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Background: A study was undertaken to assess the associations between indicators of early life
socioeconomic position and lung function in older adulthood.
Methods: The associations of self-reported indicators of childhood socioeconomic position with adult lung
function (forced expiratory volume in 1 second (FEV1), forced vital capacity (FVC), and forced expiratory
flow rate during mid expiration (FEF25–75), all measured using standard procedures) were assessed in a
cross sectional study of 3641 British women aged 60–79 years.
Results: In confounder adjusted analyses, each individual indicator of childhood circumstances was
inversely associated with each measure of lung function. In the fully adjusted models (including mutual
adjustment for each of the other indicators of childhood socioeconomic circumstances), only childhood
occupational social class and access to a car were associated with lung function in adulthood. However,
there were strong linear trends of worsening lung function with greater numbers of indicators of childhood
poverty (all p values ,0.001).
Conclusions: Childhood poverty is associated with poorer lung function in women aged 60–79 years.
Adverse childhood circumstances that affect both lung growth and development and cardiovascular
disease in later life may explain some of the well known associations between poor lung function and
cardiovascular disease, or lung function may be an important mediating factor in this association.

P
oor lung function in adulthood is associated with an
increased risk of cardiovascular disease and all cause
mortality, even among life long non-smokers, but the

explanation for these associations is unclear.1–3 It is possible
that they reflect early life exposures which influence lung
growth and development as well as the risk of adult disease.
Normal lung growth and development during the intra-
uterine period and childhood are important for reaching
maximum attainable adult lung function.4–6 A number of
early life factors including maternal smoking, low birth
weight, prematurity, and childhood infections—all of which
may reflect poor early life socioeconomic circumstances—are
associated with reduced lung function in childhood and early
adulthood.7–14 However, few studies have investigated the
associations of socioeconomic position in early life with lung
function in older adulthood, and studies of older adults have
assessed forced expiratory volume in 1 second (FEV1) only
and not other measures of lung function.15 16 If the associa-
tion between lung function and increased risk of cardiovas-
cular disease in later life reflects early life factors that are
associated with both poor lung development and increased
risk of adult cardiovascular disease, one would expect
childhood socioeconomic position to be inversely associated
with adult lung function. Furthermore, specific associations
with different measures of lung function may indicate
whether the association is related to early life factors
associated with lung growth, airways development, or both.

The aim of this study was to examine the associations of
early life indicators of socioeconomic position with lung
function in older adulthood.

METHODS
Participants
Full details of the selection of participants and measurements
have been previously reported.17 Women aged 60–79 years

were randomly selected from general practitioner lists in 23
British towns. A total of 4286 women (60% of those invited)
participated and baseline data (self-completed questionnaire,
research nurse interview, physical examination, and primary
care medical record review) were collected between April
1999 and March 2001. Local ethics committee approvals were
obtained.

Measurements
Lung function tests
Lung function tests were carried out with a digital meter
Vitalograph with an attached printout of forced vital capacity
(FVC), forced expiratory volume in 1 second (FEV1), and
forced mid expiratory flow rate (FEF25–75). The Vitalograph
was calibrated each day using a 1 litre syringe and automated
so that results were adjusted for ambient temperature. For
each assessment a research nurse demonstrated the techni-
que to the participants who were given the opportunity to
perform some practice efforts. They were then required to
perform a minimum of three reproducible FVC measures
(within 5% of maximum FVC produced). The output that
produced the highest sum of FVC and FEV1 was used in the
analyses. Women who could not perform three reproducible
measures or who were unable to attempt the lung function
tests were excluded. All assessments were carried out by one
of five research nurses who were trained to carry out the
assessment in a similar manor.

Early life socioeconomic position
In the self-completed questionnaire participants were asked
whether the house that they had lived in for the longest
period as a child had a bathroom and whether it had a hot
water supply. They were also asked if, as a child, they shared
a bedroom or had their own bedroom and whether their
family had access to a car. Childhood social class was derived
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from the longest held occupation of the participant’s father.
Social class was categorised into one of six social classes
based on the Registrar General’s occupational classification
(ranging from I (professional) to V (unskilled manual
occupations; these were also grouped into two broad
categories of manual and non-manual social classes).

Other measurements
At the research nurse interview all participants brought their
current medications and a detailed drugs history was
undertaken. Participants were coded as taking respiratory
medications if they were currently using any bronchodilator
or steroid medications (drugs in sections 3.1–3.3 of the
British National Formulary: http://www.bnf.org/). Details of
physical activity (type and amount), smoking history (past
and current including amount and details of starting and
quitting), marital status, and smoking history (past and
current including amount and details of starting and
quitting) of husbands/long term partners were obtained by
self-report from either the research nurse interview or the
self-completed questionnaire. Details of the participant’s and
her husband’s occupations were requested in the self-
completed questionnaire. Adult social class was defined on
the basis of the longest held occupation of her husband for
married women and her own longest held occupation for
single women, and was classified according to the Registrar
General’s classification in a similar way to childhood social
class. Standing height was measured without shoes using a
Harpenden stadiometer recording to the nearest millimetre.

Statistical analysis
Analysis of variance was used to assess between nurse
variation in lung function measurements.

A series of linear regression models was used to estimate
the association between each indicator of childhood socio-
economic position and each measurement of lung function.
In the basic model (model 1) adjustment was made for
examining nurse, age, and height squared. The square of the
height was used because, in an earlier study of the
association between stature and lung function, it was
concluded that a proportional model best described the
association,18 and in our data we found that this was also the
case (in a regression model with height this explained 12% of
the variation in FEV1 whereas height squared explained
17%). Adjustment was then made for potential confounding
factors (adult social class, smoking, body mass index,
physical activity, and respiratory medication; model 2). In
the final model (model 3) additional mutual adjustment for
other indicators of early life exposures was undertaken so
that the independent effects of each measure could be
determined. Because of the strong association between
smoking and lung function, simple adjustment for smoking
in regression models may be insufficient to account for its
potential confounding effects. As a result, the regression
models were repeated stratified by smoking status.

In all analyses robust confidence intervals were estimated
which take into account the clustering between participants
from the same towns.

RESULTS
Of the 4286 participants, 3911 (91%) completed adequate
lung function measures. Those who were unable to complete
adequate measures were older (mean (SD) age 69.8
(5.7) years v 68.8 (5.5) years, p = 0.001) and were more
likely to have ever been smokers (61.7% (95% CI 56.6 to 66.6)
v 53.5% (95% CI 52.0 to 55.1), p = 0.003). In total, 3642
women (85%) had complete data on lung function measures,
all childhood indicators of socioeconomic position, and all
confounding variables. Women with complete data were

slightly younger than those without complete data (see
above). Women who provided self-reported data on child-
hood socioeconomic position had similar lung function tests
to those who did not (all p values .0.5). The analyses
presented here are for the 3642 women with complete data
on all variables included in any analyses. There was evidence
of some difference between the nurses in lung function
assessments: mean (SD) FEV1 was 2.00 (0.53) l for nurse 1,
1.92 (0.46) l for nurse 2, 2.02 (0.52) l for nurse 3, 2.01
(0.50) l for nurse 4, and 1.96 (0.50) l for nurse 5, p = 0.05
(analysis of variance for difference in means). All lung
function measures have therefore been adjusted for examin-
ing nurse by including examining nurse as an indicator
variable in all analyses.

For women included in the analysis the mean (SD) FEV1

was 1.98 (0.52) l, mean FVC was 2.80 (0.75) l, and mean
FEF25–75 was 1.44 (0.70) l. The measures of childhood
socioeconomic position were all strongly associated with
each other (table 1). In particular, those who reported living
in a house with no bathroom as a child were also likely to
report living in a house with no hot water.

Tables 2–4 show the associations between each childhood
indicator of socioeconomic position and each measure of lung
function. In the basic model with adjustment for examining
nurse, age and height squared (model 1), all five measures of
childhood socioeconomic position were associated with all
three measures of lung function, with those from poorer
childhood circumstances having worse adult lung function.
With adjustment for potential confounding factors (model
2), these associations attenuated, although most indicators of
childhood socioeconomic position remained associated with
FEV1 (table 2) and FVC (table 3), and belonging to a manual
social class in childhood remained associated with FEF25–75

(table 4).With further mutual adjustment for each of the
other childhood indicators of socioeconomic position (model
3), only childhood social class and access to a family car
remained associated with FEV1 and FVC and only childhood
social class remained associated with FEF25–75. Since living in
a house as a child with no bathroom and living in one with
no hot water were very strongly associated, the final
regression models including all indicators of childhood
socioeconomic position were repeated excluding the variable
‘‘childhood house without hot water’’ in order to determine
whether colinearity affected the results. None of the point
estimates presented in the final columns of tables 2–4 were
altered; the confidence intervals for the associations with
‘‘childhood house with no bathroom’’ were all slightly
narrower, but none of the other confidence intervals were
affected.

Table 5 shows the cumulative effect of poor socioeconomic
circumstances on FEV1. There was a strong linear trend of
increasingly poorer FEV1 with greater numbers of each
indicator of childhood socioeconomic deprivation which
remained even with adjustment for potential confounding
factors. A woman who had belonged to a manual social class
in childhood, lived in a house with no bathroom and no hot
water supply, had no family access to a car, and shared a
bedroom as a child had an FEV1 that was on average 0.25
standard deviations (0.52 l) lower than one from non-
manual social classes who lived in a house with a bathroom
and hot water, had access to a car and her own bedroom.
Similar linear trends were seen with FVC and FEF25–75 as the
outcomes (all p,0.001). Figure 1 shows the different
distributions of FEV1 for women who were in the most
affluent position in childhood (no adverse socioeconomic
indicators), those with three adverse indicators, and those
from the most disadvantageous childhood circumstances
(all five adverse indicators). The whole distribution is shifted
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to the left with worsening childhood socioeconomic
circumstances.

When the analyses were repeated in strata according to
smoking status, the results were similar in women who were
life long non-smokers and either single or married to non-
smokers, in women who were life long non-smokers and
married to smokers (passive smokers), and women who were
current or ex-smokers. There was no strong statistical
evidence of any interactions between smoking status and
childhood socioeconomic status in their associations with
lung function measures (all p.0.3).

DISCUSSION
Main results
Indicators of childhood poverty were associated with poor
lung function in late adulthood even with adjustment for
adult socioeconomic position, smoking, and other potential
confounding factors. The presence of a bathroom and hot
water in the household and sharing a bedroom were not
independently associated with poorer adult lung function in
models which mutually adjusted for all indicators of child-
hood poverty, although there was a strong linear trend of
poorer lung function with greater number of indicators of
childhood poverty. The associations are not caused by
childhood poverty being associated with an increased like-
lihood of smoking, since they were present in women with
little or no exposure to smoking throughout their lives, in
women exposed only to passive smoke, and in women who
are or have been smokers.

Study limitations
Our response rate (60%) is moderate but consistent with
other contemporary large epidemiological surveys.19 As
reported previously, respondents were slightly younger than
non-respondents and less likely to have a primary care
medical record of stroke or diabetes, although the prevalence
of coronary heart disease and cancer did not vary between
responders and non-responders.17 The associations presented
here would only be exaggerated if they were in the opposite
direction or markedly weaker among non-responders, which
seems unlikely. Our study is cross sectional. Since the
temporal nature of the association between childhood
circumstances and adult lung function is clear, reverse
causality cannot explain our findings. However, women
who die prematurely are more likely to be from poorer
childhood backgrounds and so survivor bias may have
resulted in underestimations of the true associations. We
have relied upon self-reporting of childhood circumstances. It
is difficult to see how objective measures such as lung
function could influence recall, so misclassification is likely to
be non-differential and may, as a result, have diluted the
associations. We do not have data on important childhood
exposures such as maternal smoking and infant and child-
hood diet which may mediate the associations presented
here.

Implications
We have assessed the associations of early life exposures with
three different measures of lung function in an attempt to
determine whether early life exposures are associated with

Table 1 Associations (crude odds ratios and 95% confidence intervals) between
measures of early life childhood socioeconomic position

Manual
childhood
social class

No bathroom in
childhood house

No hot water in
childhood house

No access to a
car as a child

Shared
bedroom
as a child

Manual childhood
social class

–

No bathroom in
childhood house

3.5 (2.9 to 4.3) –

No hot water in
childhood house

3.4 (2.8 to 4.2) 100.3 (80.0 to 126.8) –

No access to a
car as a child

4.7 (4.0 to 5.7) 7.8 (5.9 to 10.0) 13.0 (9.3 to 18.3) –

Shared bedroom
as a child

2.9 (2.5 to 3.4) 3.5 (3.0 to 4.0) 3.9 (3.4 to 4.4) 5.7 (4.7 to 6.9) –

Table 2 Multivariable associations of childhood socioeconomic position (SEP) with
forced expiratory volume in 1 second (FEV1)

Childhood measure
of SEP

Difference (95% CI) in FEV1 (SD)

Model 1* Model 2� Model 3`

Manual 2 non-manual
social class

20.23 (20.30 to 20.47) 20.16 (20.23 to 20.10) 20.12 (20.19 to 20.05)

House without bath 2

house with bath
20.13 (20.19 to 20.07) 20.08 (20.13 to 20.02) 20.01 (20.10 to 0.09)

House without hot water
– house with hot water

20.13 (20.19 to 20.08) 20.08 (20.14 to 20.03) 20.03 (20.13 to 0.06)

No car access 2 car
access

20.19 (20.27 to 20.12) 20.14 (20.21 to 20.07) 20.10 (20.16 to 20.02)

Shared bedroom 2

bedroom of own
20.11 (20.17 to 20.05) 20.08 (20.13 to 20.02) 20.03 (20.09 to 0.03)

SD = standard deviation (1 standard deviation FEV1 = 0.52 l).
*Adjusted for nurse, age, and height squared.
�Adjusted for nurse, age, height squared, smoking, body mass index, physical activity, adult social class, and
respiratory treatment.
`Adjusted for nurse, age, height squared, smoking, body mass index, physical activity, adult social class,
respiratory treatment, and each of the other childhood indicators of SEP (first column).
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lung volume, peripheral airways obstruction, or both. FVC
largely reflects lung volume, FEV1 is influenced by both
airways flow obstruction and lung volume, whereas FEF25–75

is a more sensitive indicator of peripheral airways obstruc-
tion.20 Our main results therefore suggest that childhood

poverty is associated both with reduced lung volume and
peripheral airways obstruction in later life.

Lung function is associated with survival and cardiovas-
cular disease in older age in both smokers and non-
smokers.1–3 The explanation for this association is unclear

Table 3 Multivariable associations of childhood socioeconomic position (SEP) with
forced vital capacity (FVC)

Childhood measure
of SEP

Difference (95% CI) in FVC (SD)

Model 1* Model 2� Model 3`

Manual 2 non-manual
social class

20.19 (20.26 to 20.12) 20.11 (20.19 to 20.04) 20.09 (20.15 to 20.01)

House without bath 2

house with bath
20.12 (20.18 to 20.06) 20.06 (20.12 to 0.00) 20.02 (20.08 to 0.12)

House without hot water
2 house with hot water

20.14 (20.20 to 20.07) 20.08 (20.14 to 20.02) 20.06 (20.16 to 0.04)

No car access 2 car
access

20.20 (20.28 to 20.13) 20.15 (20.23 to 20.07) 20.12 (20.20 to 20.03)

Shared bedroom 2

bedroom of own
20.09 (20.15 to 20.03) 20.05 (20.11 to 0.01) 0.00 (20.07 to 0.06)

SD = standard deviation (1 standard deviation FVC = 0.75 l)
*Adjusted for nurse, age, and height squared.
�Adjusted for nurse, age, height squared, smoking, body mass index, physical activity, adult social class, and
respiratory treatment.
`Adjusted for nurse, age, height squared, smoking, body mass index, physical activity, adult social class,
respiratory treatment, and each of the other childhood indicators of SEP (first column).

Table 4 Multivariable associations of childhood socioeconomic position (SEP) with
forced expiratory flow in mid expiration (FEF25–75)

Childhood measure
of SEP

Difference (95% CI) in FEF25–75 (SD)

Model 1* Model 2� Model 3`

Manual 2 non-manual
social class

20.18 (20.25 to 20.10) 20.14 (20.21 to 20.07) 20.13 (20.21 to 20.05)

House without bath 2

house with bath
20.08 (20.14 to 20.01) 20.05 (20.12 to 0.01) 0.00 (20.10 to 0.10)

House without hot water
2 house with hot water

20.08 (20.15 to 20.02) 20.06 (20.12 to 0.00) 20.03 (20.14 to 0.08)

No car access 2 car
access

20.07 (20.16 to 0.00) 20.05 (20.13 to 0.03) 0.00 (20.08 to 0.09)

Shared bedroom 2

bedroom of own
20.08 (20.14 to 20.01) 20.06 (20.12 to 0.00) 20.04 (20.10 to 0.02)

SD = standard deviation (1 standard deviation FEF25–75 = 0.70 l)
*Adjusted for nurse, age, and height squared.
�Adjusted for nurse, age, height squared, smoking, body mass index, physical activity, adult social class, and
respiratory treatment.
`Adjusted for nurse, age, height squared, smoking, body mass index, physical activity, adult social class,
respiratory treatment, and each of the other childhood indicators of SEP (first column).

Table 5 Cumulative effect of childhood socioeconomic position on adult forced
expiratory volume in 1 second (FEV1)

No of adverse childhood
socioeconomic indicators*

Difference (95% CI) in FEV1 (SD)

N Model 1� Model 2`

None 245 Reference Reference
1 470 20.09 (20.23 to 0.04) 20.06 (20.19 to 0.07)
2 815 20.23 (20.36 to 20.11) 20.14 (20.27 to 20.03)
3 806 20.30 (20.42 to 20.17) 20.21 (20.33 to 20.09)
4 501 20.36 (20.50 to 20.23) 20.27 (20.40 to 20.14)
5 804 20.36 (20.48 to 20.23) 20.25 (20.36 to 20.12)

p trend ,0.001 p trend ,0.001

SD = standard deviation (1 standard deviation FEV1 = 0.52 l).
*Number of adverse socioeconomic indicators = an individual’s sum of belonging to manual social class in
childhood, living in a house with no bathroom as a child, living in a house with no hot water as a child, no family
access to a car as a child, and sharing a bedroom as a child.
�Adjusted for nurse, age, and height squared.
`Adjusted for nurse, age, height squared, smoking, body mass index, physical activity, adult social class, and
respiratory treatment.
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but it does not appear to be explained by confounding due to
smoking, adult social class, or other potential confounders.
Although FEV1 tends to be lower in sick people, illness bias
does not appear to explain the association between FEV1 and
cardiovascular disease since the association remains even
when individuals who have died within 5, 10, or 15 years of
the baseline examination have been removed from the
analyses in large prospective studies.2 3 One possible explana-
tion for the association is that early life factors that affect
lung growth and development—and thence maximal
attained lung function in adulthood—also influence cardio-
vascular disease and explain the association between FEV1

and coronary heart disease. Several studies have shown
adverse childhood socioeconomic circumstances to be asso-
ciated with increased cardiovascular disease, independent of
adult socioeconomic position.21–23 Our findings support the
hypothesis that the association between lung function and
cardiovascular disease may at least be partly explained by
lung function in adulthood being an indicator of childhood
poverty. Alternatively, poor lung function may be an
important mediator in the association between childhood
poverty and increased risk of coronary heart disease. Future
studies need to concentrate on identifying the pathways
through which childhood poverty results in poorer lung
function and increased cardiovascular disease in older age.

Our findings add to the growing body of evidence that the
adverse impact of childhood poverty on health persists into
late adulthood. Although women in this study were born
between 1920 and 1940 when socioeconomic conditions in
general were poor, lung function in contemporary children is
associated with poor socioeconomic circumstances,24 suggest-
ing that childhood poverty in today’s society can still
influence lung function. In contemporary Britain recent
estimates suggest that one in three children live in poverty,
defined as living in a household with an income of less than
half the mean income for the whole of Britain,25 and our
results emphasise the importance of government policy
aimed at reducing childhood poverty and its associated
health consequences across the life course.26
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Figure 1 Distributions of forced expiratory volume in 1 second (FEV1)
for women with no adverse childhood socioeconomic indicators, three
adverse childhood socioeconomic indicators, and all five adverse
socioeconomic indicators.
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