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Correlation of Lung Function Tests with Nutritional and
Socio-economic Status in Male Children
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Abstract: This study was carried out on hundred male children (5-12 years) fifty each from lower and
middle socioeconomic strata. Body mass index and total body fat (TBF) were assessed by measuring
skinfold thickness to know their nutritional status. Lung function tests including forced vital capacity
(FVC), forced expiratory volume in one second (FEV,) and peak expiratory flow rate (PEFR) were
measured by spirometry. Children of lower socioeconomic status (group Il) showed more prevalence
of malnutrition, lower value of the mean TBF and pulmonary functions tests as compared to children

belonging to middle socioeconomic status.

Results of our study reveal poor nutritional status and

compromised lung functions in children living in vulnerable indoor environment of lower socioeconomic

Strata.
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Introduction

Multiple non-hereditary factors including radiation, malnutrition,
passive smoking and hazardous out and indoor environment may
influence individual’s health in many ways'°>. Among the above
devastating factors the role of poor nutritional status become quite
dominating. Norms established in previous studies, carried out in
well nourished Delhi Children under the age group of 10-15 years
act as reference standards for various lung functionst*2,  Kapil
et a®® in their study show 81.1% prevalence of protein energy
mal nutrition among the pre-school children of urban communities
in Delhi. Nutritional differences influence qualitative aspect of
lung development in childhood beyond simple isotropic lung
growth'*. Work on malnourished children® have shown significant
reduced lung functions (FVC, FEV,) as compared to normal
population. Pulmonary functions correlate better with physical
parameters e.g. height-arm span, weight and upper segment than
with age'®. Measurement of pulmonary function tests are not only
providing a direction regarding any deviation in health status of
population studied but they also add alot for required informations.
On going through the literature, it is found that studies on Indian
Children particularly belonging to low socioeconomic strata are
very few?>1° and therefore, we have made an attempt to coordinate
the effect of various vulnerable factors such as indoor pollution
including passive smoking and others on their complete health
profile so that causative factors could be identified.

Material and Methods

This study was performed in 100 male children, aged 5-12 year,
50 each from middle and lower socioeconomic strata of East
Delhi. They were further divided into four groups: group A (age
5-8 years) and B (age 9-12 years) from group | and group C (age
5-8 yers) and D (age 9-12 years) from lower socioeconomic strata
(group 1I). Each group consisted of 25 children.

The general information regarding number of total and earning
members in family, approximated monthly income, household area
to live (HAL, ft?), fuel used for cooking, number of smokers in
family, and child's vaccination under routine immunization,
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programme were collected by introducing a standard questionnaire
for each children. The subjects were also grouped in various
combinaltions of abovementioned groups as well as in groups
based upon fuel used for cooking (gas-users and non-gas-users),
number of smokers in family (passive smokers and non-smokers)
and child’s vaccination (vaccinated and unvaccinated).

The height (ht, cm) and weight (wt, kg) of each child were
measured and the body surface areas (BSA m?) was calculated
using DuBois formula®.

BSA = ht®® x wt®® x 0.007184

To assess the child’s nutritional profile the body fatness was
measured by using the swiss precision GPM Skinfold Caliper
(Swiss make). The thickness of skinfold at each of the ten
standard sites-namely, cheek, chin, chest, flank, waist, para-
umbilical, triceps, subscapula, calf and knee was measured thrice
and the mean value calculated. The sum, (3 SD, mm) of the mean-
skinfold-thickness for the ten above mentioned sites was cal culated
and used to estimate the total body fat (TBF, kg) the percentage
fat PF, %) and the fatless tissue (FT, kg) using following formula:

TBF=wt x (8SF 40) x BSA x 0.039
0.03

20 x w
PF (TBF / wt) x 100
And FT = Wt - TBF

The Body Mass Index (BMI)? was also calculated by using wt/
ht? and a value - < 0.15 was considered for designating the child
as malnourished.

The pulmonary functions namely, forced vital capacity (FEV, L),
forced expiratory volume in 1 sec (FEV, L) and peak expiratory
flow rate (PEFR, L/min) - were measured by using PK Morgan’s
Pocket Spirometer (PK Morgan Pvt. Ltd. England). The procedure
was demonstrated to the satisfaction of each subject.

Nose clip was used on the subject during assessment. For each
function, three measurements were made and the best result out
of three was included. The Empey index (ElI, ml/l/min.) was
calculated using formula??.

El = (FEV, / PEFR) x 10000

All the collected data was analysed by applying the * SPSS version
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5.0" statistical package and the scatterograms were computer-
drawn wherever significant correlations were observed.

Results

Table 1 shows the general information including number of total
earning members in family, monthly income, HAL, gas-user
families, number of smokersin family and unvaccinated children.
As shown, the number of members in family was greater but the
monthly income and HAL were lesser in groups Il (lower
socioeconomic stratum) than in group | (middle socioeconomic
stratum) forming the basis for grouping them socioeconomically.

Table 1 : General profile of subjects and their families

Sr.  Parameter Socioeconomic Stratum pvalue
No (Group) (Groupll)

1 Number of Subjects D D

2 Meanage(Yr) 862 828 >006
3 Total members/family 504+175 7.86+064 <00
4 Eaming members/family 146+010 132+011 =006
5 Monthlyincome (Rs.) 7204+582 1527+139 <006
6 Gas-user/family (%) 10 D <006
7 Household areatolife (ft?) 762+12 200+0 <006
8 Smokers/family 032+008 074+010 <006
9 *No of malnourished subjects 6 5 <006
Values are Mean SEM statistical analysis using unpaired t-test

*QueteletBMI<<0.15asperref®

Although all families of middlie socioeconomic status are found
using LPG fuel for cooking, whereas only 30% of families of
lower socioeconomic status used the same and rest of them used
other less efficient and more smoke producing fuels such as
kerosene ail, coal and wood. There were more number of smokers
and unvaccinated children in group Il families as compared with
group .

The ht, wt and BSA values as well as Y SF, TBF, PF and FT
values were found toward lower side in children of group II.
These values further showed a declined pattern for non-gas-users,
passive smokers and unvaccinated children (Table 2).

Table 2 : Nutritional profile and pulmonary functions in subjects.

Sr. Parameter TBF F RC FBY, PER
Na (9 o9 @] @] (L/min)
1  Socioeconomicstatus
Groupl(n=50) 2580 848 1334 1219 1572
+03P +114 —+0061 0064 +72
Groupli(n=50) 0961 504 0939 0831 1270
+0142 074 +0045 -+H0040 +65
pvalue <0k <0k <06 <0b <0b
2 Fuelusedforcooking
Gasusers(n+65) 2332 825 1244 1138 1487
+0313 +H0RB +0064 -+H0048 +&4
Non-gas-users 0726 3% 0937 0835 1299
> +0143 -+08L +0066 -+H0049 +80
pvalue <0k <06 <06 <0b <0b
3 Passivesmoking
Passivesmokers 1507 660 1066 0976 1283
(=40 +0257 +HH -+0063 -+0083 +72
Non-smokers(n=59) 1953 687 1186 1102 1517
+032 +0%9 +4 -+H0048 +63
pvalue >0% >0% >0 >00b >0b
4. Nutritional status
Welinourished (n=69)2.348 871 1200 1093 1419
+0292 -+087 +0067 -+H0049 +63
Malnourished (n=31) 0484 274 1003 094 1427
+0130 +78 +0080 -+H0049 +34
pvalue <0k <06 <06 <0b >0b

Values are Mean SEM Statistical analysis using unpaired t-test
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Table 2 exhibits the results of pulmonary functions (FVC, FEV,
PEFR and El) of the children. Results of FVC, FEV, and PEFR
showed a decrement in children belonging to group Il as compared
with others (group |) and the pattern of lower results continued
in non-gas-users, passive smokers and unvaccinated children.

The prevalence of malnourished children in group Il is more
(50%) as compared with group | (12%) children (Table 2).

Further the FVC and FEV, valuesincreased with increase in HAL
asr = 0.4613 and 0.4315, P < 0.001 respectively. The FVC value
was observed to be more with increasing age as :

FVC(1) - 0.1379, age (yr) 0.0271, r = 0.6864, P < 0.0001

Results show alinear relationship of FVC and FEV | with increasing
TBF (r=0.4618 and 0.4119, p<0.0001) respectively.

The PEFR results also indicated a similar pattern being on lower
side in children of group Il as well as in non-gas-users and
passive smokers. There was a linear increase in PEFR with
increasing age, ht, wt, and BSA as exhibited by r values (r=0.6168,
0.6814, 0.6223 and 0.6696 respectively, P<0.0001) respectively.
The PEFR results depicted a direct relationship with HAL
(r=0.3386, P<0.0007) whereas an inverse pattern was observed
with number of smokers in family (NOSMO) as well as with
number of smokers/number of total membersin family (S/FM) as
exhibited in Fig. 1 and 2 (r=0.2505 and -0.2028, P<0.05)

Fig. 1. Scatterogram showing PEFR (peak expirtory flow rate) in
relation with NOSMO (no. of smokers in family). Regression equation
: PEFR = (-18.09xNOSMO) + 151.7; r=-0.2505; P<0.05

—

Fig. 2: Scatterogram showing PEFR (peak expirtory flow rate) in relation
with SFM (no. of smokers/no. of total members in family) Regression
equation : PEFR = (-90.42xSFM) + 149.6; r=-0.2028; P<0.05
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respectively PEFR values also indicated an improvement with
increasing FVC and FEV,. Values (Fig 3, r=0.6482 and Fig. 4,
r=0.7042 retrospectively, P<0.0001).

Fig. 3: Scatterogram showing PEFR (peak expirtory flow rate) in
relation with FVC (forced vital capacity). Regression equation :
PEFR = (76.95xFVC) + 54.66; r=0.6482; P>0.0001

Fig. 4. Scatterogram showing PEFR (peak expirtory flow rate) in
relation with FEV, (forced expiratory volume in 1 sec.). Regression
equation : PEFR = (95.81xFEV,) + 41.54; r=0.7042; P<0.0001.

In present study, the El was found to be higher in children of
groups B and D (age 9-12 yr) then in group A and C (age 5-8
yr) though less than 10 in all groups. The El exhibited an increase
with increasing TBF (r=0.4216, P<0.0001) and increase with
increasing PEFR (Fig. 5, r=0.3951, P<0.0001). It was higher in
passive smokers.

Discussion

As it has become quite clear that the children belonging to lower
socioeconomic status are exposed to more hazardous indoor
environment due to passive smoking and use of less efficient and
more smoke-producing fuels. Alongwith larger fraction unvaccinated
children, all these factors may be responsible for favouring the
underdevelopment associated with various respirtory disorders
amongst them?*315,

The TBF has also been assessed by Burnin and Womensley?,
however, they calculated it in older age group from the body fat
density presuming the later to be uniform in the whole body.
Faridi et al*® have used a method similar to our and their results
were slightly lower than ours possibly because they carried out
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Fig. 5: Scatterogram showing ElI (Empey index) in relation with
PEFR (peak expiratory flow rate). Regression equation : El= (-
0.0185xPEFR) + 10.35; r=-0.3951; P<0.0001.

their study in malnourished children only. On assessing Body
Mass Index (BMI) the resuls are further supported by showing
more malnourished children in group Il as compared with group
I

Ong et al** show that lung function normalized for sitting height
and stature correlated significantly with indices of nutrition in both
sexes. The pulmonary function values reflect better results in
children living in less polluted areas, and these are supported by
many other workers as they have reported from the children
belonging to health environment!45171822 The linear increase in
PEFR values with increase in age, ht, wt and BSA has also been
reported in study carried out in mildly malnourished Senegalese
children?. Therate of increase in PEFR & so seems to be enhanced
with increasing age®. Smokers of the family are exposing the
children to passive smoking and may cause a decrement in their
pulmonary function values.

The El is an important pulmonary function since a value of it
above 10ml/L/min is suggestive of narrowing of upper airways?.
Our study reveals that as the Nutritional and respiratory conditions
improve, the El value decreases depicting its significance. There
are reports on similar trends by others”.

Though we have tried to explain and provide suitable reasoning
for our results and their correlation with other factors worked out
by us, but to draw a conclusion we suggest to continue such
studies involving more number of such children belong to various
socioeconomic status.
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