitivity analyses were carried out in seven ways: (1)
Applying a fixed-effects model, assuming an equal effect
size across studies. (2) Conducting the meta-analysis
including studies which reported the association between
socioeconomic circumstances and lung function with
B-coefficients from linear regression along with CIs, to
test if the use of a different statistical measure would

—
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Figure 1 Preferred Reporting ltems for Systematic Review

and Meta-analysis (PRISMA) flow diagram of the literature
search.

lead to different results. (3) Presenting the effect size by
type of study. (4) Presenting the effect size by socioeco-
nomic indicator. (5) Showing the effect size separately for
healthy participants versus those who reported respira-
tory symptoms and diseases. (6) Showing the effect size
separately for studies which presented adjusted values of
FEV, and those who did not perform adjustments. (7)
Repeating the meta-analysis with each study removed
sequentially. The analyses were carried out with STATA
(V.11.0, StataCorp, College Station, Texas, USA).

Patient and public involvement

No patients were involved in this study, since we used data
from previously published papers. However, this study
aimed to raise awareness among the scientific community
and policy makers on the effect of socioeconomic circum-
stances in respiratory function since the early ages, with
a potential impact on respiratory health throughout the
life course.

RESULTS

Figure 1 presents the literature search flow diagram.
The systematic database search identified 5359 publica-
tions; after removing duplicates, the title, abstract and
keywords were screened in 3308 papers. Five hundred
and twenty-eight were full-text screened, and from these
thirty-three papers were included. The reference list
screening did not retrieve any additional manuscript.
The results of the quality assessment with NOS showed
that from the 33 papers included, only two papers® >’ had
less than the median stars that can be attributed to each
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study, that is, scored as low quality (online supplementary
table S2a,b).

Table 1 shows the characteristics of the included arti-
cles, 14 longitudinal and 19 cross-sectional studies.
Samples sizes ranged from 77°' to 24010 participants,
and the majority of studies reported lung function
results for both sexes together, with the exception of six
studies® ? 7 that reported their findings separately for
boys and girls, and one study” that merely included girls.
Participants’ age ranged from 5 to 24 years old. Countries
classified as high, upper-middle, lower-middle and low-in-
come levels were included, and no significant differ-
ences were found between them. Most of the included
studies were performed in high-income countries, as for
example, USAY 3132343842 (1 the UK,7 84346 1 a lower-
middle income country as India.*” **

From the 33 articles incorporated in this review, 27
used education as the socioeconomic indicator, or as part
of an index of socioeconomic circumstances; reporting
mainly both parents’ education® ! 32 3539 #4751 1 e
mothers’ education.’ * #4525 Occypation and
income were reported in 12 studies, mainly as both
parents’ occupation® * % 38 4464753 5 4 family or house-
hold income.0 31 35 36 39 41 42 4450 51

All  the included  studies  reported  esti-
mates for FEV, either as mean values of
,691030353646418—505254mean difference 3% percent-
percentage of predicted,?! %7 38 4043 45 16 51 53 55
percentage of change,”****® zscores,”* and/or the rela-
tion between FEV, and FV(C.2 303335 374750

A positive association between the socioeconomic
circumstances and the respiratory function indices was
found in 280 7 29-3133-37 39 4146 48 5051 535456 (o 1 ag o
cles, showing a reduced respiratory function in children,
adolescents and young adults from disadvantaged socio-
economic circumstances, followed by no association
observed in 9 studies,® ? %238 047495255 5y 4 4 negative asso-
ciation in 1 study.'

Figure 2 illustrates the meta-analysis of SMD in FEV,
between disadvantaged and advantaged socioeconomic
groups by sex, including seven studies.®***3%05457 Qyerall,
children, adolescents and young adults from disadvan-
taged socioeconomic circumstances presented a signifi-
cantly lower FEV, of —0.31 (95% CI -0.42 to -0.21) litres
when compared with those from advantaged socioeco-
nomic circumstances. This trend was observed in both
girls and boys, but the effect size was higher in boys
(SMD -0.43; 95% CI —0.51 to —0.35 litres). The I? of the
subanalysis in boys showed no heterogeneity (I 0.0%,
p=0.664), in contrast with the high heterogeneity between
the studies of girls (I* 71.2%, p=0.002). The effect size
for both sexes together was lower, being an SMD of -0.16
(95% CI -0.24 to -0.08) litres between participants from
disadvantaged versus advantaged socioeconomic circum-
stances. A funnel plot was computed to assess publication
bias (figure 3), and its visual inspection did not indicate
the presence of small-study effects. Egger’s regression
asymmetry test did not suggest significant small-study

effects (p=0.473) and Beggs’ test also confirmed the
absence of publication bias (p=0.458).

In the first sensitivity analysis, the use of a fixed-effects
models slightly increased the pooled effect size in the
meta-analysis (SMD -0.34; 95% CI —-0.38 to —0.29 litres)
(online supplementary figure S1). Then, five further
studies’ "% % were grouped into a meta-analysis of B-co-
efficients, showing that a decrease in one unit of socio-
economic circumstances leads to a reduction of -0.35
(-0.77 to 0.07) litres in FEV |, which is very similar to the
effect size found in the meta-analysis of the means and
SD (online supplementary figure S2). Grouping studies
by design had no influence on the pooled effect size
and we observed that the effect sizes of the subanalysis
were very similar in both cross-sectional (-0.30; 95% CI
-0.44 to -0.16 litres) and longitudinal (-0.33; 95% CI
-0.52 to —0.14 litres) studies (online supplementary figure
S3). Presenting the effect size by socioeconomic indicators
had no influence on the pooled effect size, nevertheless
it slightly reduced the heterogeneity in the subanalyses
(online supplementary figure S4). We also observed that
the effect size of socioeconomic disadvantage in FEV,
was almost double in participants with respiratory symp-
toms and diseases (-0.44; 95% CI -0.52 to —-0.36) when
compared with those without symptoms and diseases
(-0.24; 95% CI -0.37 to —0.10) (online supplementary
figure Sb). Grouping studies by adjusted estimates or not
showed a higher effect size in the group of studies with
adjusted estimates (-0.36; 95% CI -0.51 to —0.21 vs -0.25;
95% CI -0.42 to -0.09) (online supplementary figure S6).
The adjustment variables were mainly age, sex, heightand
weight. Finally, excluding each study sequentially did not
alter the final results (online supplementary figure S7).

DISCUSSION
This study systematically reviewed the evidence on the
association between socioeconomic circumstances and
respiratory function in children, adolescents and young
adults considering sex differences. From the 33 papers
included, 23 showed that disadvantaged socioeconomic
circumstances were associated with lower respiratory func-
tion in early ages. In the meta-analysis, which included
seven studies, we also found a mean difference of —0.31
litres in FEV| between participants from disadvantaged
versus advantaged socioeconomic circumstances, specif-
ically a difference of —0.31 litres among girls and -0.43
litres among boys. To the best of our knowledge, this is
the first meta-analysis to quantify the association between
socioeconomic circumstances and respiratory function in
children, adolescents and young adults, and results are
close to the findings reported in a previous non-system-
atic review in adults, which showed a lower FEV, of more
than 0.2 litres among women and of more than 0.3 litres
among men.”

Additionally, we observed that this difference was higher
in boys, with boys of poorer socioeconomic circumstances
presenting an overall difference of —0.43 litres in FEV,
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Both sexes
Lercher etal. 1997
Trabelsi et al. 2008
Martinez et al. 2015

Subtotal (I-squared = 0.0%, p = 0.794)

Girls
Raju etal. 2005

Suglia etal. 2008

Menezes et al. 2011

Kuti etal. 2017 (Rural Areas)
Kuti etal. 2017 (Urban Areas)
Kuti etal. 2017 (Rural Areas)
Kuti etal. 2017 (Urban Areas)

Subtotal (-squared = 71.2%, p = 0.002)

Boys

Raju et al. 2005

Suglia et al. 2008

Menezes et al. 2011

Kuti etal. 2017 (Rural Areas)
Kuti et al. 2017 (Urban Areas)
Kuti etal. 2017 (Rural Areas)
Kuti etal. 2017 (Urban Areas)

Socioeconomic
indicator

Education
Occupation
Education

SES(1)
Education
Income
SES(1)
SES(1)
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Crowding
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SES(1)
Crowding
Crowding
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i

|

<S4

e —

SMD (95% CI)

022 (-0.40,-0.04)
0.14(-041,0.13)

015 (-0.24,
016 (-0.24,

-0.48 (-0.60,
084 (-1.30,
041052

,-0.05)
,-0.08)

,-0.35)
,-0.39)
,-0.31)

0.00 (-0.46, 0.46)

1.19(0.17,

,221)

0.00 (-0.46, 0.46)

017 (0.75,042)
031051

,-0.10)

044 (-0.57,-0.32)
042 (-0.85,001)
044 (-0.55,-0.33)
0.4 (-0.97,0.09)
-1.01(2.03,0.02)

0.00 (-0.53,0.53)

0.28(0.81,025)

%
Weight

921
6.91

1141
2753

10.73
379
141
376
0.99
367
2.60
36.66

10.73
4.05
11.06
301
0.98
2.99
299

range

7511
[6-16]
[8-17)

[5-15]
[6-7]
[14-15]
[0-17]
19-17]
19171
[6-17]

[5-15]
[6-7]
[14-15]
917
917
917
917

Subtotal (I-squared = 0.0%, p = 0.664) 0 043 (-051,-0.35) 3582

1
Overall (I-squared = 70.0%, p = 0.000) & 031(:042,-021) 10000
Y
1

StaA;dardi;ed mean dif'ferencfe ’
Figure 2 Forest plot of the meta-analysis of the
standardised mean difference (SMD) in forced expiratory
volume in the first second (FEV,) between disadvantaged and
advantaged socioeconomic groups, by sex. Note: Weights
are from random effects analysis; SES(1): socioeconomic
status classified using more than one socioeconomic
indicator as education, occupation or/and income.

when compared with those of advantaged socioeco-
nomic circumstances. Sex has previously been referred
to as an important predictor of lung function, and
standard morphometric methods confirmed that boys
had larger lung size, more respiratory bronchioles and
wider airway diameters compared with girls of the same
age and stature, which explains their increased lung
volumes.'**** However these anthropometric differences
were not enough to clarify the differences found between
boys from different socioeconomic circumstances. There
is some prior evidence showing that socioeconomic
inequalities in health, including outcomes of respira-
tory development and disease, are more pronounced in
men of different age groups.' ** ® Several explanations

Funnel plot with pseudo 95% confidence limits
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Figure 3 Funnel plot from the meta-analysis of forced
expiratory volume in the first second by socioeconomic
circumstances.

have been proposed, either showing that with regards
to health outcomes men are more sensitive to socio-
economic inequalities between groups,”’ or supporting
the existence of biological and anatomical differences
between men and women which lead to differences
in lung function between the sexes.'” ® * Prior studies
have reported that since the prenatal period lung matura-
tion is more advanced in female fetuses than in the male,61
that lung growth during adolescence is faster in girls than
in boys,” or that the prevalence of respiratory diseases
in childhood, for instance asthma and allergic rhinitis, is
higher in boys."” All these hypotheses may help explain
differences between boys and girls even at early ages;
nevertheless further studies are needed to investigate this
tendency. Sex differences seem to play an important role
in both healthy and diseased lungs from very early life,"
and considering these differences in epidemiological
studies might be imperative to obtain reliable estimates
on respiratory health inequalities.

FEV, has been the most widely reported index of respi-
ratory function in the included studies. This finding
confirmed previous evidence'? * suggesting that FEV, is
by far the most reported index in medical literature as it
provides information on airflow based on airway calibre
and elasticity.64 Moreover, it allows determine FEV /
FVC ratio, which is used to detect the presence of airway
obstruction and to diagnose respiratory diseases.”
Indeed, spirometry has been used as a pivotal screening
test of general respiratory health, as it is simple, non-in-
vasive, relatively inexpensive, and can provide informa-
tion with the potential to prevent, identify and quantify
respiratory diseases.”” ®® Nevertheless, we also observed
that spirometry assessment has been mostly directed
to specific populations, such as patients with respi-
ratory symptoms,” 2 % % 57 asthma® ¥ #4751 % or cystic
fibrosis,”" *** and its use in healthy children and adoles-
cents™ ** #9950 14 monitor lung growth has been less
explored. In fact, our sensitivity analysis confirmed that
the effect of disadvantaged socioeconomic circumstances
in participants with respiratory symptoms and disease are
almost double compared with the effect on healthy partic-
ipants, supporting the need for respiratory screening and
continuous monitoring of these populations. However,
evidence showed that the two respiratory diseases with
the largest burden on patients and on society (asthma
and chronic obstructive pulmonary disease) have part of
their origins in early life"” * and tracking respiratory func-
tion in healthy children since this period might also have
potential to detect early life differences in respiratory
growth and in the maximal lung function attainment at
early adulthood with clinical significance for future respi-
ratory diseases.

Education, occupation and income were the most used
socioeconomic indicators associated with respiratory
function. These three indicators have been extensively
referred to as most common to characterise socioeco-
nomic position and to describe and evaluate health
inequalities,” " as single indicators* ** or as combination
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into SES indexes.” *” Even though using different socio-
economic indicators may result in gradients of varying
slopes, no single best socioeconomic indicator is suitable
for all study aims and each indicator may be more or less
relevant to the different health outcomes at different
stages of the life course.”” The SES indexes are intended
to incorporate and therefore to adjust for different aspects
of socioeconomic position but the effect from each single
indicator remains unknown.”" A single measure will not
encompass the entire effect of socioeconomic circum-
stances on health, but it might be most appropriate
for understanding the specific mechanisms of socioeco-
nomic inequalities in health.”" In fact, education was one
of the most reported SES indicator, as either parents’
education or maternal education. Maternal education is a
good example of how socioeconomic factors might have
an indirect effect on respiratory function, as previous
studies have shown, this indicator is highly correlated with
the nurture provided to the children, either by ensuring
adequate nutritional intake,” ™ which influences lung
growth, or by avoiding health risk factors (eg, smoking
during pregnancy or passive smoking, physical inactivity,
etc)™ with immediate or long-term consequences on
respiratory health.

Additionally, maternal education was associated with
children’s height for age,” which is related with respira-
tory function; ® 77 however only 1368103233 35 46 49 52 54-56
of the 33 included studies made adjustments for height.
Therefore this study is an alert to the need for consid-
ering height when assessing lung function since higher
height is associated with larger lung capacity,” and there
is evidence that height is strongly socially patterned since
childhood.” Age and sex are also important determi-
nants of lung volumes and capacities.”® However, only
18 studies®™ 1032 424446 47505556 7 qiyisted for sex and 15
adjusted for age.®810293233 414244 46 4750525456 T o o pegulgs
were in line with our sensitivity analysis comparing studies
with and without adjusted estimates that showed a higher
effect size in the group of studies with adjusted estimates.
Age, sex and height, considered the main predictors of
lung function, were the more frequent adjustment vari-
ables, following previously established guidelines recom-
mending that spirometry indices should account for
these predictors to increase accuracy and reduce biased
estimations.'*®

Other limitations should be acknowledged. The inter-
pretation of spirometry results is also largely dependent
on the use of appropriate reference values,” which
was only mentioned by about a third (12 in 33) of the
included studies. The high variability in the indicators
of socioeconomic position reduced the power to detect
statistically significant differences, making compar-
isons difficult. To address this issue we did a sensitivity
analysis grouping studies by socioeconomic indicators,
however, these results showed that grouping studies by
these indicators would not influence the overall pooled
effect size, although it slightly reduced heterogeneity in
subanalyses. The different estimates of FEV, presented in

the studies (mean values, predicted values, percentages,
z-scores) and the high heterogeneity in the statistical
analysis make it difficult to compare studies, introducing
a potential source of selection bias where only studies
with extractable and comparable results are included in
the meta-analysis. We addressed this in two ways, first by
contacting authors for further data; and then by assessing
publication bias with visual inspection of funnel plots and
Egger’s and Beggs’ tests, which confirmed the absence
of publication bias. Moreover, computing the meta-anal-
ysis with a different statistical measure (B-coefficients)
showed a very similar result.

The studies included in both qualitative and quantita-
tive syntheses mainly had a cross-sectional design (n=19)
rather than longitudinal (n=14). We could expect that
studies with longitudinal designs would show higher
effects of disadvantaged socioeconomic circumstances in
lung function since these studies collected data over time
and are more appropriate to assess causal relationships;
nevertheless, the effect sizes by type of study were quite
similar for both cross-sectional and longitudinal studies.
Moreover, as the exposure and the outcome are both
measured in early ages, we hypothesise that the effects
are not yet completed established, and perhaps if the
outcome was measured during adulthood the differences
would be more pronounced.

Finally, the reporting quality of the included articles
should be considered. Nevertheless, only two articles
were scored as low quality, having less than three stars in
a maximum of six for cross-sectional studies. Therefore,
we did not expect that the quality of articles had relevant
implications in our conclusions.

CONCLUSIONS

This systematic review and meta-analysis shows that chil-
dren, adolescents and young adults from disadvantaged
socioeconomic circumstances presented lower respira-
tory function, and respiratory health inequalities are
higher among boys. These results highlight the implica-
tions of early disadvantaged socioeconomic circumstances
for respiratory health. This evidence also contributes
to explain the social patterning of respiratory diseases
during adulthood and at older ages, and might enable
health policy makers to tackle respiratory health inequal-
ities at early ages.
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