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Summary 

Respiratory function tests have been performed 
on schoolchildren in Zar ia . Nigeria, to deter-
mine normal values among healthy children. 
Three hundred and eighty-eight s tudents , com-
prising 257 male and 131 female children, from 
the G o v e r n m e n t Day Secondary School were 
included in this s tudy. The forced vital capacity 
(FVC) . forced expiratory volume in 1 sec 
( F L V | ) . forced mid-expiratory flow ( F M F 25-
75%) and forced expiratory flow were mea-
sured using the vitalograph apparatus . It was 
observed f rom the results that the mean values 
of respiratory function tests in boys were 
significantly higher ( I ' < 0.01) than the mean 
values matched for age, height and weight in 
female children. It was also observed that the 
values ob ta ined in the present study were lower 
than those for Caucasian children. However , it 
was observed that FVC, F E V | and F M F 25-
75% correlated significantly with age, height, 
weight and body surface area. 

Resume 

Des tests de la fonction respiratoire ont ete 
effectues sur les petits elcves a Zar ia . au 
Nigeria, dans le but de definir les valeurs 
normales parmi l e sen fan t s bien-portants. Trois 
cents quatre-vingt-huit eleves. dont 257 gar^ons 
et 131 filles. de Government Day Secondary 
School ont ete inclus dans cette e tude. La 
capacite vitale forcee (FVC) . le volume expira-
toire force par seconde ( F E V , ) r e c o u p m e n t 
expiratoire moyen force ( F M F 25-75%) et 
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lecoulement expiratoire forcd, ont <5t£ mesur<5s 
au moyen du dispositif vitalographiquc. Les 
rc'sultats ont montre que les valeurs moycnncs 
des tests de la fonction respiratoire chcz les 
garqons ont et<5. de maniere significative, plus 
elev<Ses ( / ' < 0.01) que les valeurs moyennes 
calculecs pour Page, la taillc, et le poids chcz les 
filles. II a ete egalement remarqud que les 
valeurs obtenues dans la presente etude ont <5te 
moins clevees que celles qui avaient cl6 definies 
pour les jeunes Caucasiens. Cependant . il a ete 
obscrvd que FVC. FEV, et F M F 25-75% sont, 
tres sensiblement, en correlation avec Page, la 
taillc. le poids et la mesure de la superficie du 
corps. 

Introduction 

Respiratory function tests enable a better 
understanding of pulmonary physiology in sub-
jects of all age groups, sex, profession, and 
occupation. They provide an understanding of 
functional changes in the lungs and a signifi-
cant aid to diagnosis in chronic obstructive lung 
disease (1). 

Reports on respiratory function studies have 
been scanty in African countries, particularly in 
Nigeria. Although there are a few published 
data (1-4] on ventilatory function tests in 
Nigerians these reports mainly concern the 
adult population. 

Lung function measurements are made from 
time to time in Nigerian children with respira-
tory disorders and values from Caucasian 
children are used as an index of normality since 
there are no records of spirometric studies to 
determine a range of normal values. However , 
this is unsatisfactory as it has been reported that 
children of negroid origin have lower values 
than their Caucasian counterparts [5-7). 
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There fo re an a t t empt is m a d e to establish 
a range of normal values of some respira tory 
funct ion tests in normal schoolchi ldren f rom the 
nor thern savannah region of Nigeria. 

Subjec ts and methods 

T h e subjec ts s tudied were normal healthy 
children with ages ranging f rom 12 to 20 years 
f rom the G o v e r n m e n t Day Secondary School , 
Za r i a , Nigeria. Pilot s tudies were carr ied out 
f rom a mixed e thnic g roup compris ing 431 
s tudents but it was found necessary to restrict 
our studies to one m a j o r e thn ic g roup , namely 
i l a u s a ; f rom nor the rn Nigeria, in o rder to 
e l iminate the ef fec ts of ex t raneous variables. 
Hence , this study covers 388 subjects compris-
ing 257 male and 131 female chi ldren. T h e sex 
rat io was low d u e to social cus toms of this 
region; however , we have not been selective on 
this basis. T h e sample for this study has been 
m a d e representa t ive of the popula t ion of 
schoolchildren in this region as much as possible. 

T h e following criteria were required for 
acceptance as normal subjects: (1) no history of 
cardio-pulmonarv disease, (2) capacity to co-
ope ra t e adequate ly dur ing the test , and (3) no 
evidence or history of disease which might 
affect pulmonary function. 

The s tandards were similar to those set out 
by the Veterans Admin i s t r a t ion -Army Co-
opera t ive Study of Pulmonary Function (8). 
except that chest radiographs were not obta ined 
in this study. 

The subjects ' s tanding height was measured 
without shoes, their body weight de t e rmined , 
and then body surface area was calculated. 

All tests were per formed in s tanding position 
using the single breath vitalograph (Vitalograph 
Limited. Buckingham, U . K . ) . Each test was 
per formed three times and the curve with the 
highest F E V j was selected. Lung volumes were 
corre la ted to body tempera tu re and pressure 
sa tura ted with water vapour (BTPS). The 
respiratory tests consisted of FVC, F E V , , F M F 
2 5 - 7 5 % and FEF><m»-t2(mi (I/IIz). 

Results 

T h e age and sex distribution of the 388 children 
included in the study are shown in Tab le 1. 

Tabic I . Age and sex distr ibution of subjects 

Male Female Total 

Age 
(years) n % n % n % 

12 24 6.20 23 5.4 47 12 1 
13 29 7 .50 17 4.4 46 II 9 
14 33 8 .50 20 5.2 53 13.7 
15 28 7.20 22 5.7 50 12 9 
16 59 15.20 21 5.4 8(1 20.6 
17 36 9 .30 28 7.2 64 16 5 
18 14 3.60 0 14 3.6 
19 18 4 .60 0 18 4 6 
20 16 1.50 0 16 4.1 

T a b l e 2 gives a s u m m a r y of the means and 
s t andard dev ia t ions of m e a s u r e d variables. The 
male chi ldren have significantly higher mean 
values ( / ' < 0.01) for F V C . F E V , . FMF. and 
F E F in compar i son to f ema le chi ldren. 

T a b l e 3 shows m e a n values and standard 
devia t ions of var ious resp i ra tory function tests 
by age for male ch i ld ren . It was no ted that there 
was a l inear r e la t ionsh ip be tween measured 
var iables a n d age . 

Tab le 4 shows m e a n values and standard 
devia t ions of m e a s u r e d var iable by age in 
female ch i ldren . L inear re la t ionships were 
observed be tween va r ious resp i ra tory function 
tests and age . 

T h e m e a n values and s t a n d a r d deviat ions of 
lung func t ions tests by height for male children 
are shown in T a b l e 5 and for f emale children in 
Table 6. 

Table 2. Values for measured variables 

Male Fern; lie 

Variables Mean s .d . Mean s.d. 

Age (years) 15.87 1.69 15.27 1 69 
Height (cm) 164.21 9 .53 159.67 9.53 
Weight (kg) 51.66 8.46 52.26 8.48 
BSA ( n r ) 1.55 0 .16 1.52 0.16 
F V C (1) 3 .09 0 .68 2.69 0.68 
F E V (I) 2.61 0.65 2.30 0.65 
F M F (I/Hz) 1.59 0 .37 1.33 0.37 
F E F (I/Hz) 4.51 1.70 3.94 1.70 
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Table 3. Mean values anil standard deviations of respiratory function tests by age 
in male children 

Age 
(years) 

FVC (I) FEV, (I) FMF 25-75% 
(I/Hz) 

FEF 2(H)-12(H) 
(I/Hz) 

12 1.83 ± 0 30 1.57 ± 0.33 1.41 ± 0.42 4.06 ± 2.13 
13 2.44 ± 0.69 2.02 ± 0.71 1.43 ± 0.51 4.17 ± 1.46 
14 2 .56 ± 0.50 2.06 ± 0.60 1.44 ± 0.38 4.37 ± 1.51 
15 3 07 ± 0.55 2.55 ± 0 48 1.53 ± 0.27 4.41 ± 1.94 
16 3.16 ± 0.52 2.69 ± 0.49 1.57 ± 0.26 4.42 ± 1.63 
17 3.37 ± 0 40 2.93 ± 0.61 1.66 ± 0 . 2 1 4.61 ± 1.69 
IS V44 ± 0 44 3.06 ± 0.40 1.72 ± 0.22 4.83 ± 1.80 
19 3.49 ± 0 79 3.06 ± 0.46 1.75 ± 0.22 5.32 ± 2.20 
20 3 51 ± 0 40 3.11 ± 0.51 1 77 ± 0.43 6.09 ± 1.84 

Talilc 4. Mean values and standard deviations of respiratory function tests by age 
in female children 

Age FVC (I) FEV, (I) FMF 25-75% FEF 200-I20() 
(years) (I/Hz) (I/Hz) 

12 2.38 ± 0.16 1.90 ± 0.23 1.18 ± 0.08 4.08 ± 0.87 
13 2.39 ± 0 34 1.93 ± 0 23 1.19 ± 0.18 4.10 ± I 04 
14 2.40 ± 0 . 6 4 2.04 ± 0.23 1.20 ± 0.32 4.12 ± 1.07 
15 2.41 ± 0.36 2.07 ± 0.46 1.22 ± 0.20 4.20 ± 1.74 
16 2.75 ± 0 66 2.48 ± 0.56 1.36 ± 0.33 4.53 ± 1.78 
17 2.98 ± 0.44 2.52 ± 0.38 1.48 ± 0.21 5.09 ± 2.48 

Table 5. Mean values and standard deviations of respiratory function tests by height in 
male children 

Height FVC (I) FEV, (I) FMF 25-75% FEF 200-1200 
(cm) (I/Hz) (1/Hz) 

140 2.01 ± 0.26 1.65 ± 0 41 1.26 ± 0.39 3.25 ± 0.80 
145 2.09 ± 0.22 1.72 ± 0.29 1.30 ± 0.45 3.82 ± 1.05 
150 2.51 ± 0.30 2.08 ± 0.34 1.31 ± 0.24 4.20 ± 1.07 
155 2.65 ± 0.48 2.21 ± 0.49 1.47 ± 0.69 4.23 ± 1.64 
160 3.05 ± 0.46 2.62 ± 0.41 1.51 ± 0.23 4.50 ± 1.72 
165 3 25 ± 0.58 2.69 ± 0.59 1.67 ± 0.34 4.50 ± 1.82 
170 3.48 ± 0.54 3.00 ± 0.53 1.72 ± 0.28 4.52 ± 1.79 
175 3.53 ± 0.36 3.04 ± 0.61 1.79 ± 0.20 4.72 ± 1.60 
IK0 3.62 ± 0.60 3.09 ± 0.45 1.81 ± 0.29 4.90 ± 1.86 
185 5.10 ± 0.00 3.90 ± 0.00 2.55 ± 0.00 5.16 ± 0 (H) 
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Tabic 6. Mean values and standard deviations of respiratory function tests by height in 
female children 

Height FVC (1) FEV, (1) FMF 25-75% FEF 200-1200 
(cm) (I/Hz) (l/llz) 

140 2.05 ± 0.00 1.80 ± 0.00 1.00 ± 0.00 2.35 ± 0.00 
145 2.16 ± 0.39 1.82 ± 0.25 1.08 ± 0 .20 3.27 ± 0.46 
150 2.40 ± 0.28 1.87 ± 0.34 1.20 ± 0.14 3.50 ± 0.46 
155 2.72 ± 0.61 2.36 ± 0.47 1.34 ± 0.31 3.63 ± 1.64 
160 2.78 ± 0.45 2.38 ± 0.48 1.38 ± 0.22 3.92 ± 1.84 
165 2.81 ± 0.47 2.44 ± 0.38 1.38 ± 0.22 4.10 ± 1.23 
170 3.65 ± 0.00 2.65 ± 0.21 1.79 ± 0.09 4.38 ± 2.02 

Tables 7 and 8 show mean values and 
standard deviations of respiratory function tests 
by weight in male and female children, respec-
tively. 

Tables 9 and 10 show mean values and 
standard deviations of various respiratory func-
tion tests by body surface area in male and 
female children, respectively. 

Correlation coefficients between lung func-
tions and physical characteristics are shown in 
T d M e I I . 

D <t\ss1cr\ 

it WD, o b s e r v e d tha t ch i ld ren of b o t h sexes 
s h o % a pos i t ive and s ignif icant c o r r e l a t i o n (P < 
0 .01) b e t w e e n ngc a n d va r ious lung f u n c t i o n 
tes ts . H o w e v e r , it is i n t e res t ing to n o t e tha t girls 
ot 1 2 yea r s of age had h ighe r va lues of 

respiratory function measurements compared 
to boys of the same age group. On closc 
examinat ion it was found that girls of this 
particular age group were taller and heavier and 
had larger body surface areas than the boys. 
The re fo r e , the higher values of various respira-
tory function tests might be due to higher values 
of various physical characteristics. 

The re were positive and significant relation-
ships (P < 0.01) be tween most respiratory 
function tests and height , weight and body 
surface area in both male and female children. 

When a compar ison of various respiratory 
tests was m a d e be tween children of both sexes 
it was found that boys had significantly higher 
values (P < 0.01) of var ious respiratory func-
tion tests than girls. 

In the past , only a few of the respiratory 
function tests such as F V C and F E V , for 
schoolchildren have been repor ted from southern 

Table 7. Mean values and standard deviations of respiratory function tests by weight in 
male children 

Weight FVC (I) FEV, (I) FMF 25-75% F E F 20(1-1200 
(kg) (l / l lz) (1/1 |z) 

36 2.14 ± 0.21 1.78 ± 0.35 1.24 ± 0.36 4.05 ± 1.57 
40 2.38 ± 0.41 2.00 ± 0.47 1.37 ± 0.16 4.15 ± 1.66 
44 2.77 ± 0.31 2.32 ± 0.38 1.48 ± 0.23 4 .20 ± 1.18 
48 2.98 ± 0.45 2.59 ± 0.45 1.48 ± 0.67 4.22 ± 1 15 
52 3.26 ± 0.50 2.78 ± 0.53 1.62 ± 0.26 4 .35 ± 1.63 
56 3.40 ± 0.44 2.82 ± 0.58 1.66 ± 0.26 4.63 ± 1 67 
60 3.68 ± 0.54 3.00 ± 0.51 1.83 ± 0.30 4.76 ± 2.42 
64 3.68 ± 0.64 3.00 ± 0.55 1.83 ± 0.30 4.76 ± 1.95 
68 4.59 ± 0.54 3.86 ± 0.27 2.30 ± 0.26 5.39 ± 0.87 
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Tabic 8. Mean values and standard deviations of respiratory function tests by weight in 
female children 

Weight FVC (1) FEV, (1) FMF 25-75% F E F 2(H)-12(H) 
(kg) (I/Hz) (I/Hz) 

36 2.30 ± 0.31 1.97 ± 0.19 1.14 ± 0.18 2.78 ± 0.53 
40 2.40 ± 0.30 2.01 ± 0.33 1.18 ± 0.14 3.03 ± 1 . 4 4 
44 2.53 ± 0.67 2.28 ± 0.66 1.24 ± 0.33 3.51 ± 0.94 
48 2.63 ± 0.66 2.30 ± 0.62 1.36 ± 0.32 3.55 ± 2.10 
52 2.76 ± 0.23 2.32 ± 0.38 1.37 ± 0 . 1 1 3.60 ± 1.78 
56 2.89 ± 0.62 2.42 ± 0.20 1.44 ± 0.31 3.72 ± 1.78 
60 2.91 ± 0.64 2.53 ± 0.53 1.44 ± 0.33 4.55 ± 2 . 1 0 
64 2 95 ± 1.01 2.54 ± 0.73 1.45 ± 0.49 4.69 ± 2.09 
68 3.65 ± 0 (H) 2.80 ± 0.00 1.72 ± 0.00 5.16 ± 0 (H) 

Table 9. Mean values and standard deviations of respiratory function tests by body 
surface area in male children 

Body surface FVC (1) FEV, (I) FMF 25-75% F E F 200-1200 
area ( n r ) (I/Hz) (I/Hz) 

1.00 1.73 ± 0.32 1.33 ± 0.44 1.23 ± 0.35 3.88 ± 0.96 
1.10 2.01 ± 0 . 1 1 1.61 ± 0.33 1.32 ± 0.55 4.19 ± 1.31 
1.20 2.05 ± 0.23 1.64 ± 0.26 1.40 ± 0.50 4.30 ± 1.40 
1.30 2.43 ± 0.32 2.02 ± 0.31 1.42 ± 0.33 4.30 ± 1.78 
1.40 2.74 ± 0.46 2.36 ± 0.55 1.52 ± 0 . 1 9 4.50 ± 1.40 
1.50 3.08 ± 0.39 2.59 ± 0.39 1.58 ± 0.29 4.62 ± 1 . 5 2 
1.60 3.40 ± 0.52 2.89 ± 0.56 1.69 ± 0.28 4.71 ± 1.89 
1.70 3.56 ± 0.54 3.00 ± 0.49 1.81 ± 0.30 4.79 ± 1.83 
1.80 4.22 ± 0.50 3.59 ± 0 50 2.11 ± 0.25 5.54 ± 2.53 
1.90 5.10 ± 0.00 3.90 ± 0.00 2.55 ± 0.00 5.55 ± 0.00 

Tabic 10. Mean values and standard deviations of respiratory function tests by body 
surface area in female children 

Body surface F V C (I) FEV, (I) FMF 25-75% F E F 200-12(X) 
a rea (m*) (I/Hz) (I/Hz) 

1.20 2.13 ± 0 . 1 1 1.73 ± 0 . 1 1 1.05 ± 0.07 3.19 ± 1.31 
1.30 2.39 ± 0.35 1.97 ± 0.25 1.19 ± 0.17 3.46 ± 1.46 
1.40 2.45 ± 0.43 2.20 ± 0.42 1.21 ± 0.22 3.52 ± 1.6^ 
1.50 2.78 ± 0.46 2.37 ± 0.42 1.38 ± 0.23 3.86 ± 1.99 
1.60 2.88 ± 0.61 2.49 ± 0.52 1.43 ± 0.29 3.91 ± 1.90 
1.70 3.18 ± 0.87 2.58 ± 0.58 1.56 ± 0.42 4.59 ± 1.61 
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fable I I . Correlation coefficients of physical characteristics and lung function measurements 

Male Female 

Age Height Weight BSA Age I leight Weight BSA 
(years) (cm) (kg) ( n r ) (years) (cm) (kg) ( n r ) 

FVC (1) 0.54* 0 .66 ' 0 .78 ' 0.76* 0.44* 0.45* 0.47* 0.4X* 
FEV, (1) 0.58* 0 .59 ' 0.70* 0.72* 0.48* 0.44* 0.38* 0.45* 
FMF 25-75% (l/llz) 0 .32 ' 0.42* 0.54* 0.48* 0.38* 0.42* 0.38* 0.46* 
F E F 200-1200 (l/llz) 0.18 0.14 0.24 0.08 0.28 0.08 0 10 0.14 

'Significant correlation ( / ' < 0.01). 

N ige r i a (9). H o w e v e r , th i s s t u d y d id no t 
include* m a n y o t h e r r e s p i r a t o r y f u n c t i o n t e s t s 
such as F M F a n d F E F . 

V a l u e s of F V C . F E V , . F M F , a n d F E F f o r 
N i g e r i a n c h i l d r e n a r e l o w e r t h a n t h o s e of 
C a u c a s i a n c h i l d r e n (6 ,9 -11) . N o sa t i s f ac to ry 
e x p l a n a t i o n h a s b e e n o f f e r e d fo r racial d i f f e r -
e n c e s in lung va lues . E v i d e n c e f a v o u r i n g a 
g e n e t i c bas i s s e e m s at least as s t r o n g as the 
e \ i d e n c c f o r a n e n v i r o n m e n t a l bas is , i .e . in fec-
t i o n . n u t r i t i o n , e tc . (12,13) . A r epo r t by G o u l d 
(14) o n 1631 h e a l t h y ' fu l l b l acks ' had vital 
c a p a c i t i e s m a r k e d l y l o w e r by a p p r o x i m a t e l y 
W c m ' o r 11% c o m p a r e d wi th whi t e s . N e g r o e s 
%verc s h o r t e r a n d h a d sma l l e r c h e s t s t h a n the 
w h i t e s sugges t ing tha t racial d i f f e r e n c e s exist in 
t h o r a c i c cage , size a n d s h a p e . 

T h e d i f f e r e n c e s in t h e va lue s of the resp i ra -
to ry Junct ion t e s t s m a k e it m a n d a t o r y tha t lung 
f u n c t i o n m e a s u r e m e n t s b e m a d e f o r d i f f e r e n t 
e t h n i c g r o u p s in d i f f e r e n t geog raph ica l loca-
t ions . T h e r e f o r e , th i s s tudy h a s a t t e m p t e d to 
d e t e r m i n e t h e r a n g e of n o r m a l va lues of lung 
f u n c t i o n tes ts fo r ch i l d r en in N i g e r i a , so tha t 
t h e s e va lue s s e r v e as an index of n o r m a l i t y fo r 
c o m p a r i s o n wi th r e sp i r a to ry f u n c t i o n tes ts in 
c h i l d r e n wi th va r i ous r e s p i r a t o r y d i s o r d e r s . 
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