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Abstract
Introduction  Adult spirometry following community-
acquired childhood pneumonia has variably been 
reported as showing obstructive or non-obstructive 
deficits. We analysed associations between doctor-
diagnosed childhood pneumonia/pleurisy and more 
comprehensive lung function in a middle-aged general 
population cohort born in 1961.
Methods  Data were from the prospective population-
based Tasmanian Longitudinal Health Study cohort. 
Analysed lung function was from ages 7 years 
(prebronchodilator spirometry only, n=7097), 45 years 
(postbronchodilator spirometry, carbon monoxide 
transfer factor and static lung volumes, n=1220) and 53 
years (postbronchodilator spirometry and transfer factor, 
n=2485). Parent-recalled histories of doctor-diagnosed 
childhood pneumonia and/or pleurisy were recorded at 
age 7. Multivariable linear and logistic regression were 
used.
Results  At age 7, compared with no episodes, 
childhood pneumonia/pleurisy-ever was associated with 
reduced FEV1:FVC for only those with current asthma 
(beta-coefficient or change in z-score=−0.20 SD, 95% 
CI −0.38 to –0.02, p=0.028, p interaction=0.036). 
At age 45, for all participants, childhood pneumonia/
pleurisy-ever was associated with a restrictive pattern: 
OR 3.02 (1.5 to 6.0), p=0.002 for spirometric restriction 
(FVC less than the lower limit of normal plus FEV1:FVC 
greater than the lower limit of normal); total lung 
capacity z-score −0.26 SD (95% CI −0.38 to –0.13), 
p<0.001; functional residual capacity −0.16 SD (−0.34 
to –0.08), p=0.001; and residual volume −0.18 SD 
(−0.31 to –0.05), p=0.008. Reduced lung volumes were 
accompanied by increased carbon monoxide transfer 
coefficient at both time points (z-score +0.29 SD 
(0.11 to 0.49), p=0.001 and +0.17 SD (0.04 to 0.29), 
p=0.008, respectively).
Discussion  For this community-based population, 
doctor-diagnosed childhood pneumonia and/or pleurisy 
were associated with obstructed lung function at age 7 
for children who had current asthma symptoms, but with 
evidence of ’smaller lungs’ when in middle age.

Introduction
In the preantibiotic era, bacterial pneumonia 
was frequently associated with lung abscesses, 
empyema, septicaemia and/or death.1 While 

widespread access to antibiotics and immunisa-
tion has reduced these adverse outcomes predom-
inantly in developed countries, the global health 
burden from pneumonia and lower respiratory 
tract illnesses still remains high,2 with respira-
tory viruses commonly identified as pathogens.3 4 
Thus, information on the long-term consequences 
of childhood pneumonia in the antibiotic era has 
ongoing importance.

Whether childhood pneumonia predisposes 
to reduced adult lung function and/or COPD is 
controversial.5 6 Of the five prospective population-
based studies that have examined the association 
between childhood pneumonia and postbron-
chodilator (BD) spirometry in adults,3 7–10 two 
have observed airflow obstruction,3 7 while three 
have found spirometric restriction (reductions in 
both post-BD FEV1 and FVC with a preserved 
forced expiratory ratio (FEV1:FVC)).8–10 These 
conflicting physiological patterns were not clearly 
related to the preantibiotic7–9 versus antibiotic 

Key messages

What is the key question?
►► What is the relationship between childhood 
pneumonia and comprehensive lung function 
measures in a general population-based cohort 
currently in middle age?

What is the bottom line?
►► Doctor-diagnosed childhood pneumonia and/
or pleurisy were associated with obstructed 
prebronchodilator spirometry at age 7 for 
children who had current asthma symptoms, 
but with reduced static lung volumes when in 
middle age.

Why read on?
►► For the first time, this prospective study 
has used static lung volume and carbon 
monoxide transfer factor measurements to 
complement spirometric data from childhood 
to middle age, to further understanding of 
childhood pneumonia and/or pleurisy and their 
association with lung physiology across the life 
course.
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Respiratory epidemiology

Figure 1  TAHS participants of the present analysis (1968–2016). BD, bronchodilator; TASH, Tasmanian Longitudinal Health Study; TLco, carbon 
monoxide transfer factor.

era,3 10 nor to older (55–75 years) versus younger adults 
(<40 years). However, the magnitude of spirometric defi-
cits attributed to early childhood pneumonia was greatest 
in preantibiotic cohorts (FEV1: 0.65 L7 and FVC: 0.67 L9). 
The most recent birth cohort study examined radiologically 
confirmed childhood pneumonia and lower respiratory tract 
infections (LRTI) separately and reported pneumonia-related 
airflow obstruction with greater FEV1 deficits up to age 22 
years and LRTI-related reductions in FVC at age 26.3 Using 
group-based trajectory modelling, our research group has 
previously reported associations between doctor-diagnosed 
childhood pneumonia/pleurisy and lower pre-BD FEV1 trajec-
tories across the life course, and shown how obstructed airway 
function in middle age was related to a combination of child-
hood pneumonia, asthma and bronchitis.11 12 Notably, none 
of these previous analyses reported on static lung volumes in 
relation to either obstruction or restriction, nor on carbon 
monoxide transfer factor (TLco) to assess lung parenchymal 
function.

Quantifying the lung function influence of childhood pneu-
monia across the life course is clinically important given the 
evolving link between early life respiratory factors and predis-
position to COPD.6 12 Using data from the whole-of-community 
cohort born in 1961 in Tasmania, Australia, we aimed to inves-
tigate the lung function consequences of doctor-diagnosed 
childhood pneumonia/pleurisy using serial spirometry spanning 
childhood and middle age, and for the first time post-BD TLco 
and static lung volumes.

Materials and methods
Study design and population
Our study sample included those participants of the Tasmanian 
Longitudinal Health Study cohort (TAHS 1968–2015) who 
took part in three clinical studies at the mean ages of 7, 45 and 
53 years. Details have been published elsewhere.13–18 Briefly, 
this population-based cohort born in 1961 (n=8583) and 
studied with spirometry in 1968 (aged 6–7 years) was retraced 
(n=7312)16 and resurveyed by questionnaire. Of 5729 respon-
dents, those who had participated in a 1974 and/or 1992 clin-
ical follow-up visit and/or had adult respiratory symptoms were 
invited to undertake spirometry (pre-BD and post-BD), TLco and 
static lung volumes between 2006 and 2008. Of 2373 invitees, 
58.5% (n=1389) attended.

Of the full original cohort, 6127 were traced and invited to 
participate in the subsequent 2012 clinical study, with 3609 
(58.9%) completing the questionnaire and 2689 (43.9%) under-
going spirometry and TLco measurements. Of those tested, 897 
had lung function measurements from the previous laboratory 
study (figure 1).

Data collection methods
Details of lung function testing have been described15 and 
summarised in online supplementary data, methods E1. The 
measurements of lung function were standardised across testing 
sites and followed the 2005 American Thoracic Society/European 
Respiratory Society standards for technically acceptable lung 
function testing based on repeatability criteria for spirometry, 
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TLco and static lung volumes.19–21 For this analysis, lung function 
data at a mean age of 7, 45 and 53 were converted to z-scores 
(ie, SD units) using established standard reference values22 23 and 
equations.24

Clinical definitions
Childhood pneumonia and/or pleurisy was defined by a parent’s 
affirmative response to the 1968 survey question ‘Have you ever 
been told by a doctor that he/she had pneumonia or pleurisy’, 
followed by the prespecified options of ‘No, never’, ‘Yes, once 
or twice’, and ‘Yes, more than twice’. These categories corre-
spond to childhood pneumonia/pleurisy-never, infrequent child-
hood pneumonia/pleurisy, and recurrent childhood pneumonia/
pleurisy in the main text, respectively. Childhood pneumonia/
pleurisy-­ever combines the latter two categories (≥1 episode). 
Other relevant definitions are included in online supplementary 
methods E2.

Postbronchodilator airflow obstruction (post-BD AO) was 
defined by FEV1:FVC <5th percentile of predicted values 
following 200 µg of salbutamol administered via spacer (z-score 
<–1.645 SD).22 Spirometric restriction was defined by post-BD 
FVC <5th percentile of predicted values in the absence of 
post-BD AO.

Statistical analysis
All analyses were carried out using Stata V.14. Univariable trends 
of continuous/categorical lung function data were examined 
across ordered categories using the non-parametric trend test 
(‘nptrend’)25 and ordinal logistic regression, respectively. Multi-
variable linear/logistic regression was used to examine associa-
tions with continuous/categorical lung function outcomes using 
two different classifications: (1) childhood pneumonia/pleu-
risy as a binary exposure (ever or never); and (2) a multilevel 
exposure consisting of never (0), infrequent (1–2) and recurrent 
(>2 episodes). The regression coefficients represent the associ-
ations between exposures and lung function values expressed as 
z-scores (SD units) (online supplementary methods E3).

Models were adjusted for known confounding of the pneu-
monia–lung function relationship, namely categorical variables 
of maternal/paternal smoking, socioeconomic status (paternal 
occupation, rurality of primary school) and history of breast/
bottle feeding.26 27 Where applicable, models were adjusted for 
sampling weights, being the inverse of the probability of being 
included in the sample. Childhood lung function measured at the 
time of the original survey and current childhood asthma were 
considered potential intermediaries and/or mediators.2 3 28 29 
This approach was supported for the latter by performing causal 
mediation analysis,30 31 which estimated the per cent of the total 
effect mediated by current childhood asthma to be 72.5% and 
55.6% for FEV1/:FVC as continuous and categorical variables at 
age 7, respectively (online supplementary data, table E4). Thus 
pneumonia–childhood asthma interactions were investigated, 
also to provide estimates for participants without symptomatic 
asthma at age 7. Biologically plausible sex-related differences and 
effect modification by smoking status (never vs ever-smokers) 
were also examined. These analyses were performed using child-
hood pneumonia/pleurisy-ever as a binary variable, and stratified 
results were reported if a statistical interaction was identified.

Missing exposure/confounding data ranged between 0% and 
6% per variable (online supplementary data, tables E1 and E2), 
so complete case analysis was performed. A conventional cut-off 
of p<0.05 was used to determine statistical significance for the 
main associations and p<0.10 for interactions.

Results
Demographic and clinical features
Clinical characteristics and lung function data have been 
published.15 At age 7, 14.2% (n=1172) of participants had had 
childhood pneumonia/pleurisy-ever, more commonly for males 
than females (15.3% (95% CI 14.2 to 16.4) vs 13.1% (95% CI 
12.0 to 14.1), respectively, p=0.004). This baseline prevalence 
was similar when the population was restudied at two time 
points in middle age, after taking sampling weights into account 
(13.4%–14.4%; table 1).

Other than an increased prevalence of current asthma and 
chronic bronchitis with symptom enrichment at age 45, there 
were no other appreciable differences in baseline characteristics 
when compared with the original survey at age 7 and subsequent 
follow-ups (online supplementary tables E1 and E2). Specifically, 
after accounting for sampling weights, the percentage with doctor-
diagnosed childhood pneumonia/pleurisy (13.6%–16.0%) and 
z-score distributions of childhood lung function (0.00–0.12 SD) 
were similar between those participating and not participating in 
each of the three follow-ups (online supplementary table E3).

Spirometry at age 7
At age 7, pre-BD FEV1 and FEV1:FVC levels were reduced (p trend 
≤0.01), and the odds for airflow obstruction increased across 
ordered childhood pneumonia/pleurisy categories (p trend=0.008; 
table 2). In multivariable models, across all participants, childhood 
pneumonia/pleurisy-ever was associated with reduced FEV1:FVC 
when analysed as a continuous variable (z-score –0.09 SD (–0.16 
to –0.02), p=0.012; table  3). However, when the analysis was 
stratified by current childhood asthma status, the association for 
childhood pneumonia/pleurisy-ever compared with no history was 
seen in children who had current childhood asthma (z-score –0.20 
(95% CI –0.02 to –0.38), p=0.028) but not those without (–0.003 
(–0.1 to +0.1), p=0.94, p interaction=0.036; online supplemen-
tary data, table E5).

For the smaller subgroup with recurrent episodes, childhood 
pneumonia/pleurisy was associated with reduced FEV1 (z-score 
–0.25 SD (95% CI –0.5 to –0.04), p=0.021; table  3) and an 
increased odds for airflow obstruction in childhood (OR 2.71 
(1.3 to 5.7), p=0.009; table  3) compared with no history. 
Infrequent, recurrent and childhood pneumonia/pleurisy-ever 
were associated with reduced FEV1:FVC (p<0.05), especially 
for males (z-score –0.14 (–0.2 to –0.05), p=0.003, p interac-
tion=0.104; online supplementary table E6).

Neither recurrent nor ever childhood pneumonia/pleurisy was 
associated with reduced FVC analysed as either a continuous or 
categorical variable (p>0.146; table 4). Effect modification of 
these relationships by childhood asthma was not seen (p interac-
tion >0.43; online supplementary table E5).

Spirometry in middle age
At both ages 45 and 53, the odds for spirometric restriction 
increased across ordered childhood pneumonia/pleurisy catego-
ries (p trend <0.009; table 2), with some evidence for decreasing 
post-BD FEV1:FVC at age 53 only (p=0.059).

At age 45, although childhood pneumonia/pleurisy-ever was 
not associated with post-BD FEV1, recurrent episodes corre-
sponded to reductions in FEV1 equivalent to 0.46 SD (95% CI 
0.01 to 0.9, p=0.045) compared with no history (table 3). There 
was a 3.02-fold increase in the odds for adult spirometric restric-
tion for childhood pneumonia/pleurisy-ever compared with no 
history (95% CI 1.5 to 6.0, p=0.002; table 4).
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Table 1  Demographic characteristics of TAHS participants, stratified by history of childhood pneumonia/pleurisy

Characteristics in childhood and middle age

Doctor-diagnosed childhood pneumonia/pleurisy (n=8254)*

Never Once or twice More than twice

At age 7

Childhood pneumonia/pleurisy, n (%)* 7082 (86) 1048 (13) 124 (1.5)

Demographics

 � Age, years (SD) 6.50 (0.29) 6.52 (0.28) 6.56 (0.28)

 � Sex (male) 3567 (50) 582 (56) 62 (50)

Rurality of primary school

 � Inner regional Australia 4095 (59) 625 (61) 72 (61)

 � Outer regional Australia 2659 (38) 369 (36) 44 (37)

 � Remote Australia 122 (2) 20 (2) 2 (2)

 � Very remote Australia 104 (1) 10 (1) 1 (1)

Paternal occupation (ASCO)

 � Managers/professionals 1415 (21) 188 (20) 13 (12)

 � Associated professionals 436 (7) 57 (6) 7 (6)

 � Tradespersons and advanced clerical 1973 (30) 288 (30) 29 (26)

 � Intermediate clerical and production 1865 (28) 279 (29) 38 (34)

 � Elementary clerical, labourers and related workers 938 (14) 149 (16) 26 (23)

Infant feeding

 � Breast only 2763 (40) 356 (35) 47 (40)

 � Bottle only 1953 (28) 320 (32) 37 (31)

 � Breast and bottle feeding 2213 (32) 340 (33) 35 (29)

Parental smoking at age 7 years, n (%)

 � Maternal smoking 4310 (63) 448 (44) 56 (47)

 � Paternal smoking 4115 (61) 633 (65) 93 (79)

Respiratory symptoms in preceding 12 months

 � Asthma/wheezy breathing 598 (8.4) 231 (22) 58 (47)

 � Recurrent childhood bronchitis 1840 (27) 500 (50) 91 (75)

At age 45

Childhood pneumonia/pleurisy, n (%)* 1130 (82) 225 (16) 26 (1.9)

% weighted back to 1968 survey 85.6 12.9 1.5

Demographics

 � Age, years (SD) 44.9 (0.8) 44.8 (0.8) 44.9 (1.0)

 � Sex, n (%) (male) 559 (49) 129 (57) 14 (54)

Current smoking status

 � Current smoker, n (%) 323 (29) 55 (25) 8 (30)

 � Pack-years, median (IQR) 21 (12–29) 23 (13–33) 23 (18–28)

Current respiratory symptoms last 12 months

 � Asthma/wheezy breathing 344 (25) 69 (25) 15 (40)

 � Chronic bronchitis 279 (6) 53 (8) 8 (11)

At age 53

Childhood pneumonia/pleurisy, n (%)* 2967 (87) 409 (12) 51 (1.5)

Demographics

 � Age, years (SD) 53.0 (1.0) 53.1 (0.9) 53.1 (0.9)

 � Sex, n (%) (male) 1414 (48) 232 (57) 28 (55)

Current smoking status

 � Current smoker, n (%) 525 (17) 70 (17) 12 (22)

 � Pack-years, median (IQR) 24 (13–36) 25 (10–38) 32 (18–40)

Current respiratory symptoms last 12 months

Continued
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Characteristics in childhood and middle age

Doctor-diagnosed childhood pneumonia/pleurisy (n=8254)*

Never Once or twice More than twice

 � Asthma/wheezy breathing 323 (11) 56 (13) 4 (13)

 � Chronic bronchitis 150 (5) 25 (6) 2 (4)

*Total percentages are within columns except where percentages across columns total 100% as indicated.
ASCO, Australian Standard Classification of Occupations; TAHS, Tasmanian Longitudinal Health Study.

Table 1  Continued

Table 2  Number of participants and baseline lung function of TAHS laboratory study participants, stratified by childhood history of pneumonia/
pleurisy

Lung function measure in childhood and middle age*

Doctor-diagnosed childhood pneumonia/pleurisy, n (%); z-score (SD)†

P trend across groups§Never (none) Ever (1–2 episodes) Recurrent (>2 episodes)

At age 7, n (%) 6033 (86) 879 (13) 98 (1.4) –

 � Pre-BD FEV1 −0.07 (1.0) −0.11 (1.0) −0.36 (1.0) 0.010

 � Pre-BD FVC −0.17 (0.9) −0.17 (0.9) −0.37 (0.9) 0.372

 � Pre-BD FEV1:FVC +0.21 (1.0) +0.12 (1.0) +0.03 (1.0) 0.003

 � Airflow obstruction, n (%) 223 (4) 39 (4) 10 (10) 0.008

 � Spirometric restriction, n (%) 290 (5) 41 (5) 6 (6) 0.853

At age 45, n (%)‡ 1082 (82) 211 (16) 24 (1.8) –

 � Post-BD FEV1 −0.13 (1.0) −0.21 (1.1) −0.51 (1.0) 0.070

 � Post-BD FVC +0.01 (0.9) −0.11 (1.0) −0.28 (0.9) 0.027

 � Post-BD FEV1:FVC ratio −0.26 (1.0) −0.17 (1.1) −0.39 (1.1) 0.396

 � Airflow obstruction, n (%) 101 (9) 17 (8) 4 (17) 0.841

 � Spirometric restriction, n (%) 28 (3) 15 (7) 2 (8) 0.002

 � TLco +0.17 (1.1) +0.26 (1.2) +0.37 (1.2) 0.166

 � Kco +0.16 (1.1) +0.33 (1.3) +0.75 (0.7) 0.005

 � Alveolar volume +0.08 (1.0) +0.05 (0.9) −0.37 (1.2) 0.126

 � TLC +0.44 (0.8) +0.27 (0.7) +0.08 (0.8) 0.003

 � FRC +0.05 (0.8) −0.12 (0.8) −0.01 (0.8) 0.020

 � RV +0.09 (0.9) −0.03 (0.8) +0.15 (0.9) 0.239

 � RV/TLC −0.34 (0.6) −0.35 (0.7) −0.02 (0.7) 0.291

At age 53, n (%)‡ 2209 (87) 309 (12) 29 (1.1) –

 � Post-BD FEV1 +0.13 (1.0) −0.05 (1.0) −0.19 (1.3) 0.002

 � Post-BD FVC +0.09 (0.9) −0.01 (0.9) −0.22 (1.1) 0.017

 � Post-BD FEV1:FVC ratio +0.05 (0.9) −0.07 (1.0) −0.02 (0.8) 0.059

 � Airflow obstruction, n (%) 103 (5) 19 (6) 2 (7) 0.216

 � Spirometric restriction, n (%) 45 (2) 10 (3) 3 (10) 0.009

 � TLco +0.15 (1.0) +0.23 (1.0) +0.32 (0.8) 0.051

 � Kco +0.26 (1.0) +0.39 (1.1) +0.58 (0.8) 0.004

 � Alveolar volume −0.11 (1.0) −0.16 (1.0) −0.28 (1.0) 0.159

*Airflow obstruction was defined by FEV1:FVC <LLN; spirometric restriction was defined by FVC <LLN plus FEV1:FVC ≥LLN.
†Values are expressed as z-scores representing SD from the mean predicted value unless otherwise specified.
‡Numbers in italics represent the number of participants with technically acceptable spirometry; fewer underwent TLco measurements at age 45 (n=1239) and at age 53 
(n=2485), and static lung volumes at age 45 (n=1220).
BD, bronchodilator; FEV1:FVC, the ratio between FEV1 and FVC; FRC, functional residual capacity; Kco, carbon monoxide transfer coefficient; LLN, lower limit of predicted normal; 
RV, residual volume; TAHS, Tasmanian Longitudinal Health Study; TLC, total lung capacity; TLco, gas transfer factor of carbon monoxide.

Effect modification of the pneumonia-spirometry relation-
ship by childhood asthma was seen. Specifically, the odds of 
having airflow obstruction were reduced for childhood pneu-
monia/pleurisy-ever compared with no history, but for only 
those without childhood asthma (OR 0.31 (95% CI 0.1 to 
0.9), p=0.028 vs 1.64 (0.8 to 3.5), p=0.20 with asthma, p 
interaction=0.020; online supplementary table E5). This was 

complemented by higher post-BD FEV1:FVC levels for those 
without current childhood asthma (z-score +0.27 SD (95% 
CI +0.1 to +0.5), p=0.004 vs –0.04 (–0.3 to +0.3), p=0.78 
with asthma, p interaction=0.079; online supplementary 
table E5). The odds for spirometric restriction were statisti-
cally greater for females than males at the 45-year follow-up 
(p interaction=0.042; online supplementary table E6), without 
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Table 3  Multivariable associations between doctor-diagnosed childhood pneumonia-pleurisy, FEV1 and measures of airflow obstruction from 
childhood to middle age

Episodes of pneumonia 
and/or pleurisy† Complete case (n)

Measures of airflow obstruction at ages 7, 45 and 53 years ‡§

FEV1 FEV1:FVC FEV1:FVC <LLN

(z-score (SD, 95% CI)) P value (z-score (SD, 95% CI)) P value OR (95% CI) P value

At age 7

 � 0 5390 Ref Ref Ref

 � ≥1 852 −0.03 (−0.1 to +0.04) 0.373 −0.09 (−0.2 to 0.02)* 0.012 1.31 (0.9 to 1.9) 0.134

 � 1–2 767 −0.01 (−0.1 to +0.1) 0.821 −0.08 (−0.2 to 0.01)* 0.033 1.16 (0.8 to 1.7) 0.455

 � >2 85 −0.25 (−0.5 to 0.04)* 0.021 −0.18 (−0.4 to +0.03) 0.085 2.71 (1.3 to 5.7)** 0.009

At age 45

 � 0 984 Ref Ref Ref

 � ≥1 210 −0.07 (−0.2 to +0.1) 0.362 +0.16 (+0.01 to +0.3) 0.040 0.82 (0.5 to 1.4) 0.472

 � 1–2 189 −0.03 (−0.2 to +0.1) 0.726 +0.20 (+0.04 to +0.4)* 0.015 0.70 (0.4 to 1.3) 0.252

 � >2 21 −0.48 (−0.9 to 0.01)* 0.045 −0.18 (−0.6 to +0.3) 0.425 1.93 (0.6 to 6.1) 0.264

At age 53

 � 0 2064 Ref Ref Ref

 � ≥1 312 −0.17 (−0.3 to 0.1)** 0.008 −0.09 (−0.2 to +0.02) 0.145 1.32 (0.8 to 2.2) 0.336

 � 1–2 287 −0.16 (−0.3 to 0.03)* 0.014 −0.09 (−0.2 to +0.02) 0.165 1.30 (0.7 to 2.3) 0.395

 � >2 25 −0.23 (−0.6 to +0.2) 0.261 −0.10 (−0.5 to +0.2) 0.615 1.55 (0.4 to 6.8) 0.569

If a statistical interaction is present, stratified results have been presented in the main text and correspond to online supplementary table E5 (by current childhood asthma), 
online supplementary table E6 (by participant sex) and online supplementary table E7 (by never/ever smoking).
*P<0.05, **p<0.01, ***p<0.001.
†≥1 and >2 episodes refer to childhood pneumonia/pleurisy-ever and recurrent pneumonia/pleurisy in the main text, respectively.
‡Airflow obstruction without inhaled bronchodilator at age 7; post-bronchodilator airflow obstruction assessed at ages 45 and 53 years.
§Multivariable adjustments include sampling weights (at age 45), maternal/paternal smoking,socioeconomic status (paternal occupation, rurality of primary school) and breast/
bottle feeding.
FEV1:FVC, the ratio between FEV1 and FVC; LLN, lower limit of normal; Ref, reference.

modification by adult smoking status (online supplementary 
table E7).

At age 53, childhood pneumonia/pleurisy-ever was associated 
with similar reductions in post-BD FEV1 and FVC analysed as 
continuous variables (z-scores –0.16 SD (95% CI –0.28 to –0.04), 
p=0.009 and –0.11 SD (–0.22 to –0.001), p=0.047, respec-
tively). There was modest evidence for an association between 
recurrent childhood pneumonia/pleurisy and spirometric restric-
tion (OR=3.91 (0.86 to 17.7), p=0.076, n=25). Childhood 
asthma symptoms at age 7, participant sex and adult never/ever-
smoking status did not modify any of these pneumonia–spirom-
etry relationships (p interaction >0.20; online supplementary 
tables E5–E7). However, the estimate for pneumonia-related 
spirometric restriction was statistically significant only for those 
who had current childhood asthma at age 7 and not for those 
without, seen at both time points in middle age (online supple-
mentary table E5).

Static lung volumes at age 45
Total lung capacity (TLC) and functional residual capacity (FRC) 
were reduced across increasing childhood pneumonia/pleurisy 
categories (p trend <0.01; table 2). This dose–response relation-
ship with TLC was especially evident for never smokers compared 
with ever-smokers (p trend=0.006 vs 0.132, respectively).

In multivariable models, childhood pneumonia/pleurisy-ever 
was associated with reductions in adult TLC compared with no 
history (z-score –0.24 SD (95% CI –0.37 to –0.12), p<0.001; 
table 5). This deficit corresponded to an absolute reduction in 
TLC of 225 mL (95% CI 104 to 346 mL) or 3.97 (2.0 to 5.9) 
% predicted. The statistically significant reductions in TLC, 

FRC and RV were greater for never smokers compared with 
ever-smokers, although estimates were not statistically different 
between the two groups (p interaction=0.104, 0.146 and 0.120, 
respectively; online supplementary table E7). The pneumonia–
TLC relationship was not modified by the presence of current 
asthma at age 7 (p interaction=0.63; online supplementary table 
E5), but was more pronounced for males compared with females 
(z-score –0.29 SD (–0.5 to –0.1), p=0.002 vs –0.14 SD (–0.30 to 
+0.01), p=0.075, p interaction=0.193), while FEV1:FVC was 
reduced for males only (–0.14 SD (–0.24 to –0.05), p=0.003, p 
interaction=0.104; online supplementary table E6).

TLco in middle age
Childhood pneumonia/pleurisy-ever was associated with 
increases in carbon monoxide transfer coefficient (Kco) (ie, TLco 
per unit of accessible alveolar volume) at ages 45 and 53 years, 
compared with no history (z-score +0.29 SD (95% CI +0.1 
to +0.5), p=0.001 and +0.17 SD (+0.04 to +0.3), p=0.008, 
respectively; table 6). The main associations between childhood 
pneumonia/pleurisy-ever and TLco were also in the same direc-
tion at both time points, although not statistically significant. No 
sex-related differences were seen (online supplementary table 
E6), and there was no clear pattern of effect modification by 
current childhood asthma and smoking status (online supple-
mentary tables E5 and E7).

Discussion
In our prospective population-based cohort born in 1961, which 
is the first such study to measure comprehensive lung function 
in middle age, we found parental report of doctor-diagnosed 
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Table 4  Multivariable associations between doctor-diagnosed childhood pneumonia-pleurisy, FEV1 and measures of spirometric restriction from 
childhood to middle age

Episodes of pneumonia/
pleurisy† Complete case (n)

Measures of spirometric restriction at ages 7, 45 and 53 years‡§¶

FVC FVC <LLN without post-BD AO

(z-score (SD, 95% CI)) P value OR (95% CI) P value

At age 7

 � 0 5390 Ref Ref

 � ≥1 852 +0.01 (−0.1 to +0.1) 0.623 0.92 (0.6 to 1.3) 0.630

 � 1–2 767 +0.03 (−0.04 to +0.1) 0.419 0.87 (0.6 to 1.3) 0.487

 � >2 85 −0.14 (−0 to .3 to +0.1) 0.149 1.31 (0.5 to 3.3) 0.560

At age 45

 � 0 984 Ref Ref

 � ≥1 210 −0.16 (−0.3 to 0.02)* 0.028 3.02 (1.5 to 6.0)** 0.002

 � 1–2 189 −0.14 (−0.3 to 0.03) 0.069 2.88 (1.4 to 5.9)** 0.004

 � >2 21 −0.36 (−0.7 to +0.05) 0.091 4.50 (0.94 to 21) 0.058

At age 53

 � 0 2064 Ref Ref

 � ≥1 312 −0.12 (−0.2 to 0.01)* 0.044 1.76 (0.9 to 3.5) 0.104

 � 1–2 287 −0.10 (−0.2 to +0.01) 0.735 1.57 (0.8 to 3.3) 0.236

 � >2 25 −0.22 (−0.6 to +0.1) 0.213 3.91 (0.9 to 18) 0.076

*P<0.05, **p<0.01, ***p<0.001.
†≥1 and >2 episodes refer to childhood pneumonia/pleurisy-ever and recurrent pneumonia/pleurisy in the main text, respectively.
‡Spirometric restriction was defined by FVC <LLN in the absence of post-BD AO (FEV1:FVC ≥LLN).
§Multivariable adjustments include sampling weights (at age 45), maternal/paternal smoking, socioeconomic status (paternal occupation, rurality of primary school) and history 
of breast/bottle feeding.
¶If a statistical interaction is present, stratified results have been presented in the main text and correspond to online supplementary table E5 (by current childhood asthma), 
online supplementary table E6 (by participant sex) and online supplementary table E7 (by never/ever smoking).
FEV1:FVC, the ratio between FEV1 and FVC; LLN, lower limit of normal; post-BD AO, postbronchodilator airflow obstruction; Ref, reference.

Table 5  Multivariable associations between doctor-diagnosed childhood pneumonia-pleurisy and static lung volumes in middle age

Episodes of pneumonia and/or 
pleurisy† Complete case (n)

Static lung volumes at age 45‡§¶

TLC FRC RV

(z-score (SD, 95% CI)) P value (z-score (SD, 95% CI)) P value (z-score (SD, 95% CI)) P value

At age 45

 � 0 900 Ref Ref Ref

 � ≥1 197 −0.26 (−0.4 to 0.1)*** <0.001 −0.21 (−0.3 to 0.1)** 0.001 −0.18 (−0.3 to 0.05)** 0.008

 � 1–2 178 −0.24 (−0.4 to 0.1)*** <0.001 −0.21 (−0.3 to 0.1)** 0.002 −0.21 (−0.3 to 0.1)** 0.004

 � >2 19 −0.37 (−0.7 to 0.02) * 0.040 −0.15 (−0.5 to +0.2) 0.424 +0.05 (−0.3 to +0.4) 0.786

*P<0.05, **p<0.01, ***p<0.001.
†≥1 and >2 episodes refer to childhood pneumonia/pleurisy-ever and recurrent pneumonia/pleurisy in the main text, respectively.
‡Multivariable adjustments include sampling weights, maternal/paternal smoking, socioeconomic status (paternal occupation, rurality of primary school) and history of breast/
bottle feeding.
§RV/TLC results: childhood pneumonia/pleurisy-ever, z-score=−0.03 (−0.1 to +0.1), p=0.52; recurrent episodes +0.31 (0.03 to 0.59), p=0.028.
¶¶If a statistical interaction is present, stratified results have been presented in the main text and correspond to online supplementary table E5 (by current childhood asthma), 
online supplementary table E6 (by participant sex) and online supplementary table E7 (by never/ever smoking).
FRC, functional residual capacity; Ref, reference; RV, residual volume; TLC, total lung capacity.

childhood pneumonia and/or pleurisy was associated with 
mildly obstructive spirometry in childhood for the subgroup 
who had current asthma in childhood that was not seen in later 
life. Childhood pneumonia and/or pleurisy were associated with 
dose–response trends in TLC and FRC, as well as reductions in 
TLC, FRC and residual volume, across all middle-aged partici-
pants, which were more pronounced for never smokers. Unex-
pectedly, we found coexistent pneumonia-related increases in 
the efficiency of alveolar transfer of carbon monoxide (Kco) at 
the two time points in middle age, without a consistent pattern 
when stratified by sex, asthma and smoking subgroups. While 

these results are not straightforward to interpret, these findings 
would be consistent with childhood pneumonia and/or pleurisy 
being associated with smaller lungs in middle age, with higher 
Kco reflecting a more efficient distribution of pulmonary capil-
lary blood flow over a smaller alveolar surface.

Whether early childhood community-acquired pneumonia 
predisposes to the development of COPD in later life has been 
subject to a long and ongoing debate.5 Our data support doctor-
diagnosed childhood pneumonia and/or pleurisy reducing lung 
function in an obstructive pattern only in childhood at a general 
population level; however, we saw this pattern only for children 
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Table 6  Multivariable associations between doctor-diagnosed childhood pneumonia-pleurisy and transfer factor in middle age

Episodes of pneumonia/
pleurisy† Complete case (n)

Transfer factor of the lung at ages 45 and 53 (z-score (SD, 95% CI))‡§

TLco Kco VA

(z-score (SD, 95% CI)) P value (z-score (SD, 95% CI)) P value (z-score (SD, 95% CI)) P value

At age 45

 � 0 925 Ref Ref Ref

 � ≥1 202 +0.14 (−0.04 to +0.3) 0.127 +0.29 (+0.1 to +0.5)** 0.002 −0.12 (−0.3 to +0.04) 0.131

 � 1–2 182 +0.11 (−0.1 to +0.3) 0.208 +0.25 (+0.1 to +0.4)* 0.011 −0.08 (−0.2 to +0.1) 0.336

 � >2 20 +0.31 (−0.2 to +0.8) 0.234 +0.66 (+0.1 to +1.1)* 0.012 −0.48 (−0.9 to 0.04)* 0.033

At age 53

 � 0 1986 Ref Ref Ref

 � ≥1 307 +0.08 (−0.03 to +0.2) 0.149 +0.17 (+0.04 to +0.3)** 0.008 −0.08 (−0.2 to +0.04) 0.196

 � 1–2 280 +0.07 (−0.05 to +0.2) 0.227 +0.15 (+0.02 to +0.3)* 0.020 −0.07 (−0.2 to +0.05) 0.251

 � >2 27 +0.20 (−0.2 to +0.6) 0.287 +0.33 (−0.1 to +0.7) 0.098 −0.14 (−0.5 to +0.2) 0.458

*P<0.05, **p<0.01, ***p<0.001.
†≥1 and >2 episodes refer to childhood pneumonia/pleurisy-ever and recurrent pneumonia/pleurisy in the main text, respectively.
‡Multivariable adjustments include sampling weights, maternal/paternal smoking, socioeconomic status (paternal occupation, rurality of primary school) and history of breast/
bottle feeding.
§If a statistical interaction is present, stratified results have been presented in the main text and correspond to online supplementary table E5 (by current childhood asthma), 
online sup[plementary table E6 (by participant sex) and online supplementary table E7 (by never/ever smoking).
Kco, carbon monoxide transfer coefficient; Ref, reference; TLco, transfer factor of the lung for carbon monoxide; VA, alveolar volume.

who had recent asthma symptoms and found no association for 
those without. In the Tucson Children’s Respiratory Study, which 
followed a cohort of participants born 1980–1984 from birth 
up to their early 20s, childhood pneumonia was associated with 
incident asthma and airflow obstruction was the predominant 
airway pattern seen.3 For this more recent Tucson cohort, pneu-
monia was confirmed radiologically and the predominance of 
viral-related pneumonia was confirmed serologically, but unfor-
tunately the results were not stratified for asthma. Hypotheti-
cally, this obstructive decrement in childhood might contribute 
to later COPD development by reducing peak adult lung func-
tion.6 32 Nonetheless, we acknowledge that in our TAHS cohort, 
the average magnitude of lung function deficit was modest. 
Thus, the contribution of childhood pneumonia-pleurisy itself 
to the development of COPD may be only clinically important 
for a vulnerable minority of the general population who have 
other predisposing factors.

Our observations during middle age most closely resemble 
findings from the British 1958 Birth Cohort, also born during 
the antibiotic era, which documented reductions in post-BD 
FEV1 and FVC with a preserved FEV1:FVC.10 We found this 
association for participants who had recurrent childhood 
pneumonia/pleurisy, and this was supported by dose–response 
trends. Our spirometric findings extend those of the UK cohort 
by documenting a lack of spirometric restriction in child-
hood raising the possibility of impaired lung or chest volume 
growth through later childhood, adolescence and potentially 
early adulthood. This concept is supported by data from a 
South African study which documented a temporal relationship 
between early lower respiratory tract illnesses and impaired lung 
function at 12 months as measured by multiple breath washout 
techniques during quiet natural sleep.2 Importantly, this study 
largely excluded the possibility of preceding low lung function 
(at 6 weeks) being associated with an increased risk of LRTI 
during the first year of life, providing some evidence that early 
life lung function is a likely mediator and unlikely confounder 
of the pneumonia–adult lung function relationship in our study. 
However, whether our data could be confounded by pneumonia 

occurring more commonly in those from more developed coun-
tries with lesser premorbid lung function remains possible.33 34 
Since we do not have sufficient supporting early data such as 
birth weight or lung function measurements prior to the pneu-
monic illness, the observed reductions in adult TLC and FRC 
might be related to confounding, as being born prematurely or 
small for dates may increase the risk for both childhood pneu-
monia and low lung function trajectories. However, the similar 
analysis of this UK cohort did adjust for birth weight and birth 
order.10

Even at the age of 7 years, as was the case in the British 1958 
Birth Cohort, recent recall by parents could have been subject 
to some error. While it is quite possible that parents were more 
likely to recall a history of pneumonia for a child who also had 
wheezy breathing and/or asthma,35 it is unlikely to explain our 
predominant finding of spirometric restriction in early middle 
age. Furthermore, our study specifically asked parents about 
doctor-diagnosed pneumonia and/or pleurisy, which presumably 
is more objective and less subject to recall bias than parental 
report only. Conversely, the potential for unreliable recall by 
parents (especially for pneumonia occurring 5–6 years earlier) 
and bias of the presenting symptoms depending on the child’s 
asthma status might have led to some misclassification of wheezy 
illness as being pneumonia in children with asthma.

While our results might have been influenced by asthma 
enrichment when participants were aged 45 as a potential expla-
nation for results at age 53 being less marked despite greater 
power, it is possible that the participants studied at age 45 may 
have had more severe pneumonia and/or more frequent pleurisy. 
Alternatively, the influence from childhood-related insults might 
lessen during middle age with relatively increasing contributions 
from accumulating adult factors. Notably, the British 1958 Birth 
Cohort, which also found restriction, was from an unselected 
general population. Inhaled corticosteroid therapy for asthma 
did not become widely available until the early 1970s, so its risk 
for potentiating pneumonia is unlikely to have been implicated 
when our cohort was first studied at age 7. However, this pneu-
monia–asthma association has been documented subsequently.3 29
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We acknowledge that our definition of childhood pneumonia-
pleurisy almost certainly included some viral pleurisy as well as 
complicated bacteria-related pleural effusions. This raises the 
possibility of a degree of extrapulmonary restriction. Although 
still relevant to populations born in or before the 1960s, more 
recent management practices limit the generalisability of our 
results to childhood pneumonia diagnosed in the present day, 
at least in Westernised countries. Interestingly, a meta-analysis 
of data published prior to the 1980–1984 cohort study reported 
a predominance of non-obstructive spirometric patterns after 
childhood pneumonia, with any obstruction mainly related 
specifically to adenoviral infection.36

Strengths and limitations
The TAHS is prospective over six decades, and is the first study 
to quantify the relationship between childhood pneumonia/pleu-
risy, childhood spirometry and complex lung function in middle 
age. This was done using z-scores derived from the Global Lung 
Function Initiative reference values, which effectively minimised 
anthropometric bias.22 23 While we were able to assess for ‘dose-
response’ trends, we were limited in statistical power by rela-
tively small numbers for the subgroup with recurrent childhood 
pneumonia/pleurisy. While the ‘healthy survivor effect’ might 
have underestimated our estimates, older preantibiotic cohorts 
would have been more susceptible to this form of bias.7–9 This 
analysis has provided supportive evidence for a causal associ-
ation, especially with the documentation of a temporal and 
dose–response relationship, as well as consistency of spirometry 
findings between both TAHS follow-ups in middle age and a 
similar independent cohort.10 However, as with all observational 
studies, we are not able to exclude the possibility of an unmea-
sured confounder having generated these apparent associations.

Regarding our exposure variable, as the TAHS started as a 
large whole-of-population study in Tasmania in the 1960s 
(n=8583), it was not feasible to radiologically confirm cases of 
childhood pneumonia for the entire cohort. Likewise it was not 
possible to identify causative bacteria or viruses (notably respira-
tory syncytial and adenovirus) that may predispose to the devel-
opment of airflow obstruction in later childhood.34 36–38 Further 
details regarding age of occurrence, severity, hospitalisation and 
future episodes were also not recorded. Categorisation of age at 
pneumonia would have been especially useful as previous studies 
have reported significant associations between pneumonia in 
the first 1–3 years of life and impairment of adult lung function 
compared with older children,3 7–9 which might suggest greater 
pneumonia severity and long-term lung function consequences 
than for pneumonia occurring in later childhood years.

While this analysis using multiple lung function outcomes is 
subject to multiple statistical testing, our interpretation has been 
based on the overall pattern of results rather than on individual 
p values. Finally, as participants were essentially of European 
descent and born in 1961, this may limit the generalisability, 
especially for infants and children who are now immunised 
against the most common respiratory bacterial pathogens, pneu-
mococcus and Haemophilus influenzae type b.

Conclusions
By exploring comprehensively measured lung function in middle 
age via a prospective cohort study design, our analyses support 
an association between parental report of doctor-diagnosed 
childhood pneumonia and/or pleurisy and mild airflow obstruc-
tion in childhood for those who had active asthma as children, 
but with ‘smaller lungs’ for all participants in middle age. This 

adds weight to literature which supports early life pneumonia 
and/or pleurisy as contributing to a predominantly restrictive 
lung process in later life. Although the lung function deficits 
are small in magnitude at a population level, the lung function 
impairment from recurrent episodes in vulnerable populations 
might be clinically important if combined with other risk factors 
for worsening lung function in later life.12 39 At the same time, 
reassurance is appropriate for the vast majority of middle-aged 
individuals who had doctor-diagnosed pneumonia and/or pleu-
risy in childhood.
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