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Pulmonary function in normal Jordanian children
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From Jordan University Hospital, Amman, Jordan

ABSTRACT A sample of 204 male and 224 female healthy Jordanian children was selected to determine the
normal ventilatory functions of this Arab population. Forced vital capacity (FVC), one-second forced
expiratory volume (FEV1), and forced mid-expiratory flow rate (FMFR 25-75%) were determined with a

dry bellows spirometer. Multiple linear regression formulae and correlation coefficients were computed for
the group. Jordanian values for FVC and FEV, were similar to those of Caucasians living in the Western
hemisphere.

Data on pulmonary function in children are scarce. The
fact that anthropometric measurements affect the results
of lung function tests in children has been shown
repeatedly in previous reports. 1-7 In assessment of
pulmonary function measurements of forced vital capac-
ity (FVC), one-second forced expiratory volume (FEV1),
and forced mid-expiratory flow rate (FMFR 25-75%) are
most commonly used. Such measurements, to be of any
clinical value, must be compared with expected normal
values for the subject. These values may be influenced by
several factors, especially sex, height, age, usual habitat,
and ethnic and racial origin. Hence it is necessary to know
the normal ranges of these measurements for each racial
group, all the other variables being taken into considera-
tion.
We have previously reported standards for pulmonary

function test values in healthy adult Jordanians.8 Here we
report standards for healthy children.

Methods

Four hundred and twenty-eight healthy Jordanian chil-
dren (204 boys and 224 girls) ranging in age from 7 to 18
years were tested (table 1). They were selected at random
from different elementary and secondary schools in the
Amman area. All were Arabs.
The children were healthy non-smokers, receiving no

medications and with no recent or earlier history of any
respiratory or cardiovascular disease. They were all living
in the Amman area, which is 774 metres above sea level.
The FVC, FEV, and FMFR 25-75% were determined

in the standing position without a nose clip by means of a
Vitalograph dry bellows spirometer (Vitalograph Ltd,
Buckingham, England). After adequate training the best
of three measurements was used. The ambient tempera-
ture and barometric pressure at the time of testing each
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subject were recorded. The lung volumes measured were
subsequently computed for body temperature and normal
barometric pressure saturated (BTPS), the formulae
quoted by Cotes being used.9

For the analysis of the results the indices of lung
function were expressed as logarithms and regressed on
the logarithms of stature and also on the indices of age and
weight. The 1% level of probability was accepted as
significant.

Results

The height of the 204 boys ranged from 110 to 184 cm and
their weight from 17 to 89 kg. The height of the 224 girls
ranged from 113 to 171 cm and their weight from 16 to 82
kg. Because of the major effect of height on pulmonary
function test values, we divided the population under
study into height groups differing by 5 cm. Means and
standard deviations of age, weight, FVC, FEV,, FEVI/
FVC% (FEV,%), and FMFR 25-75% for each height
group of boys and girls are shown in tables 2 and 3.
The correlations of FVC, FEVy, FEVI%, and FMFR

25-75% with height, age, and weight and with each other
were calculated (table 4). FEV,% has a poor correlation
with all the other pulmonary function values as well as

Table 1 Age andsex distribution ofchildren studied

Age (v) No ofbovs No ofgirls
7 17 23
8 18 31
9 20 18
10 16 26
11 20 33
12 14 9
13 21 8
14 15 13
15 15 12
16 18 24
17 13 17
18 17 10
Total 204 224
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Table 2 Mean values (with standard deviations)forage, height, FVC, FEVI, andforcedmid-expiratoryflow rate (FMFR) (BTPS) in
204 normal boys in relation to height

Height Age Weight FVC FEV, FEV,/FVC% FMFR
(cm) No (y) (kg) (I) (l) (ifs)
110-114 2 8-5 (0-7) 18-0 (2-8) 1-5 (0-4) 1-3 (0-4) 84-5 (9-2) 1-6 (0-7)
115-119 6 8-3 (2-0) 26-1 (13-3) 2-0 (0-6) 1*8 (0-5) 91 5 (3-5) 2-3 (0-4)
120-124 20 7.9 (18) 24-7 (9-1) 1*9 (0-8) 1*7 (0-6) 88-5 (6-8) 1*9 (0-7)
125-129 18 8-4 (1-2) 26-4 (7-3) 1-9 (0-3) 1-7 (0-3) 89-4 (7-8) 1-9 (0-7)
130-134 14 9-1 (0-8) 30-2 (8-3) 2-3 (0-2) 2-1 (0-3) 90-3 (8-5) 2-6 (0-6)
135-139 23 10-0 (1-4) 29-0 (5-2) 2-3 (0-5) 2-1 (0-4) 90-4 (7-0) 2-5 (0-7)
140-144 20 11-5 (1-3) 34-0 (5-1) 2-5 (0-6) 2-3 (0-5) 91-4 (2-7) 3-0 (0-5)
145-149 8 11-6 (1-1) 36-4 (2-7) 2-7 (0-2) 2-2 (0-3) 82-1 (6-8) 2-2 (0-6)
150-154 14 12-9 (1 1) 43-1 (9-0) 3-2 (0-3) 2-9 (0-3) 88-6 (4-7) 3-4 (1-0)
155-159 6 13-5 (0-8) 49-1 (11*5) 3-6 (0-5) 3-2 (0-4) 89-8 (6-3) 3-6 (0-8)
160-164 12 13-7 (1-2) 49-6 (5-0) 3-7 (0-5) 3-3 (0-5) 89-5 (4-5) 3-8 (0-9)
165-169 15 16-5 (1-1) 59-0 (9-3) 4-4 (0-5) 3-9 (0-5) 89.7 (4-5) 4-5 (0-8)
170-174 19 15-6 (1-7) 60-8 (9-5) 4-7 (0-6) 4-3 (0-6) 91-1 (6-6) 4-8 (1-5)
175-179 21 16-5 (1-4) 66-4 (10-1) 5-5 (0-9) 4-9 (0-6) 90-3 (9-5) 5-4 (1-0)
180-184 6 16.7 (1 *0) 75-1 (11*5) 5-8 (0-8) 5-2 (0-8) 89.7 (8-7) 6-1 (2-3)

Table 3 Mean values (with standard deviations)forage, height, FVC, FEV,, andforced mid-expiratoryflow rate (FMFR) (BTPS) in
224 normal girls in relation to height

Height Age Weight FVC FEV, FEV,IFVC% FMFR
(cm) No (y) (kg) (1) (1) (Ifs)
110-114 2 7 0 (00) 18-0 (00) 1-2 (00) 1-2 (00) 93-2 (1-5) 2-0 (04)
115-119 12 7-3 (05) 195 (20) 1 4 (0 2) 1-4 (2 0) 93-3 (3-9) 2-0 (0 6)
120-124 12 7-8 (08) 20-3 (1-2) 1 6 (02) 1-5 (0 2) 92-0 (5-2) 1-9 (0-4)
125-129 24 8-2 (0-8) 25 8 (3-8) 1 9 (0-2) 1-7 (0 2) 90 1 (40) 2-0 (04)
130-134 26 9-2 (1-2) 30-1 (10 9) 2-0 (0 3) 1-7 (0-3) 88.5 (9-4) 2-1 (0 5)
135-139 18 9-8 (1-2) 33.9 (4-3) 2-2 (0 4) 2-0 (0 4) 90 2 (4-9) 2-3 (0 7)
140-144 13 11-1 (1-4) 39-8 (12-6) 2 5 (04) 2-3 (0-3) 91-0 (3-9) 3-3 (1-8)
145-149 15 11-6 (1-8) 42-4 (9 3) 2-9 (0 5) 2-5 (0-3) 88-8 (7 4) 3-0 (1 0)
150-154 32 139 (29) 47-4 (7-1) 3-2 (05) 2-9 (05) 91-7 (76) 3-8 (1 1)
155-159 33 15 2 (2 2) 51 7 (6-6) 3 5 (0 4) 3-3 (0-5) 93-2 (8 8) 4-3 (1-3)
160-164 20 15-8 (1 1) 56-7 (8-7) 3-9 (0 6) 3-6 (04) 91 9 (5 2) 4-1 (1-2)
165-169 9 15 9 (1-8) 55 4 (7-0) 4-4 (0 8) 4 0 (0 5) 91-2 (6 3) 4-5 (0-8)
170-174 8 16-0 (0 0) 64 0 (12-3) 4 5 (0 3) 4 0 (0-2) 90 5 (7-7) 5-0 (0-4)

with age, height, and weight. This was true for both boys
and girls. Table 4, however, shows a good correlation
between height and all the functions measured, except for
FEV,%, in boys; in general, the correlations were poorer
in girls.
The figure shows the relation of FEy1I to age in both

boys and girls. FEV, progressively increases with age in
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Relation ofFEV, to age in boys and girls.

boys up to 18 years, while it levels off in girls at the age of
15.
The relation of lung function indices to height are

shown in table 5. The formulae thus shown can be applied
to boys as well as girls. Girls have lower values for flow
rates.
When other anthropometric measurements are added to

the relationships, as shown in table 6, the difference
between boys and girls is still evident. Certain coeffi-
cients, as is seen from these relationships, had very low
numerical values. The coefficients for age and weight
over height squared (Wt/Ht2) for both boys and girls were
therefore subjected to statistical analysis with the
Student's t test (table 7). After height has been allowed for
the indices for boys are seen to depend more on Wt/Ht2
than on age, while the reverse is true for girls. None of the
coefficients was found to be significant in relation to
FEV,%.

Discussion

5 The population studied was chosen randomly from

16 18 schoolchildren in the Amman area, the youngest being 7
years of age. Below this age it is difficult to get the
co-operation of the child, since the indices we are
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Table 4 Correlation coefficients between pulmonaryfunction measurements in normal Jordanian children aged5-18years
Measurement Sex Height Age Weight FVC FEV, FEV,IFVC% FMFR

Height M 1 00 0 907 0-871 0-891 0-902 0-054 0-787
Height F 1 00 0 455 0-416 0-432 0430 0-014 0-323

Age M 1 00 0-855 0-854 0-874 0 074 0-778F 100 0-837 0-874 0-879 0-087 0-728

Weight M 1 00 0-894 0-902 0-031 0 759F 1 00 0-865 0-848 0-008 0-836

FVC M 1 00 0-973 0-072 0-800F 1 00 0-972 0-035 0-700

-EV, M 1 00 0-127 0-869F 100 0-192 0-766

FEVI%o/FVC M 1-00 0-367F 1 00 0 319

FMF M 1 001*00

Table 5 Regression relationships ofindices oflungfunction to
height in theform loge index = a logeHt (cm) + b + c sex, where
the sex term is Ofor boys and lfor girls

a b c* SDt
FVC(I) 2 818 -12-894 -0-118 0-234
FEV, (1) 2-836 -13 184 -0.011 0 231
FEVI/FVC% 0-018 4 405 0 013 0-080
FMFR(I/s) 2-674 -12-242 0.034 0-297
*The coefficient c is also the fractional difference in the indexbetween
boys and girls of the same height.
tStandard deviation of log, index about relationship.

Table 6 Regression relationships oflungfunction on height
(cm), age (y), and weight/height2 (kg/m2)for boys and girls in the
form loge index = a loge height + b age + c weightlheighrt + d +
e sex, where the sex term is Ofor boys and Ifor girls

a b c d e SD*
FVC(I) 2-413 0-004 0-024 -11-46 -0 91 0 210
FEV, (1) 2-298 0-011 0-023 -11 05 -0-005 0 208
FEVI/FVC% -0-115 0-007 -0-0016 5 015 0-1 0-080
FMFR(l/s) 1-441 0048 0-010 -6-858 0035 0-282
*Standard deviation of loge index about relationship.

Table 7 Contributions ofage and weightlheight2 to the
description oflungfunction in children

Boys Girls
Age Wtlht2 Age Wt/hr2

FVC(I) NS + + (+)
FEV, (1) NS + + (+)
FEVI/FVC% NS NS NS NS
FMFR (1/s) + (+) + NS
NS-not significant. + and - indicate a significant regressioncoefficient
on the variable in question after height has been allowed for. Where more
than one term is significant, the one that gives the less good fit isindicated
by parentheses.

measuring are effort dependent. Although no statistical
methods were used to choose the children, the number
studied and the fact that many schools in different areas of
the city were included give a reasonable degree of
confidence in the data. All the children were Arabs. Thus
in the absence of any other published data from the Arab
world these data may be used as standards of pulmonary
function test values for Arab children elsewhere, provided
that the factor of altitude is taken into account, Amman
being 774 metres above sea level, as well as the fact that
these data were derived from an urban population.

Unlike in adults, where weight has no significant effect
on FVC, FEV,, and FMFR 25-75%i.5 10 our data show
that in children weight seems to play an additional part in
influencing the results of the pulmonary function tests.
This observation is supported by data from other
workers.2 4 12 Our data show that age, height, and
weight play almost equal parts in modulating the results of
pulmonary function tests; this makes sense because-
again unlike in adults-these three indices go hand in
hand in children.
When FEV, was plotted against age (fig) trends were

noted. Firstly, there is sharp rise of FEV, in both boys and
girls similar to that observed by Cotes.9 Secondly, girls
show a levelling off at the age of 15 and beyond unlike
boys, whose FEV, continues to increase with age. This
phenomenon, though noted by Strang in 1959,1 has not
been considered by other authors. These two facts should
therefore be taken into consideration whenever standards
of pulmonary function test values are used for assessing
disease states or for comparing different populations.

To assess the pulmonary function of a particular adult
the observer usually refers to nomograms or linear
regression curves. In children, however, these two
methods cannot bte used because other factors not
represented in such computations have an important

Sliman, Dajani, Shubair
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role-namely, weight and the growth spurt. Multiple
linear regression formulae are thus better. A crude but
simple index is the FEV,%. Our data show that it has no
correlation with anthropometric measurements or the
result of other pulmonary function tests. An FEVI% over
85% probably indicates normal pulmonary function (if
restrictive pulmonary diseases have beeh excluded).
Our data show that the correlation coefficients for

height versus all the other indices are higher in boys than
girls. Although Woolcook et a15 reported completely
different observations, Dugdale and Moeri2 and Dickman
et aP4 obtained results similar to ours. The explanation for
the low correlation with height in girls may be related to
sampling, levelling ofgrowth at the age of 15 (as discussed
above), or other factors unknown to us.
We compared the pulmonary function tests values of

Jordanian children with those from other ethnic groups as
reported by Polgar and Promadhat'3 for European, Cotes9
and Strang' for British, and Dickman et aP4 for white
American children and Bhattacharya and Banerjee'4 for
children of Indian descent. Just as the Jordanian adults we
studied previously8 proved to be similar to other ethnic
groups, the population values for our children are very
similar to the values obtained in these other studies.
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