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Lung function in young adults born small for gestational age
at term

To the Editors:
Moderate to extreme prematurity is associated with lower
lung function in adults1 while evidence is poorer and con-
troversial for late prematurity.2 Likewise, the potential long-
term impact on adult lung function of being born small for
gestational age (SGA) at term is not well established since
most previous studies in this field have been done in groups
with participants enrolled by birthweight and not by SGA per
se.2 This may be important because not all infants born SGA
have experienced intrauterine growth restriction (IUGR) and,
the other way round, early IUGR does not necessarily bring
fetal growth down below the 10th percentile (the definition of
SGA). We recently showed that young adults born SGA at
term had markedly reduced exercise capacity, mostly of cardio-
vascular origin.3 In particular, they showed lower maximal
workload, peak oxygen consumption and oxygen pulse, as well
as higher minute ventilation/carbon dioxide production equiv-
alent at the anaerobic threshold, than age-matched controls.3

Here, we extend and complement these previously published
observations3 with the analysis of pulmonary physiology (spi-
rometry and carbon monoxide diffusing capacity [DLCO]) and
the measurement of circulatory markers of abnormal lung
development, including surfactant protein A and D (SP-A and
SP-D) and club cell protein 16 (CC16).

We conducted an ambispective, controlled, cohort study
whose detailed methodology has been published elsewhere.3

Briefly, from the birth records of our institution, we identi-
fied individuals born at term (≥37 weeks of gestation)
between 1975 and 1995 with either appropriate weight for
gestational age (AGA) or SGA (<10th centile for gestational
age). Distinction between constitutionally small and growth-
restricted participants was not possible since Doppler ultra-
sound, which is the tool allowing to differentiate between
these two groups, was not widely used when these individ-
uals were born, so their medical records do not include this
data. Exclusion criteria were twins, congenital malforma-
tions, genetic syndromes, macrosomia, mental disorder, cur-
rent pregnancy or professional sports practice.

Demographics and medical history were recorded.
Forced spirometry and DLCO were determined following
international standards. Reference values were those of Roca

et al.4,5 The serum concentrations of SP-A, SP-D and CC16
were determined using ELISA or Luminex following manu-
facturer’s instructions.

Results are presented as mean � SD, median [interquar-
tile range—IQR] or number (%). Comparisons of perinatal
and demographic data were performed using the Student’s
t-test, Wilcoxon rank-sum test, Chi-square or Fisher’s exact
tests, as appropriate. Comparisons of pulmonary results
were adjusted by age, sex, body surface area and smoking
exposure using multivariate linear regression models.
A p-value < 0.05 was considered statistically significant.
Analyses were performed using Stata/IC 15.1.

We compared individuals born at term with SGA (n = 61)
or AGA (n = 66) in their early thirties (Table 1). All partici-
pants were of Caucasian origin and were born in Barcelona
(Spain). By design, birthweight was lower in SGA. The number
of males and females was similar in both groups. In adulthood,
weight was similar but height was significantly lower in SGA.
The proportion of smokers was also similar in both groups
(Table 1). There were three AGA-born and six SGA-born indi-
viduals with asthma at the time of study (one and three requir-
ing treatment, respectively) but this difference was not
statistically significant. Although absolute values of forced expi-
ratory volume in the first second (FEV1) were significantly
lower in the SGA group, when expressed as % of reference
values, spirometric and DLCO values were similar and normal in
both groups. Differences in absolute DLCO values did not reach
statistical significance but sample size was smaller. The circulat-
ing levels of SP-A, SP-D and CC-16 were also similar in both
groups. The results of the multivariate analysis did not show
any further differences in the analysed parameters.

The main and novel observations of this study show that
young adults born SGA are significantly shorter than AGA
(indicating some degree of tracking of SGA into adulthood),
but their lung function (spirometry and DLCO) is normal
once normalized for sex, age and height (Table 1). Collec-
tively, these observations indicate that, at variances with
prematurity,1 being born at term SGA is not associated per
se with reduced lung function later in life. This would be in
keeping with a previous analysis of this same cohort that
recently showed that the ventilatory response to exercise in
SGA subjects was normal3; interestingly, however, their
cardiovascular response was not, featuring both decreasedFàtima Crispi and Isabel Blanco contributed equally to this study.
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maximal workload and oxygen consumption.3 What mech-
anisms can explain this differential pulmonary and cardio-
vascular consequences of being born SGA at term are
unclear and cannot be ascertained from our data, although
cardiac limitation in SGA seems related to left ventricular
sphericity and this may not apply to lung development.3

Further, it may be important to note in this context that
SGA is an umbrella term that includes babies that are con-
stitutionally small but had a normal fetal growth trajectory,
and children who suffered from fetal insults that result in
IUGR.6 In any case, our results indicate that future studies
of adults born SGA at term should focus on those with a
history of IUGR, as these are the only ones likely to have,
potentially, impaired lung function.

On the other hand, previous reports in animal models of
SGA have shown disturbed expression of surfactant proteins
and vascular endothelial growth factor in the lung

parenchyma7,8 but, to our knowledge, no previous study has
assessed circulating lung biomarkers in adults born SGA. In
keeping with the normal physiology observed in young adults
born SGA, we did not find significant differences between
three pneumo-proteins (SP-A, SP-D and CC16) previously
described to be associated with reduced lung function.9 We
cannot exclude, however, that lack of differences may also
relate to the time elapsed from the prenatal insult or the kind
of sample studied (lung tissue vs. circulating blood).

Among the strengths of this analysis is the availability of
an adult cohort of AGA and SGA subjects born in the same
centre to be analysed. Among its potential limitations, its
relatively small size and the absence of a formal sample size
calculation. Also, potential differences in other body compo-
sition measures (e.g., sitting height, lean muscle mass) is also
a limitation that may need to be addressed in future studies.
Finally, we acknowledge that our results correspond to a one

T A B L E 1 Perinatal, demographic and pulmonary characteristics of the study population

AGA (n = 66) SGA (n = 61) p-valuea

Perinatal data

Birthweight (g) 3388 [3210–3550] 2550 [2440–2700] <0.001

Gestational age at birth (weeks) 39.8 � 1.1 40.1 � 1.3 0.115

Birthweight centile 53 [36–65] 2 [1–4] <0.001

Demographics

Current age (years) 33.4 � 3.6 34.4 � 3.5 0.151

Female (%) 31 (47) 32 (53) 0.536

Height (m) 1.72 � 0.08 1.66 � 0.09 <0.001

Weight (kg) 74.5 [60–87] 67.5 [58–82] 0.145

Smoking habit (%)b 16 (24.2) 19 (31.2) 0.384

Pulmonary results at rest

FEV1 (L) 3.73 � 0.66 3.40 � 0.73 0.012

FEV1 (% pred.) 95.9 � 9.1 94.9 � 10.6 0.748

FVC (L) 4.76 [4.06–5.37] 4.58 [3.42–5.19] 0.193

FVC (% pred.) 99.4 � 9.6 100.3 � 10.1 0.565

FEV1/FVC (%) 78.8 � 6.1 77.8 � 7.3 0.432

CO diffusing capacity of the lungc

DLCOsb (ml/min/mm Hg) 28.7 � 6.8 25.5 � 6.2 0.273

DLCO (% pred.) 88 � 12 86 � 12 0.975

VA (L) 5.64 [4.56–6.54] 5.72 [4.04–5.94] 0.191

VA (% pred.) 99 � 10 100 � 12 0.648

KCO (DLCO/VA) 5.05 � 0.56 4.95 � 0.71 0.937

KCO (% pred.) 92 � 12 91 � 16 0.902

Circulating biomarkers

SP-A (pg/ml) 704 [486–1270] 795 [523–1084] 0.850

SP-D (pg/ml) 6.67 [4.64–10.8] 8.26 [3.50–11.9] 0.630

CC-16 (ng/ml) 12.5 [9.60–19.1] 12.7 [9.75–15.9] 0.509

Note: Data shown as mean � SD, median [IQR] or n (percentage). Bold is to highlight significant results. Italic for the statistical analysis.
ap-value adjusted for BSA, age, sex and current smoking status.
bSmokers were those individuals who smoked on a regular basis (≥1–2 cig/day). Individuals who had stopped smoking at least 1 year before the study onset were labelled as
non-smokers.
cData available for 29 controls and 30 SGA.
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observation in time and that trajectories over time would be
of future interest too.

In conclusion, these observations show, for the first time
to our knowledge, that being born SGA at term tracks into a
shorter height in early adulthood but does not result in
reduced lung function for that reduced height.
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