
Pneumonia in Childhood and Impaired
Lung Function in Adults: A Longitudinal
Study
Johnny Y.C. Chan, MBChBa,b, Debra A. Stern, MSb, Stefano Guerra, MDb, Anne L. Wright, PhDb, Wayne J. Morgan, MDb,
Fernando D. Martinez, MDb

abstractBACKGROUND: Diminished lung function and increased prevalence of asthma have been reported
in children with a history of early lower respiratory illnesses (LRIs), including pneumonia.
Whether these associations persist up to adulthood has not been established.

METHODS: As part of the prospective Tucson Children’s Respiratory Study, LRIs during the first
3 years of life were ascertained by pediatricians. Spirometry was performed at ages 11, 16, 22,
and 26 years. The occurrence of asthma/wheeze during the previous year was ascertained
at ages 11, 13, 16, 18, 22, 24, 26, and 29 years. Longitudinal random effects models and
generalized estimating equations were used to assess the relation of LRIs to lung function and
asthma.

RESULTS: Compared with participants without early-life LRIs, those with pneumonia had the
most severe subsequent lung function impairment, with mean 6 SE deficits of 23.9% 6 0.9%
(P , .001) and 22.5% 6 0.8% (P = .001) for pre- and post-bronchodilator FEV1:FVC ratio
from age 11 to 26 years, respectively. Pneumonia was associated with increased risk for
asthma (odds ratio [OR]: 1.95; 95% confidence interval [CI]: 1.11–3.44) and wheeze (OR: 1.94;
95% CI: 1.28–2.95) over the same age range. Early non-pneumonia LRIs were associated with
mildly impaired pre-bronchodilator FEV1 (262.8 6 27.9mL, P = .024) and FEV1:FVC ratio
(21.1 6 0.5%, P = .018), and wheeze (OR: 1.37; 95% CI: 1.09–1.72).

CONCLUSIONS: Early pneumonia is associated with asthma and impaired airway function, which is
partially reversible with bronchodilators and persists into adulthood. Early pneumonia may
be a major risk factor for adult chronic obstructive pulmonary disease.

WHAT’S KNOWN ON THIS SUBJECT: Early-life
lower respiratory illnesses, including
pneumonia, are associated with increased
prevalence of asthma and diminished lung
function in children. Whether early-life
pneumonia is associated with subsequent
impaired lung function and asthma in adults is
not yet clear.

WHAT THIS STUDY ADDS: This is the first article
providing strong data for an association between
early-life pneumonia in an outpatient setting and
airflow limitation and asthma into adulthood,
supporting the hypothesis of the early-life origins
of chronic obstructive pulmonary disease.
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Several studies have reported an
association between pneumonia in
early childhood and the subsequent
development of long-term respiratory
sequelae, including asthma and
wheeze up to adolescence1–4 and
pulmonary function impairment in
adults.5–9 Infants are at higher
risk of sequelae after episodes of
pneumonia than older children,
which suggests the possibility that
pneumonia may harm the growing
lung.5,10–12 A recent meta-analysis
concluded that 5.5% of cases of
nonhospitalized pneumonia before
5 years of age were associated with
at least 1 major long-term
respiratory sequela, and the risk
was even higher among hospitalized
subjects.10 The occurrence of
pneumonia in early childhood
has been associated with both
restrictive10 and obstructive5,12–14

pulmonary outcomes.

Whether these associations are due
to lung injury caused by the severe
respiratory infection underlying
the pneumonia, or if pneumonia
occurs in lungs the growth of which
is already impaired before the
episode occurs, or whether they
represent a more proinflammatory
phenotype or even a mild relative
immune dysfunction favoring greater
lung damage is currently unknown.

Most epidemiologic studies of the
association of early childhood
pneumonia with subsequent
respiratory outcomes have been
based on parental questionnaires8

or on reports by home health
visitors.5,6,9 Only a few hospital-
based follow-up studies of limited
sample size are available, but in
these latter studies, pneumonia
was not assessed separately from
other lower respiratory tract
illnesses (LRIs).4,15–17

In previous analyses based on data
from the Tucson Children’s
Respiratory Study,1,18 we reported
for the first time that radiologically
ascertained pneumonia during the
first 3 years of life was associated

with persistent airway obstruction
and asthma up to age 11 years. Here,
we extend those studies in the same
population up to age 29 years.

METHODS

Study Design

The children who were included in
this study were part of a birth
cohort of 1246 healthy infants
enrolled between 1980 and 1984 in
the Tucson Children’s Respiratory
Study.18 Parents were contacted
shortly after their child was born
and completed a questionnaire
describing their race/ethnicity,
history of physician-diagnosed
asthma, years of education, current
age, and current smoking habits.
Participant race/ethnicity was
categorized as both parents being
non-Hispanic white, both parents
being Hispanic white, or 1 non-
Hispanic white parent and
1 Hispanic white parent; all other
groups (African American, Asian
American, Native American, and
mixed) were combined into a single
category (“other”). Parental history
of asthma was defined as either
parent report of a physician
diagnosis of asthma.

Questionnaires

Physician-diagnosed asthma with
active symptoms during the
previous year (asthma attacks or
episodes of wheeze) and active
wheeze during the previous year
were assessed prospectively by
questionnaires completed by the
participant’s parents at ages
11, 13, and 16 years and by the
participant at ages 18, 22, 24, 26,
and 29 years. Physician diagnosis
of asthma was based on recall of
what the physician said and
activity during the past year as
reported on the questionnaire.
Self-reported current cigarette
smoking was recorded at ages
16, 18, 22, 24, 26, and 29 years.

LRIs During Early Life

During the first 3 years of life,
parents were instructed to take
their children to their pediatricians
whenever the children had LRI
symptoms. Details of LRI
ascertainment are provided in
Supplemental Information 1.
Children were classified as having
pneumonia if the pediatrician
specified this diagnosis and if there
was radiologic evidence compatible
with pneumonia, ie, presence of
infiltrates and/or a radiologist’s
diagnosis of bronchopneumonia or
pneumonitis. Chest radiograms
were not required in the study and
were ordered for clinical reasons
only. Children who had at least
1 LRI during the first 3 years of life
and had a diagnosis of pneumonia
and radiologic evidence of
pneumonia for $1 of these LRIs
were included in the “pneumonia”
group. Children who had other LRIs
were included in the “other LRIs”
group, as were those with physician-
diagnosed pneumonia but without
radiologic evidence compatible
with this diagnosis. All other
children with full follow-up were
included in the “no LRI” group.
Among those with LRIs, 138
participants experienced multiple
episodes of LRIs (see Supplemental
Table 5).

Skin-Prick Test

Skin-prick tests to local aeroallergens
(Bermuda grass, Alternaria alternata,
careless weed, house dust mix, and
mesquite, mulberry, and olive tree
pollens) were performed at age
6 years as previously described.19

Atopy was defined as $1 positive
skin-prick test.

Lung Function Assessments

Methods to assess lung function
at ages 11, 16, 22, and 26 years
are described in Supplemental
Information 2. Spirometry indices
included forced vital capacity (FVC),
forced expiratory volume in 1 second
(FEV1), and forced expiratory flow
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between 25% and 75% of the FVC
(FEF25–75). Values were adjusted for
gender, height, and race/ethnicity.

Statistical Methods

Proportions were compared by
using x2 or Fisher’s exact test as
appropriate. A longitudinal
random-effects model was used to
assess the relation of radiologically
ascertained pneumonia and other
LRIs before age 3 to lung function
from ages 11 through 26 years.
Initially, a marginal analysis was
performed at ages 11, 16, 22, and
26 years to assess the significance
of covariates believed to possibly
influence the relation of early LRIs
to lung function. Covariates that
had a P value #.1 or that were
considered important on the basis
of existing literature were retained
for the longitudinal random-effects
models. Akaike’s information
criteria were compared between
models to determine the best-fitting
model.20 All models included age,
gender, height, race/ethnicity, and
history of early LRIs (the base
model), plus current physician-
diagnosed asthma, maternal
smoking, paternal smoking,
and any remaining significant
covariates. The relation of
radiologically ascertained
pneumonia and other LRIs before age
3 to subsequent physician-diagnosed
asthma and wheeze from ages 11
through 29 years was assessed by
using longitudinal generalized
estimating equations, which are
extension of the generalized linear
mixed models.21,22 A marginal analysis
was performed initially at ages 11, 13,
16, 18, 22, 24, 26, and 29 years to
assess the significance of covariates
believed to influence the relation of
early LRIs to occurrence of asthma or
wheeze on the basis of the literature
and previous analyses conducted by
our group. Covariates that had a
P value #.1 or that were considered
important on the basis of the literature
were retained for the longitudinal
generalized estimating equations.

All best-fitting models included age and
history of early LRIs plus maternal
smoking, paternal smoking, and any
remaining significant covariates. Two-
sided P values ,.05 were considered
significant. Statistical analyses were
carried out by using SPSS for
Windows 22.0 (IBM SPSS Statistics,
IBM Corporation, Armonk, NY) and
Stata 13.0 (StataCorp, College Station,
TX). Informed consent was obtained
from the parents for their children or
by the enrollees themselves, and
the Institutional Review Board of the
University of Arizona approved the
study.

RESULTS

Characteristics of Participants With
Complete and Incomplete Data

Participants included in the current
study were required to have complete
follow-up for LRIs during the first
3 years of life as well as $1 pulmonary
function test completed at ages 11,
16, 22, or 26 years (n = 646; Fig 1).
When compared with participants
with incomplete data, those with
complete data were more likely to be
non-Hispanic white or mixed non-
Hispanic/Hispanic white and to have
parents who were older and with
more years of education (Table 1).

Adult Lung Function and Pneumonia
During Early Life

Compared with children who did
not have early LRIs, those who had
pneumonia during the first 3 years
of life had a significantly lower
prebronchodilator FEV1 at ages 11,
16, and 22 years and a significantly
lower prebronchodilator FEV1:FVC
ratio, FEF25–75, and FEF25–75:FVC
ratio at ages 11, 16, 22, and
26 years (Table 2). For the
postbronchodilator spirometry,
pneumonia was associated with a
significantly lower FEV1 at age 22 years
and a significantly lower FEV1:FVC
ratio, FEF25–75, and FEF25–75:FVC
ratio at ages 11, 16, 22, and 26 years
(Table 2). There was no significant
relation between pneumonia during

early life and either pre- or
postbronchodilator FVC at any age.

In longitudinal random-effects
models, after adjusting for age,
gender, height, and race/ethnicity,
early pneumonia was associated
with a significantly lower
prebronchodilator FEV1 (P = .033),
FEV1:FVC ratio (P , .001), FEF25–75
(P , .001), and FEF25–75:FVC ratio
(P , .001) up to age 26 years
(Table 3). Early pneumonia was also
associated with a significantly lower
postbronchodilator FEV1:FVC ratio
(P = .001), FEF25–75 (P = .002), and
FEF25–75:FVC ratio (P = .002).
Figures 2 and 3 show the predicted
mean values for the FEV1:FVC ratio
and FEF25–75 derived from our base
models in non-Hispanic white male
participants at ages 11, 16, 22, and
26 years. Models were not
appreciably different for females.
Further adjustment for participants’
current smoking, current wheeze,
current physician-diagnosed asthma,
maternal history of physician-
diagnosed asthma, maternal
smoking, and paternal smoking did
not notably modify the results (see
Supplemental Table 6). Among
those early pneumonia cases, 68.2%
(30 of 44) had concurrent wheeze;
however, the association between
early pneumonia and subsequent

FIGURE 1
Numbers of subjects enrolled, with complete
follow-up for LRIs in the first 3 years of life, and
for whom data were available for pulmonary
function tests performed at least once at ages
11, 16, 22, or 26 years.
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impaired lung function was similar
for those with wheezy pneumonia
versus nonwheezy pneumonia (data
not shown).

Adult Lung Function and Other LRIs
During Early Life

Compared with participants without
early LRIs, those with other LRIs but
no pneumonia during the first 3 years
of life had a significantly lower
prebronchodilator FEV1:FVC ratio at
age 16 years only, and there was no
significant association of other LRIs
with postbronchodilator FEV1:FVC
ratio at any age (Table 2). Other LRIs
were associated with a significantly
lower prebronchodilator FEV1
at ages 11, 16, and 26 years
and a significantly lower
postbronchodilator FEV1 at age
26 years only (Table 2).

In longitudinal random-effects
models, other LRIs were associated
with significantly lower
prebronchodilator FEV1 (P = .024),
FEV1:FVC ratio (P = .018), FEF25–75
(P = .006), and FEF25–75:FVC ratio

(P = .010) and lower
postbronchodilator FEF25–75
(P = .027) and FEF25–75:FVC ratio
(P = .044) up to age 26 years (Table 3).
There was no significant relation
between other LRIs and either pre- or
postbronchodilator FVC (Table 3).
Adjustment for other covariates did
not notably modify these results
(see Supplemental Table 6).

LRIs During Early Life and
Subsequent Asthma and Wheeze

In the best-fitting longitudinal
generalized estimating equation for
asthma and after adjusting for age,
atopy at age 6 years, current smoking,
maternal asthma, paternal asthma,
maternal smoking, paternal smoking,
and paternal age, participants with
early pneumonia had a significantly
higher risk of active physician-
diagnosed asthma (odds ratio
[OR]: 1.95; 95% confidence interval
[CI]: 1.11–3.44) during the previous
year up to age 29 years compared
with those with no LRI during early
life (Table 4). Other LRIs in early life

were not associated with a significantly
higher risk of subsequent asthma. After
adjusting for the same covariates, early
pneumonia was associated with an
increased risk of active wheeze during
the previous year up to age 29 years
(OR: 1.94; 95% CI: 1.28–2.95) as
were other LRIs, although the
association with the latter was much
weaker than that for pneumonia
(OR: 1.37; 95% CI: 1.09–1.72)
(Table 4).

DISCUSSION

Our results indicate that having had
an episode of radiologically
ascertained pneumonia in early life is
associated with long-lasting
respiratory impairment and
morbidity. By their late 20s,
participants who had pneumonia
before age 3 had deficits of 23.9% 6
0.9% (P , .001) and 22.5% 6 0.8%
(P = .001) for pre- and
postbronchodilator FEV1:FVC ratios,
respectively, and these deficits were
independent of participants’

TABLE 1 Characteristics of Subjects With and Without Complete LRI Data and Any Pulmonary Function Data at Ages 11, 16, 22, or 26 Years

Subjects With
Complete LRIa and
PFT Data (N = 646)

Subjects With
Complete LRI Data but
No PFT Data (N = 242)

Subjects Without
Complete LRI and
PFT Data (N = 358)

Pb

N % N % N %

Participant characteristics
Male gender 646 50.8 242 47.1 358 47.8 .507
Race/ethnicityc

NHW 646 60.5 242 63.6 358 52.8 ,.001
HW 11.9 12.4 7.5
Mixed NHW/HW 14.4 9.1 5.9
Other 13.2 14.9 33.8

One or more positive skin-prick test at 6 years 572 39.3 82 35.4 108 33.3 .434
Active wheeze at 6 years 633 28.1 187 24.6 196 21.9 .193
Active physician-diagnosed asthma at 6 years 630 9.4 189 9.0 196 10.2 .913

Maternal characteristics
Active smoking 646 15.9 241 19.5 356 19.7 .241
Education #12 years 646 27.7 241 32.4 354 38.7 .002
Age .28 years 646 41.0 242 42.6 357 31.1 .003
Positive for physician-diagnosed asthma 638 10.3 233 12.9 284 10.9 .571

Paternal characteristics
Active smoking 638 28.7 238 33.2 350 35.1 .090
Education #12 years 633 26.4 238 29.4 346 35.8 .008
Age .28 years 637 59.3 239 56.9 353 41.4 ,.001
Positive for physician-diagnosed asthma 609 13.1 223 12.1 262 9.5 .328

HW, Hispanic white; NHW, Non-Hispanic white; PFT, pulmonary function test.
a Subjects with complete LRI data had complete follow-up during the first 3 years of life.
b P values (2-sided) based on Pearson x2 statistic.
c Participant race/ethnicity determined from parental information provided at enrollment.
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concomitant wheeze and smoking.
Early-life pneumonia was also
associated with a doubling of the risk
of active asthma and wheeze up to
age 29 years. Associations between

LRIs other than pneumonia and
subsequent respiratory outcomes
were weaker and less consistent,
indicating that long-term sequelae
may be specific for pneumonia.

Our group previously reported that,
in this same cohort and when
compared with children without LRIs,
those with early pneumonia had
lower maximal flows at functional

TABLE 2 Regression Models for Cross-sectional Lung Function and LRIs During the First 3 Years of Life

LRIs FEV1, mL FVC, mL FEV1:FVC Ratio, % FEF25–75, mL/s FEF25–75:FVC Ratio, %

B (SE) P B (SE) P B (SE) P B (SE) P B (SE) P

Prealbuterol lung function
Age 11 years (N = 548)
No LRI Ref Ref Ref Ref Ref
Pneumonia 2109.74 (46.71) .019 2.05 (53.75) .970 24.30 (1.07) ,.001 2415.45 (105.29) ,.001 216.46 (4.07) ,.001
Other LRIs 264.87 (23.46) .006 256.37 (27.00) .037 20.72 (0.54) .179 2147.40 (52.88) .006 24.10 (2.04) .045

Age 16 years (N = 434)
No LRI Ref Ref Ref Ref Ref
Pneumonia 2158.51 (76.81) .040 56.10 (92.44) .544 24.20 (1.25) .001 2460.97 (149.66) .002 210.94 (3.77) .004
Other LRIs 283.61 (40.64) .040 219.18 (48.91) .695 21.48 (0.66) .026 2212.63 (79.43) .008 24.79 (2.00) .017

Age 22 years (N = 397)
No LRI Ref Ref Ref Ref Ref
Pneumonia 2260.93 (87.45) .003 297.42 (97.22) .317 23.84 (1.42) .007 2523.42 (187.23) .005 29.42 (4.27) .028
Other LRIs 227.90 (43.38) .521 33.92 (48.23) .482 21.30 (0.70) .065 2117.09 (92.87) .208 23.70 (2.12) .082

Age 26 years (N = 297)
No LRI Ref Ref Ref Ref Ref
Pneumonia 2163.02 (99.30) .102 223.87 (110.57) .829 23.23 (1.51) .034 2507.60 (216.73) .020 211.14 (4.91) .024
Other LRIs 2119.77 (52.08) .022 2119.18 (57.99) .041 20.63 (0.79) .427 2151.45 (113.67) .184 21.92 (2.57) .456

Postalbuterol lung function
Age 11 years (N = 534)
No LRI Ref Ref Ref Ref Ref
Pneumonia 243.33 (44.40) .330 16.66 (53.00) .753 22.09 (1.01) .038 2281.22 (101.84) .006 211.15 (4.09) .007
Other LRIs 222.39 (22.62) .323 216.53 (26.99) .540 20.40 (0.51) .434 2103.83 (51.87) .046 23.73 (2.08) .073

Age 16 years (N = 425)
No LRI Ref Ref Ref Ref Ref
Pneumonia 2116.67 (76.90) .130 42.11 (91.63) .646 23.17 (1.03) .002 2427.17 (149.75) .005 210.55 (3.72) .005
Other LRIs 266.62 (41.07) .106 235.04 (48.98) .475 20.86 (0.55) .119 2187.95 (80.08) .019 24.13 (1.99) .039

Age 22 years (N = 393)
No LRI Ref Ref Ref Ref Ref
Pneumonia 2234.25 (80.84) .004 292.95 (96.86) .338 23.14 (1.16) .007 2589.87 (178.22) .001 210.27 (4.25) .016
Other LRIs 224.05 (40.27) .551 11.09 (48.25) .818 20.83 (0.58) .154 2138.40 (89.05) .121 23.63 (2.12) .088

Age 26 years (N = 286)
No LRI Ref Ref Ref Ref Ref
Pneumonia 2142.10 (97.46) .146 0.70 (144.20) .995 23.03 (1.32) .022 2522.03 (225.51) .021 211.39 (5.20) .029
Other LRIs 2119.02 (50.93) .020 2125.12 (59.68) .037 20.23 (0.69) .742 2110.35 (118.21) .351 20.13 (2.72) .963

All models included gender, height, race/ethnicity, and LRIs. B, model coefficient; Ref, reference group in the model.

TABLE 3 Longitudinal Random-Effects Models (Base Models) for Lung Function From Ages 11–26 Years and LRIs During the First 3 Years of Life

LRIs FEV1, mL FVC, mL FEV1:FVC Ratio, % FEF25–75, mL/s FEF25–75:FVC Ratio, %

B (SE) P B (SE) P B (SE) P B (SE) P B (SE) P

Prealbuterol lung function at
ages 11–26 years
No LRI Ref Ref Ref Ref Ref
Pneumonia 2117.22 (54.94) .033 46.34 (64.12) .470 23.92 (0.93) ,.001 2417.77 (114.02) ,.001 212.38 (3.17) ,.001
Other LRIs 262.79 (27.87) .024 221.90 (32.53) .501 21.12 (0.47) .018 2160.14 (57.79) .006 24.11 (1.60) .010

Postalbuterol lung function at
ages 11–26 years
No LRI Ref Ref Ref Ref Ref
Pneumonia 267.23 (53.68) .210 55.83 (64.80) .389 22.54 (0.79) .001 2348.36 (111.54) .002 29.49 (3.14) .002
Other LRIs 240.83 (27.28) .134 218.18 (32.92) .581 20.64 (0.40) .111 2125.19 (56.66) .027 23.20 (1.59) .044

All base models included age, gender, height, race/ethnicity, and LRIs. The number of observations for the prealbuterol FEV1 model was 1676; the number of individuals included in the
analysis was 646, with an average number of observations per individual of 2.6. B, model coefficient; Ref, reference group in the model.
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residual capacity at age 6 years and
lower levels of FEV1 and FEF25–75 at
age 11 years.1 In the large

longitudinal British National Child
Development Study, early pneumonia
was associated with deficits in both

FEV1 and FVC at the age of 34 or
35 years.8 Shaheen et al12 showed
that early pneumonia before the age
of 2 years was associated with
reduced mean FEV1 and FVC at
a mean age of 57.6 years. No change
in FEV1:FVC ratio was observed.
Pneumonia or bronchitis in infancy
was associated with reduced mean
FEV1 in Hertfordshire 60-year-olds.5

In a recent meta-analysis, early
pneumonia under the age of 5 years
was associated with a 5.4% (95%
CI: 2.5%–10.2%) risk of restrictive
lung disease and a 2.8% (95%
CI: 0.8%–6.4%) risk of obstructive
lung disease.10 In contrast, our
results revealed clear evidence of an
obstructive spirometric pattern but
no evidence of a restrictive pattern
in adult participants with
radiologically ascertained
pneumonia before age 3. What may
determine these discrepancies is
unknown, but differences in
ascertainment methods, such as
recruiting hospitalized versus
nonhospitalized children and the
fact that only in our study were
radiograms used to confirm clinical
pneumonia in nonhospitalized
children, may have influenced the
results. In addition, most cases of
pneumonia ascertained in this
study were associated with
respiratory viruses,1 whereas
microbiology of the episode of
pneumonia was not available for
previous studies.5,8,10,12 Whether
bacterial pneumonia was more
frequent in those studies than in
ours and if such etiology is more
likely to be associated with
restrictive pulmonary sequelae are
currently unknown.

We also previously reported in this
same cohort that early pneumonia
was associated with physician-
diagnosed asthma and wheeze at
ages 6 and 11 years.1 In the large
longitudinal British National Child
Development Study by Anderson
et al,3 early pneumonia by the age
of 7 years was associated with
increased risk of developing asthma

FIGURE 2
Predicted mean values for FEV1:FVC ratio in non-Hispanic white males at ages 11, 16, 22, and 26 years
by LRIs. Closed symbols (plotted) represent the predicted mean values for lung function for non-
Hispanic white male participants based on longitudinal random-effects models using base models
adjusted for age, gender, height, race/ethnicity, and LRIs. All predicted mean values for lung function
were standardized to mean heights for male participants at ages 11, 16, 22, and 26 years (ie, 144.5,
176.5, 178.2, and 179.0 cm, respectively). Open symbols (adjacent to the plotted symbols) represent
the predicted mean values for lung function for non-Hispanic white male participants based on
cross-sectional linear regression models (adjusted for gender, height, and race/ethnicity) at ages
11, 16, 22, and 26 years.
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or wheeze at age 11 and 16 years.
Another longitudinal study by Kusel
et al2 showed that early febrile LRI

during infancy was associated with
higher risk of developing asthma
(risk ratio: 2.57; 95% CI: 1.33–4.98)

and persistent wheeze (risk ratio:
2.12; 95% CI: 1.14–3.95) at age
10 years. In contrast, an 8-year
follow-up study by Korppi et al4

failed to show a significant
association between early
pneumonia with subsequent
development of asthma, probably
due to small sample size. However,
they did find increased bronchial
hyperreactivity after infantile
pneumonia and bronchiolitis. Our
longitudinal study is by far the
largest birth cohort with the longest
follow-up period in which the
relation between radiologically
ascertained pneumonia and
subsequent asthma and wheeze
was assessed up to adult life.

The main strength of our study is
that ascertainment was population-
based and the diagnosis of
pneumonia and LRIs was made by
study pediatricians on the basis of
a preestablished set of standardized
criteria. Moreover, the additional
requirement of radiologic evidence
of pneumonia further enhanced the
diagnostic accuracy. The complete
3-year follow-up of all participants
ensured that all LRI episodes
during the first 3 years of life were
captured in our study. In contrast
to most of the available literature,
which mostly reported cross-
sectional mean lung function
estimates, we conducted our
longitudinal analysis on the basis
of all available lung function data
at ages 11, 16, 22, and 26 years.
Nevertheless, the study has
potential limitations. Only 71.3%
(888 of 1246) of participants had
full follow-up for LRIs in early life
and, of these, 646 also had
available lung function data. The
main differences between included
and excluded participants were in
socioeconomic status and ethnicity,
and the influence of these
differences on the associations
under study is unknown.

Interestingly, a gradation of effect
was seen in our results, in that

FIGURE 3
Predicted mean values for FEF25–75 in non-Hispanic white males at ages 11, 16, 22, and 26 years by
LRIs. Closed symbols (plotted) represent the predicted mean values for lung function for non-
Hispanic white male participants based on longitudinal random-effects models using base models
adjusted for age, gender, height, race/ethnicity, and LRIs. All predicted mean values for lung function
were standardized to mean heights for male participants at ages 11, 16, 22, and 26 years (ie, 144.5,
176.5, 178.2, and 179.0 cm, respectively). Open symbols (adjacent to the plotted symbols) represent
the predicted mean values for lung function for non-Hispanic white male participants based on
cross-sectional linear regression models (adjusted for gender, height, and race/ethnicity) at ages
11, 16, 22, and 26 years.
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radiologically ascertained pneumonia
was associated with more severe
deficits in airway function than
those observed for other LRIs. We
previously reported that the
detection frequencies for viruses we
found associated with pneumonia
were not very different from those
observed for other LRIs.1 It is thus
possible that there is a spectrum
of severity of viral LRI, with those
LRIs that are associated with more
severe symptoms being more
likely to be diagnosed as
pneumonia and to be associated
with radiologic changes
compatible with this diagnosis.
Distinguishing between patchy
infiltrates and local atelectasis in
early-life radiograms is not
straightforward, and the possibility
cannot be excluded that many
episodes diagnosed as pneumonia
could be more severe airway
obstruction associated with viral
respiratory infections.

The factors that determine the
association between pneumonia in
early life and the respiratory
outcomes observed in this and other
studies are unknown. One possible
mechanism is direct airway damage
attributable to the severe lung
infection causing the pneumonia.
Interference of pneumonia with
normal lung growth has been shown
in animal models.23 Furthermore,

infancy is a period of rapid airway
and alveolar growth in humans, and
early pneumonia may have impaired
the normal development of lung
structure and function during this
crucial period.24,25 FEF25–75 and
FEF25–75:FVC are indices of small
airway function.26,27 The dominant
obstructive deficit, especially in
small airways, observed in our
study suggests that the growth of
airways was disproportionately
affected. Viruses known to cause
pneumonia in infancy and early
childhood, such as adenovirus and
influenza A, can cause severe,
irreversible structural damage to
the developing lung in susceptible
subjects.28–30 It is thus possible that
a range of susceptibilities may exist
in the population such that some
young children may develop less
severe impairment, as observed in
this study.

Alternatively, individuals with early
pneumonia may already have a lower
premorbid lung function before their
LRIs. In this scenario, pneumonia
may be a marker of a preexisting
small airway caliber, which
predisposes to both airflow
limitation and asthma into adult
life.31–33 Our group has previously
shown that premorbid maximal
expiratory flow at functional residual
capacity (VmaxFRC) measured
before age 1 and before any LRI was

lower in children with subsequent
early pneumonia and with other LRIs
than in those with no LRI, although the
difference only reached statistical
significance for those with other LRIs,
likely due to the small sample size.1

Other studies from Norway and Perth
have shown that schoolchildren with
asthma have deficits in lung function
that may already be present shortly
after birth.34,35 It is reasonable to
surmise that both preexisting deficits
in lung function and the potential
damaging effects of severe acute
respiratory illnesses may have
separate and complementary
influences on the association between
early pneumonia and subsequent
deficits in lung function.

CONCLUSIONS

Radiologically ascertained
pneumonia before age 3 years is
associated with asthma and
impaired airway function that is
only partially reversible with
bronchodilators and that persists
into adult life. Because there is
considerable evidence that asthma
associated with airflow limitation is
a strong risk factor for subsequent
chronic obstructive pulmonary
disease,36 the prevention of
early-life pneumonia and of the
factors that determine low
lung function in infancy32 may
contribute significantly to decrease
the public health burden of chronic
obstructive pulmonary disease.
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TABLE 4 Best-Fitting Multivariate Longitudinal Generalized Estimating Equation Models for
Physician-Diagnosed Asthma and Active Wheeze From Ages 11–29 Years and LRIs During
the First 3 Years of Life

LRIs Symptoms

Asthmaa Active Wheezeb

OR (95% CI) P OR (95% CI) P

No LRI Reference Reference
Pneumonia 1.95 (1.11–3.44) .021 1.94 (1.28–2.95) .002
Other LRI 1.30 (0.93–1.80) .122 1.37 (1.09–1.72) .007
a Best-fitting model for asthma included age, LRIs, atopy at 6 years of age, current smoking, maternal asthma, paternal
asthma, maternal smoking, paternal smoking, and paternal age. The number of observations for asthma outcome was
4150; the number of individuals included in the analysis was 738, with an average number of observations per individual
of 5.6.
b Best-fitting model for active wheeze included age, LRIs, atopy at 6 years of age, current smoking, maternal asthma,
paternal asthma, maternal smoking, paternal smoking, and maternal education. The number of observations for active
wheeze outcome was 4160; the number of individuals included in the analysis was 738, with an average number of
observations per individual of 5.6.
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CRITICAL SKILLS: My daughter is a sophomore in college, and must declare a
major by the end of this year. Most of her friends have already decided, but she
cannot. Each week seems to bring a new possibility. So far she has contemplated
English, Political Science, Psychology, International Studies, African Studies, and
Independent Studies. While she likes courses in each of these areas, she wants to be
able to get a job after graduating. As I still have faith in the liberal arts college
approach to education, I keep telling her that her major probably does not matter
too much. What is really important is whether she can effectively communicate
with others and demonstrate critical thinking. As reported in The Wall Street
Journal (Education: January 16, 2015), it turns out that a surprisingly small
percentage of college graduates possess those skills.
The Council for Aid to Education administered an exam (the Collegiate Learning
Assessment Plus) to almost 32,000 collegians from 169 colleges in 2013 and 2014.
The test measures critical thinking, analytical reasoning, document literacy, and
written communication. While the results showed that students made gains in
critical thinking between freshman year and graduation, approximately 15% of
graduating college students demonstrated ‘below basic’ and another 25% only
‘basic’ skills. Approximately 60% demonstrated proficiency. The results are
worrisome. The skills measured by the Collegiate Learning Assessment Plus are
essential for professionals and even daily life. I am not sure how my daughter
would score on such a test, but I am happy that she is practicing her writing,
reasoning skills, and analytic skills in the college courses she is taking now.
Regardless of her major, she should do well.

Noted by WVR, MD
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