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Abstract
Background—A systematic quantitative
review was conducted of the evidence
relating parental smoking to spirometric
indices in children.
Methods—An electronic search of the
Embase and Medline databases was com-
pleted in April 1997 and identified 692
articles from which we included four
studies in neonates, 42 cross-sectional
studies in school aged children (22 were
included in a meta-analysis), and six
longitudinal studies of lung function de-
velopment.
Results—In a pooled analyses of 21 sur-
veys of school aged children the percent-
age reduction in forced expiratory volume
in one second (FEV1) in children exposed
to parental smoking compared with those
not exposed was 1.4% (95% CI 1.0 to 1.9).
EVects were greater on mid expiratory
flow rates (5.0% reduction, 95% CI 3.3 to
6.6) and end expiratory flow rates (4.3%
reduction, 95% CI 3.1 to 5.5). Adjustment
for potential confounding variables had
little eVect on the estimates. A number of
studies reported clear evidence of expo-
sure response. Where exposure was ex-
plicitly identified it was usually maternal
smoking. Two studies in neonates have
reported eVects of prenatal exposure to
maternal smoking. Of five cross sectional
studies that compared eVects of perinatal
exposure (retrospectively assessed) with
current exposure to maternal smoking in
later childhood, the three largest con-
cluded that the major eVect was in utero
or neonatal exposure. Longitudinal stud-
ies suggest a small eVect of current expo-
sure on growth in lung function, but with
some heterogeneity between studies.
Conclusions—Maternal smoking is asso-
ciated with small but statistically signifi-
cant deficits in FEV1 and other
spirometric indices in school aged chil-
dren. This is almost certainly a causal
relationship. Much of the eVect may be
due to maternal smoking during preg-
nancy.
(Thorax 1998;53:884–893)
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The first reports of an adverse eVect of paren-
tal smoking on respiratory symptoms appeared
in the early 1970s.1–3 Since then, many
epidemiological studies have reported on the
association of parental smoking and respiratory
diseases throughout childhood. The first report
to examine lung function was largely negative4

but in 1986 the US Surgeon General reviewed
18 cross-sectional and longitudinal studies and
concluded that “available data demonstrate
that maternal smoking reduces lung function in
young children”.5 The US Environmental Pro-
tection Agency Review6 and the recent Califor-
nian review,7 which were also essentially narra-
tive, concluded that there was a causal
relationship between exposure to environmen-
tal tobacco smoke (ETS) and reductions in
airflow parameters of lung function. Other
recent reviews, of evidence from studies in
neonates and from cohorts, have concluded
that there is compelling evidence that the effect
is present at birth and attributable to eVects of
maternal smoking during pregnancy on fetal
lung development.8 9

In this paper, part of a series of systematic
and quantitative reviews of the eVect of
exposure to ETS in childhood, we summarise
the evidence relating to the eVects on ventila-
tory function. It follows on from our previous
review of the eVects of parental smoking on
bronchial reactivity.10 Studies of peak flow vari-
ability and acute eVects of exposure to tobacco
smoke were reviewed in that paper and led us
to conclude that parental smoking was associ-
ated with greater peak flow variability, possibly
reflecting acute eVects of daily variations in
ETS exposure.

Our review therefore has the following struc-
ture. We first establish from all published cross
sectional studies the magnitude of eVect of
parental smoking on the lung function of
school children. We then consider possible
biases and confounding and whether any
susceptible subgroups can be identified. The
evidence from cohort studies pertaining to lung
growth is summarised. Finally we review
evidence of eVects of maternal smoking during
pregnancy on neonatal lung function and the
relative importance of prenatal and postnatal
maternal smoking in surveys of school chil-
dren. Throughout the review we focus on
forced expiratory volume in one second (FEV1)
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because it is the most commonly reported
index and also the one most strongly predictive
of chronic non-specific lung disease in adults.
However, we also consider mid and end
expiratory flow rates.

Methods
REVIEW PROCESS

This paper is part of a series of reviews of the
respiratory eVects of ETS exposure in children.
For this broader review, published papers,
letters and review articles were selected by an
electronic search of the Embase and Medline
databases using the search strategy described
elsewhere.11 Briefly, all passive smoking refer-
ences were selected by the MESH heading
Tobacco smoke pollution and/or text word
combinations ({passive, second hand, involun-
tary, parent*, maternal, mother*, paternal, father*
or household} and {smok*, tobacco* or ciga-
rette*}) in the title, keywords or abstract. Papers
were then restricted to children by selecting all
papers classified as containing data on ne-
onates or children under 18 and/or by relevant
text words in the title or abstract. Embase
searches were entirely based on text word
searches. This search, completed in April 1997,
yielded 3625 references of which 1593 con-

tained keywords relevant to respiratory or
allergic disease. These 1593 abstracts were
reviewed and 692 were identified as of possible
relevance to the assessment of respiratory
health eVects.

The 692 articles were reviewed and 112 were
identified from their abstracts as potentially
containing data relating ventilatory function
and ETS exposure. These 112 papers related
to rather fewer studies because of multiple
publications. Seventeen studies were excluded
for the following reasons: four foreign papers
which may have contained data12–15; five studies
which collected data but have not been
published16–20; five studies that were not popu-
lation based21–25; one study that provided data
but the results appeared very extreme and were
not internally consistent26; one study that only
measured forced vital capacity (FVC) and pre-
sented no data27; and one study of 1400
children, in Spanish, which reported no eVects
in its abstract, but which we were unable to
obtain.28

Table 1 summarises the characteristics of 20
cross sectional studies that provide some data,
but insuYcient to be included in the quantita-
tive overview, and table 2 summarises the 22
studies included in the meta-analyses.

Table 1 Cross-sectional studies. Data presented but not included in meta-analyses

Reference
number

Year
published Country Age No. Population

4 77 US 7 -–17 816 316 families in 3 towns
29 81 US 5–13 12 748 Children attending schools in 7 metropolitan areas
30 82 US 8–12 558 Selected schools in 2 polluted, 1 non-polluted communities in Arizona
31 84 US 5–14 3175 Sample of 14 schools
32 85 Italy −11 2385 Schools in Turin near air pollution monitoring stations
33 86 Israel 2 and 5 grade 1699 Children living near power stations
34 89 UK 7 130 Low birth weight cohort
35 89 US 7–17 1357 3 towns: residents canvassed
36 89 France 6–10 1160 945 families from 7 cities
37 90 Malaysia 7–12 1214 School based sample
38 90 US 14.7 239 Adolescent athletes. Unclear how selected
39 91 Italy 6–11 143 Primary school children in L’Aquila. Sampling unclear
40 91 Israel 2 and 5 grade 8259 Schools in 3 towns
41 92 China 10–13 1343 2 areas in N China, 2 in S China. Sampling unclear
42 92 NZ 9 for 4 yrs 634 Birth cohort
43 93 Australia 8 and 11 4549 36 schools throughout Queensland
44 93 UK 6–11 2756 Representative samples of children in England, Wales and Scotland
45 93 Austria 6–15 1320 3 areas in Tyrol, sampling unclear
46 94 Turkey 9–12 524 3 primary schools
47 96 S. Africa 14–18 395 Children from 2 schools

Table 2 Cross-sectional studies included in meta-analyses

Reference
number

Year
published Country Age No. Population

48 79 UK 7–11 214 Community survey
49 83 US 6–12 183 Children attending school in Iowa city
50 84 US 7–17 971 Population sample
51 84 US 6–9 10 106 All children in 6 cities with diVering air pollution
52 86 China 8–16 571 1 primary + 1 secondary school in Shanghai
53 86 France 10–16 92 Children attending a preventive medicine centre
54 86 US 10–19 2630 Tecumseh population study
55 87 US 6–21 292 Random sample of East Boston children plus their sibs
56 89 France 9–12 434 Children from 2 neighbouring areas: 1 polluted, 1 not
57 89 Canada 7–12 4099 5 rural communities in Ontario, 5 in Saskatchewan
58 90 Holland 6–12 965 10 schools
59 90 UK 7 770 30 primary schools in Edinburgh
60 92 Sweden 7–10 46 2 schools
61 92 Germany 9–11 5164 All school children in Munich and S. Bavaria
62 92 US 6–12 316 Multistage sample of Tucson families
63 93 UK 5–7 2511 100 schools in 10 towns
64 94 Australia 8–11 2765 All schools in 3 areas
65 94 US+Canada 8–12 8863 22 communities
66 95 US 9–11 876 Population based school sample in inner city area
67 95 Holland 6–12 470 2 schools
68 96 Italy 12–15 317 Children from schools in Lazio region of central Italy
69 97 Czech 14 219 Sampling unclear. Children from 1 polluted and 1 clean air area
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Six longitudinal studies were identified
which presented data on growth of lung
function in school aged children in relation to
parental smoking.30 42 58 70 71 The publication
providing the longest length of follow up
during childhood (usually the most recent) was
used. The same studies were also included in
the cross sectional analyses as appropriate.

Because of the interest in the possible role of
prenatal exposure we also reviewed three stud-
ies which have looked at lung mechanics in
neonates in relation to maternal smoking.72–79 A
further study had too few exposed infants to
allow any meaningful assessment of this issue,80

while the Tucson study of 125 children has not,
so far as we are aware, published data on
parental smoking and neonatal ventilatory
function.81

OUTCOME MEASURES

Most of the studies in school age children have
reported on flow measures of respiratory func-
tion. The outcomes reported nearly always
include FEV1 and FVC, with rather fewer
studies presenting data on mid or end expira-
tory flow rates (MEFR and EEFR).

STATISTICAL METHODS

For the purposes of quantitative analysis we
needed to summarise the eVect of ETS
exposure on the same scale in diVerent studies.
We therefore transformed all reported eVect
measures to the diVerence in outcome measure
(e.g. FEV1) between the exposed and non-
exposed children expressed as a percentage of
the level in the non-exposed group. We were
able to do this in nearly all instances where
eVect measures were given, the exception being
one study which reported diVerences in stand-
ard deviation scores with no baseline data.44 An

approximate standard error (SE) for the
percentage diVerence was calculated from
which confidence limits were derived82; the
approximation will be good because it depends
on the SE of the variable being small in relation
to its mean, which will be the case when deal-
ing with means of lung function indices and
their standard errors. We have used whatever
measures were reported, assuming that a
percentage diVerence in FEV0.75 was equivalent
to that in FEV1. Similarly, we have assumed
that relative eVects on FEF25–75 are similar to
those on FEF50, and that reductions in FEF75

are equivalent to those for FEF85.
Quantitative meta-analysis was carried out

by testing the percentage diVerences for
heterogeneity using a ÷2 test.82 Pooled percent-
age diVerences were produced using both a
fixed eVects approach,82 in which a weighted
average was taken using weights inversely pro-
portional to the variance, and a “random
eVects” model83 since, in a number of in-
stances, there was evidence of statistically
significant heterogeneity of the passive smok-
ing eVect between studies. In practice, using a
“random” as opposed to a “fixed eVects”
model made little diVerence to point estimates,
but produced slightly wider confidence limits.

To assess whether there was evidence of
publication bias and whether the studies
included in the meta-analysis were typical, a
funnel plot was used. For studies where only
the direction of eVect and p value were known
we estimated the standard error by a regression
of the standard error on the square root of
sample size from studies where this was known.
An estimated eVect could then be calculated.
Where only p>0.05 was given we plotted at one
standard error. If no direction of eVect was
given we assumed it was zero.

Results
CROSS SECTIONAL STUDIES OF SCHOOL AGED

CHILDREN

Of 42 population based studies (tables 1 and 2)
which reported on the relationship between
some measure of parental smoking and spiro-
metric indices, 22 could be included in a
formal meta-analysis, 21 of which reported on
FEV1. Amongst these, FEV1 was lower in
exposed children in 18 of the 21 studies (fig 1).
Overall, FEV1 was reduced by 1.4% in exposed
children based on a random eVects model. The
diVerence was highly significant and unlikely to
be due to chance. There was evidence of
heterogeneity between studies, largely arising
from four small studies reporting relatively
large eVects (three negative, one positive),
while the largest studies reported rather smaller
eVects (fig 1). The random eVects estimate,
which gives greater weight to smaller studies,
was thus slightly greater than the fixed eVects
estimate. Some heterogeneity is hardly surpris-
ing given the variety of exposure measures
reported (tables 3 and 4).

Although there was no clear evidence of a
greater eVect in studies reporting on heavier
exposures than in those reporting on lighter
exposures (fig 1), most of the studies which
tested for a graded relationship between level of

[51]
[50]
[65]
[63]
[62]
[56]
[49]
[48]
[64]
[61]
[60]
[59]
[68]
[54]
[53]

[55]
[52]

[57]

[66]
[58]

[67]

Fixed

Random

10

Percentage difference (FEV1)
50–10 –5

Figure 1 Percentage
diVerence in FEV1 between
children of smokers and
non-smokers from cross
sectional studies: open
symbols are studies not
adjusting for confounders
other than age, height and
sex; filled symbols are
studies which adjusted for a
variety of confounders.
Squares = “low exposure”
such as maternal smoking
versus not or either parent
smoking versus neither;
circles = “high exposure”
such as both parents
smoking versus neither or
top quintile of cotinine levels
versus bottom.
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exposure and lung function found some
evidence for it, including two of the larger
studies which reported clear evidence of expo-
sure response.51 61 While a number of studies
have reported a lower FEV1 in children where
both parents smoke compared with those with
only one parent or only the mother smoking,
this could easily be due to greater smoking by
the mother. Of 10 studies which allow
comparison of the eVects of maternal and
paternal smoking,5 31 36 43 44 50 51 56 61 65 nearly all
report the eVect of maternal smoking to be
greater than that of paternal smoking (often
reported to be zero), and none found a signifi-
cant eVect of smoking by the father only. The
one study that has reported a clear eVect of
paternal smoking was carried out in Shanghai
where women almost never smoke.52

There was no apparent diVerence between
studies which had adjusted for factors other
than age, sex and height and those that had not
(fig 1). Primarily, this involved adjustment for
social factors. There was no marked evidence
of eVect modification by age, either between
studies or within studies.

For FVC the evidence for any eVect of ETS
was borderline, while the passive smoking
eVect on mid and end expiratory flow rates was
rather larger than on FEV1 (table 5).

Most studies that have commented on the
eVect in girls and boys separately have found a
greater eVect in boys, but the gender difference
was rarely statistically significant. For the nine
studies where we were able to extract data (fig
2), the pooled (fixed eVect) estimate for boys
was –2.1% (95% CI –2.8 to –1.5) and for girls

was –1.3% (95% CI –2.0 to –0.6). There was
no significant heterogeneity between the boy/
girl diVerences across the individual studies
(÷2

8 = 9.1, p = 0.33) and the overall gender dif-
ference was not significant at the 5% level (p =
0.06).

While one study84 of 94 referrals to an allergy
clinic has reported large eVects of ETS on lung
function (13% reduction in FEV1 and 23%
reduction in MEF), population based studies
suggest that any diVerence in eVect between
asthmatic and non-asthmatic subjects is rather
small. Of two studies which allow a clear com-
parison of the relative magnitude of eVects for
FEV1 in these two subgroups, one61 suggests
slightly greater eVects in asthmatics (–0.4% in
non-asthmatics versus –3.1% in asthmatics),
while the East Boston study55 found eVects
greater in non-asthmatics (–6.1% in non-
asthmatics versus –2.0% in asthmatics). An-
other study31 reported greater eVects in asth-
matics, but only for mid and end expiratory
flow rates, while the Six Cities study found sig-
nificant eVects even when asthmatic subjects
were excluded.65

In order to investigate whether the studies
included in the meta-analysis give a misleading
impression, we examined the relationship
between sample size and p values with
direction of eVect of ETS on FEV1 being indi-
cated when known (fig 3). Studies included in
the meta-analysis appear as filled symbols.
There is evidence of publication/inclusion bias
amongst the smaller studies with three studies
reporting a greater than 4% deficit being
included in the meta-analysis53 55 67 compared

Table 3 EVects of ETS exposure on flow measures from cross sectional studies in school aged children: studies not included in meta-analysis

Reference
number

FVC FEV1 MEFR EEFR

Exposure (refers to current
smoking status unless specified) Adjustments§

p
value b SE

p
value b SE

p
value b SE

p
value b SE

4 >0.05 n/a n/a >0.05 n/a n/a ?>0.05 n/a n/a Only mother smokers vs not Age, ht, sex, wt, fh
29 <0.0001−1.27 n/a Mother >10/day vs mother

non-smoker
Age, ht, sex, edu, area,
season

30 >0.05 ∼0 n/a Either parent smokes vs
neither

Age

31 0.05–
0.01

1.1 n/a >0.05 −0.1 n/a 0.05–
0.01

−2.4 n/a <0.01 −2.6 n/a Both parents smoke vs neither
parent smokes

Age, ht, sex

32 <0.01 −ve n/a ?>0.05 n/a n/a Passive smoking (?) vs none Age, ht, sex, wt, edu, area,
gas, smok

33 <0.001 −2.4† n/a Mother smokes vs nobody
smokes

Age, sex

34 >0.05 n/a n/a <0.05 −ve n/a <0.05 −ve n/a Mother smokes vs not Ethnic group
35 >0.05 +ve n/a 2 smokers in home vs none Age, sex, ht
36 >0.05 −ve n/a 0.05–

0.01
−ve n/a 0.01–

0.001
−ve n/a Maternal smoking vs none Age, sex, ht, area

37 >0.05 −1.9 n/a >0.05 −1.9 n/a 0.01–
0.001

−6.2 n/a Sharing a bedroom with an
adult smoker vs not

Age, sex, ht, wt, school, edu,
gas, asthma, fh

38 >0.05 +ve n/a >0.05 −ve n/a <0.05 −ve n/a At least one parent vs none Age, race, sex
39 <0.001 −ve n/a >0.05 −ve n/a <0.001 −ve n/a Household exposure vs none Unclear
40 >0.05 n/a n/a >0.05 n/a n/a 2 vs 1 vs 0 parents smoke Age, ht, wt, sex, many

others
41‡ >0.05 n/a n/a >0.05 n/a n/a >0.05 n/a n/a >0.05 n/a n/a Either parent smokes vs

neither
Age, sex, ht, wt, area, coal
stoves

42 >0.05 n/a n/a >0.05 n/a n/a Both parents smoke vs none Age, wheeze
43 >0.05 n/a n/a 0.007 n/a n/a Maternal smoking (10

cigs/day) vs none
Age, sex, ht, wt

44 0.638 −ve n/a 0.051 −ve n/a 0.003 −ve n/a 0.040 −ve n/a Maternal smoking (cigs/day) Age, sex, ht, wt, bwt, area,
edu, gas

45 0.001 −6.6 n/a Maternal smoker vs non Age, sex, ht, area
46* N/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Passive smoking (?) vs not Age, sex, possibly ht, wt
47 >0.05 n/a n/a >0.05 n/a n/a ETS—yes vs no Age,sex,ht,wt

*Boys only presented in whom a reduced pulmonary function was seen if ETS exposed.
†ETS eVect of –2.4% was for FEV1/FVC.
‡Likely that few mothers smoked. Analyses were carried out separately by area and sex and cooking method.
§Abbreviations: ht = height, wt = weight, fh = family history of asthma or allergy, edu = education of parents, gas = gas cooking, bwt = birth weight
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with only one very small study reporting a 12%
increase.60 However, this inclusion/publication
bias is not apparent in those with over 2000
subjects (fig 3). When we carried out separate
meta-analyses of studies with under and over
2000 subjects, the random eVects estimates for
the percentage reduction in FEV1 were –2.3%
(95% CI –3.2 to –1.5) and –1.0% (95% CI
–1.6 to –0.4), respectively, suggesting that,
while bias does exist, the influence on the over-
all random eVects estimate (–1.4%, table 5) is
small.

COHORT STUDIES

The principal design features and findings for
the six cohort studies reporting on the eVect of
ETS exposure on lung function development
are summarised in table 6.

The East Boston study exhibited the largest
cross sectional eVect of any reported. In longitu-
dinal analyses it was estimated that, over a five
year period, the lungs of non-smoking children
whose mothers smoked grew at only 93% of the
rate of the lungs of non-smoking children whose
mothers did not smoke.85 Taking a child of age
11 with no deficit in lung function, the deficit by
age 16 would be 3%. Clearly these estimated
eVects are rather greater than the eVects seen in
most cross sectional studies (fig 1).

In contrast, the Tucson study exhibited no
eVects of ETS exposure on lung function cross
sectionally, nor was there any influence on last
recorded lung function in childhood nor any
eVect on growth in lung function.71 Recent

re-analyses, based on follow up into early
adulthood, have suggested some interaction
eVects including reduced growth in boys with
initially low lung function who are exposed to
ETS87 and possible interactions with active
smoking.88 However, these interaction analyses
lacked statistical power.

Because the East Boston and Tucson cohorts
yielded diVerent results, the two data sets were
reanalysed using the Tucson89 and East Boston
methodology.71 Both groups concluded that
any diVerences were not due to statistical
methodology, but the East Boston analysis
suggests they could be due to chance, despite
the fact that these two studies are at the
extremes of the cross sectional results (table 3,
fig 1).

The results of the Dunedin birth cohort42 are
diYcult to interpret since only statistically sig-
nificant eVects were included in models and a
number of interaction eVects were fitted. Boys
and girls were analysed separately, and data
only presented for FEV1/VC as “no significant
changes in any pulmonary function measures
were found in subjects who reported smoking
during and/or after pregnancy”.

The US Six Cities study70 is the largest of the
longitudinal studies by an order of magnitude
as well as having 12 annual follow ups during
childhood. The estimated eVect of current
maternal smoking on FEV1 growth is small but
highly statistically significant, and is only
one-tenth that of the East Boston study (table
6).

Table 4 EVects of ETS exposure on flow measures from cross-sectional studies in school aged children: studies included in meta-analyses

ID

FVC FEV1 MEFR EEFR

Exposure (refers to current smoking
status unless specified) Adjustments

p
value b SE

p
value b SE

p
value b SE

p
value b SE

48 0.870 −0.32 1.96 0.376 −1.85 2.09 0.075 −6.33 3.56 Mother>10/day v mother
non-smoker

Ht, sex

49 0.668 1.59 3.71 0.777 0.91 3.21 0.811 −0.92 3.85 0.604 −2.56 4.93 Children of smoking parents vs
non-smoking parents

Age, ht, sex, wt

50 0.460 −1.1 1.49 0.63 −1.55 3.23 0.01 −4.3 1.69 0.02 −5.7 2.42 At least mother smokes vs everyone
non-smoker

Age, ht, sex, area

51 0.461 0.14 0.19 0.008 −0.48 0.18 Mother current vs never (at 1st
examination)

Age, sex, ht, wt, city

52 >0.05 n/a n/a 0.004 −2.25 0.78 0.018 −4.41 1.87 0.004 −7.23 2.5 Father smoking 10 cigs/day for 10
years vs non-smoker

Age, ht, chest cir, wt, edu,
area, resp. ill, FVC

53 0.173 −3 2.2 0.032 −4.5 2.1 0.027 −9.5 4.3 Both parents smoke vs neither Active smokers excluded,
age, sex, ht

54 0.042 −2.4 1.18 0.087 −2 1.17 0.025 −3.85 1.72 Both parents vs none Age, ht, sex
55 0.071 −3 1.66 0 −6.1 1.65 0 −14.4 2.67 Maternal smoking vs not Age, ht, sex. Asthmatics

excluded
56 0.146 −1.6 1.1 0.040 −2.1 1.02 0.024 −4.6 2.04 0.155 −2.6 1.83 Mother smokes vs not Sex, ht
57 0.220 −0.45 0.37 0.006 −1.07 0.39 Maternal smoking during preg. and

1st 2 yrs of life vs not
Age, sex, ht, wt, area, edu,
asthma, gas

58 0.376 −0.7 0.79 0.023 −1.8 0.79 0.006 −5.2 1.89 ETS daily in the home vs not Age, sex, ht, edu, gas,
respiratory problems

59 1.000 0 0.77 0.208 −1.8 1.43 0.136 −4 2.68 0.023 −7.5 3.29 Top cotinine quintile vs bottom Age, sex, ht, edu
60 0.598 10.5 19.9 0.587 12.5 23 Both parents smoke vs none Age, ht, area
61 0.385 0.4 0.46 0.385 −0.4 0.46 0.001 −2.8 0.87 0.026 −2.5 1.12 Mother only vs neither parent Age, sex, ht, wt, + other.

Asthmatics excluded
62 0.058 3.75 1.98 0.971 0.07 1.92 0.005 −9.56 3.37 Maternal>1/2 pack/day vs less or

non-smoker
Age, sex, ht

63 0.000 −2 0.54 0.000 −2.2 0.51 0.000 −4.8 0.97 0.010 −3.3 1.28 Top 5th of salivary cotinine vs
non-detectable

Age, sex, ht, area, active
smoking

64 0.405 −0.3 0.36 0.012 −0.9 0.36 0.003 −2.6 0.87 20 cigs/day in the home vs none Age, sex, ht, wt, area, edu,
asth, gas

65 1.000 0 0.25 0.000 −0.9 0.25 0.000 −3.6 0.63 0.000 −5.3 0.78 Maternal smoking in past year vs
not

Age, sex, ht, wt, area, edu

66 0.574 0.5 0.89 0.111 −1.5 0.94 0.000 −8.1 0.54 Maternal smoking during
pregnancy (y/n)

Age,sex,ht,area, edu, current
maternal smoking

67 0.263 −1.4 1.25 0.002 −4.15 1.37 0.000 −10.85 2.83 Exposed to passive smoke all of life
vs <10% of life

Age, sex, ht, social class, gas

68 0.930 0.16 1.83 0.312 −1.78 1.76 0.075 −6.08 3.42 0.452 −3.8 5.05 Top cotinine quartile vs bottom Age, ht, sex, BMI
69 0.015 3.3 1.36 No. of smokers in household Age, ht, sex, area, sclass, gas,

pets, allergy
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The Dutch study58 has the least power of all
the longitudinal studies, both because of the
limited number of subjects followed and the
shortness of follow up (only two years). The
confidence limits for the eVects on FEV1 in
boys and girls overlap with the Six Cities study.

Finally, a second Arizona study30 did appear
to find reduced FEV1 growth in exposed
children. However, this study also lacked

power, no overall estimate of eVect is available,
nor are any standard errors.

STUDIES OF NEONATES

It has been suggested that the small deficits
seen in flow rates for children of smoking
mothers may be attributable, not to current
ETS exposure, but to maternal smoking in
utero. In order to investigate this and other
hypotheses three studies have been carried out
which measured various indices of respiratory
function during infancy.

The East Boston neonatal study75–78 is a
cohort study set up specifically to examine the
influence of maternal smoking on infant respi-
ratory function measured shortly after birth.
Between March 1986 and October 1992, of
1000 women approached, 159 consented to
respiratory function testing in their infant.
Maternal smoking was documented during
and after pregnancy with maternal reports
being validated by maternal urinary cotinine
levels. In 80 healthy infants tested shortly after
birth (mean (SD) 4.2 (1.9) weeks), flow at
functional residual capacity was markedly
reduced (p = 0.0007) in infants born to smok-
ing mothers (mean (SE) 74.3 (15.9) ml/s)
compared with infants of mothers who did not
smoke during pregnancy (150.4 (8.9 ml/s).75

These diVerences remained when flow was
corrected for lung size. No diVerences in
pulmonary function were evident in relation to
postnatal exposure after stratifying by prenatal
exposure. However, the power of these strati-
fied analyses was severely limited. Subse-
quently, a study of 159 infants from the same
study evaluated the eVects of maternal smoking
during pregnancy on growth in lung function
during the first 18 months of life.78 Maternal
smoking during pregnancy was associated with
reductions in functional residual capacity
(mean (SE) –9.4 (4.3) ml, p = 0.03) and in
flow at functional residual capacity (–33
(12) ml/s, p = 0.008). There was evidence that
the eVects were greater in girls than in boys.
There was no evidence that growth of lung
function was adversely aVected. Moreover, the
reductions in flow at functional residual capac-
ity declined with increasing age from a 17%
deficit at birth to 10% and 5% at 18 weeks and
one year.

The Perth longitudinal study was based on
random recruitment at the prenatal clinic at
one hospital (26% participation rate).72–74 ETS
exposure was assessed by questionnaire with
validation by serum cotinine levels in half the
cohort. Based on the 63 infants recruited in the
first year of the study, there were no apparent
or statistically significant reductions in maxi-
mal flow at FRC (measured at a mean of 4.5
weeks) if either parent smoked compared with
both being non-smokers. In an analysis of 461
infants recruited subsequently,74 time to peak
expiratory flow as a proportion of total expira-
tory time (measured 1–6.5 days postnatally)
was found to be reduced in infants whose
mother smoked >10 cigarettes per day com-
pared with non-smokers. Infants whose moth-
ers smoked 1–10 cigarettes per day were inter-
mediate.

Table 5 Summary of pooled percentage diVerence (95% confidence intervals) for eVect of
parental smoking on lung function from cross-sectional studies

No. of
studies

% diVerence (95%
CI) fixed eVect

% diVerence (95%
CI) random eVect

÷2
n−1

heterogeneity
(p value)

FVC 19 −0.2 (−0.4 to +0.1) −0.4 (−0.8 to +0.0) 33.3 (0.015)
FEV1 21 −0.9 (−1.2 to −0.7) −1.4 (−1.9 to −1.0) 42.7 (0.002)
Mid expiratory flow rate 19 −4.8 (−5.4 to −4.3) −5.0 (−6.6 to −3.3) 110.7 (0.0000)
End expiratory flow rate 9 −4.3 (−5.3 to −3.3) −4.3 (−5.5 to −3.1) 9.5 (0.30)

Figure 3 Funnel plot for studies included (filled symbols) and not included (empty
symbols) in meta-analysis. Where eVect size is known it is plotted (lozenges), where
unknown (empty circles) it was either assumed to be zero, or “guestimated” from known
direction of eVect, p value and sample size.
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Finally, in a cross sectional study from
Indiana79 112 healthy infants born at full term
were recruited by advertisement in a university
newsletter. FRC and maximal flow at FRC
were measured at 1–31 months (mean 10.7
months) and ETS exposure was assessed by
questionnaire at time of testing when 61 of the
112 were exposed. There were no overall
eVects of ETS exposure on maximal flow at
FRC. However, while there were no eVects in
girls there was a deficit amongst exposed boys
which was of borderline statistical significance
(p = 0.07), with the diVerence in eVect between
boys and girls also being of borderline
significance (p = 0.07).

EFFECTS OF PRENATAL AND POSTNATAL

EXPOSURE IN CROSS SECTIONAL STUDIES

An analysis of data from the large US Six Cit-
ies study compared the eVects of current
maternal smoking with that during the first five
years of life.70 The eVects appeared to be inde-
pendent and of similar magnitude. For FEV1 at
ages 6–10 years the estimated eVects were
–0.4% (–0.9 to 0.1) for current smoking and
–0.3% (–0.9 to 0.4) for smoking in the first five
years. The authors concluded that, in school
age children, the decrement in pulmonary
function associated with maternal smoking
appears to be due to a combination of a
persistent deficit associated with earlier (in-
cluding in utero) exposure and an additional
deficit related to current exposure. A more
recent paper based on 8863 non-smoking
white children from 22 cities compared the
eVect of maternal smoking during pregnancy
with maternal smoking in the previous year.65

Again the exposures were treated as dichoto-
mous variables. In multiple regression analyses
the eVect of maternal smoking during preg-
nancy appeared to be larger than that for
current smoking and not to be aVected by
adjustment for current smoking, while the
eVects of current smoking were small and not
significant after adjustment for smoking during
pregnancy. These analyses were supported by
analyses of subjects who only smoked in preg-
nancy or only smoked currently. An eVect of
smoking during pregnancy independent of
current smoking was also reported in a study of
inner city children, but no data on current
smoking eVects were given.66

In contrast, one Dutch study of 965 children
states that “adjustment for smoking in preg-
nancy (data not shown) slightly attenuated the
associations between ETS and spirometry, but
the coeYcients for PEF and MEF remained of
borderline significance.”58 The Dunedin study
of 634 subjects also reported no eVect of
smoking in pregnancy.42

Discussion
In keeping with previous reviews5–7 we con-
clude that cross sectional studies show a
consistent small deficit in lung function indices
among children whose parents smoke. The
proportionate reduction is smallest for FVC
(–0.4%) and FEV1 (–1.4%), but larger for mid
and end expiratory flow rates (–5.0% and
–4.3%, respectively). A similar pattern is seen

when looking within individual studies. Not
surprisingly, given the variety of exposure
measures used, there is some heterogeneity in
eVect between studies. While the eVects seem
to be real, they are hardly in themselves of
clinical importance. The eVects appear to be
larger in boys, although the gender diVerence is
not significant and there is the possibility that a
degree of publication bias has occurred.

In large studies, which have investigated the
amount smoked by mothers, there has been
clear evidence of exposure response in relation
to lung function. Only one study from China52

has shown an eVect of smoking by the father
only, which contrasts with the findings for res-
piratory symptoms and lower respiratory infec-
tions in infancy.11 90 Moreover, two of the larg-
est and best American studies have reported no
independent eVect of paternal smoking.51 61

The greater eVect if both parents smoke
reported by a number of studies could well
represent heavier smoking by the mother.

There is emerging evidence that neonatal
lung mechanics are altered when mothers
smoke during pregnancy. Both the East Boston
and Perth studies made measurements suY-
ciently close to birth to eVectively exclude
eVects due to postnatal ETS exposure. Such
findings fit with a “programming”
hypothesis—that is, the permanent alteration
of the structure and function of organs by fac-
tors operating at critical periods of develop-
ment in fetal or early postnatal life. EVects on
lung function arising from in utero or neonatal
exposure to cigarette smoke fit well with such a
concept since the airways are fully present
before the end of pregnancy, while alveolar
proliferation continues to about four years after
birth.9 However, the technical diYculty in
measuring neonatal lung function implies that
the magnitude of any eVect of maternal smok-
ing during pregnancy is imprecisely estimated.
We do not know what the implications are for
respiratory function in older children, nor
whether these eVects are permanent or revers-
ible. Given the small size of the neonatal stud-
ies reviewed here, it seems unlikely that follow
up of any of these cohorts will deliver a clear
answer.

A blunter but more powerful way of
assessing the long term eVect of early life expo-
sure is to identify children whose mothers
smoked during pregnancy but who subse-
quently have stopped. EVectively this is the
approach adopted by the 24 cities (only 22 out
of 24 communities were included in this
analysis)65 and the Six Cities studies.70 Both of
these large studies suggest that maternal smok-
ing during pregnancy or during the early years
of life may result in small but persistent deficits
in lung function. The Six Cities study suggests
there may also be independent eVects of
current exposure. While these studies are of
considerable interest, they are limited by the
retrospective nature of their data collection and
consequent imprecision in estimation of the
eVects of maternal smoking during pregnancy.
However, taken together with the studies of in
utero exposure and infant lung function, they
suggest an important role for maternal smok-
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ing during pregnancy in causing the lung func-
tion deficits seen in cross sectional studies.
Nevertheless, it would be premature to con-
clude that current exposure has no eVect given
the results from longitudinal studies suggesting
small deficits in lung growth in relation to cur-
rent exposure.

The Six Cities study is an order of
magnitude larger than any of the other cohorts
and has an annual follow up over 12 years as
well as covering a broad geographical area. Its
results must therefore be given substantial
weight in any overall interpretation. The small
but statistically significant eVects of maternal
smoking on lung growth (–3.8 ml/year for
FEV1) are compatible with the inconsistent
eVects seen in most other cohorts where lack of
power would explain many of the negative
results. The exception is the East Boston study
where the estimated eVect of maternal smoking
on FEV1 was 10 times greater at –27.8 ml/year.
However, that estimated eVect has extremely
wide confidence limits.

None of the longitudinal studies have looked
at change in lung function in relation to change
in exposure. To determine if eVects are revers-
ible is perhaps the major advantage of cohort
over cross sectional studies. Such studies
require good estimates of exposure. So far no
longitudinal studies of lung function in relation
to cotinine levels have been published. Such
studies would have the advantage that they
would take account of changes in ETS
exposure that occur as children spend less time
with their parents as they grow older and thus
their ETS exposure will fall even while parental
smoking habits remain constant.

Conclusions
Children whose mothers smoke exhibit small
but clear deficits in lung function, with the
eVects being larger for mid and end expiratory
flow rates than for FEV1 and smaller still for
FVC. The eVects are not due to chance and do
not appear to be due to publication bias or to
residual confounding by other environmental
factors. There is emerging evidence that in
utero or early postnatal exposure plays an
important role in explaining these deficits.

Convincing evidence for a role for current
exposure would come from studies demon-
strating change in lung function in relation to
change in exposure. So far none of the longitu-
dinal studies have examined this issue. A
convincing demonstration of the eVect of in
utero exposure requires a large study with
detailed prospective data on prenatal as well as
subsequent exposure. It seems unlikely that the
existing longitudinal studies of infant lung
function will be large enough to achieve this.

It seems likely that the small diVerences in
lung function in children associated with expo-
sure to cigarette smoke will translate into small
diVerences in adults given the tracking of lung
function from an early age.91 However, such
subtle reductions are unlikely to impact on the
rates of development of chronic airflow ob-
struction unless evidence emerges that children

exposed to cigarette smoke in early life have
faster rates of lung function decline in adult
life.

The Department of Health commissioned this review. The
views expressed are those of the authors and are not necessarily
those of the Department of Health. We are indebted to Jenny
Taylor and Claire Chazot for their diligent work in assembling
the relevant literature.
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