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Abstract Studies of the relationships between low socio-
economic status and impaired lung function were conducted
mainly in Western European countries and North America.
East-West differences remain unexplored. Associations
between parental education and lung function were
explored using data on 24,010 school-children from eight
cross-sectional studies conducted in North America, Wes-
tern and Eastern Europe. Parental education was defined as
low and high using country-specific classifications. Coun-
try-specific estimates of effects of low parental education on
volume and flow parameters were obtained using linear and
logistic regression, controlling for early life and other
individual risk factors. Meta-regressions were used for
assessment of heterogeneity between country-specific esti-
mates. The association between low parental education and
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lung function was not consistent across the countries, but
showed a more pronounced inverse gradient in the Western
countries. The most consistent decrease associated with low
parental education was found for peak expiratory flow
(PEF), ranging from —2.80 to —1.14%, with statistically
significant associations in five out of eight countries. The
mean odds ratio for low PEF (<75% of predicted) was 1.34
(95% CI 1.06-1.70) after all adjustments. Although social
gradients were attenuated after adjusting for known risk
factors, these risk factors could not completely explain the
social gradient in lung function.
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Abbreviations

A Austria

BMI Body mass index

CI Confidence interval

CZE Czech Republic

FEV1 Forced expiratory volume in the first second
FVC Forced vital capacity

GER Germany

HUN Hungary

LBW Lower birth weight

LRI Low respiratory tract infection
MMEF  Maximal mean expiratory flow
NL the Netherlands

OR Odds ratio

PATY Pollution and the Young (project)
PEF Peak expiratory flow

POL Poland

SES Socioeconomic status

SLO Slovakia

US/USA North America

Introduction

Socio-economic status (SES) has been found an important
predictor of health within developed countries. Publication
of the Whitehall study results [1], reporting differences in
all-cause mortality between social classes, was followed by
an increased interest in the issue of social health inequal-
ities in epidemiological research [2, 3].

Only a limited number of studies have investigated the
SES effect on impaired lung function or chronic obstructive
pulmonary disease. Studies on adults found evidence that
the level of education was associated with airways disorders
independently of smoking [4, 5]. A review by Hegewald
and Crapo [6] found significantly negative correlations
between lung function and SES both in children and adults.

The CARDIA study [7] on young adults found a decline
of lung function over time due to lower childhood SES.
A British study [8] confirmed that childhood poverty was
associated with poorer lung function in women aged 60-79.

American studies with large sample size [9, 10] also
brought evidence that low SES was associated with lower
lung function in children.

An Austrian study of school age children [11] found that
most of lung function measures were negatively associated
with a lower birth weight (LBW), lower maternal educa-
tion, smaller gestational age, and larger family size.

Associations between low SES and impaired lung
function both in children and adults were detected mainly
in Western European countries and North America. East—
West differences have not yet been explored.
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The Pollution and the Young (PATY) project offers a
unique opportunity to investigate the relationship between
lung function in school-age children and their socioeco-
nomic status in a large international dataset.

Materials and methods
Study design and study population

The present study is a combined analysis of questionnaire
and lung function data from eight cross-sectional studies in
which the lung function measurements were part of the
original studies. The study sample contained 24,010
school-children aged 6-12 years from the North American
24-cities study [12], the East European CESAR study
countries [13], and data from Austria (Linz study [14]),
Germany (Bitterfeldt, Hettstedt and Zerbst study [15]), and
the Netherlands (24-schools study [16]). The number of
children derived from the original studies into a current
analysis is slightly smaller due to missing data—only those
with a full set of data were taken into the analysis. The
studies were conducted across the 1990s. Some studies
were conducted in several areas of one country, whereas
others (CESAR and the 24-cities study) were conducted in
more than one country.

The combined analyses used original data including
measures of lung function, and questionnaire information
on a wide range of potential risk factors including sources
of indoor air pollution, SES, and family medical history.

Definition of parental education status

Parental education was defined as the maximum of the
mother’s and father’s educational level and classified into
three categories (low, medium, and high) as described
previously [17]. This classification was done at country
level, taking frequency distributions into account to make
sure that every country had a sufficiently large number of
subjects with low and high parental education, respectively
[17]. Nevertheless, for the present analyses the frequency
of “low lung function” (see below) was found to be too
small in low parental education category (as defined by
Gehring et al. [17]) in some countries and therefore, the
low and medium parental education categories were joined
and defined as “low”. Only subjects with a defined parental
education were included in the analysis.

Lung function outcomes
Lung function testing was performed according to the

protocol of the American Thoracic Society [18], except for
the minimum exhalation time of 6 s (not feasible for
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children) and except for the Dutch study, which followed
the protocol of the European Respiratory Society [19].

We analyzed the following volume and flow parameters:
forced vital capacity (FVC), forced expiratory volume in
the first second (FEV1), peak expiratory flow (PEF) and
maximal mean expiratory flow (MMEF). MMEF data were
not available from Germany.

In addition, “low lung function” was analyzed, specified
by low FVC (defined as less than 85% of predicted by age,
gender, height, and weight from all study participants from
the same country), low FEV1 (less than 85% of predicted),
low PEF (less than 75% of predicted) and low MMEF (less
than 75% of predicted) [20]. These cut-off levels were
based on a priori clinical experience. Effect on poor lung
function was analyzed by logistic regression.

Potential confounders

A set of a-priori confounders was prepared based on the
literature. Confounders were divided into two groups: early
life factors such as maternal smoking during pregnancy,
premature birth (<36 weeks), low birth weight (less than
2.3 kg), breastfeeding (less/more than 3 months), atten-
dance of kindergarten, low respiratory tract infection (LRI)
in first 2 years of life, and parental history of asthma; and
other potential confounders like body mass index (BMI)
[21], the presence of any smoker in the household, pet
ownership ever, overcrowding, presence of mould/moisture
in the child’s home, use of gas for cooking or gas/kerosene/
oil heater and infection prior to test.

Statistical analysis

Since lung growth during childhood is not linear, the lung
function variables were log-transformed for calculation of
predicted values, i.e. the linear (for continuous outcomes)
regression models used the natural logarithm of each lung
function variable as the dependent variable and the rela-
tionship with body parameters were described using the
natural logarithm of age and weight including an interac-
tion between sex and natural logarithm of height.

Data were analyzed in two stages. In stage one, country-
specific estimates of effects of low parental education were
estimated using linear regression for the continuous out-
comes and logistic regression for the binary outcomes. The
models included random effects at area level allowing for
geographic clustering of outcomes.

In stage two, these country specific effect-estimates and
their standard errors were pooled using meta-analytic
methods, obtaining a mean estimate and a measure and
Cochran »? test of heterogeneity. Country-specific effects
are assumed to follow a random distribution about a mean,

and the estimation of this mean (and confidence interval)
takes into account variations both within and between
studies [22].

All country-specific and pooled estimates were pro-
duced in three models—Model 1 controlled for age, sex,
weight, height, and technician (technician who performed
the lung function testing). In Model 2 early life factors
were added; and in the third model the other potential
confounders were considered (Table 1).

The magnitude of the effect of each confounder was
tested separately. The final set of confounders was selected
for all potential confounders that change odds ratios (OR)
for any of the low lung function indicators by more than at
least 10% in one country (Table 1).

As indicated, not all potential confounding variables
were available for all studies—sensitivity analyses were
conducted to assess the impact of unavailability of covar-
iates, by comparing results between studies with full set
and restricted sets of confounders. As the US data repre-
sents the largest group further sensitivity analysis was
performed on the restricted data set without American data.

Meta-regressions were used to assess whether the fol-
lowing study characteristics could explain heterogeneity
between country-specific estimates: East—West differences
based upon a hypothesis of different health status in
Western countries and former Eastern block (Germany was
coded Eastern country as the study was conducted in the
Eastern part of Germany), response rate lower than 80%;
earlier studies (arbitrary stated cut-point 1995); proportion
of young children (6-8 years versus 9-12 years); propor-
tion of high parental education, and study design: whether
the study was conducted within-towns, between-towns or a
mixture.

All analyses were performed in STATA version 8.

Results

The distribution of parental education, confounders and
potential sources of heterogeneity across countries are
summarized in Table 1. The prevalence of higher educa-
tion differed between countries, ranging from 13.7% in
Germany to 67.1% in North America.

Final set of confounders

The final set of early life factors (Model II) included
mother smoking during pregnancy (highest change of OR
for low MMEF —11.4% in the Netherlands and for low
PEF —13.8% in Poland), premature birth, low birth weight,
attendance of kindergarten and breastfeeding. Other a pri-
ori confounders did not meet the set criteria and therefore
they were not used for analysis. Controlling for these risk
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Table 1 Description of the studies and the study sample (in total 24,010 children)

Country abbreviation® POL HUN SLO CZE NL GER A Us All
Number of study-areas 4 4 4 24 3 8 24 76
Number of towns 4 3 1 19 3 1 24 60
Year(s) of questionnaires and lung function 96 96 96 96 97/98  92/93 96-98 88-90 88-98
Number of children (n) 1,472 1,613 970 806 1,734 1,788 2,898 12,729 24,010
Male sex (n) 726 768 519 455 859 902 1,544 6,497 12,270
% from country sample 49.3) (47.6) (53.5) (56.5) (49.5) (504) (53.3) (51.0) (51.1)
Age range selected for lung function testing 9-12 9-12 9-12 9-12 7-12 6-12 6-11  8-12 6-12
Age group 9-12 (n) 1,472 1,613 970 806 1,225 1,230 73 12,057 19,446
% from country sample (100.0) (100.0) (100.0) (100.0) (70.6) (68.80) (2.5) (94.7) (81.0)
High parental education (n) 259 418 400 205 704 233 999 8,207 11,425
% from country sample (17.6) (25.9) (41.2) (254) (40.6) (13.0) (34.5) (64.5) (47.6)
Early life factors (Model 11)
Mother smoking during pregnancy (n) 371 201 63 72 464 86 511 3,296 5,064
% from country sample (25.2) (12.5) (6.5) (8.9) (26.8) (4.8) (17.6) (28.9) (21.1)
Premature birth (n) 150 134 78 65 170 132 - 588 1,317
% from country sample (10.2)  (8.3) (8.0) 8.1) 9.8 74 - (4.6) (5.5)
Low birth weight < 2.3 kg (n) 162 145 85 67 189 149 - 591 1,388
% from country sample (11.00) (9.0 (8.8) (8.3) (10.9) (8.3) - (4.6) (5.8)
Breastfeeding (n) 997 1,196 860 691 1,098 1,387 - - 6,229
% from country sample 677 (74.1) (88.7) (85.7) (63.3) (77.6) - - (25.9)
Attendance kindergarten (n) 221 329 390 242 160 1,221 - - 2,563
% from country sample (15.0)0 (04) (40.2) (@300) (9.2) (683 - - (10.7)
Other potential confounders (Model 11I)
Current smoker in a household () 983 913 521 471 982 823 1,690 6,282 12,665
% from country sample (66.8) (56.6) (53.7) (584) (56.6) (46.0) (58.3) (494) (52.7)
Pet ownership ever (n) 939 749 441 477 1,301 1,161 1,317 - 6,385
% from country sample (63.8) (464) (455) (59.2) (75.0) (649) (454) - (26.6)
Crowding (n) 258 211 111 87 221 267 - 2,123 3,278
% from country sample 175 3.1 (114 @108 (127 (149 - 6.7y  (13.7)
Overweight and obesity () 273 254 149 186 291 289 558 4219 6,219
% from country sample (18.6) (15.8) (154) (23.1) (16.8) (16.2) (193) (33.2) (259
Variables for exploring heterogeneity
East—-West (East = 1, West = 0) 1 1 1 1 0 1 0 0
Response rate < 0.8 (yes = 1) 1 1 1 1 1 0 0 0
Post 1995 study (yes = 1) 1 1 1 1 1 0 1 0
Proportion of young children 2 2 2 2 2 2 3 1

(<20% =1, med = 2, > 80% = 3)
Proportion high parental education < 30% (yes = 1) 0 0 1 0 1 0 1 1
Study design within-towns, between-, mixture (W, B, M) B B M W M B W B

4 Country abbreviation: POL Poland (CESAR study)—Leonardi et al. [13]; HUN Hungary (CESAR study)—Leonardi et al. [13]; SLO Slovakia
(CESAR study)—Leonardi et al. [13]; CZE Czech R (CESAR study)—Leonardi et al. [13]; NL 24 school study, Netherlands—Janssen et al. [16];
GER Bitterfeldt study, Germany—Heinrich et al. [15]; A Linz Study, Austria—Neuberger et al. [14]; US 24 city study, North America—

Raizenne et al. [12]

factors changed odds ratios only slightly, e.g. LRI in first
2 years of life with the greatest change being —6.6% for
low MMEF in Poland. A still weaker impact was made by
controlling for parental history of asthma.

The final set of other risk factors to be adjusted for in
Model III were BMI (highest change of OR for low FEV1
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by 15.7% in Poland), presence of a smoker in the house-
hold (highest change of OR for low FVC —20.3% in the
Czech Republic), pet ownership (changed OR for low PEF
by —14.8% in Hungary) and overcrowding (highest change
of OR for low PEF —20.0% in Poland). Presence of mould/
moisture in the child’s home, use of gas for cooking or
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gas/kerosene/oil heater and infection prior to test modified
the relationship between low parental education and health
outcomes only little, so that were not included into the final
set of confounders.

Continuous lung function analyses
The association between continuous lung function param-

eters and low parental education was not consistent across
the countries (Fig. 1). The results of the fully adjusted

linear regression model varied between countries, ranging
for FEV1 and FVC from changes of —1.09% and —1.08%
respectively in Germany to changes of +1.43% and
+1.33% respectively in Poland; and MMEF changes ran-
ged from —1.66% in Slovakia to +1.70% in Poland. The
most consistent decrease was found for PEF, ranging from
—2.80% in the USA to —1.14% in Hungary and the results
were statistically significant in five out of eight countries.

In the basic model low parental education was associated
with a significant overall mean decrease of PEF (—2.2%) and

Fig. 1 Forest plots for the FEV1 % of change FVC % of change
effect estimates of low parental USA- == USA- = =
: : ——h——t B e ——
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change) of low parental = T —
ducation (< basic model, | P i ' POLT '
e > —= ==
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position. Horizontal lines e ) cze | =
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Table 2 The mean percentage change of lung function parameters in association with low parental education for each outcome from the basic
(adjusted for age, sex, height, weight and technician), early life factors and all confounder adjusted models

Model 1
Basic model

Model 11
Early life factors adjusted

Model III
Confounder adjusted

Change % (95% CI)

Change % (95% CI)

Change % (95% CI)

FEVI

Estimate (random)
p-Heterogeneity
FvC

Estimate (random)
p-Heterogeneity
PEF

Estimate (random)
p-Heterogeneity
MMEF

Estimate (random)
p-Heterogeneity

—0.4 (=1.0; 0.1)
0.061

—0.1 (=0.7; 0.5)
0.013

—22 (=27, -1.7)
0.600

—1.4 (=22; —0.6)
0.862

0.3 (=1.0; 0.3)
0.054

—0.1 (=0.9; 0.6)
0.017

22 (=27, —1.6)
0915

1.1 (=2.0; —0.2)
0.835

—0.4 (=0.9; 0.2)
0.112

—0.2 (—0.8; 0.4)
0.028

—24(-29; —18)
0.688

—0.8 (—1.6; 0.04)
0.604

P-values for evidence of heterogeneity between study-specific results
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MMEF (—1.4%) with no indication of heterogeneity between
studies (Table 2). No association with FVC and a borderline
significant association with FEV 1 were found in Model I with
evidence of heterogeneity (P < 0.10) for both these out-
comes—Table 2. After controlling for early life factors the
effect of low parental education on lung function parameters
slightly decreased except for PEF. Further adjustment for all
other potential risk factors confirmed the only significant
association between low education and PEF (—2.4%) and
still borderline significance with MMEF (—0.8%).

Low lung function analyses

The overall distribution of low lung function varied mod-
estly between countries. The mean distribution of low
FEV1 reached 6.5%, low FVC 6.1%, low PEF 5.2% and
low MMEF 10.6% across the countries (Table 3).

The mean odds ratios describing the association between
parental education and prevalence of low lung function
were statistically significant for FVC, PEF and MMEF and
ranged from 1.18 for MMEEF to 1.38 for PEF in the baseline
Model I (Fig. 2). The associations with parental education
persisted after additional adjustment for early life factors
and other potential confounders, but were statistically
significant only for PEF in Model III (Fig. 2). Mean odds
ratios for FEV1 were not statistically significant, with
considerable between-country heterogeneity. The fully
adjusted model gave slightly lower mean odds ratios for
FVC and MMEF compared with the basic model. For PEF,
where the largest adverse effects were seen, the mean OR
changed only slightly after adjustment from 1.38 (95% CI

1.08-1.76), to 1.34 (95% CI 1.06-1.70). The results indi-
cate that the association with parental education could not
be fully explained by the additional studied risk factors.

Analysis of heterogeneity of results

Country-specific results tended to be heterogeneous. We
explored this heterogeneity, focussing on the low lung
function measures. The significant source of heterogeneity
of the results was the differences between the Western and
Eastern countries for FEV1, and differences between
countries with higher (more than 80%) and lower response-
rate for PEF (Table 4).

The association between low FEV1 and low parental
education appears to be confined to Western countries
(OR = 1.28; 95% CI 1.10-1.49), where the ORs varied
from 1.20 (95% CI 1.01-1.43) in North America to 1.56
(95% CI 0.96-2.53) in the Netherlands (Table 4, Fig. 2).

The same East-West difference was not apparent for
low FVC, MMEF or PEF.

All other study characteristics (proportion of young
children, proportion of high parental education, and study
design) could not explain heterogeneity between country-
specific estimates.

Sensitivity analysis

The impact of missing confounding variables in some
studies on the meta-analysis results was explored in sen-
sitivity analyses. Study results for each of the health out-
come were compared between groups of studies with the

Table 3 Description of distribution of low lung function accross the countries

Abbreviation POL HUN SLO CZE NL GER A us All
Low FEV1* (N) 42 66 50 30 102 103 152 802 1,347
% of study sample 6.8 53 52 3.7 6.3 6.5 6.4 7.0 6.5
Low FEV1 in high parental education (%) 11.0 5.9 6.0 2.9 5.0 4.6 4.9 6.7 6.3
Low FEV in low parental education (%) 5.8 5.1 4.6 4.0 7.3 6.8 7.3 7.8 6.8
Low FVC* (N) 38 77 46 29 101 150 140 681 1,262
% of study sample 6.4 6.4 4.7 3.6 6.2 8.6 59 6.0 6.1
Low FVC in high parental education (%) 7.2 6.3 5.0 4.4 4.7 4.8 5.0 54 53
Low FVC in low parental education (%) 6.2 6.4 4.6 33 7.4 9.3 6.4 7.2 6.9
Low PEF* (N) 20 28 59 32 75 74 127 669 1,084
% of study sample 34 2.3 6.1 4.0 4.6 4.3 4.0 59 5.2
Low PEF in high parental education (%) 1.7 2.7 6.5 2.9 4.4 1.7 3.8 4.8 4.6
Low PEF in low parental education (%) 3.8 2.2 5.8 4.3 4.8 4.7 6.3 8.1 59
Low MMEF* (N) 60 104 92 81 166 - 276 1,240 2,019
% of study sample 10.1 8.6 9.5 10.0 10.2 - 11.6 10.9 10.6
Low MMEEF in high parental education (%) 11.7 6.0 9.0 9.3 8.8 - 10.4 10.4 10.1
Low MMEF in low parental education (%) 9.8 9.6 9.8 10.3 11.3 - 12.3 11.9 11.3

# Low lung function is measured lung function less than 85% (FVC, FEV1) or 75% (PEF, MMEF) of predicted lung function based upon age,

sex, height and weight

@ Springer



Parental education and lung function of children in the PATY study 51
Fig. 2 Forest plots for the FEV1 low FVC low
association between low FEV1, USAA == uUsA 4 ==
—_—h—
FVC, PEF and .MMEF and low aed —— &5
parental education. Effect —_—s
timates (Odds ratios) of low PoLA PO
e ‘ ; ; 1 === NL ——
parental education (- - basic NL ’
model, [ early life factors HUN —— HUN —
. — s A y
adjusted model, 4 fully GER —— GER ——
adjusted model). Vertical lines cze ———————" cZE
indicate null position (OR = 1). A — Al I
Horizontal lines represent 95% i ==
. . i 4 - bt
confidence intervals. Combined combnad — g omonedl, ———t T T
o 2 3 4 6 81 2 3 4 10 2 34 B 81 2 3 4 10
indicate random effect summary
estimates (OR) and 95% PEF low MMEE low
confidence interval [="=| o2
USA = UsA ==
S0 e sio] _
R e ]
POL : POL 1 ——f—
— =t
NL 1 —— M 9 ——
—_— [ —
HUN —— HUN 1 = =S
GER : GER1
[ — — i — [ —— e |
CZE M — —— CZE 1 f— ———H
— —p—
A —_—— A 1 ,—t—
combined] = combhed L — i T T T
2 34 6 81 2 3 4 10 2 34 6 .81 2 3 4 10

Table 4 Sources of heterogeneity of results—comparison of mean
odds ratios for the association between low lung function and low
parental education across subgroups of countries

No. of Mean odds P-value
studies ratio (95% CI)

FEVI low

East* 5 0.86 (0.56-1.31)

West 1.28 (1.10-1.49) 0.040

PEF low

Response rate > 80%° 3 1.56 (1.32-1.84)

Response rate < 80% 5 1.01 (0.73-1.40) 0.020

Only factors significantly associated with the size of the effect esti-
mate are presented

* East Eastern countries—Poland, Hungary, Slovak Republic, Czech
Republic, Germany; West Western countries—Netherlands, Austria,
us

® Response rate < 80%—Poland, Hungary, Slovak Republic, Czech
Republic, Netherlands; response rate > 80%—Germany, Austria, US

full availability of covariates, studies with five items
missing (early life factors and overcrowding in Austria)
and three items missing (breastfeeding, attendance of
kindergarten and presence of pets in a household in North
America). The sensitivity analyses indicated that the
missing confounders in some studies did not significantly
change the results.

Excluding the US data lead to broader confidence
intervals, decreased % change of lung function parameters
(FEV1, FVC, MMEF) and loss of heterogeneity of results
for FEVI1. Indication of heterogeneity of results in the
restricted data set has still been confirmed for FVC. Other

results were found out regarding PEF—the point estimates
for the percentage difference in fully adjusted models
decreased from —2.4% in the full dataset to —1.9% in the
restricted data set and heterogeneity decreased practically
to zero. All the models for PEF (full data set, restricted data
set and US data set itself) provided statistically significant
results with narrow confidence intervals.

Discussion

This study found positive associations between low lung
function and low parental education. Significant risk
increases of low lung function parameters (PEF OR = 1.38,
FVC OR = 1.28, and MMEF OR = 1.18) were associated
with low parental education before inclusion of potential risk
factors. Odds ratios for low FVC and MMEF were reduced
and became statistically non-significant after adjustment for
other risk factors, but the risk of low PEF remained persistent
after adjustment, decreasing only slightly to OR = 1.34. The
overall effect of SES over LF parameters was found. That
only PEF remained significant is mostly due to the fact that
PEF shows the smallest chance variation. So here the power
to detect small effects is greatest.

Our study results support findings from other studies on
socio-economic differences of lung function [5, 9, 10]
mostly being carried out in the Western countries and
showed that the social gradient is less pronounced in
Eastern European countries.

In a previous analysis of the PATY data [17], adverse
effects of low parental education were observed on
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prevalences of wheeze and nocturnal dry cough. The
association with wheeze was mainly restricted to children
from Eastern Europe, and the authors commented that
different distributions of atopy and different patterns of
link between wheeze, atopy, and SES in Eastern and
Western countries might have played a role [17]. The East—
West effect modification for lung function, reported in the
current paper, is in the opposite direction, with higher
effects of low education occurring in the Western coun-
tries. We speculate that this may be partly due to a more
pronounced link in Western countries between individual-
level socioeconomic status and area-level deprivation, with
the latter—acting perhaps via factors such as housing
quality, and ambient air pollution—having its own adverse
effects on lung function [23].

Explanation of associations with education by other risk
factors

The study results might be conservative. Inclusion of other
risk factors may result in over-adjustment as part of the
behaviours, e.g. smoking, or living conditions, e.g. mould
in the home, may be in the causal chain from socio-eco-
nomic conditions and health.

Low respiratory tract infection in early childhood had
been hypothesized to be one of the risk factors [11], but in
our multi-country study controlling for this risk factor
changed odds ratios only slightly. The impact of early life
factors on lung function data in our study confirmed the
results of previous studies—maternal smoking during
pregnancy [20], day-care attendance [24], and low-birth
weight and premature birth [11].

Passive smoking is one of the most important confirmed
risk factor of impaired lung function [20, 25, 26]. This was
again confirmed in this study.

Brunekreef et al. [27] reported dampness and moulds to
be a strong predictor of impaired lung function. But in our
study mould/moisture did not relevantly affect the rela-
tionship between education and health outcomes.

Some studies reported SES differences in outdoor/
indoor air pollution [28-31]. However adverse effects on
lung function are reversible with the improvement of air
quality [14, 32]. In spite of these reported class-specific
differences of indoor exposure, the impact of gas use for
cooking or use of unvented gas/kerosene/oil (water) heater
had only a weak impact on relationships being investigated
in our study.

Some studies reported racial differences to be a cause of
different lung function outcomes [33, 34]. The information
on race of children was not available in most of component
studies. For the Austrian, the Netherlands and the US
datasets the information on nationality/race was available,
but it concerned only minorities representing around 3.5%
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of the study sample in the US and the Netherlands. In the
Austrian data nationality was based on “child’s language”
and minorities varied from 2.3 to 8.4%. To avoid con-
founding of effect estimates caused by genetic aspects
relating with the different race (in the US data) and ethnic
differences probably interacting both with SES and cul-
turally determined life-style only data on major population
was analysed.

No comparative data on physical activity was available.
Instead BMI was included into a set of potential con-
founders as the association between lung function param-
eters and overweight in children was confirmed by several
studies [35-37].

We have to acknowledge that our variable ‘low educa-
tion” may not be fully equivalent across all countries, and
that quantitative results from pooling country-specific
effect estimates may be seen as indicative rather than as
numeric absolutes. Gehring et al. reporting on parental
education and respiratory symptoms in the PATY study
[17], expressed a confidence that parental education really
reflected the children’s SES, based on consistency of the
association between parental education and crowding.
Furthermore, our analyses of heterogeneity did not find
differences of results between countries with different
proportions of high parental education. However, the
country-specific effect estimates themselves and the pat-
terns of association seen across them, remain important
results, besides the mean estimates presented.

It is worthy to notice that education as previously
defined [17] is a proxi of SES for a broader range of pos-
sible risk factors for low lung function that can be modi-
fied, including quality of housing, poor sanitation, air
pollution in a living area, ETS exposure, diet, physical
activities, and access to health care. Even when a range of
these risk factors that are linked to SES (mother smoking in
pregnancy, premature birth/low birth weight, breastfeed-
ing, attending kindergarten, presence of current smoker in a
household, pet ownership ever and overcrowding) are
included in the model there remains an effect of low
parental education that is not explained by these specific
risk factors. That proxy SES measures, such as low edu-
cation, can explain more variation in ill-health than the sum
of the known individual risk factors, illustrates precisely
the strength of SES as a concept of health relevance.

East—West differences

Analysis of heterogeneity confirmed East—West differences
in study results for low FEV1 and low FVC and differences
between groups of countries according the response-rate
(below/above 80%) for low PEF. Considering that higher
response rates were seen in the US, Austria, and German
studies, and East—West and response-rate differences greatly
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overlapped, it can be assumed that the differences are caused
more likely by East—West than response-rate differences.

East-West differences were also found in analyses of
wheeze and low parental education in the earlier paper
[17]. The opposite East—-West pattern was seen in the
present analysis—higher risks of low FEV1 and low FVC
were seen in children from less educated families in the
Western countries. The observed East—West differences in
relationship between low education and lung function
might be ascribed to differences in factual status [38, 39]
regarding occupational class, material resources, life-style
and behavior patterns, with education in Eastern countries
not necessarily a good indicator of affluence due to low
consistency of SES. This speculation is supported by
Davey-Smith et al. [40] who argued that material resources
related to occupational social class rather than culturally
based sources related to education should be key determi-
nants of socio-economic differentials. However, informa-
tion on occupational social class of parents was not
available for most studies.

Although the data were acquired in the period from 1988
to 1998, the authors are confident of its relevance. Such
large datasets, especially for the US population have not
been collected since that period. The East-West differ-
ences in social health inequalities might have changed
since that time. Education is having a much more important
role in SES in the Eastern countries. But the argument of
material conditions as key determinant of socio-economic
health differences remains, and this still persists between
Western and Eastern countries.

Conclusions

The results of the study confirmed a higher risk of low lung
function in children from less educated families. The
associations with parental education were more pro-
nounced in the Western countries, while in the Eastern
countries the direction of the association was not consis-
tent, which might be explained by the low consistency of
SES in the former socialist countries. Although social
gradients were attenuated after adjusting for several known
risk factors, these risk factors could not completely explain
the social gradient in lung function.

Acknowledgments The PATY study was funded by the EU 5th
Framework Quality of Life Programme, Contract No. QLRT-2001-
02544. The authors would like to thank the scientists and technical
staff involved in the original studies.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.

References

1. Marmot MG, Shipley MJ, Rose G. Inequalities in death-specific
explanations of a general pattern? Lancet. 1984;1:1003-6.

2. Strand BH, Tverdal A. Can cardiovascular risk factors and life-
style explain the educational inequalities in mortality from
ischaemic heart disease and from other heart diseases? 26 year
follow up of 50, 000 Norwegian men and women. J Epidemiol
Community Health. 2004;58:705-9.

3. Van Lenthe FJ, Borrell LN, Costa G, et al. Neighbourhood
unemployment and all cause mortality: a comparison of six
countries. J Epidemiol Community Health. 2005;59:231-7.

4. Bakke PS, Hanoa R, Gulsvik A. Educational level and obstructive
lung disease given smoking habits and occupational airborne
exposure: a Norwegian community study. Am J Epidemiol.
1995;141:1080-8.

5. Prescott E, Lange P, Vestbo J. Socioeconomic status, lung
function and admission to hospital for COPD: results from the
Copenhagen City Heart Study. Eur Respir J. 1999;13:1109-14.

6. Hegewald MJ, Crapo RO. Socioeconomic status and lung func-
tion. Chest. 2007;132:1608-14.

7. Jackson B, Kubzansky LD, Cohen S, et al. CARDIA Study. A
matter of life and breath: childhood socioeconomic status is
related to young adult pulmonary function in the CARDIA study.
Int J Epidemiol. 2004;33:271-8.

8. Lawlor DA, Ebrahim S, Smith GD. Association between self-
reported childhood socioeconomic position and adult lung func-
tion: findings from the British Women’s Heart and Health Study.
Thorax. 2004;59:199-203.

9. Vedal S, Schenker MB, Samet JM, et al. Risk factors for child-
hood respiratory disease. Analysis of pulmonary function. Am
Rev Respir Dis. 1984;130:187-92.

10. Demissie K, Ernst P, Hanley JA, et al. Socioeconomic status and
lung function among primary school children in Canada. Am J
Respir Crit Care Med. 1996;153:719-23.

11. Lercher P, Schmitzberger R. Birth weight, education, environ-
ment, and lung function at school age: a community study in an
alpine area. Eur Respir J. 1997;10:2502-7.

12. Raizenne M, Neas LM, Damokosh Al, et al. Health effects of
acid aerosols on North American children: pulmonary function.
Environ Health Perspect. 1996;104:506—14.

13. Leonardi GS, Houthuijs D, Nikiforov B, et al. Respiratory
symptoms, bronchitis and asthma in children of Central and
Eastern Europe. Eur Respir J. 2002;20:890-8.

14. Neuberger M, Moshammer H, Kundi M. Declining ambient air
pollution and lung function improvement in Austrian children.
Atmos Environ. 2002;36:1733-6.

15. Heinrich J, Hoelscher B, Wjst M, et al. Respiratory diseases and
allergies in two polluted areas in East Germany. Environ Health
Perspect. 1999;107:53-62.

16. Janssen NA, Brunekreef B, van Vliet P, et al. The relationship
between air pollution from heavy traffic and allergic sensitization,
bronchial hyperresponsiveness, and respiratory symptoms in
Dutch schoolchildren. Environ Health Perspect. 2003;111:
1512-8.

17. Gehring U, Pattenden S, Slachtova H, et al. Parental education
and children’s respiratory and allergic symptoms in the Pollution
and the Young (PATY) study. Eur Respir J. 2006;27:95-107.

18. American Thoracic Society. Standardization of spirometry—
1987 update. Am Rev Respir Dis. 1987;136:1285-98.

19. Standardized lung function testing. Official statement of the
European Respiratory Society. Eur Respir J Suppl. 1993;16:1-100.

20. Moshammer H, Hoek G, Luttmann-Gibson H, et al. Parental
smoking and lung function in children: an international study.
Am J Respir Crit Care Med. 2006;173:1255-63.

@ Springer



54

H. Slachtova et al.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Vidmar S, Carlin J, Hesketh K, Cole T. Standardizing anthro-
pometric measures in children and adolescents with new func-
tions for egen. Stata J. 2004;4:50-5.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control
Clin Trials. 1986;7:177-88.

Shohaimi S, Welch A, Bingham S, Luben R, Day N, Wareham N,
Khaw KT. Area deprivation predicts lung function indepen-
dently of education and social class. Eur Respir J. 2004;24:
157-61.

Demissie K, Ernst P, Joseph L, et al. The role of domestic factors
and day-care attendance on lung function of primary school
children. Respir Med. 1998;92:928-35.

Forastiere F, Agabiti N, Corbo GM, et al. Passive smoking as a
determinant of bronchial responsiveness in children. Am J Respir
Crit Care Med. 1994;149:365-70.

Ware JH, Dockery DW, Spiro A 3rd, et al. Passive smoking, gas
cooking, and respiratory health of children living in six cities. Am
Rev Respir Dis. 1984;129:366-74.

Brunekreef B, Dockery DW, Speizer FE, et al. Home dampness
and respiratory morbidity in children. Am Rev Respir Dis. 1989;
140:1363-7.

Heinrich J, Mielck A, Schifer I, et al. Social inequality and
environmentally-related diseases in Germany: review of empiri-
cal results. Soz Praventivmed. 2000;45:106-18.

Eroshina K, Danishevski K, Wilkinson P, et al. Environmental
and social factors as determinants of respiratory dysfunction in
junior schoolchildren in Moscow. J Public Health. 2004;26:
197-204.

Prescott E, Vestbo J. Socioeconomic status and chronic
obstructive pulmonary disease. Thorax. 1999;54:737—41.

Zeka A, Melly SJ, Schwartz J. The effects of socioeconomic
status and indices of physical environment on reduced birth
weight and preterm births in Eastern Massachusetts. Environ
Health. 2008;7:60.

@ Springer

32.

33.

34.

35.

36.

37.

38.

39.

40.

Frye C, Hoelscher B, Cyrys J, et al. Association of lung function
with declining ambient air pollution. Environ Health Perspect.
2003;111:383-7.

Cunningham J, Dockery DW, Gold DR, et al. Racial differences
in the association between maternal smoking during pregnancy
and lung function in children. Am J Respir Crit Care Med.
1995;152:565-9.

Harik-Khan RI, Muller DC, Wise RA. Racial difference in lung
function in African-American and White children: effect of
anthropometric, socioeconomic, nutritional, and environmental
factors. Am J Epidemiol. 2004;160:893-900.

Chu YT, Chen WY, Wang TN, Tseng HI, Wu JR, Ko YC.
Extreme BMI predicts higher asthma prevalence and is associated
with lung function impairment in school-aged children. Pediatr
Pulmonol. 2009;44:472-9.

Spathopoulos D, Paraskakis E, Trypsianis G, Tsalkidis A,
Arvanitidou V, Emporiadou M, et al. The effect of obesity on
pulmonary lung function of school aged children in Greece.
Pediatr Pulmonol. 2009;44:273-80.

Lazarus R, Colditz G, Berkey CS, Speizer FE. Effects of body fat
on ventilatory function in children and adolescents: cross-sec-
tional findings from a random population sample of school
children. Pediatr Pulmonol. 1997;24(3):187-94.

Hauser RM, Warren JR. Socioeconomic indexes for occupations: a
review, update, and critique. Sociol Methodol. 1997;27:177-298.
Ganzeboom HBG, Treiman DJ. Three internationally standard-
ised measures for comparative research on occupational status.
In: Hoffmeyer-Zlotnik JHP, Wolf Ch, editors. Advances in cross-
national comparison. A European working book for demographic
and socio-economic variables. New York: Kluwer/Plenum; 2003.
p. 159-94.

Davey-Smith G, Hart C, Hole D, et al. Education and occupa-
tional social class: which is the more important indicator of
mortality risk? J Epidemiol Community Health. 1998;52:153-60.



	Parental education and lung function of children in the PATY study
	Abstract
	Introduction
	Materials and methods
	Study design and study population
	Definition of parental education status
	Lung function outcomes
	Potential confounders

	Statistical analysis
	Results
	Final set of confounders
	Continuous lung function analyses
	Low lung function analyses
	Analysis of heterogeneity of results
	Sensitivity analysis

	Discussion
	Explanation of associations with education by other risk factors
	East--West differences

	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


