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ABSTRACT 
Lung functions including FVC, FEV1, PEFR, 

%FEV1/FVC and Empey Index were measured 
using P.K. Morgan's pocket spirometer on 122 
children of both sexes in the age group of five to 
eleven years. There were 80 (65.57%) malnou-
rished children according to the Indian Academy 
of Pediatrics classification. FVC and FEV, were 
significantly (p<0.02) reduced in malnourished 
children. FVC (r = 0.67, p <0.001), FEV1 (r = 
6.68, p <0.001) and PEFR (r = 0.53, p <0.001) 
showed linear relationship with body surface 
area in all age groups. Empey index was less 
than 10 in both healthy and malnourished 
children. Abnormal respiratory functions should 
be interpreted with caution in malnourished 
children. 
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Undernutrition leads to higher suscepti-
bility of children to suffer from various 
infections and nutritional deficiencies and 
contributes to high rates of morbidity and 
mortality(l). Acute respiratory infections 
(ARI) in children constitute an important 
group of diseases with very high morbidity 
and deaths. The WHO initiated ARI Control 
Programme worldwide to effectively and 
timely treat ARI and improve quality sur-
vival in children(2). Literature pertaining to 
the respiratory status of Indian children both 
in health and disease is very scanty. There 
are, virtually, no reports available on the 
effect of protein energy malnutrition on res-
piratory functions. Non-availability of 
simple and sensitive equipments, non-coop-
eration on the part of child patient, logistic 
problems and indifference might have been 
the impediments to carry out research in this 
area. Thus, this study was undertaken to 
evaluate the effects of nutritional status on 
lung functions in the age group of 5-11 
years. 

Material and Methods 

One hundred and twenty-two children, 
attending Pediatrics Out-patients' Depart-
ment of Guru Tegh Bahadur Hospital, 
Delhi, in the age group of 5 to 11 years were 
randomly selected. They were divided into 
three groups of 5-7, 7-9, and 9-11 com-
pleted years. The weight (kg) and height 
(cm) were recorded by standard method and 
body surface area was calculated by Du 
Bois' formula(3). The nutritional assess-
ment was done according to the Indian 
Academy of Pediatrics classification^); 
reference weight was taken to be the fiftieth 
percentile of the weight for the particular 
age from the NCHS standard(5). The 
children were divided into healthy and 
malnourished according to the Indian Acad-
emy of Pediatrics classification^). Children 
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suffering from chest infections, bronchial 
asthma, heart ailments and hyperpyrexia 
were excluded from this study. Lung func-
tion tests, namely Forced Vital Capacity 
(FVC), Forced Expiratory Volume in first 
second (FEV1), Peak Expiratory Flow Rate 
(PEFR), Percentage of FEV1/FVC (% FEV/ 
FVC) and Empey Index (FEV1/PEFR(6) 
were calculated using P.K. Morgan's Pocket 
Spirometer (P.K. Morgan Pvt. Ltd., 
England). The procedure was demonstrated 
number of times to each subject indivi-
dually up to our satisfaction. Three readings 
were taken from each subject by one of us 
(A.P.) and the most consistent one was 
noted. The data was subjected to correlation 
and regression analysis using SPSS package 
and scatterograms were prepared using 
Lotus 1-2-3 package on a personal com-
puter. 'Unpaired t-test' was applied as and 
when necessary. 

Results 

There were 42 healthy and 80 malnou-
rished children. The overall male to female 
ratio was 2.7:1. FVC, FEV1 and PEFR in 
healthy and malnourished children are 
shown in Tables I, II & III, respectively. 
FVC and FEV1 were reduced significantly 

TABLE I- Forced  Vital   Capacity  (FVC)   in 
Healthy and Malnourished Children 

Age         Subjects* FVC (L) 
(yrs)     

Control PEM Control PEM 
(n=41) (n=72) x±SD x±SD 

5-7        23 9   0.84 ±0.18   0.52 ±0.17* 
7-9 9        28   1.10 ±0.32   0.89±0.23$ 

9-11         9        35    1.45+0.38   1.17 ±0.31$ 

* In nine subjects, FVC could not be evaluated. 
+ p<0.001, $ p<0.05. 
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TABLE II- One Second Forced Expiratory 
Volume (FEV1) in Control and 
Study Group. 

Age        Subjects* FEV1 (L) 
(yrs)     

Control PEM   Control PEM 
(n=41) (n=72)   x±SD x±SD 

5-7        23 9    0.80±0.17      0.48±0.18+ 
7-9 9        28    1.06±0.32      0.83±0.23$ 
9-11         9        35    1.37±0.35      1.12±0.31$ 

* In nine subjects, FEV1 could not be evaluated. 
+ p <0.001, $  p <0.05. 

TABLE III- Peak Expiratory Flow Rate 
(PEFR) in Healthy and Malnour-
ished Children 

Age         Subjects PEFR (L/min) 
(yrs)    

Control  PEM    Control PEM 
(n=42) (n=80)   x±SD x±SD 

5-7        23        9   105.5±27.2     81.4±40.1 
7-9 9        32   127.8±36.3    104.6±40.8 
9-11        10        39    153.2±44.6    142.0±38.4 

p = not significant. 

(p<0.05) among malnourished children in 
all age groups. Both FVC (r = 0.22, p <0.02) 
and FEV1 (r = 0.24, p <0.02) showed direct 
linear correlation with body weight (Figs 
1&2). 

%FEV1/FVC was not different in 
healthy and> malnourished children in 7-9 
and 9-11 years age group (Table IV). Simi-
larly, Empey Index was also not signifi-
cantly different in healthy and malnourished 
children (Table V). 

Height of all malnourished children was 



 

 

Fig. 1.    Scatterogram showing Forced Vita 
body weight (% wt). 

>80% of the expected height for age but the 
body surface area was significantly low (p 
<0.001) in comparison to healthy children. 
The FVC (r = 0.67, p <0.001), FEV1 (r = 
0.68, p <0.001) and PEFR (r = 0.53, p 
<0.001) showed direct correlation with the 
body surface area (Figs. 3-5). 

Discussion 

All malnourished children in our study 
were suffering from acute protein energy 
malnutrition since their height was >80% of 
the expected height for the age. FVC and 
FEVj were significantly reduced in mal-
nourished children in all age groups. How- 

Capacity (FVC) in relation to percentage 

ever, some of the respiratory functions like 
PEFR and %FEV1/FVC were spared from 
ill-effects of PEM, although the values were 
always lower in malnourished children. 

The inspiratory and expiratory capacity 
depends upon endurance and strength of the 
respiratory muscles and bony cage. The 
muscle is a principal protein reservoir and 
gets utilized during nutritional deprivation 
resulting in its wasting. Flabbiness, hypo-
tonia, tenderness and stiffness of muscles 
are clinical manifestations of PEM in 
order of severity(7). The histopathological 
changes of PEM in skeletal muscles include 

37 



 

 

reduction in the number and size of 
muscle fibres, myotube formation, loss of 
cross-striations, disorganization of sub-
sarcolemmal nuclei, perivascular edema 
and fibrous metaplasia in severe cases(7-9). 
Further the reduction in size and number of 
muscle fibres is directly related to the 
degree of PEM. It was, therefore, expected 
that respiratory functions would be affected 
in the presence of PEM. Indeed, FVC, FEV1 
and PEFR were reduced in the PEM 
subjects in our study. 

In the presence of upper airway obstruc-
tion the reduction in PEFR is greater than 
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the reduction in FEV^IO). In contrast, with 
lower airway obstruction there is propor-
tionate decrease in FEV1 and PEFR. The 
Empey Index is therefore higher (>10) in 
upper airway obstruction and is normal 
(<10) in lower airway obstruction and in 
healthy subjects(6). Empey Index in our 
study was normal because both FEV1 and 
PEFR decreased proportionately as a result 
of poor endurance and strength of respi-
ratory muscles. 

To the best of our knowledge, respira-
tory functions in malnourished children 
have not been evaluated. Not a single study 



 



 

 

is available showing the effect of reduction 
in body surface area and weight on FVC, 
FEV1, PEFR, %FEV1/FVC and Empey In-
dex. Bhattacharya and Bannerjee(11), and 
others(12-15) calculated FVC in healthy 
children which was in general agreement 
with our observations in healthy children. 
Only Singh and Prabhakaran(15) reported 
higher values of FVC than our children. 
Similarly, FEV1 in our healthy children was 
comparable to values reported by 
Deshpande et al. (13) and others(14,16). 
%FEV1/FVC was calculated by few 
workers(12,13)   which   was   comparable 
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to our values. However, Singh and 
Prabhakaran(15) reported lower %FEV1/ 
FVC than our healthy children. On the other 
hand there was wide variation in PEFR as 
reported by various workers(12-14, 17-19). 
Except Jain and Ramiah(12) whose values 
were lower than ours and Singh and 
Peri(19) who had comparable data for 5-7 
years, all other workers(13,14,17,18) re-
ported higher PEFR values than our chil-
dren. This difference may be attributed to 
technical reasons as small children do not 
cooperate properly. None of the workers 
had calculated Empey Index(6) in children 



 

 

so far and, therefore, it was difficult to com-
pare our observations. 

In general our observations on respira-
tory functions in healthy children are in 
conformity with majority of workers(ll-
19). The age matched corresponding values 
of respiratory functions are reduced in mal-
nourished subjects which signified that 
PEM adversely affected respiratory func-
tions in children. Hence, there is a need to 
carry further research in this area. 

These findings have great clinico-thera-
peutic implications. Reduction in respira- 

tory parameters need not be pathognomonic 
of some respiratory illness but may be the 
effect of PEM which is so common in all 
the developing nations including India. One 
should be cautious in interpreting the abnor-
mal respiratory functions in malnourished 
children. 
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