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ABSTRACT

Objective: To compare ventilatory capacity indices in healthy Malawian school children with
those of other ethnic Africans and Caucasians.

Design: Forced vital capacity (FVC), forced expiratory volume in one second (FEV ), peak
expiratory flow rate (PEFR), FEV, expressed as a percentage of FVC (FEV %), weight and
height.

Setting: Two primary schools in urban Blantyre, Malawi.

Subjects: Five hundred and fourteen apparently healthy school children (230 boys and 284
girls) aged six to 17 years.

Results: Ventilatory capacity indices (FEV , FVC and PEFR) strongly and significantly
correlated tobody size and age of children of both sexes. The mean value of FEV % was 88.3%
and it did not change significantly with increasing body size and age of children. The mean
values of FEV and FVC were 9.8 % and 10.8 % higher in boys than in girls, respectively. The
1.4 % gender difference in PEFR values was statistically non-significant. For FEV, and FVC
values, the average differences between Malawian and European children were between
20.5% and 23% while for PEFR the ethnic difference was about 12%. The Malawian
children have similar ventilatory capacity indices to those of Nigerian, Jamaican and
Tanzanian children.

Conclusion: Prediction equations calculated in this study should be used for interpretation
of ventilatory capacity indices in Malawian children instead of reference values for Caucasians
or ethnic scaling factors. Computation of regional reference values for ventilatory capacity
indices shall be continued. It shall embrace additional factors contributing to variance in
respiratory functions such as customary physical activity, local environmental conditions,
altitude of residence, nutritional status and smoking.

INTRODUCTION

Forced vital capacity (FVC), forced expiratory volume
in one second (FEV,), peak expiratory flow rate (PEFR)
and FEV expressed as a percentage of FVC (FEV %) are
commonly used in physiology, clinical sciences,
community and occupational medicine for assessment of
ventilatory capacity in children and aduits in variety of
circumstances. In children these indices are also used for
assessment of general growth and development as they
increase in proportion with changes in anthropometric
variables(1,2). Ventilatory capacity parameters can be
measured during single expiration but they characterise
the functional state of the whole respiratory system
including thoracic cage, respiratory muscles, lungs and
control mechanisms of ventilation. FEV, and FVC are
very reproducible and depend on the lung size. FEV % and
PEFR are nearly independent from lung size and reflect
mainly the calibre of large airways. PEFR is expiratory
effort dependent.

Due to considerable ethnic variations in ventilatory
capacity, appropriate local norms should be used for
interpretation. Reference values for western populations

are widely available(1-5) but they are likely to mislead in
interpretation of ventilatory capacity in ethnic Africans.
Only a few studies of respiratory parameters of African
childrenhave beenreported(6-8). In the situation of absence
of local norms, some authors(2,9) recommended to apply
conversion factors for adjusting western reference values
to persons of other ethnic groups. Such approach might
also be misleading as it does not take into consideration
environmental and ethnic diversity of the continent as well
as differences in growth pattern between western and
African children. In the present study we examined
ventilatory capacity indices of healthy Malawian children
and compare them with western norms and limited data for
ethnic African children.

MATERIALS AND METHODS

The subjects were 514 primary school children (230 boys
and 284 girls) who were attending two state schools in urban
Blantyre, the largest city in Malawi. The city lies at about 1000
metres above sea level. All measurements were done between
9 a.m. and 12 noon at schools with ambient temperature of about
22°C. Approval from health and educational authorities was
obtained. Oneclassineach grade was selected randomly. Subjects
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were recruited on the basis of informed consent. All subjects
were non-smokers and had neither symptoms nor history of
cardiopulmonary diseases or signs of chest deformity.

Height and weight of children were measured using a beam
balance and a stadiometer and the standard technique described
elsewhere (10). Beam balance was calibrated regularly using a
set of weights. The children were weighted in light clothes and
without shoes. Height was recorded to the nearest millimetre and
weight to the nearest 0.1 kilogram. Age was accurately registered
for all children and reported to the nearest whoie year.

The expiratory parameters measured were forced expiratory
volume in one second (FEV ), forced vital capacity (FVC) and
peak expiratory flow rate (PEFR). FEV1 was also expressed as
the percentage of FVC (FEV %). The measurements were taken
using Spirocheck apparatus (P.K. Morgan Ltd., England) in the
standing position. A nose clip was used for the measurements,
The subjects were instructed to make a maximal inspiratory
effort, to place the mouthpiece in the mouth and to blow out with
amaximal expiratory effort. Adequate demonstrations were also
made on the apparatus and the subjects were actively encouraged
during the measurement to blow out maximally. Three technically
satisfied measurements were taken and the maximal values were
registered. They were corrected to body temperature and an
aqueous vapour pressure at 37°C. At least 30 seconds were
allowed between each blow. The calibration of the apparatus was
performed regularly with a precision syringe.

Epi Info and Microsoft Excel computer software were used
for statistical analysis of the results. Data are presented as means
and standard deviations of means. Two-tailed P test was used to
compare mean values. A P value of less than 5% was taken as
indicating statistical significance. Linear regression was used to
assess trend.

RESULTS

Tables 1-4 show the mean values and SD of the
ventilatory capacity indices tabulated according to age
and standing height of Malawian boys and girls. There was
strong and significant correlation between expiratory
indices (FEV 1, FVC and PEFR) and body size and age of
children of both sexes (Table 5). The highest values of
correlation coefficient were between the standing height
and ventilatory capacity indices. The mean values of
FEV% forboys and girls were 88.019.6% and 88.4+10.5%
respectively and they did not change significantly with
increasing body size and age of children. The mean values
of FEV] and FVC were 9.8 % and 10.8% higher in boys
than in girls (p=0.011 and p=0.004 respectively). The
1.4% gender difference in PEFR values was statistically
non-significant.

Table 1

Anthropometric and ventilatory capacity parameters (mean + SD) in Malawian boys by age at last birthday

Age No. Height Weighi FEV| FVC PEFR FEV%
(yrs) (cm} (kg) (litres) (litres) (litres/min)

6 12 108.6+2.8 18.742.6 0.91+0.20 1.0440.23 143.4+30.7 87.41+0.7
7 22 [15.2+1.8 20.4+1.4 1.0320.21 1.20+0.25 164.8%+33.1 87.1£7.2
8 20 120.5+1.8 22.5%1.5 1.1740.24 1.33£0.21 193.6+33.1 87.8+12.9
9 16 126.130.9 25.0£1.9 1.2520.25 1.4840.30 226.6+39.4 86.04+9.8
10 14 129.7+1.7 26.7%2.3 1.4240.28 1.59£0.35 24291489 90.3+8.2
11 13 134.4+1.9 28.813.6 1.50£0.38 1.87+0.41 256.61+44.1 82.7+13.1
12 18 138.8+1.4 30.61£3.2 1.63£0.31 1.79+0.35 287.5+45.9 91.0+5.3
13 30 145.742.3 35.643.8 1.96+0.35 2.2710.37 308.8161.6 87.3+12.1
14 28 152.7£1.5 41.434.7 2.20+0.31 2.56+0.41 370.6+62.9 86.6+7.6
15 21 159.0+1.8 47.316.4 2.5310.41 2.81+0.47 378.7458.3 90.4%5.1
16 20 163.9+1.6 53.445.3 2.55+0.31 2.88+0.38 420.1£50.9 89.1+5.7
17 13 172.134.9 56.946.1 2.92+0 44 3.28+0.53 432.6340.4 89.0+4.4

Table 2

Anthropometric and ventilatory capacity parameters (mean +SD) in Malawian girls by age at last birthday

Age No. Height Weigh FEV} EVC PEFR FEV%
(yrs) (cm} kg} (litres) (litres) (litres/min}

G 13 11001 2 18.4%1.3 0.83+0.30 1.00+0.36 116.8+39.0 84.3+11.3
i 28 115.0£2.1 19.4£1.5 0.95+0.30 1.11£0.38 178.1+45 .4 86.8+9.7
8 16 119.744.1 21313 1.09+0.34 1.26%0.35 183.8+48.7 86.8+9.0
9 27 123.6£2.0 24.0+3.8 1.16+0.28 1.40+0.38 224.3+71.6 84.14£9.8
10 16 128.948.9 27,7122 1.2830.24 1.43130.25 221.1462.1 90.0+4.4
11 29 134.942.1 28.9+2.4 1.394+0.27 1.58+0.26 250.2+54.9 89.2+1.4
12 29 142.3+2.4 36.546.7 1.65+0.33 1.85+0.38 312.1£75.2 89.639.8
13 25 148.0+1.5 43.716.4 1.8740.40 2.1310.41 327.5¢£79.1 88.6+2.2
14 29 151.748.9 44.844.2 2.06£0.43 2.23+0.42 365.8+89.3 91.8+4.2
15 32 155.0£1.4 51.245.0 2.15+0.36 2.38+0.46 386.5t81.1 91.447.8
16 24 159.0+7.8 53.7+10.1 2.24+0.45 2.64+0.55 373.9490.5 86.7+8.7
17 16 164443 8 54,1462 2.55+0.35 2.90+0.36 418.6346.5 88.0+5.6
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Table 3
Weight and ventilatory capacity indices (mean + SD) in Malawian boys aged six to seventeen years by standing height.
Height No Weight FEV{ FVC PEFR FEV%
(cm) (kg)
litres %" litres %* litres v
105.0-109.9 10 18.742.7 0.8110.23 79.5 1.040.26 74.1 145.0+42.5 90.6 87.5+7.4
110-104.9 11 19.1+0.8 1.0610.13 88.0 1.2140.22 80.8 155.9436.1 86.6 88.319.6
115-1199 21 21.4%1.5 1.09+0.27 78.0 1.26+0.32 739 178.0+40.0 347 86.945.1
120-124.9 15 23.0%1.6 1.19£0.25 71.0 1.3740.21 74.0 203.7444.5 88.6 87.2413.2
125-1299 21 23.3%1.5 1.31+0.26 76.8 1.5310.37 74.5 233.5+51.1 88.1 869195
130.0-1349 14 28.743.2 1.47+0.37 71.6 1.67+0.37 743 248.9+53.2 88.9 89.5+9.6
135.0-139.9 17 29.2+3.3 1.60+0.33 84.5 1.83+0.38 81.5 269.5+60.8 96.2 88.419.6
140.0-1449 19 32.843.1 1.71+0.41 81.2 1.96+0.41 782 283.6+58.6 90.0 88.6+12.4
145.0-1499 16 37.6+£2.9 2.0320.27 81.3 2.43+0.30 83.8 335.1+64.7 90.6 84.249.5
150.0-154.9 25 40.244.2 2.18+0.31 78.4 2.48+0.42 77.6 357.8+63.9 90.6 88.7+8.8
155.0-159.9 16 45.843.1 2.4240.33 80.8 2.71£0.37 717 383.8+56.4 914 89.749.5
160.0-164.9 24 51.1£74 2.5440.37 77.1 2.8610.41 76.3 404.3+42.1 90.9 89.2+4.0
165.0-169.9 13 53.343.5 2.70+0.36 76.1 3.05£042 76.3 412.6448.2 878 88.7¢5.2
170+ 8 60.845.7 3.04+0.42 779 3.44+0.43 76.4 443.7442.1 88.7 88.5+5.1

# Represents values relative to corresponding norms for European children (2)

Table 4

Weight and ventilatory capacity indices (mean + 8SD) in Malawian girls aged six to seventeen years by standing height

Height No Weight FEV{ FVC PEFR FEV%
(cm) kg)

litres Dot litres Dot litres Yot
105-109.9 6 18.7+1.8 0.80+0.26 79.7 0.91+0.36 724 143.6+28.6 89.7 89.845.3
110-114.9 24 18.5+1.8 0.9110.28 88.4 1.0940.38 80.8 154.8+56.8 86.0 85.749.9
115-119.9 17 20.2+1.2 1.00£0.36 79.7 1.18+0.37 759 171.2448.3 81.5 84.149.2
120-124.9 24 22.4+1.9 1.11+£0.29 79.0 1.30£0.35 78.9 202.7+68.4 87.9 86.049.3
125-129.9 27 26.6+4.9 1.2440.29 80.1 1.40+0.33 75.8 229.3+58.4 86.6 88.74£5.6
130-134.9 16 28.243.0 1.3410.24 76.6 1.561+0.23 719 249.1459.3 89.0 86.4+11.1
135-139-9 20 30.5+2.2 1.49+0.27 78.3 1.65+0.26 73.2 273.7463.2 86.9 91.0£11.5
140-144.9 14 35.946.8 1.6610.47 772 1.84+0.42 74.9 282.7484.2 83.1 89.919.6
145-149.9 43 43.4+6.6 1.83+0.35 76.2 2.0940.46 804 338.1468.6 913 88.9+11.2
150-154.9 40 46.4+5.9 2.08+0.44 79.8 2.284+0.42 7.86 361.5£72.9 91.5 90.8+11.0
155-159.9 30 524452 2.1340.42 76.2 2.45+0.50 71.9 384.0+82.5 91.4 88.619.5
160-164.9 15 52.9+5.2 2.4410.42 73.7 2.76+0.48 81.2 402.7453.1 90.5 78.7£12.6
165-169.9 8 57.4+4.6 2.70+0.21 81.7 3.00+0.22 833 423.5+30.3 90.1 89.9+2.3
# Represents values relative to corresponding norms for European children (2)

Figure 1

Table S

Correlation coefficients between ventilatory capacity indices and

body size measurements in Malawian children.

Scattergram showing the relationship between FEV] and stature
in Malawian children

Criterion Gender Age Height Weight
(years) (cm) (kg)

FEVy Boys 0.79* 0.87* 0.84*
(litres) Girls 0.76* 0.80% 0.76*
FvC Boys 0.79* 0.85* 0.84*
(litres) Girls 0.75* 0.78* 0.75%
PEFR Boys 0.76* 0.84* 0.80*

(litres/min) Girls 0.64* 0.68* 0.62*
FEV % Boys 0.01 0.06 0.03
Girls 0.11 0.14%* 0.10

* Indicates significant correlation coefficient at P<0.001
** Indicates significant correlation coefficient at P<0.05

FEV, L
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Data adjusted for standing height (Tables 3 and 4)
were also expressed as percentage of corresponding norms
for European children(2). The European children had
systematically higher values than Malawian children. For
FEV1, FVCand in both sexes, Malawian values averaged
77% to 79%relative to norms for Caucasians and remained
virtually unchanged with increasing body size. Relative
values of PEFR were 89.8% and 88.5% in boys and girls
respectively and also did not depend on body size.

For all indices of ventilatory capacity the relationship
to anthropometric parameters and age was linear. This is
demonstrated in Figure 1 for FEV | and standing height of
children as an example. Therefore logarithmic
transformation of data was not made and linear regression
was used to describe the trend in changes of ventilatory
capacity indices with increasing body size and age of
children. The following equation best describe the data:

For boys: FEV1 =0.033 H - 2.828
FVC=0.036 H- 3.012
PEFR = 4.922H - 397.8

For girls: FEV1 =0.030 H - 2.542
FVC=0.033 H-2.751
PEFR =5.180H - 432.5

Using these prediction equations the ventilatory
capacity indices were 99.6% to 101.0% predictable in
children of both sexes.

DISCUSSION

The present data relate to a relatively small sample of
healthy Malawian school children from urban. Blantyre.
However, the schools selected for this survey are typical
for urban and semi-urban areas in the country and the
findings seem to be representative of that population of
children.

The pattern of growth of ventilatory capacity in
Malawian children was similar to that reported in other
studies(6-9,12-14). It resembled the pattern of physical
growth. Like in other studies(1,2,6-8), the relationship
between lung function and body size was best expressed
in terms of height in Malawian children. The onset of
adolescence did notconsiderably influence the relationship
between the indices of maximal ventilatory capacity and
anthropometric variables. This is also in agreement with
published data(2). After allowing for standing height, the
lung volume dependent parameters (FEV1 and FVC) in
boys were generally higher than in girls while indices
representing airway calibre (FEV% and PEFR) were
almost equal in both sexes.

FEV1 and FVC values of Malawian children were on
average 20.5% to 23% smaller than European reference

values(2) and the difference persisted after standardising
for stature. Therefore the ethnic difference in lung volume
dependent ventilatory capacity parameters was higher
than the 13% scaling factor(9) for adjusting European
norms to ethnic Africans. Introduction of the scaling
factor was based on the 13% ethnic differences in body
shape, particularly the size of thoracic cage, between
Caucasians and ethnic Africans(2,9,15) with Caucasians
having larger lung volume than Africans. Our dataindicate
that neither European norms for FEV1 and FVC nor the
scaling factors could be used for interpretation of lung
volume dependent indices in Malawian children. Prediction
equations calculated in this study should be used instead.
We can also speculate that factors other than lung size
might affect volume dependent respiratory parameters.
Forexample, ithas been demonstrated(16) thatinadequate
nutrition has aprofound quantitative and qualitative affects
on lung growth and development and ventilatory capacity
correlates significantly with nutritional indexes. The
nutritional status of children was not assessed in this
study. However published data(15,17) indicate the high
level of mulnutrition in Malawi and this may contribute to
low values of FEV 1 and FVC in Malawian children.

The values of FEV% of Malawian and European
children were similar and those for PEFR were lower but
the ethnic difference was lesser than that for FVC and
FEV1 These facts confirm the suggestion that indices
representing airway calibre are relatively independent of
ethnicity(2).

FVC and FEV] of Malawian children were five to
seven per cent lower than in Sudanese and Libyan children
and they were similar to those of Nigerian, Tanzanian, and
Jamaican children(6-8,12,14). This indicates that in the
absence of local norms, reference values for other ethnic
African populations are a better choice than European
norms.

In conclusion, prediction equations calculated in this
study should be used instead of reference values for
Caucasians or ethnic scaling factors for interpretation of
ventilatory capacity indices in Malawian children.
Computation of regional reference values for ventilatory
capacity indices shall be continued. It shall embrace
additional factors contributing to variance in respiratory
functions such as customary physical activity, local
environmental conditions, altitude of residence, nutritional
status and smoking.
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