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Abstract

match hypothesis—small babies growing big as adults.

(z-score), using multiple linear and logistic regressions.

body weight.

and contribute to better adult lung function.

Background: Associations between birth weight (BW) and adult lung function have been inconsistent and limited
to early adulthood. We aimed to study this association in two population-based cohorts and explore if BW, adjusted
for gestational age, predicts adult lung function. We also tested adult lung function impairment according to the mis-

Methods: We included 3495 individuals (aged 46.4 5.4 years) from the Malmo Preventive Project (MPP), Sweden,
born between 1921 and 1949, and 1401 young to middle-aged individuals (aged 28.6 £ 6.7 years) from the Malmo
Offspring Study (MOS) with complete data on BW and gestational age. Adult lung function (forced vital capacity

[FVC], forced expiratory volume in one second [FEV1] and the FEV1/FVC-ratio) were analysed as level of impairment

Results: BW (z-score) did not predict adult lung function in MPP, whereas BW was a significant (p=0.003) predictor
of FEV1 following full adjustment in MOS. For every additional unit increase in BW, children were 0.77 (95% Cl 0.65-
0.92) times less likely to have impaired adult lung function (FEV1). Moreover, adults born with lower BW (<3510 g)
showed improved lung function (FEV1 and FEV1/FVC in MOS and MPP, respectively) if they achieved higher adult

Conclusions: Adults born with lower birth weight, adjusted for gestational age, are more likely to have impaired lung
function, seen in a younger birth cohort. Postnatal growth pattern may, however, compensate for low birth weight

Keywords: Birth weight, Cohort, Epidemiology, Gestational age, Lung function

Background

Growing evidence indicates that early life events and
growth are important for later lung health irrespective of
smoking habits, which in itself is a well-known risk fac-
tor affecting lung health [1-4]. A systematic review by
Saad et al., based on literature through January 2015, has
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shown that low birth weight is associated with lower lung
volumes in adulthood independently of other known
birth-, childhood- or adult risk factors that may influence
lung function [5].

According to the DOHaD (Developmental Origins
of Health and Disease) concept, a fetus can undergo
both adaptive and non-adaptive responses to changes in
the intrauterine environment and thereby persistently
alter physiological homeostasis that may influence the
long-term risk of disease [6—8]. The predictive adaptive
response (PAR) hypothesis suggests that a fetus in some
way can predict conditions in the postnatal environment
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and thereby modify its physiological development, to
optimize its survival in this environment, regardless of
potentially harmful long-term health consequences. If
there is a ‘mismatch; that is, if the postnatal environment
differs from the predicted, the long-term health conse-
quences may be harmful. However, if the predicted envi-
ronment matches the postnatal environment, offspring
will be healthy. An example of an adaptive response is
reduced fetal growth or low birth weight in order to
adapt to a predicted scarce caloric postnatal environ-
ment. However, a non-adaptive response could lead to
an increased risk of disease later in life even without mis-
match. The non-adaptive response is pathophysiological
and associated with, for instance, maternal obesity, gesta-
tional diabetes, or exposure to tobacco smoking [8].

Intrauterine growth restriction (IUGR) that can be
caused by maternal, placental, fetal and/or environmen-
tal factors, may have a negative impact on lung develop-
ment and adult lung function [1, 2, 9, 10]. Birth weight is
often used as an indicator of fetal growth [8]. The predic-
tive adaptive responses may occur across the entire range
of birth weight, not only in low birth weight children [8].
IUGR is nowadays diagnosed by ultrasound [11] and
thus hard to reproduce in historical cohorts. However,
by adjusting birth weight for gestational age it is possible
to investigate long-term health consequences of infants
born small-for-gestational-age (SGA). Impaired lung
function in adult life is strongly associated with increased
risk of developing cardiovascular disease, type 2 diabetes
and activity-related breathlessness, which in turn is asso-
ciated with worse health status [12—-14].

Data on birth weight and adult lung function are lim-
ited; studies are mostly restricted to adolescence and
early adulthood [10, 15-17], or lack data on gestational
age [5, 16, 18].

This observational study aimed to examine the associa-
tion between birth weight, adjusted for gestational age,
and lung function in adult life in two separate popula-
tion-based projects in both men and women; the Malmo
Preventive Project (MPP) in older and the Malmo Off-
spring Study (MOS) in younger subjects. Our hypothesis
was that low birth weight or specific post-natal growth
patterns could be associated with adult lung function.

Methods

Study populations

Malmo Preventive Project (MPP)

MPP is a large population-based cohort that started
in 1974, inviting mostly middle-aged men and women
residing in the city of Malmo, Sweden, with a par-
ticipation rate of over 70% [19, 20]. A total number of
33,346 individuals (22,444 men born between 1921 and
1949, and 10,902 women born between 1926 and 1949)
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attended the initial health screening performed between
1974 and 1992. This included a physical examination,
blood sampling, screening spirometry and a self-admin-
istered questionnaire. The questionnaire comprised 260
questions related to lifestyle habits, medical history and
symptoms of disease, as well as social factors and family
history. Smoking history was obtained through a ques-
tionnaire including several questions regarding smoking
habits. We used only the first one “Are you a smoker?”
(yes/no). Level of education was also obtained through
a questionnaire. Questions were “Have you completed
elementary school (folkskola), primary school or similar?’,
“Have you completed junior secondary school (realskola),
vocational school or similar?” and “Have you completed
secondary school, folk high-school (= adult education cen-
tre) or similar?” with answer options “yes’ or “no”

A total of 28,934 individuals underwent spirometry
using a Spirotron apparatus (Dragerwerk AG, Lubeck,
Germany), performed by specially trained nurses, includ-
ing values for peak flow, forced vital capacity (FVC),
and forced expiratory volume in one second (FEV)).
The manoeuvre was performed with the individual in
an upright standing position without a nose clip. More
details on lung function testing and the measurement of
pulmonary function have been previously published [13,
20-24]. Men were screened mostly between 1974 and
1982 and women between 1982 and 1992. Hence, the
results were obtained during varying follow-up time and
at different ages [19, 20].

Data concerning perinatal factors, including birth
weight, birth length and gestational age (based on last
period) were collected from local hospital archives in
southern Sweden, available for 4359 individuals (3883
men and 476 women), derived from two nested case—
control studies aimed to study risk on breast- or prostate
cancer [25, 26]. For the present study, only participants in
MPP with both birth data and spirometry were included
(N =3495), see Additional file 2: Fig. S1.

Malmo Offspring Study (MOS)

MOS is an ongoing population-based cohort since 2013
(attendance rate 47%) that invites adult children and
grandchildren of participants in the Malmo Diet Cancer-
Cardiovascular Arm (MDC-CV) study [27]. Participants
were invited to undergo a baseline evaluation, including
a questionnaire, physical examination and blood sam-
pling. Participant’s height (meters) was measured with
their legs together looking straight ahead in indoor cloth-
ing without shoes and caps. Weight (kg) was measured
on a calibrated beam or digital scale. Body mass index
(BMI, kg/m?) was calculated. Smoking history and level
of education were obtained through a questionnaire. One
of the questions regarding smoking was “Do you smoke?”
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with answer options “yes, I smoke regularly’, “yes, I smoke
occasionally’ “no, I have stopped” or “no, I have never
smoked”. Furthermore, participants were asked to tick the
option that corresponds to the highest level of education
they had completed.

Screening spirometry was performed by specially
trained nurses using a MasterScope spirometer (JAE-
GER, Washington, US) with the individual standing
with a nose clip providing values for FVC and FEV;. The
spirometry maneuver was performed in accordance with
guidelines from ATS/ERS [28]. The highest values of FVC
and FEV; were used.

Birth parameters for the study participants were
obtained from the Swedish Medical Birth Register (MBR)
starting in 1973. A personal 10-digit identity number,
unique for every Swedish citizen, was used to link the
MOS data collected at the health examination with the
MBR data. Birth weight (gram) was available for 1401
(born 1973 or later) out of 3200 participants, see Addi-
tional file 2: Fig. S2. In addition, other birth parameters,
such as gestational age and birth length were obtained
from the MBR. Gestational age was calculated as the
time period between the last day of the menstrual period
of the mother and the date of offspring birth expressed in
full weeks.

Statistical analysis

Statistical analysis was performed using IBM SPSS sta-
tistics for windows version 25.0 (IBM Corp., Armonk,
N.Y., USA). The average for all continuous variables was
described as the mean and standard deviation (SD). The
distribution of categorical variables was expressed as per-
centages. An independent-samples t-test was conducted
to compare the means of continuous variables for men
and women. A two-tailed p<0.05 was taken to indicate
statistical significance.

The predicted lung function values were calculated
using The Global Lung Function Initiative (GLI) reference
values [29]. Absolute lung function values (FEV;, FVC,
FEV,/FVC-ratio) and birth weight were standardized as
z-scores based on GLI [29] and Marsal et al. [11] normal
reference values, respectively. In these calculations, sex,
age, height and ethnicity are taken into account for lung
function z-score; and sex and gestational age for birth
weight z-score. The z-score indicates deviation from nor-
mal expressed as how many standard deviations a meas-
ured value is located from the predicted mean; 90% of
healthy subjects will have z-scores values within +1.64. A
threshold for clinically important lung function impair-
ment was defined as a z-score less than the lower limit of
normal (LLN), defined as < — 1.64 [30].

Covariates (confounders) to include in the mod-
els were selected based on the literature and current
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knowledge in the field using a causal diagram (DAGitty
software) [31], shown in Fig. 1.

Selected covariates (confounders) to adjust for in
the final models were offspring’s educational level and
smoking status, whereas gestational age, sex, height,
age and ethnicity are variables that have already been
taken into account when calculating z-scores.

Linear regression models were conducted in a struc-
tured, step-wise approach:

Firstly, a univariate linear regression was computed
to assess the association between each of the birth
parameters (absolute birth weight, gestational age,
birth weight expressed as z-score, birth length) and
lung function in adult life (expressed as z-score) in the
total population.

Secondly, hierarchical multiple regression and mixed
linear model analysis accounting for clustering between
siblings was used to assess the ability of birth weight
deviations to predict lung function deviations in adult
life using birth weight (z-score) as independent vari-
able and FEV,, FVC and FEV,/FVC-ratio as continuous,
dependent variables, respectively. First analysis was run
unadjusted (Model 0). Offspring’s educational level was
entered in Model 1 while the offspring’s smoking status
was added to Model 2.

Then, logistic regression was performed to calculate
the odds ratio (OR) for having impaired lung function in
adult life (z-score lung value less than — 1.64) using birth
weight (z-score) as an independent variable and FEV;,
FVC and FEV,/FVC-ratio as categorical dependent varia-
ble, respectively. Further adjustments for potential covar-
iates were made in two models. In Model 1, adjustment
was made for offspring’s educational level while in Model
2, adjustment for offspring’s smoking habits was added.

Furthermore, a two-way between-groups analysis of
variance (ANOVA) was conducted to explore the impact
of birth weight and achieved adult weight on lung func-
tion transformed to z-score. Birth weight (absolute value)
and weight in adult life were divided into two categories:
high and low, with medians as cut-offs: 3510 g (g) and
74 kg, respectively. Participants were then stratified into
four groups (Group 1: lower birth weight in combination
with lower adult weight; Group 2: higher birth weight
and higher adult weight; Group 3: higher birth weight
and lower adult weight; and Group 4: lower birth weight
and higher adult weight).

Results
The general characteristics of the study populations
are presented for MPP (Table 1) and for MOS (Table 2)
showing means+SD and proportions presented for all
subjects.
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Fig. 1 Directed Acyclical Graph (DAG) of the assumed causal relations between study variables

Malmo Preventive Project (MPP)

Of the 3495 participants, 3330 (95.2%) were men and
165 (4.8%) women (by study design). Nearly 79% of par-
ticipants had birth weights within the normal range
(2500-4000 g). Of the remaining subjects, 3.5% had low
birth weight (<2500 g) and 18% had high birth weight
(>4000 g), which is representative compared to the
national average for Sweden [32].

As shown in Table 1, the mean (£SD) age at MPP
screening (baseline) was 46.4 (+5.3) years for men and
49.4 (£ 7.2) for women. Furthermore, women had lower
adult BMI than men (p=0.042). On the contrary, a
higher percentage of men had ever smoked (44.5%) com-
pared to women (33.8%).

Malmo Offspring Study (MOS)

Of the 1401 participants, 672 (48%) were men and 729
(52%) women. Nearly 78% of participants were born
within the normal birth weight range (2500-4000 g).
Of the remaining subjects, 5.5% had low birth weight
(<2500 g) and 16.5% had high birth weight (>4000 g).
The mean (£ SD) age at MOS baseline screening was 28.8
(£ 6.8) years for men and 28.3 (£6.5) for women. Of the
1401 participants, 704 (50.2%) were siblings. Additional
file 1: Table S1 shows descriptive data for siblings and
non-siblings. Further, as shown in Table 2, women had

lower BMI than men (p<0.001), but a higher percentage
of women had ever smoked (37.3%) compared to men
(33.3%). Additionally, there was a statistically signifi-
cant difference in the mean z-scores of FEV;, FVC and
FEV,/FVC between genders, with women showing lower
spirometry values compared to men (p<0.001) in both
MPP and MOS.

Univariate analysis

As shown in Additional file 1: Table S2, no relationship
between birth parameters (birth weight and gestational
age) and z-scores of adult lung function was found in
MPP, while the association in MOS was very low, but sig-
nificant (r<0.1, p-value <0.05).

Hierarchical multiple regression analysis

Hierarchical multiple regression analyses with birth
weight (z-score) as an independent variable and each
z-score of adult lung function as the dependent vari-
able are shown in Additional file 1: Table S3. In MPP,
birth weight (z-score) did not associate with lung func-
tion in adult age, neither unadjusted nor in adjusted
models. In contrast, in MOS participants, higher birth
weight was significantly, but very weakly, associated
with higher FEV; (z-score) (r*=0.3%; p=0.044), but not
when adjusted for offspring’s educational level and smok-
ing status. Also, the mixed linear model accounting for
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Table 1 Descriptive statistics among men and women from
Malmo Preventive Project (MPP)

Total population Men Women
(N=3495) (N=3330) (N=165)
Age (years) 464+54 464+53 494472
Birth characteristics
Birth weight 3529.6+£547.2 3537.3+£546 3373.8+5496
(gram)
Birth weight 011£29 013£29 —0.15+13
(z-score)
Birth length (cm) 516425 516425 515429
Gestational age 279416 2793+£164 2752+138
(days)
Education n (%)
Primary school 746 (21.5) 702 (43.2) 44 (39.6)
Secondary school 423 (12.2) 403 (24.8) 20 (18.1)
Higher level 568 (16.3) 521(32) 47 (42.3)
Missing 1738 (50)
History of smoking n (%)
Yes 1494 (42.7) 1442 (433)  52(33.8)
No 1990 (56.9) 1888 (56.7) 102 (66.2)
Missing 11(0.3) 0 11
Adult antropometry
Body massindex 248432 248432 2414+46
(kg/m?)
Lung function spirometry
FEVT (I'per 1) 34407 34407 27405
FEV1 (z-score) —1.07£12 —-107£12 —-06%12
FVC(l) 44409 45409 34+06
FVC (z-score) —088+1.2 —-088+12 —0741.1
FEV1/FVC (%) 769488 76.8+88 814487
FEV1/FVC (z-score) —037+£13 —038+13 0.18+14

Mean (SD) and proportions; frequency and percentage. FEV1- forced expiratory
volume in one second; FVC- forced vital capacity; FEV1/FVC- ratio of FEV1 by FVC

clustering showed that birth weight deviation was not a
statistically significant predictor of lung function in adult
life after adjustment for offspring’s educational level and
smoking status (Additional file 1: Table S4).

Logistic regression analysis

Direct logistic regression was performed to assess the
impact of birth weight (z-score) on the likelihood of hav-
ing impaired lung function in adult age (Table 3). In MPP,
the model containing birth weight (z-score) as a predic-
tor of lung function was non-significant, indicating that
the model was not able to distinguish between offspring
who had or did not have impaired lung function in adult
life. However, in MOS participants birth weight was a
statistically significant (p=0.03) predictor of FEV, even
after adjustment for the offspring’s educational level and
smoking status. Thus, for every additional unit (devia-
tion) in birth weight, the odds of offspring having low
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FEV, were 0.77 times less likely. Correspondingly, an
increase in birth weight resulted in a decreased probabil-
ity of having low FEV1, i.e. a better lung function.

Two-way between-groups analysis of variance (ANOVA)
The relationship between postnatal growth patterns and
lung function in adult age has been shown in Table 4.

In MPP, group comparisons indicated that the mean
FEV; (z-score) for the group 1 (low birth weight and low
adult weight; Mean (M) —0.98, SD 1.15) was signifi-
cantly different from the means of both the group 2 (high
birth weight and high adult weight; M —1.09, SD 1.19)
and group 4 (low birth weight and high adult weight; M
—1.15, SD 1.14), as shown in Table 4. The mean FVC dif-
fered between group 1 (M —0.8, SD 1.07) and group 2 (M
—0.93, SD 1.14), while no statistically significant differ-
ence was observed for the mean FEV,/FVC-ratio.

In MOS, there were no statistically significant differ-
ences between groups regarding mean FEV; and mean
FVC (Table 4). However, the mean FEV,/FVC-ratio of
the group 1 (M —0.37, SD 0.99) was significantly different
from the means of both the group 2 (high birth weight
and high adult weight; M —0.61, SD 0.88; p=0.002)
and group 4 (low birth weight and high adult weight; M
—0.77,SD 0.9; p<0.001), respectively.

Discussion
In this prospective observational study, we investi-
gated whether birth weight (z-score) is associated with
impaired lung function (z-score) in adult life in two pop-
ulation-based cohorts, differing by age range but from
the same population. Birth weight deviations were not
an independent predictor of adult lung function in the
elderly cohort—the Malmo Preventive Project (MPP).
On the contrary, we found positive associations between
birth weight and adult lung function in the younger
cohort—the Malmo Offspring Study (MOS). In MOS,
birth weight was a statistically significant predictor of
FEV; in the unadjusted model using multiple regres-
sion using continuous variable, but once we adjusted for
offspring’s smoking habits and educational level, birth
weight did not independently predict FEV,; anymore
(p=0.06). However, in the logistic regression analy-
sis of birth weight and low FEV, a category defined by
a value lower than lower limits of normal (LLN), results
remained statistically significant even after adjustment
for offspring’s smoking and education. This indicates
that offspring born with lower birth weight had 1.3 times
increased odds of having a clinically important lung func-
tion impairment.

In MOS, we also performed the mixed linear model
analysis to explore if birth weight can predict the lung
function in adult age accounting for clustering of siblings
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Table 2 Descriptive statistics among men and women from Malmo Offspring Study (MOS)

Total population Men Women
(N=1401) (N=672) (N=729)
Age (years) 286+6.7 288+6.8 28365
Birth characteristics
Birth weight (gr) 3482.64+597.9 35304 +£647.2 3438.6+545.3
Birth weight (z-score) —-01+14 —001£12 —018£15
Birth length (cm) 503+24 508+24 499423
Gestational age (days) 2783+ 14 2784415 27824131
Education n (%)
Incomplete primary school 4(03) 1(0.2) 3(0.5)
Primary school 53(3.8) 22 (4.1) 31(4.9)
Secondary school 702 (50.1) 368 (67.9) 334 (52.8)
Higher level 415 (29.6) 151(27.9) 264 (41.8)
Missing 227 (16.2)
History of smoking n (%)
Current* 234(16.7) 101 (18.7) 133 (20.9)
Ex-smoker 183 (13.1) 79 (14.6) 104 (16.4)
Never 759 (54.2) 361 (66.7) 398 (62.7)
Missing 225 (16.1)
Adult antropometry
Body mass index (kg/m?) 2496 +4.59 2556+441 24401468
Lung function spirometry
FEV1 (I per 1) 36+08 45406 33+05
FEV1 (z-score) —044+09 —054+09 — 0441
FVC(l) 48411 57+08 40406
FVC (z-score) —0.14+09 —0.14+09 —0.14+09
FEV1/FVC (%) 80.5+6.8 78.7+6.8 82003
FEV1/FVC (z-score) —054+09 —06+1 —05+09

Mean (SD) and proportions; frequency and percentage. FEV1- forced expiratory volume in one second; FVC- forced vital capacity; FEV1/FVC- ratio of FEV1 by FVC.

*Both regular and occasionally smoker

Table 3 Logistic regression predicting adult impaired lung function among men and women in MPP and MOS

MPP MOs
Odds Ratio 95% C.I. for OR p* Odds Ratio 95% C.I. for OR p*
Birth weight (z-score**) FEVI Model0  0.981 0.926 1039 0515 0.783 0668 0919  0.003
(z-score) Model 1 0978 0.901 1.062 0.602 0.772 0.650 0918 0.003
FVC Model0  0.952 0.893 1015 0.135 0.787 0.621 0998 0048
(z-score) Model 1 0.947 0.864 1.038 0.245 0.806 0628 1.033 0.088
FEV1/FVC Model0 0984 0914 1058 0656 0911 0.785 1058 0222
(z-score) Model 1 0987 0890 1094 0804 0888 0758 1041 0143

" p<0.05 indicates statistical significance

™ z-score value defined as less than the lower limit of normal (LLN)

Model 0—unadjusted; Model 1—adjusted for offspring’s education and smoking
OR: odds ratio; 95% C.I.: 95% confidence interval

as 50% of our participants in MOS had at least one sib-
ling enrolled in the study. The mixed linear model analy-
sis accounting for clustering showed that birth weight
deviation was not a statistically significant predictor of

lung function in adult life after adjustment for offspring’s
educational level and smoking status. This finding was
consistent with the results from the main hierarchical
multivariate regression analysis. We also tried to perform
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the logistic regression (generalized linear mixed model)
accounting for clustering of siblings, but due to few par-
ticipants (n<200) having impaired lung function in adult
life (z-score lung value less than —1.64), a negative Hes-
sian matrix indicated that the model was not robust and,
thus, was not reported.

Previous studies on birth weight and lung function
have been conflicting, with some reporting associations
[15, 18, 33—42], while others found no such associations
[16, 43—49]. A systematic review by Saad et al. showed
strong and consistent evidence of association between
birth weight and restrictive impairment (FVC) in adult-
hood, but a weaker association with obstructive impair-
ment (FEV1/FVC) [5]. A birth cohort study from Finland,
performed on 5390 men and women born full term in
1966, found that FEV, and FVC at the age of 31 years
increased linearly with higher birth weight [34]. Moreo-
ver, a British birth cohort study that explored associa-
tions between birth weight, early growth and adult lung
function at the age of 43, 53 and 60—64 years among
about 3250 men and women born in 1946, found that
neither FEV, nor FVC were associated with birth weight
in the fully adjusted models (adjustment for adult height,
education, smoking status, smoking pack-years, asthma
status, weight gain at age of 2 years, lower respiratory
tract infection under 2 years, and childhood social class),
except for FVC at the age of 53 years [18]. A limited
number of studies examined this relationship when lung
function was transformed into z-score. One example was
a prospective cohort study from the Netherlands among
5635 children, reporting that higher birth weight was
associated with higher FEV, and FVC values at 10-years
of age [37].

Similarly, a study from Hong Kong among 3030 chil-
dren, showed that lower birth weight was associated
with poorer lung function at 17.5 years of age, particu-
larly in boys [39]. Furthermore, one case—control study
from Finland that assessed lung function (z-scores) at the
age of 22-years showed that young adults born with very
low birth weight (<1500 g) have reduced forced airflow
regardless of a history of bronchopulmonary dysplasia
[38]. However, most of these studies are limited to a fol-
low-up during childhood, adolescence or early adulthood
[10, 15, 17, 36, 39, 46, 48-50], and some studies were
restricted by small sample size [43, 46, 51], or lacking
data on gestational age [18, 52]. Nevertheless, the contra-
dictory findings may even be due to heterogeneous meth-
ods applied or diverse confounders adjusted for.

Postnatal growth patterns may compensate for low
birth weight and contribute to better adult lung func-
tion. Comparisons between MPP subgroups indicated
that adult lung function (FEV,) was higher in children
born with higher birth weight and who achieved a higher
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adult body weight (group 2), but also in children of lower
birth weight achieving higher adult body weight (group
4), as compared to children with lower birth weight in
combination with lower adult body weight (group 1).
In addition, mean FVC was also higher in subjects with
high birth weight achieving a higher adult body weight
(group 2) compared to babies born with lower weight
who stayed within a lower adult body weight (group 1).
These findings might be explained by anatomical aspects
of wider bronchi and increased lung volumes in people
with larger bodies.

However, in MOS, no difference in mean FEV; or FVC
between these sub-groups were found. Nevertheless,
mean FEV,/FVC-ratio was higher in adults born with
lower birth weight achieving higher adult weight (group
4) compared to those born with low weight who stayed
within the low adult weight category (group 1).

Body mass index and adiposity growth during child-
hood for predicting young adult asthma has been studied
previously [53]. The mis-match concept was first devel-
oped to address increased cardiometabolic risk in babies
born small and achieving a high childhood or adult BMI
[54, 55], but also according to changes in kidney func-
tion [56] and the increased risk of respiratory disease
[51], most notably a decrease of FEV in mis-match young
babies at age 4—15 weeks [57]. Our findings, on the con-
trary, showed that small babies growing big (>74 kg) in
early adult life have a better adult lung function than
small babies achieving lower adult weight. Hence, not
just the birth weight, but even the postnatal growth pat-
tern seems to be of importance, because low birth weight
can be compensated for if you are allowed to grow big, at
least for lung function. This is partly consistent with find-
ings from an Australian study that explored the impact
of catch-up growth and childhood BMI on lung function
at the age of 21 years showing a positive contribution of
catch-up growth and increasing BMI at the age of 5 years
to better lung function [55]. Our findings are further sup-
ported by another recent study by Voraphani et al., who
used data from three population-based birth cohorts
(one from Sweden) to identify early life risk factors for
spirometric restriction in adult life and showed associa-
tions between being born small for gestational age and
being underweight in childhood and spirometric restric-
tion in adulthood (up to 36 years of age) [58]. However, if
weight gain or onset of obesity occurred after 5 years of
age, an adverse impact on adult lung function was noted
[50].

The discrepancy in our findings between MPP and
MOS may be explained by cohort differences that may
reflect selection bias or birth cohort effect [59]. Differ-
ences may also exist between generations, not just due to
chronological age, but even the historical development
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in Sweden, as well as lifestyle habits. Therefore, we did
not pool the data from MPP and MOS, but instead have
performed analyses separately. For instance, preventive
maternal health care was introduced in 1947 in Sweden
on a national scale (and further improved in 1955), which
might have affected lifestyle and medical care of mothers
to individuals in MOS but not in MPP. This implies that
preventive maternal health care could play an important
role for fetal health with resulting improved birth out-
comes. Moreover, different generations of spirometry
devices have been used in these cohorts with baseline
examinations more than 25 years apart.

Limitations of the present study include the lack of
information on maternal smoking during pregnancy, as
well as data on lung diseases in childhood. Also, we have
been restricted by a small sample size in the final analy-
sis due to missing data on birth parameters (birth weight
and gestational age) and spirometry results for more
than half of the population from the original cohort. The
degree of attendance in MOS in general is 47%. MOS
consists of children and grandchildren to the index-par-
ticipants in the MDCS Cardiovascular Arm with 47%
attendance rate in general [49]. Birth data and other peri-
natal data are derived from the Swedish Medical Birth
Register (MBR) which covers all births in Sweden since
1973 on a national scale. For a total of 1401 subjects in
MOS born in 1973 or later, birth weight data was availa-
ble in MBR and only those were therefore included. Birth
data was regretfully not available for MOS participants
born before 1973. Also, birth data of men in MPP was
available for participants who were originally enrolled in
a case—control study that investigated the risk of prostate
cancer, which entails potential design and selection bias.
However, prostate cancer occurs much later in life, nor-
mally during the 6th or 7th decade, in relation to the age
(mean 46 years) at which spirometry was performed and
should thereby not have influenced the lung function test.
Moreover, there is a predominance of men in MPP which
reflects that 2/3 of all attendees at baseline were men, as
the initial design of the MPP study was to find high-risk
individuals in mid-life for preventive intervention on car-
diovascular risk factors, alcohol abuse and impaired glu-
cose tolerance, why initially only men were screened [19].
Later, when mammography screening had been imple-
mented in Sweden in the late 1970’ ies, the idea to find
high-risk individuals for preventive interventions also in
women was proposed. Therefore, women were invited
to attend the screening program as further described
[19], which is the reason why women unfortunately are
underrepresented (1/3 of all subjects in MPP). We con-
sider that women should be included in the analysis as it
is of great importance to have both genders represented
in a study on lung function because gender differences
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may exist. Women in general have differing anatomi-
cal features as compared to men (thorax size, bronchial
diameter, etc.) and, in addition, may have experienced
different life course trajectories (occupational exposures,
smoking habits) than men. In addition, including women
contributes to the statistical power of the study. Moreo-
ver, we have performed multiple tests and are aware that
this may be a concern as we not only have three outcome
variables (FEV1, FVC and FEV1/FVC-ratio) but even
two cohorts. This may increase the risk of chance find-
ings, however, we are very cautious in interpretation of
our results because of this. A final limitation is the lack
of clinical endpoints. This is because only a few subjects
have so far been hospitalised for lung disease in MOS.
Most patients with lung problems are diagnosed, treated
and followed in primary health care, but unfortunately no
national registers cover this.

The major strengths of this study include the cohort
study design and the long follow-up time. Lung function
was assessed at a mean age of 46 and 28 years in MPP
and MOS, respectively. Moreover, these cohorts offer
objective birth register-based data, as well as information
on gestational age based on medical archives or national
registers. Until now, there are few cohorts providing
information on both objective birth weight adjusted for
gestational age and adult lung function test. An addi-
tional important strength is that we analyzed lung func-
tion measurements transformed into z-scores. Absolute
lung function measurements reflect lung size which
depends on several factors, such as body size, dimen-
sions of the thoracic cavity, sex and age. The z-score
takes into account age, sex, height and ethnic group and
thereby minimizes the age- and height-related bias, thus
enabling the comparison of lung function between indi-
viduals, irrespective of their age, sex, height, or ethnic-
ity [30]. Finally, we consider that our results represent
an underestimation of true associations as a number of
measurement variations and imprecisions may affect epi-
demiological studies based on technical measurements
carried out over longer time periods (several years) and
thereby dilute associations.

Conclusions

In summary, we report that babies born with lower
birth weight, adjusted for gestational age, are more
likely to have impaired lung function in adult life—
a finding more visible in a younger and more recent
birth cohort. This association is relatively weak and
could have been taken over by other factors acting in
adult life, such as smoking and educational level, closer
to the spirometry examination. A difference may exist
between generations, not just because of the time inter-
val, but because of lifestyle changes (smoking habits)
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and historical developments in Sweden. Finally, we
would like to underline the importance of postnatal
growth patterns that may compensate for low birth
weight and contribute to better adult lung function.
Such a mis-match seems to be of benefit for adult lung
function, as contrary to the increased risk of adult car-
diometabolic disorders [54, 55]. The most likely reason
is the anatomy of the thorax, bronchi and lung function
in relation to body size [60, 61].

The clinical application of the findings is not immediate
as this is not a clinical study per se involving patients, but
a population-based epidemiological study. However, the
data add to a growing interest in clinical lung medicine
to better understand the early life origins and modifiers
of adult lung function. This could increase the interest in
early prevention of lung disorders when healthy pregnan-
cies and normal birth outcomes could be of importance,
as well as healthy weight trajectories in childhood and
adolescence.
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