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ABSTRACT: The objective of the study was to assess the relationship between
breastfeeding and lower respiratory tract infections (LRTIs) during the first year
of life, with special reference to maternal smoking.

A cohort of 3,754 children born in 1992–1993 in the City of Oslo, Norway was
recruited and data were collected at birth, 6 and 12 months of age. Complete infor-
mation was obtained from 3,238 children (follow-up rate 86%). The main outcome
was an episode of a LRTI, such as pneumonia, bronchitis or bronchiolitis, based
on a self-administered questionnaire addressed to parents when the child was 6
and 12 months old. The outcome was specified as physician-diagnosed.

In logistic regression analysis adjusting for confounding, maternal smoking
increased the risk of LRTIs in children breastfed for 0–6 months (odds ratio (AOR)
1.7; 95% confidence interval (95% CI) 1.2–2.4), but not essentially when the child
was breastfed for more than 6 months (AOR 1.1; 95% CI 0.7–1.6). Short-term
breastfeeding (0–6 months) and no maternal smoking was related to an adjusted
AOR of LRTIs of 1.3 (95% CI 1.0–1.7), and short-term breastfeeding combined
with maternal smoking was related to an adjusted AOR of 2.2 (95% CI 1.6–3.1),
as compared with long-term breastfeeding and no maternal smoking.

The present study indicates a protective effect of long-term breastfeeding on the
risk of lower respiratory tract infection during the first year of life. The results
suggest that the protective effect is strongest in children exposed to environmen-
tal tobacco smoke.
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Lower respiratory tract illnesses, including infections,
in small children have an important public health impact
both in industrialized and developing countries [1–4].
These illnesses in early childhood may predispose for
chronic obstructive pulmonary disease (COPD) later in
life [5–7]. Several environmental exposures, such as
environmental tobacco smoke, nitrogen dioxide, family
characteristics and day-care attendance have been stud-
ied as possible determinants of the incidence of such
illnesses [3, 4, 8–12]. The effect of environmental tobac-
co smoke, and in particular maternal smoking, is so far
best established [4, 8, 10, 13–15]. The protective effect
of breastfeeding has been difficult to establish. Results
from developing countries are consistent with a pro-
tective effect of breastfeeding [16–18], while studies
undertaken in industrialized societies have shown con-
flicting results [19–31]. There is recent evidence from
a cross-sectional study of Australian children that breast-
feeding protects from the adverse effects of passive
smoking on acute respiratory illness [29].

A birth cohort was established in Oslo in 1992–1993
to study the environmental determinants of respiratory
health in children. A high proportion of Norwegian wo-
men breastfeed their children, and the median length of
breastfeeding is over 7 months [32]. The objective of the
present study was to assess the relationship between the

length of breastfeeding and risk of lower respiratory tract
infections (LRTIs) during the first year of life, with spe-
cial reference to maternal smoking.

Methods

Study population

The source population included children born during
a period of 15 months in the city of Oslo, Norway, with
a population of approximately 500,000. The recruitment
for the study was carried out by midwives in the mater-
nity wards at Aker and Ullevål Hospitals, the two main
birth clinics in Oslo. About 90% of the mothers with
permanent address within the city of Oslo attend mater-
nity ward at these two birth clinics. Only in periods
when capacity is insufficient do normal deliveries take
place at another hospital. This birth clinic was not includ-
ed for organizational reasons. The recruitment period
was from January 1 to December 31, 1992 at Ullevål
Hospital (2,694 children born live), and from March 10,
1992 to March 9, 1993 at Aker Hospital (3,706 chil-
dren born live). A delay in authority approval necessi-
tated the later start at Aker Hospital.



The inclusion criteria were: 1) permanent address with-
in the city of Oslo; 2) no plans to move from Oslo with-
in the near future; 3) birth weight more than 2,000 g;
4) no serious illness which might impair respiration (sev-
ere respiratory, cardiovascular, neuromuscular or metabo-
lic disease); 5) no assisted ventilation or oxygen therapy
after 6 h of life; 6) at least one family member able to
speak and write Norwegian (assessed by the midwives);
7) at least one biological parent living together with the
child; and 8) no known drug abuse in the family. Families
fulfilling these criteria were informed about the main
objectives of the study.

The families were asked to sign a parental consent
form and to complete a self-administered questionnaire
inquiring about pregnancy, smoking habits, details of
home environment, and family and socioeconomic char-
acteristics. A reminder was sent to those eligible fami-
lies who did not return the questionnaire. Most of the
immigrant families (identified by hospital records) were
found to have insufficient knowledge of the Norwegian
language. Immigrant families not responding to the first
approach were, therefore, considered not eligible for
the cohort (1,045 out of 1,172 immigrant families). The
numbers of children in the source population eligible
for the cohort, entered in the cohort, and of children
with complete information on respiratory health both
from 6 month and 12 month follow-up surveys are
presented in figure 1. Subjects with no information on
respiratory health in the first or second half year of
life were considered lost to follow-up. A maximum of
4,973 children were found to be eligible for the cohort.

Approximately 150–250 of these children (exact num-
ber not available) were not included due to plans to
move out of Oslo after birth. A total of 3,754 children
(76%) were enrolled in the study.

The study was approved by the Norwegian Data In-
spectorate and the Regional Ethics Committee for Medi-
cal Research.

Data collection

When the child was 6 and 12 months old, the parti-
cipating families received a questionnaire with questions
about the child's health, use of health services and details
of their environment. A reminder was sent within 3
weeks. Based upon hospital records, information on fa-
mily characteristics, pregnancy and birth was registered
for 3,743 (99.7%) of the participants (table 1). Corres-
ponding information was also obtained from 1,050 non-
participating families, who were eligible for the cohort.

Outcome measures

The primary outcome was an episode of a LRTI, such
as pneumonia, bronchitis or bronchiolitis. The operatio-
nal definition of the outcome was based on the follow-
ing question addressed to parents when the child was 6
and 12 months old: "Has the child been examined by a
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Fig. 1.  –  Recruitment and follow-up of children in the Oslo Birth
Cohort 1992–1993.

Source
population
(n=6,400) Not eligible

(n=1,427)
Address outside Oslo (n=180)
Birthweight <2,000 g (n=160)
Severe illness (n=26)
Social reasons (n=16)
Language problems (n=1,045)

Eligible for
the cohort
(n=4,973)

Nonresponders
(n=1,219)

Entered in
the study
(n=3,754)

One year
cohort

(n=3,238)

Lost to follow-up
(n=516)

Table 1.  –  Characteristics of children and mothers with-
in the study population and those lost to follow-up in the
Oslo Birth Cohort 1992–1993

One year Lost to Entered in
cohort follow-up the cohort

(n=3,238) (n=516) (n=3,754)
% % %

Male gender 52 50 52
Birth weight

<2,500 g 2 2 2
2,500–3,499 g 42 45 43
≥3,500 g 55 53 55

Firstborn child** 52 45 51
Maternal age**

<25 yrs 11 17 12
25–30 yrs 36 37 36
>30 yrs 53 46 52

Maternal education**
<12 yrs 6 14 7
12–15 yrs 39 41 40
>15 yrs 55 45 53

Single parenthood at birth** 5 10 6
Maternal smoking at the
end of pregnancy**

No 76 71 76
Occasional 9 9 9
1–14 cigarettes·day-1 11 15 11
≥15 cigarettes·day-1 4 5 4

Family income per year**
<200,000 Nkr 15 31 17
200,000–500,000 Nkr 66 53 65
>500,000 Nkr 19 15 18

Data were missing for 0–78 subjects for each characteristic
(birth weight=20; maternal age=1; maternal education=38;
single parenthood=12; maternal smoking at the end of preg-
nancy=14; family income=78). *: p<0.05; **: p<0.01, Chi-
squared test for difference between the one year cohort and
those lost to follow-up.



physician (during the period of interest)? If yes, fill in
at what age and which diagnosis". Due to a common
practice among some physicians to describe symptoms
of bronchiolitis during infancy as respiratory syncytial
virus infection, parental report of such a diagnosis was
considered as an episode of LRTI. The outcome was
specified as occurring during the first 12 months of life
or, alternatively, either during the first 6 months or from
7–12 months of life. Parents were also asked to report
episodes of LRTIs needing hospitalization, and these
were treated separately.

Breastfeeding and maternal smoking

The length of breastfeeding and maternal smoking
were the main determinants. The length of breastfeed-
ing, expressed in months, was based on information on
the endpoint of breastfeeding in the 6 month question-
naire, and in the 12 month questionnaire if the child
was still breastfed at 6 months of age. In the 6 month
questionnaire, the mothers were also asked if they had
stopped breastfeeding, if they still gave their child only
breast milk, or a combination of breastmilk and formula
substitute. Information on smoking was based on the 6
month questionnaire, which was considered the most
representative for the exposure during the first year of
life. The mothers were asked to state whether they were
nonsmokers, occasional smokers or daily smokers. If
they were daily smokers, they were asked to state the
average number of cigarettes smoked per day. Occasional
smokers were those who reported smoking less often
than daily.

Covariates

The following covariates included in the analyses
were from hospital records or questionnaire information
at birth: gender; birth weight; season of birth; maternal
age; single parenthood; family income; maternal edu-
cation; mother's nationality; parental asthma; distance
from nearest road open to public traffic; and crowded-
ness. Information on siblings, sharing of bedroom with
siblings and paternal smoking habits were from the 6
month questionnaire, and day-care attendance (at least
10 h per week) both from 6 and 12 month question-
naires. The categories and frequency distributions of the
covariates are presented in table 2. Nationality was
dichotomized according to mother's country of origin
(third world, or other). Crowdedness was defined as
floor area (m2) per person living in the child's home.
As combustion products of motor vehicles are the main
source of air pollution in Oslo (industrial air pollution
is low), the distance between the child's home and the
nearest road open to public traffic was used as a crude
measure of exposure to air pollution. Parents were asked
to report smoking habits of the father, like those of the
mother.

Statistical methods

The cumulative incidence was used as a measure of
the risk of a LRTI episode. Cumulative incidences from
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Table 2.  –  Characteristics of the study population
according to length of breastfeeding (Oslo Birth Cohort
1992–1993)

Breastfed Breastfed
0–6 months >6 months

(n=989) (n=2,200)
% %

Male gender* 55 51
Birth weight**

<2,500 g 4 2
2,500–3,499 g 46 41
≥3,500 g 50 58

Season of birth
January–March 23 23
April–June 26 28
July–September 28 26
October-December 22 24

No siblings** 56 50
Shared bedroom** 8 5
Day-care outside home at 6 months
(>10 h·week-1) 1 1
Day-care outside home at 12 months
(>10 h·week-1) 15 15
Maternal age**

<25 yrs 18 9
25–29 yrs 41 34
≥30 yrs 42 57

Single parenthood** 9 5
Family income per year**

<200,000 Nkr 20 12
200,000–500,000 Nkr 68 66
>500,000 Nkr 12 22

Maternal eduction**
<12 yrs 11 4
12–15 yrs 53 33
>15 yrs 36 63

Maternal nationality 2 2
(from third world)
Parental history of asthma 12 12
Maternal smoking**

No 58 80
Occasional 9 8
1–14 cigarettes·day-1 21 9
≥15 cigarettes·day-1 11 3

Paternal smoking**
No 56 68
Occasional 9 9
1–14 cigarettes·day-1 16 12
≥15 cigarettes·day-1 19 10

Distance from nearest road
<10 m 22 23
10–50 m 21 23
>50 m 58 54

Crowdedness (m2 per person)
<15 m2 5 5
15–25 m2 46 43
>25 m2 49 52

Data were missing for 0–123 subjects for each characteristic
(breastfeeding=49; birth weight=19; siblings=36; sharing
bedroom=8; maternal age=1; single parenthood at birth=5;
family income per year=53; maternal education=26; mater-
nal nationality=9; maternal smoking=20; paternal smoking=
123; distance from nearest road=21; and crowdedness=73). *:
p<0.05; **: p<0.01, Chi-squared test for difference between
0–6 months breastfed and >6 months breastfed.



birth to 12 months and from 7 to 12 months were esti-
mated for different categories of breastfeeding stratified
by maternal smoking. The odds ratio (OR) was used as
a measure of association between the occurrence of
respiratory infections and breastfeeding. The adjusted
odds ratios (AORs) were estimated in logistic regres-
sion analyses, controlling for the covariates in table 2.
Based on previous knowledge, eight core covariates (gen-
der, siblings, sharing of bedroom, day-care attendance,
maternal education, parental asthma, maternal and pater-
nal smoking habits) were always included in the model.
The other covariates were included, if their inclusion
had an impact on the accuracy and precision of the esti-
mate of the relationship studied [33].

The independent effects of breastfeeding and mater-
nal smoking, as well as their joint effect, were studied
in logistic regression analyses using long-term breast-
feeding (>6 months) and no maternal smoking, the largest
and most preferable category, as the reference category.
The following three categories were contrasted to the
reference category: 1) long-term breastfeeding (>6 mon-
ths), maternal smoking; 2) short-term breastfeeding (0–
6 months), no maternal smoking; and 3) short-term
breastfeeding, maternal smoking. The children of occa-
sionally smoking mothers (n=262) were excluded.

The analyses were performed using the Statistical
Package for the Social Sciences (SPSS) for Windows,
version 6.0 [34].

Results

Participation

The children and families entered in the study were
not different from those not participating as to birth wei-
ght, maternal age and percentage of families with first
born child. Smoking during early pregnancy and mater-
nal history of allergy were more common in nonpartic-
ipating than participating mothers (40 versus 33% and
20 versus 17%). Of the 3,754 families entered in the
cohort, 3,563 (95%) answered the 6 month question-
naire and 3,452 (92%) the 12 month questionnaire.
Nonresponders at 6 months received a 12 month ques-
tionnaire in the same way as the others. Due to an error
in the data-handling procedure, information collected on
respiratory health during the first 6 months of life was
lost for 124 (3%) of the children. This left a total of

3,238 (86%) children with information on respiratory
health both at 6 and 12 months.

The baseline characteristics of the children in the 1
year cohort and those lost to follow-up are presented in
table 1. Children in the 1 year cohort (n=3,238) did not
differ from those entered in the cohort (n=3,754). The
proportion of mothers reporting a history of asthma was
similar among the 1 year cohort and those lost to fol-
low-up (6.9 and 6.0%, respectively).

Breastfeeding

Information on the length of breastfeeding was obtained
from 3,189 (99%) of the 1 year cohort. Only 30 (1%)
children were not breastfed at all, and 837 (26%) were
still breastfed at the age of 12 months. Of 2,200 chil-
dren still breastfed after 6 months, 1,738 (69%) were
breastfed without infant formula at 6 months of age, and
453 (21%) were breastfed and received infant formula
(missing=9). The characteristics of the children and chil-
dren's families according to breastfeeding status at 6
months are presented in table 2. Breastfed children had
older and more educated mothers than children breast-
fed for 0–6 months, and their parents were less likely
to smoke. Daily smoking mothers reporting breastfeed-
ing at the 6 month questionnaire smoked on average 9
cigarettes·day-1 (SD=5, median=10), compared with 11
cigarettes·day-1 (SD=5, median=10) for the mother who
had stopped breastfeeding (p<0.01).

Breastfeeding, maternal smoking and lower respiratory
tract infections

A total of 569 of the 3,238 children followed for 2
yrs (18%) experienced at least one episode of LRTI dur-
ing their first year of life. Among these, 112 had been
hospitalized for a LRTI, and 139 had experienced two
or more LRTIs. Boys were affected more often than
girls (20 vs 15%). No difference in the risk of LRTI
was found between children breastfed with (cumulative
incidence (CuI) 16%) and without formula (CuI 17%)
at 6 months (p=0.78).

The CuI of LRTI was estimated by the length of
breastfeeding stratified by level of maternal smoking
(table 3). The CuI was higher in children breastfed 0–6
months (CuI 22%; 95% confidence interval (95% CI)
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Table 3.  –  Cumulative incidences (CuI) and 95% confidence intervals (95% CI) estimated for lower respiratory tract
infections during the first year of life by length of breastfeeding, stratified by maternal smoking (Oslo Birth Cohort
1992–1993)

Breastfed 0–6 months Breastfed >6 months

Maternal smoking n CuI% 95% CI n CuI% 95% CI p-value‡

No 575 20 (16–23) 1751 16 (14–17) 0.03
Occasional 85 19 (10–27) 177 15 (9–20) 0.39
1–14 cigarettes·day-1 209 23 (17–28) 206 16 (11–21) 0.09
≥15 cigarettes·day-1 112 32 (23–41) 54 15 (5–25) 0.02

Total 981 22 (19–24) 2188 16 (14–17) <0.0001

‡: Chi-squared test. Missing information: length of breastfeeding was not specified in 49 children; maternal smoking habits incom-
pletely reported in 20 children (11 missing and 9 daily smoking mothers without information of daily number of cigarettes
smoked).



19–24), compared with children breastfed for more than
6 months (CuI 16%; 95% CI 14–17). The difference in
CuI between the breastfeeding categories increased with
increasing amount of cigarettes smoked by the mothers.

In logistic regression analysis controlling for the core
covariates, the AOR of LRTIs increased on average by
a factor of 1.05 (95% CI 1.02–1.08) per 1 month decre-
ase in duration of breastfeeding. Consequently no breast-
feeding increased the AOR of LRTIs to 1.7 (95% CI
1.2–2.5) compared with 12 months breastfeeding. The
corresponding estimate for children of nonsmoking moth-
ers was 1.03 (95% CI 1.00–1.07), and for children of
daily smoking mothers 1.07 (95% CI 1.02–1.13) per 1
month decrease in duration of breastfeeding.

In logistic regression analysis adjusting for the core co-
variates, maternal smoking increased the risk of LRTIs
in children breastfed for 0–6 months (AOR 1.7; 95%
CI 1.2–2.4). Corresponding figures for hospitalized LRTIs
were AOR 3.2, 95% CI 1.6–6.7. The effect of maternal
smoking showed an exposure-response pattern (1–14
cigarettes·day-1: AOR 1.5, 95% CI 0.9–2.4; ≥15 ciga-
rettes·day-1: AOR 2.3, 95% CI 1.4–3.9 for all LRTIs).
However, maternal smoking did not essentially increase
the risk of LRTIs, when the child was breastfed for more
than 6 months (AOR 1.1, 95% CI: 0.7–1.6). Paternal
smoking was not significantly related to the outcome
(figures not given).

The relationship between the occurrence of LRTIs and
breastfeeding was elaborated for all LRTIs, and sepa-
rately for hospitalized infections, in different categories
of maternal smoking (table 4). Breastfeeding had a pro-
tective effect on infections in children of nonsmoking
mothers. Short-term breastfeeding resulted in a greater
risk of all infections (AOR 1.3; 95% CI 1.0–1.7), and
hospitalized infections (AOR 1.4; 95% CI 0.8–2.5) than
long-term breastfeeding. Short-term breastfeeding com-
bined with maternal smoking was related to an AOR
of 2.2 (95% CI 1.6–3.1) for all infections and of 4.6
(95% CI 2.5–8.3) for hospitalized infections, when com-
pared to long-term breastfeeding and no maternal smok-
ing.

To elaborate a meaningful time sequence between
exposure and outcome, analyses were carried out focus-
ing on exposure during the first 6 months and outcome
from 7 to 12 months of age (table 5). The risk estimates
for the protective effect of breastfeeding and adverse
effect of maternal smoking on LRTIs did not differ
essentially from those focusing on the whole year.

Discussion

In this cohort study of 3,754 Oslo children, short-term
breastfeeding (0–6 months) without maternal smoking
increased the risk of LRTIs, as compared to long-term
breastfeeding without maternal smoking (AOR 1.3; 95%
CI 1.0–1.7). Maternal smoking increased the risk of
LRTIs in children breastfed for 0–6 months (AOR 1.7;
95% CI 1.2–2.4), and this effect showed an exposure-
response pattern. For children breastfed more than 6
months, maternal smoking did not increase the risk sig-
nificantly (AOR 1.1; 95% CI 0.7–1.6). Short-term breast-
feeding combined with maternal smoking was related
to an AOR of 2.2 (95% CI 1.6–3.1) compared to long-
term breastfeeding and no maternal smoking.

The relationship between breastfeeding and the risk
of LRTI is complicated in several ways [30]. Breastfeed-
ing may be associated with other measured determi-
nants of LRTI, and the association observed may be the
result of selection bias or confounding. Information on
LRTI may be related to breastfeeding habits because
of parental reporting, use of health care, or physician's
diagnostic habits. A prospective cohort study avoids
some of the validity problems, such as bias in the as-
certainment of exposure, but losses to follow-up could
introduce bias. In the present study, this was not likely
as the follow-up rate was high (86%), and the baseline
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Table 4.  –  The risk of lower respiratory tract infections during the first year of life in relation to the length of breast-
feeding (long is >6 months) and maternal smoking (Oslo Birth Cohort 1992–1993)

All infections                                     Hospitalized infections

Breast- Maternal
feeding smoking n CuI% COR AOR‡ 95% CI CuI% COR AOR‡ 95% CI

>6 months No 1751 16 ref ref - 3 ref ref -
>6 months Yes 264 16 1.0 1.1 0.7–1.6 3 1.1 1.1 0.5–2.7
0–6 months No 575 20 1.3 1.3 1.0–1.7 4 1.4 1.4 0.8–2.5
0–6 months Yes 326 26 1.9 2.2 1.6–3.1 9 2.6 4.6 2.5–8.3

‡: logistic regression analysis adjusting for gender, having siblings, sharing of bedroom, day-care outside home, maternal edu-
cation, parental history of asthma and paternal smoking. CuI: cumulative incidences; COR: crude odds ratio; AOR: adjusted odds
ratio; 95% CI: 95% confidence interval; ref: reference category. Missing information: on length of breastfeeding=49; on mater-
nal smoking=11. Children of occasional smoking mothers (n=262) excluded.

Table 5.  –  The risk of lower respiratory tract infections
from 7–12 months of life in relation to the length of
breastfeeding (long is >6 months) and maternal smok-
ing (Oslo Birth Cohort 1992–1993)

All infections         Hospitalized
infections

Breast- Maternal
feeding smoking AOR‡ 95% CI AOR‡ 95% CI

>6 months No ref - ref -
>6 months Yes 1.0 0.6–1.5 1.0 0.3–3.6
0–6 months No 1.4 1.0–1.8 1.5 0.7–3.3
0–6 months Yes 1.9 1.3–2.7 5.0 2.2–11.5

‡: logistic regression analysis adjusting for gender, having sib-
lings, sharing of bedroom, day-care outside home, maternal
education, parental history of asthma and paternal smoking.
For definitions see legend to table 4. Missing information: on
length of breastfeeding=49; on maternal smoking=11. Children
of occasional smoking mothers (n=262) excluded.



characteristics of those followed for 1 year were simi-
lar to the total cohort.

The assessment of the outcome depends on parental
behaviour in relation to the health services, availability
of health care, physicians' diagnostic habits, and paren-
tal reporting in the questionnaire. For a severe disorder,
parental behaviour is likely to have less influence on
ascertainment. To minimize the effect of parental health
behaviour, we included only those episodes of LRTI
diagnosed by a physician. Also, a separate analysis was
carried out for hospitalized cases. The cumulative inci-
dence of LRTIs in this study was lower than in some
previous studies using the term "lower respiratory ill-
ness" [2, 4], and indicates a more severe outcome. It
could be that the present approach resulted in a high
proportion of true LRTIs and, thus, justifies the use of
the term "lower respiratory tract infection" rather than
"lower respiratory illness". In Norway, expenses for
medical treatment of children are paid by the govern-
ment, which ensures practically equal availability of
health care and, consequently, also a uniform parental
practice in contacting doctors when their children are
ill. The frequency of physician visits for respiratory
symptoms was not related to the length of breastfeed-
ing. This indicates that the use of health services was
not a likely source of bias.

There may be a considerable variation in the diag-
nostic practice of LRTIs, but there is no reason to
believe that breastfeeding of a child per se, would affect
a doctor's diagnosis of respiratory disease. Except for
the first months of life, it is unlikely that doctors are
concerned about the length of breastfeeding when they
decide on diagnosis or hospitalization.

The parental reporting of LRTI could be related to
breastfeeding. It has been argued that active and fre-
quent surveillance is necessary to prevent bias in report-
ing (information bias). On the other hand, this would
focus on the objectives of the study and, thus, introduce
the possibility of reporting bias both by parents and data
collectors. Blinding of the objectives, as in the present
study, might be a better strategy for reducing informa-
tion bias. The validity of the outcome was assessed by
a physician-administered telephone interview of 100
randomly selected participants, who reported no LRTIs
shortly after (14 days) receiving the questionnaire. The
interview revealed no LRTIs and none of the interviewed
families had visited a doctor for lower respiratory tract
symptoms during the last 6 months before the interview.

Length of breastfeeding was associated with several
known or suggested determinants of LRTIs, such as  ha-
ving siblings, maternal age, socioeconomic status  (mea-
sured here by maternal education and family income),
and parental smoking habits. The potential confounding
by these factors was taken into account in logistic reg-
ression analysis. However, the crude and adjusted odds
ratios were similar. The variance in socio-economic sta-
tus among Norwegian families is small compared to
many other countries and probably reduces the risk of
confounding by socioeconomy. Due to a long full-paid
maternity leave, very few children in Norway attend
day-care before the age of 10 months. Logistic regres-
sion models with or without day-care practice at 6 or
12 months gave the same estimates of the protective
effect of breastfeeding.

Smoking habits within the family were used as a
crude measure of the child's exposure to environmental
tobacco smoke. Questionnaire information on maternal
smoking at the end of pregnancy was compared with
biomarkers in umbilical cord serum taken at birth for
202 randomly selected mothers [35]. An excellent agree-
ment was shown, which indicated that the mothers repor-
ted their smoking habits correctly. In agreement with
previous studies [8], the cumulative incidence of LRTI
was significantly related to maternal smoking, but not
to paternal smoking. A closer relationship between the
mother and the child than between the child and any
other person could explain why maternal smoking is of
particular importance during the first year of life. Our
own unpublished results indicate that occasional smok-
ers are, on average, light smokers [35]. Their smoking
rate varies over a large range. Consequently, their chil-
dren's exposure to tobacco smoke products would vary.
Therefore, these children were excluded from some of
the analyses.

Earlier studies of the protective effects of breast-
feeding on children's health have been inconsistent, and
a recent review concluded that the evidence of the
protective effect of breastfeeding against infections in
developed countries is weak [36]. Some studies have
presented a significant relationship between the length
of breastfeeding and outcomes, such as respiratory syn-
cytial virus infection, pneumonia, wheezy bronchitis or
LRTI [22–26, 28]. On the other hand, in a prospective
cohort study, RUBIN et al. [20] found no protective effect
of breastfeeding on LRTIs during the first year of life.

In contrast to some of the earlier studies, the present
study design made it possible to take into account the
possible time sequence of breastfeeding and occurrence
of infections, because relevant information was collect-
ed at birth and at 6 and 12 months. Most information
was taken from the birth or 6 month questionnaire, as
it was considered to be the most representative and
accurate for children's exposure during their first year
of life. Focusing on infections between 7–12 months
revealed a plausible time sequence supporting a true
protective effect of breastfeeding. Our observation of a
weaker effect of exposure to tobacco smoke products
on LRTIs in long-term breastfed children, is consistent
with results of a cross-sectional study of acute respira-
tory illness among children in Adelaide, Australia [29].
The results do not support a hypothesis that exposure
to tobacco smoke products through breastmilk increa-
ses the risk of LRTIs. A modification of the effect of
environmental exposure to tobacco smoke products on
symptoms or infections of the lower airways, could be
a possible effect of breastfeeding.

In conclusion, the results of the present study indi-
cate a protective effect of breastfeeding on the risk of
lower respiratory tract infections during the first year
of life. The results suggest that the preventive effect is
stronger in children of smoking mothers compared with
children of nonsmoking mothers.
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