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Malnutrition is a major cause of mortality and morbidity in developing countries [1]. It has been reported
to play a role in different acute and chronic disease conditions [2–4], including respiratory diseases and
lung development [5, 6]. Starting in utero, maternal malnutrition during pregnancy may influence
postnatal lung function directly (e.g. through decreased alveolar number), or indirectly (e.g. through
intrauterine growth retardation, prematurity or low birth weight) [7]. There is clear evidence of
detrimental effects of vitamin A deficiency in pregnancy on lung function in childhood [8]. Early
postnatal malnutrition was associated with several adverse pulmonary effects and lung injury in animal
models, e.g. decreased lung protein and DNA synthesis in the lungs [9], whereas breastfeeding and
balanced nutrition is thought to be protective [10, 11]. Furthermore, Vitamin D and C deficiency have
been reported to cause deficits in lung function and structure [12, 13]. To summarise, malnutrition
potentially influences respiratory health and lung function on multiple levels.

In this regard, the study reported by LELIJVELD et al. [14] in this issue of the European Respiratory Journal
is surprising, as they report that severe acute malnutrition (SAM) in childhood does not have negative
effects upon later lung function. The authors investigated the effect of SAM on spirometry outcomes
7 years later in young Malawian children from a prospective cohort study, within a case–control design.
Cases were children between the ages of 7 and 15 years, admitted to a nutrition ward 7 years earlier for
treatment of SAM. Notably, the authors selected two different control groups: 1) siblings not treated for
SAM and 2) community controls, matched for sex and age. High quality spirometry measurements were
assessed in 237 children in the case group, and in 143 (in the first group) and 121 (second group)
children, respectively, from the two control groups. The authors reported that all measured spirometry
values were slightly lower than expected from standard reference values (Global Lung Function Initiative
z-scores; e.g. mean forced expiratory volume in 1 s z-score: −0.47 for cases; −0.48 for siblings; −0.34 for
community controls) [15]. However, they did not find clear differences in lung function parameters
between the three groups. What they did observe was a preservation of sitting height, while leg length was
shorter in SAM survivors compared to both control groups. Furthermore, in the whole sample, as well as
within the case group, girls and HIV positive children had lower lung function parameters [14].

While the authors have previously published the overall results, along with other adverse long-term effects
of SAM [16], in the current article they describe in more detail results on lung function measurements.
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All spirometry measurements were performed at one centre by three trained data collectors, assuring data
quality. An additional strength of this study is the large number of demographic factors collected, as well
as the history of respiratory symptoms, HIV and tuberculosis status and information about the home
environment. As this allows high methodological quality, given the knowledge about malnutrition and
lung growth as outlined above, it seems especially surprising that no significant differences in lung
function data across the three groups were observed.

The authors hypothesise that this could be due to “thrifty” or “lung sparing growth”, which is supported
in this study by compromised leg length in the case group. Although highly speculative, this seems to be
an intriguing theory. A pattern of shorter legs, but preserved torso height, might allow lung function to be
preserved. This pattern of preserved organ function has been already described for the brain (“brain
sparing growth”) [17]. The authors could not show clear associations between specific height
measurements (e.g. adjustment for sitting height or leg length) and lung function data. However, the
slightly reduced leg length compared to the preserved sitting height leads the authors to conclude that
there may be a “lung sparing growth” effect of SAM. This would need to be evaluated in future studies,
and separately for different nutritional components, such as vitamins [8].

Some additional factors have to be considered when interpreting these findings. As acknowledged by the
authors, 46% of the case group died before follow up. Thus, it is likely that the more severe SAM cases,
which presumably had poorer lung function outcomes, could not be measured in the study. In addition,
they report rather reduced values of all spirometry parameters in the cases and control groups. This could
hint towards an overall poorer nutrition status in all groups, which could hamper the ability to observe an
effect of malnutrition on lung function in the case group.

Besides actual nutrition status, pre- and early postnatal history might also be of relevance. However, data
on nutrition intake and environmental exposure during pregnancy, gestational age, precise birth weight, as
well as breastfeeding status were not known; all factors known to clearly influence early lung growth [18].
Not being able to control for these could have biased the results. For example, exposure to malnutrition
during pregnancy for both case and control groups could lead via lower birth weight to overall lower lung
growth in all groups. The sample size needed to show an effect in the exposure group could be too small
in the current study without considering this. It could also be possible that, by chance, the number of
children with additional (pre- or postnatal) risk factors for an impaired lung function is overrepresented
in the control groups, which would potentially mask an effect of SAM on lung growth during childhood.

Moreover, the exact period during which SAM occurred might be especially important. It is known that
alveolarisation continues at least until the age of 2 years [19] and that susceptibility of lung development
toward external influences depends on age [20]. Therefore, the malnutrition status previous to SAM
diagnosis, which was not assessed in this study, could differently impact lung development. The authors
divided the case group into two groups of children younger and older than 2 years of age, and did not find
differences in outcomes. A more detailed analysis of age at SAM occurrence, however, might have revealed
vulnerable time periods.

As spirometry measures large airways, and less well overall lung volume or peripheral airways, other lung
function measurements might be more sensitive to discover early effects of SAM. Although more
elaborate, expensive and time consuming measurements, parameters obtained from body plethysmography
(e.g. total lung capacity), or washout measurements (e.g. functional residual capacity and lung clearance
indices) [21], could be valuable for future studies.

All these points reveal how difficult it is to identify associations of SAM and lung growth as an interplay
of several different factors contributing to lung development. In this regard, the study design was excellent
and the authors tried to disentangle the complex interactions of early and acute effects, environmental
factors and diseases; especially considering the challenging study setting in Malawi. Overall, it seems
possible that in future studies a more detailed investigation of age and type of malnutrition (e.g. vitamin
deficiency) might lead to further knowledge regarding the exact effects of malnutrition on lung growth
and the intriguing hypothesis of “lung sparing growth”. This would foster greater understanding of early
treatment and post discharge care of malnutrition to reduce long-term adverse outcomes, which is of
utmost importance from a public health perspective.
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