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Vent i l a to ry p u l m o n a r y func t ion s tudy in hea l thy young 
Niger ian adul ts 

C. H. A N Y A N W U A N D BEATRICE U. O. UMEII 
Cardiothoracic Unit, University of Nigeria Teaching Hospital, F.nugu, Nigeria 

Summary 

Ventilatory pu lmonary funct ion was studied in 
108 heal thy young Nigerian adults using an 
electronic sp i rome te r , with a view to de termin-
ing the normal values of funct ion for healthy 
Nigerians. T h e measured values of forced vital 
capacity, fo rced expira tory volume in 1 sec, 
maximum voluntary vent i lat ion, and peak flow 
rate were c o m p a r e d with those obta ined f rom 
similar s tudies on Nigerians and the predicted 
values for Caucas ians . Higher values of func-
tion were o b t a i n e d in Nigerian males than in 
the females . Nigerian males , however , showed 
lower values when compared with Caucasians 
of similar a n t h r o p o m e t r i c measu remen t s ; there 
was no d i f fe rence be tween the females in this 
study and thei r Caucas ian counte rpar t s . T h e r e 
were also some similarities and di f ferences 
between the values ob ta ined in this study and 
those of similar s tudies in Nigerians of di f ferent 
socio-cthnic backgrounds . T h e results empha-
size the necessity for a venti latory normogram 
for each socio-economic o r ethnic grouping of 
individuals. 

Resume 

Utilisant un sp i romet re Electronic]ue, la fonc-
tion venti latoirc pu lmonai re etait d t u d i l e dans 
108 jeunes Nigerians adul tes en bonne santd, 
envisagant a de te rminer les valcurs normales dc 
la fonction pour des Nigerians en bonne santd. 
Memes e tudes faites, dans les valcurs mcsurecs . 
de la capacitc forcee vitale, du volume forcd 
expiratoire dans 1 sec, de la venti lat ion volon-
tairc au maximum, et le plus haul haut degrd 
d ' lcoulcmcnt e ta ient companies avec celles 

Correspondence: Professor C. II. Anyanwu, 
Cardiothoracic Unit, Department of Surgery. 
I'MB 1129. Enugu. Nigeria. 

ob tcnucs des memes etudes sur des Nigerians et 
les valcurs p r e d e t e r m i n e s pour des Cauca-
sians. Des valcurs dc fonction plus £lcv£es, ont 
<3tc obtcnucs dans des males que dans les 
femelles. Des males Nigerians, pour tan t , 
avaicnt mis en evidence des valcurs moins 
elevdes en ctant compares avec des Caucasians 
d 'aut rcs cot<5s. II y avait aussi quclqucs similitu-
des et quelques differences ent re les valcurs 
obtcnucs dans cctte e tude et celles des e tudes 
similaircs dans des Nigerians des arriercs-plans 
socio-ethniqucs diffcrcnts. Les r«3sultats acccn-
tuent la ndcessite d 'un normogram ventilat-
aire pour chaque groupc d'individus socio-
economique ou cthniquc. 

Introduction 

Measurement of pulmonary function is an 
important procedure in the assessment of physi-
cal ability of a healthy individual, or of a patient 
with cardiorespiratory disease. T h e results of 
pulmonary function testing are so variable that 
it becomes desirable that each institution 
should establish its own 'normal ' levels (1,2). 
N o m o g r a m s of pulmonary functions based on 
studies on Caucasians in tempera te countries 
should not be applied to o ther racial or ethnic 
groups such as Nigerians. Studies in Western 
Nigeria (3-6) and in Nor thern Nigeria (7,8) 
have rightly aimed at establishing 'normal ' 
s tandard values for Nigerians. The studies have 
also revealed interesting differences in the 
pulmonary function of healthy Nigerians when 
compared with those of Caucasians. The aim of 
the present study is to de te rmine , with the use 
of a simple electronic spirometer , the basic 
ventilatory functions of healthy young Nig-
erians in the eastern part of the country 
and thereby contribute figures that could be 
useful in providing a suitable normogram of 
pulmonary function for Nigerians. 
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Subjec ts and methods 

T h e sub jec t s w e r e heal thy ind igenous adul t 
Niger ians s tudying or work ing in E n u g u in the 
eas te rn par t of Niger ia . Each subjec t was 
sc reened by e i ther of us and any subjec t with 
prev ious o r cu r ren t history of card ioresp i ra tory 
disease (such as bronchial a s t h m a , bronchiec ta-
sis, p n e u m o n i a o r chest in jury) o r history of 
c igare t te smok ing was e l imina ted f rom the 
s tudy . Clinical examina t ion to de tec t any latent 
ca rd iopu lmonary disease was p e r f o r m e d and 
any subjec t with significant abnormal i ty was 
re jec ted f rom the s tudy. T h e subjec t was then 
taught , with demons t r a t i ons and trial tests, how 
to b r e a t h e th rough the sp i rome te r (Monaghan 
403 Elec t ronic Sp i romete r , M o n a g h a n C o . , 
D e n v e r , U . S . A . ) . T h e weight (with s imple 
c lothing) and height of the subjec t were 
m e a s u r e d . With the subjec t sitting in a room 
with minimal air m o v e m e n t , he/she p e r f o r m e d 
each b rea th ing test at least t h ree t imes through 
the e lec t ron ic sp i rome te r shown in Fig. 1, which 

Fi'r. 1. The Monaghan 403 electronic spirometer 
in use. 

gives digital displays of forced vital capacity 
( F V C ) , forced vital capaci ty in 1 sec ( F E V , ) . 
the peak flow rate ( P F R ) and the max imum 
volunta ry vent i la t ion ( M V V ) . T h e average of 
the th ree read ings of each func t ion was calcu-
lated and r eco rded . 

Statistical ana lyses of the readings w e r e m a d e 
using the Z- tes t for s ignif icance. T h e pred ic ted 
values for the sub jec t s w e r e ca lcula ted f rom the 
fo rmulae which had been des igned for corres-
pond ing Caucas ians bv Kory et al. [9] for F V C , 
F E V , , M V V , in ma les ; Lindall et al. (10) for 
f emales ; and Le iner et al. 1111 for P F R in bo th 
sexes. T h e m e a n s and s t a n d a r d dev ia t ions ( s .d . ) 
of the vent i la tory func t ion read ings were de te r -
mined for ma les and females . 

Results 

A total of 108 adu l t s (70 ma le s a n d 38 f e m a l e s ) 
w e r e s tud ied . T h e r a n g e , m e a n s and s t a n d a r d 
dev ia t ions for the a n t h r o p o m e t r i c a n d vent i la-
tory func t ion va lues for m a l e s a n d f e m a l e s a r e 
shown in T a b l e s 1 and 2 respec t ive ly . T a b l e 3 
c o m p a r e s the m e a n s and s t a n d a r d d e v i a t i o n s of 
the va lues in ma le s a n d f e m a l e s a n d c o n f i r m s 
signif icant ly h igher va lues in ma les t h a n in 
f ema les . 

T a b l e s 4 a n d 5 c o m p a r e t h e m e a s u r e d vent i-
la tory func t ion va lues wi th t h e p r e d i c t e d va lue s 
in ma les and f e m a l e s respec t ive ly , a n d c o n f i r m s 
signif icant ly lower va lue s in Niger ian m a l e s 
than in C a u c a s i a n ma le s of s imilar a g e . height 
and we igh t , bu t s imi lar va lues in t h e f e m a l e s of 
bo th racial or ig ins . W h e n t h e va lue s in the 
p resen t s tudy w e r e c o m p a r e d wi th the va lues 
o b t a i n e d by o t h e r w o r k e r s o n Nige r i an s u b j e c t s 
(Tab le 6) , t he re were some significant similarities 

Table 1. Range, mean values and s.d. of anthropometric and 
ventilatory function tests in males 

Range Mean s.d. 

Age (years) 21-46 26.14 5.43 
Height (m) 1.29-1.92 1.73 0.08 
Weight (kg) 32-92 66.11 8.98 
FVC (1) 2.09-3.77 3.62 0.20 
FEV, (1) 1.77-3.75 3.30 0.58 
MVV (1/min) 74-265 175.16 41.15 
PFR (1/min) 311-707 548.60 141.25 
FEV,/FVC (%) 53.6-100 92.25 12.29 
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Table 2. Range, mean values and s.d. of anthropometric and 
ventilatory function tests in females 

Range Mean s.d. 

Age (years) 21-44 23.92 7.46 
Height (m) 1.51-1.76 1.63 0.06 
Weight (kg) 45-80 59.79 8.36 
FVC (1) 2.57-3.74 3.45 0.33 
FEV, (I) 1.78-3.58 3.01 0.47 
MVV (l/min) 57-172 120.60 26.53 
PFR (l/min) 204-647 403.58 110.70 
FEV,/FVC (%) 62-1(N) 86.29 9.27 

Table 3. Comparison of mean and s.d. of the 
anthropometric and ventilatory function values in 

males and females 

Males Females 

Age (years) 
Height (m) 
Weight (kg) 
FVC (I) 
FEV, (I) 
MVV (l/min) 
PFR (l/min) 
FEV,/FVC (% 

26.14 ± 5.43 
1.73 ± 0.()9 

66.11 ± 8.98 
3.62 ± 0.20 
3.30 ± 0.58 

175.16 ± 4 1 . 1 5 
548.60 ± 141.25 

) 92.25 ± 12.30 

23.92 ± 7.46 
1.63 ± 0.06 

59.79 ± 8.36 
3.45 ± 0.33 
3.02 ± 0.47 

120.60 ± 26.53 
403.56 ± 110.69 

86.29 ± 9.27 

Tabic 4. Measured and predicted (using formulae for Caucasians) values in Nigerian males 

Measured Predicted 

Range Mean s.d. Range Mean s.d. 

FVC (I) 2.09-3.77 3.62 0.20 
FEV, (I) 1.77-3.75 3.30 0.58 
MVV (l/min) 74-265 175.16 41.15 
PFR (l/min) 311-707 548.60 141.25 

2.92-6.18 5.05 0.50 
2.75-4.65 3.93 0.37 
146-226 192.81 16.04 
454-707 617.32 39.43 

and d i f f e rences . In t h e males of c o m p a r a b l e 
a n t h r o p o m e t r i c m e a s u r e m e n t s , the va lues for 
F V C and F E V , o b t a i n e d by t h e d i f f e ren t 
au thors were s imilar . T h e m e a n P F R of o u r 
subjects was similar t o that of A h u j a a n d A h u j a 
| 7 | . but h igher t h a n the va lues o b t a i n e d by Ali 
|8] whose values for M V V were a lso signifi-
cantly lower t h a n the value of o u r sub jec t s . 

In the f ema le s , o u r va lues fo r F V C , F E V , , 

M V V and P F R w e r e significantly h igher than 
those o b t a i n e d by o t h e r Niger ian a u t h o r s 
(Tab le 6) . 

Discussion 

Pu lmona ry func t ion tests have been f o u n d 
useful in the assessment of physical abil i ty of 
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Table 5. Measured and predicted (using formulae for Caucasians) values in Nigerian females 

Measured 

Range Mean s.d. 

Predicted 

Range Mean 

FVC (I) 
FEV, (I) 
MVV (1/min) 
PFR (1/min) 

2.57-3.74 3.45 0.33 
1.78—3.58 3.02 0.47 

57-172 120.60 26.53 
204-647 403.58 110.70 

2.74-4.03 3.38 0.27 
2.18-3.38 2.81 0.25 
111-145 127.05 6.13 
413-496 448.97 20.53 

'able 6. Comparison of ventilatory values (means) from different Nigerian authors 

Authors (reference number) 2 5 6 7 8 Present study 

Males 
26.14 Age (years) 34.5 19.20 22.5 16.30 24.35 26.14 

Height (cm) 168.2 170.38 170.5 7 168.66 173.0 

Weight (kg) 65.8 55.13 7 7 60.92 66.11 

FVC (1) 3.41 * 3.24 4.18 3.80 3.64 3.62 
FEV, (1) 2.70 2.79 3.53 3.34 2.97 3.30 
MVV (1/min) ? 7 7 7 111.24 175.16 
PFR (1/min) ? 7 7 546.88 485.36 548.10 
FOV, (%) 79.3 7 84.4 87.87 7 92.25 

Females 
Age (years) 29.4 15.17 26.60 23.92 
Height (cm) 161.1 161.90 158.24 163.0 
Weight (kg) 62.2 50.32 58.05 59.79 
f-VC (1) 5.55* 2.35 2.78 3.45 
FEV, (1) 2.0 2.12 2.37 3.02 
MVV (1/min) ? 7 89.45 120.60 
PFR (1/min) ? 7 382.29 403.58 
FEV, (%) 80 7 7 86.29 

'Values for VC which closely 'corresponded* with values for l-VC. 

heal thy individuals (e .g . s p o r t s m e n ) a n d also in 
the d iagnosis a n d t r e a t m e n t of card ioresp i ra -
tory diseases . T h e tes t ing of the p u l m o n a r y 
funct ion h a s p rogressed immense ly f r o m t h e 
Snider ma tch test |12) , which was f o u n d to b e 
valuable in the p r e -ope ra t i ve assessment of 
pa t ients , to the use of intr icate and fasc ina t ing 
equ ipmen t which is o f t en b e y o n d the m e a n s of 
most deve lop ing c o u n t r i e s . A s several fac to rs 
including a g e , r ace o r e thn ic g r o u p , socio-
economic class a n d u rban / ru ra l r e s idence a f fec t 
the results of p u l m o n a r y func t ion tes ts , it is 
necessary fo r each r e f e r e n c e cen t r e to have its 
own r e f e r e n c e ' n o m o g r a m * of p u l m o n a r y func -

t ions. A s clinical p u l m o n a r y func t ion t e s t ing is 
largely a n art r a t h e r t h a n a sc ience [13 | , a n d in 
view of t h e p r o b l e m s of acquis i t ion a n d ma in t e -
n a n c e of soph is t i ca ted e q u i p m e n t , t h e s imples t 
tes ts us ing the s imples t e q u i p m e n t a re r e c o m -
m e n d e d for a t echnolog ica l ly d e v e l o p i n g coun-
try like Niger ia . W e h a v e t h e r e f o r e used an 
e l ec t ron ic s p i r o m e t e r which is s imple to o p e r a t e 
a n d d o e s not r e q u i r e a t r a i n e d technic ian for its 
u se ; t h e s p i r o m e t e r is a lso not a f f e c t e d by 
a m b i e n t t e m p e r a t u r e . T h e p a r a m e t e r s c h o s e n 
by us, i .e . F V C , F E V , , M V V a n d P E R . h a v e 
b e e n f o u n d to be mos t use fu l inves t iga t ions 
[14), wi th F V C and F E V , be ing the most 
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reproducible a n d wi th the least i i i t ra-subject 
variability (15). All s tudies o n Niger ians , in-
eluding the present s tudy but exc luding that of 
Femi-Pearse and E l e b u t e [2] were m a d e on 
young Niger ian adul ts . T h o u g h the results may 
not a p p e a r to be r ep re sen t a t i ve of all sub jec t s in 
the r e f e r ence g r o u p , it has been c o n f i r m e d 116) 
that m e a s u r e m e n t s of resp i ra to ry func t ion 
reach o p t i m u m va lues in the ear ly twen t ies and 
change minimal ly du r ing the r e m a i n d e r of that 
decade . T h e r e f o r e , the resul ts we ob ta ined 
f rom o u r hea l thy s u b j e c t s can be r ega rded as 
the no rma l va lue s fo r hea l thy adul t Niger ians in 
the Enugu e n v i r o n m e n t . 

W h e n c o m p a r e d with the no rma l values 
ob ta ined f rom the s tud ies in o t h e r pa r t s of the 
count ry , the F V C . F E V , a n d P F R in our male 
subjec ts s h o w signif icant s imilar i t ies . I l owever , 
the va lues in o u r f e m a l e sub jec t s are signifi-
cantly h igher t h a n those of o t h e r a u t h o r s 
despi te s imi lar a n t h r o p o m e t r i c m e a s u r e m e n t s . 
This d i f f e r e n c e c a n be a t t r ibu ted to g rea te r 
accuracy of t h e e l ec t ron i c sp i rome te r which, as 
much as poss ib le , e l imina tes h u m a n e r ro r s . O u r 
results a lso c o n f i r m the f indings of o the r s 
[1,5,8) w h o o b t a i n e d higher va lues of pu lmon-
ary func t ion in ma les than in females . 

Physical f ac to r s , o t h e r than a n t h r o p o m e t r i c 
f ea tu res could expla in the sex d i f f e r ences in 
pu lmonary f u n c t i o n s (2). T h e g r ea t e r size of the 
lungs, c o m b i n e d with the g r ea t e r muscle 
s t rength a n d l a rge r vi tal capaci ty of y o u n g men 
when c o m p a r e d with y o u n g w o m e n , account 
for the larger ven t i l a to ry capaci ty in the males 
(17). T h e ven t i l a to ry va lues of o u r male (Ne-
groid) s u b j e c t s a r e s ignif icant ly lower than the 
pred ic ted va lue s using the f o r m u l a e based on 
Caucas ians . T h i s is in a g r e e m e n t with the 
findings of severa l a u t h o r s (1,2,8,18); these 
racial d i f f e r e n c e s a r e s u p p o s e d to be d u e to 
d i f f e rences in ches t sizes a n d lung vo lumes , 
though d i f f e r ences in physical activit ies may be 
a significant f ac to r . T h e reason for the simi-
larity of the ven t i l a to ry func t ion va lues of our 
female sub jec t s to the p r ed i c t ed va lues ( for 
Caucas ians) c a n n o t be easily exp l a ined ; the 
lung vo lumes a n d the physical act ivi t ies of o u r 
females may be similar t o those of the ave rage 
Caucas ian f e m a l e . 

T h o u g h the n u m b e r of s u b j e c t s in o u r p resen t 
study is relatively l imi ted , the resul ts we 
obta ined a re con t r i bu to ry to a possible ' n o r m o -
gram' of venti latory funct ion for Nigerian adults . 

Acknowledgments 

We a rc gra te fu l to Mr N. O . A m a of the 
D e p a r t m e n t of Statistics, Universi ty of Niger ia , 
N s u k k a , for his statistical analysis of the venti-
latory func t ion values ob ta ined f rom o u r sub-
jects . This study was suppor ted by Universi ty of 
Nigeria Sena te Research Gran t no . 00110/76. 

References 

1. Abramowitz S, Lcincr GC, Lewis WA, Small 
MJ. Vital capacity in the Negro. Am Rev Rcspir 
Dis 1965;92:287-92. 

2. Fcmi-Pearse D. Elebute EA. Ventilatory func-
tion in healthy adult Nigerians. Clin Scicncc 
1971;41:203-11. 

3. Oduntan SA. Spirometric studies of normal and 
preoperative patients in Nigeria. Afr J Med Med 
Sci 1970;1:79-84. 

4. Elebute EA, Fcmi-Pearsc D. Peak flow rate in 
Nigeria: anthropometric determinants and use-
fulness in assessment of ventilatory function. 
Thorax 1971;26:597-601. 

5. Onadcko BO, Falasc AO, Ayeni O. Pulmonary 
function studies in Nigerian sportsmen Afr J 
Med Med Sci 1976;5:291-5. 

6. Patrick JM, Fcmi-Pearsc I). Reference values 
for FEV, and FVC in Nigerian men and women: 
a graphic summary. Nig Med J 1976;6:380-5. 

7. Ahuja GK, Ahuja IS. Ventilatory pulmonary 
function tests in normal Nigerian adult males 
East Afr Med J 1982;59:652-7. 

8. Ali MA. Ventilatory functions in non-smoking 
healthy Nigerian adults. West Afr J Med 1983; 
2:1-8. 

9. Kory RC, Callahan R, Boren HG. Syncr JC. 
The Veterans Administration Army Co-opcra-
tive study of pulmonary function: 1. Clinical 
spirometry in normal men. Am J Med 1961 ;30: 
243-58. 

10. Lindall II, Medina A, Grismcr JT. A re-
evaluation of normal pulmonary function 
measurements in the adult female. Am Rev 
Rcspir Dis 1967;95:1061-4. 

11. Lcincr GC, Abramowitz S. Small MJ. Stcnby 
VB, Lewis WA. Expiratory peak flow rate. 
Standard values for normal subjects. Use as a 
clinical test of ventilatory functions. Am Rev 
Rcspir Dis 1963;88:644-51. 

12. Ravin MB. The match test as an aid to pre-
operative pulmonary evaluation. Anaesthesia 
ology 1964;24:391-2. 

13. Butler J. The pulmonary function test — 
cautious over interpretation (editorial). Chest 
1981;79:498-500. 

DIG
ITIZED BY E-LA

TUNDE O
DEKU LI

BRARY C
OLL

EGE O
F M

EDIC
IN

E, U
I



262 C. / / . Anyamvu and Heat rice U. O. Urneh 

14. Blackburn JP. Simple tost of pulmonary func-
tion. Hosp Update 1975;1:50-7. 

15. Bochlcckc BA, Merchant J A. The use of pul-
monary function testing and questionnaires as 
epidemiologic tools in the study of occupational 
lung disease. Chest 1981 ;79(suppl): 1145-1225. 

16. Lawther PJ, Brooks AGF, Waller RE. Respira-
tory function measurements in a cohort of 
medical students; a ten-year follow-up. Thorax 
1978;33:775-8. 

17. Cotes JE. Lung function at different stages in 
life, including reference values. In: Cotes JE. 
ed. Lung Function, 3rd Edn. London: Blackwcll 
Scientific Publications, 1975:340-95. 

18. Lapp NL, Amandus H. Mall R, Morgan WKC. 
Lung volumes and flow rates in black and white 
subjects. Thorax 1974;29:185-8. 

(Accepted 9 February 1989) 

DIG
ITIZED BY E-LA

TUNDE O
DEKU LI

BRARY C
OLL

EGE O
F M

EDIC
IN

E, U
I




