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Abstract
Background-The population of Israel
consists of immigrants from many different countries. It is not known whether a
single nomogram can be used for spirometric values of children of different

ethnic descent.
Methods-Spirometry was performed in
753 second or third generation Israeli
children (7-14 years) of different ethnic
groups. Both parents of 503 of the children were of the same ethnic background.
Subjects were allocated to six ethnic
groups (European, Iraqi, North African,
Indian, Yemenite, and Georgian).
Results-Standing height contributed
most to the prediction of spirometric values (forced expiratory volume in one second, forced vital capacity), whereas
sitting height did not contribute further.
Statistical analysis showed significant
ethnic differences. The Georgians had
higher spirometric values for FEV1 than
all the other ethnic groups, and higher
FVC values than those of the Yemenite,
North African, and Indian groups. FVC
was lower among the Indian than all
other groups.
Conclusion-Differences in normal
spirometric values were found among
second or third generation Israeli children of different ethnic origins. European,
North African, Iraqi, and Yemenite
children could be characterised by single
equation, whereas children of Georgian
and Indian descent needed different prePaediatric
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dicting equations.
(Thorax 1993;48:906-910)

Lung function testing is an integral part of
the routine assessment of children with airway disease. Normal values of lung volumes
in children and adults are available,'-2 but
regression equations for lung volumes differ
among children of different races and ethnic
origins. Indeed, significant differences have
been found among Chinese,3 black and

white," Mexican/American,9 Ethiopian Jew,'0
Polynesian," Libyan,'2 Jamaican,"3 and
Pakistani children.'4
Israel's population consists of immigrants

from many different countries. Ethnic variation of pulmonary function in Israeli adults
has been defined.'5 16 Schlesinger et al found

low levels of ventilatory function in men born
in Asia and North Africa when compared
with white North American men.'6 Goren et
al reported low lung function values among
immigrants from Iraq/Iran, whereas subjects
from Morocco had similar values to those of
European descent.'5
We assessed differences in lung function
among second or third generation Jewish
children of different ethnic origins living in
Israel. Genetic predisposition rather than
environmental influences should therefore be
more likely to account for any differences
found.

Methods
The study population included 912 Jewish
children from five elementary schools around
Tel Aviv. The principals of the schools were
approached after receiving permission from
the Israeli board of education, and the
approval of the Chaim Sheba Medical
Centre's Helsinki committee. The classes
studied were selected by the principals of the
schools. The teacher of each class received
general information about and a detailed
explanation of the procedures of the study.
The paediatrician conducting the study (HR)
met each class and instructed the pupils.
Each participant received a letter of explanation to their parents to obtain their signed
permission together with a questionnaire on
the ethnic origin of both parents and grandparents and on the child's health status.
Seven hundred and fifty three parents gave
their approval, eight refused, and 151 did not
respond at all. The 753 children who participated in the study filled in a medical history
questionnaire,'7 which was translated into
Hebrew and modified for children. Data from
the children's school medical records were
used to ascertain previous health status. In
addition, each of the pupils was interviewed
about medical history and smoking status,
and a physical examination was carried out by
one of us (HR). Exclusion criteria included
any evidence of previous or concurrent
cardiorespiratory disease (particularly any history of wheezing), spinal deformity or any
other major disease, and inability to perform
technically satisfactory spirometric tests.
However, all 753 pupils who were examined
performed the tests to prevent embarrassment
among peers.
Forced expiratory volume in one second,
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Table 1 Product moment correlation between
anthropometric and spirometric parameters for entire study
population
Weight
MAMC
Height:
Standing
Sitting:
Crown to sacrum
C7 to sacrum
Arm span
Body mass index

(weight/(height)2)
Age (years)

FVC

FEV,

FEV,IFVC

0-86*
0.79*

0-85*
0-76*

0045
003

0-88*

0-87*

0-02

0-84*
0.79*

0-84*
0-80*

0-86*

0-80*

0 001
0-12
0 05

0-58*

0.73*

0Q57*

0Q74*

0 004
0-02

FVC-forced vital capacity; FEVI-forced expiratory
volume in the first second; MAMC-mid arm muscle
circumference. *p < 0 001.

Table 2 Adjusted means (SD) ofspirometric values in the different ethnic groups
Ethnic origin

Sex

{M
EF
fM
Iraq
rF
Europe

Georgia

SM
tF

M
North
Africa
NF
India

fM
'F

Yemen

fM
F

No

FVC (7)

87
78
22

2 437(0

677)

23

2 479(0

2-412(0-697)

687)

2-338(0-618)

FEV, (7)

FEV,IFVC (%)

2-155(0-599)

88 45(4 53)
90 22(5 95)
88 36(6 59)
91-17(3-31)

2-103(0-574)

2-185(0-517)

26
29
33

2 436(0

2-199(0-473)
2 350(0 996)
2 284(0 647)

2-238(0-641)

2 066(0 603)

92 75(6 92)

21
31
49
39

2-166(0-434)
2-148(0-614)
2 342(0 677)
2 209(0 488)

1-974(0-355)
2-010(0-593)

92-10(5-48)
94 38(4 40)
90
94-44(3 65)

33

2-535(1-052)
697)
2-353(0-616)

For definitions of abbreviations see footnote to table 1.

2-104(0-513)

2-113(0-603)

2 079(0 488)

92-05(4-21)

93 40(5-27)

89-41(4-67)

34(4.37)

Results
Altogether 753 children aged 7-14 years were
tested. Seventy nine (10-9%) were excluded
because of a history of chest or heart disease,
wheezing, or chest surgery or because of
spinal deformity or concurrent upper or lower
airway infection. None of the children
reported a history of smoking. The results of
an additional 12 children were discarded
because of inadequate spirometric technique.
Of the remaining 662 children, 471 were allocated to one of six ethnic groups according to
the country of origin of both parents.
Subjects were allotted to ethnic groups only if
both parents were of the same ethnic origin.
A total of 138 children were of mixed origin
and their measurements were not used for
interethnic comparison. Eight children of
Iranian origin, 34 of Bukharic origin, and 11
of Balkan origin were also not included
because of the small number of participants
in these ethnic groups.
To assess the correlations between anthropometric and spirometric measures product
moment correlations were computed. These
correlations are presented in table 1.
Significant positive correlations were found
between all anthropometric and spirometric
measurements, apart from the FEV1/FVC.
The highest correlation coefficients found
were for standing height. Moreover, stepwise
regression analysis showed that standing
height provided the greatest contribution to
prediction of spirometric values. Addition of
any other anthropometric variable, such as
the ratio of sitting to standing height (the
mean for the various ethnic groups ranged
from 0-51 to 0 52), did not improve the prediction substantially.
Comparison between the various ethnic
groups was done by using 6 x 2 analysis of
covariance (ethnic by sex analysis of covariance). This analysis allows adjustment of
spirometric results in relation to height, so
that differences between groups would not be
a function of height. Table 2 presents the
adjusted means of the spirometric measurements for the six ethnic groups, separately for
boys and girls. Significant differences between the ethnic groups were found on analysis of covariance (FVC (F(5,458) (that is, F
value with degrees of freedom between and
within respectively) = 1196; p < 0 001; FEV1
(F(5,458) = 12-30; p < 0 001); FEV,/FEV
(F(5,458) = 8-75; p < 0 001)).
To ascertain which of the groups contributed to these significant differences paired
comparison analysis was performed with the
Neuman-Keuls procedure.20 This analysis
showed significant differences between the
Georgian group and the other groups, the
Georgians having significantly higher FEV,
values (p < 0.001). The Georgians also had
higher FVC values than those of the Indian,
Yemenite, and North African groups
(p < 0 001) but not significantly different
values from the European and Iraqi groups.
The FVC values of the Indian group were
significantly lower than all the other groups
(p < 0 001). The lower FEVy to FVC ratios
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forced vital capacity, and their ratio were
measured according to the recommendations
of the American Thoracic Society's Snowbird
committee'8 by one investigator (HR) using a
wedge spirometer (Vitalograph, Buckingham). The instrument was calibrated daily
with a three litre syringe. After an introductory explanation of the procedure to the
entire class each child was coached in the
forced vital capacity manoeuvre, allowing
multiple trials. The best of three satisfactory
curves was chosen for analysis. In cases where
the technique was unacceptable the child was
re-examined a few days later. Values of FEVy
and FVC were extracted and corrected for
body temperature, prevailing atmospheric
pressure, and saturation of water vapour.
The following anthropometric data were
obtained for each child: standing height, arm
span, sitting height (crown to sacrum and C7
to sacrum), weight, mid arm circumference,
and triceps skin fold thickness. Body mass
index (weight/(height)2) and mid arm muscle
circumference (mid arm circumference 3*14 x triceps skin fold thickness)'9 were
calculated.
All data were analysed on an IBM 3090
system with appropriate statistical programs
(SPSS-X). Lung function and anthropometric measurements were correlated with
Pearson's correlation test and stepwise regression analysis. Differences between ethnic
groups were examined by analysis of covariance.
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Table 3 Explained variance (R2) ofFVC, FEV, and FEV,IFVC by height via linear, log-linear and log-log regression
analysis in the different ethnic groups
Linear

Log-linear Log-log

Linear

Log-linear Log-log

Linear

Log-linear Log-log

Euroe
Europe

FM

069

070

071

073

068

067

068

070

000

000

000

000

Irq
Iraq

fM 0*92

089

090

090

086

0-87

0.11

0 12

0 11

M 082

086

086

075

0*75

081

087

087

002

002

002

0 62
076

0 63
077

0-65
077

0 66
082

0 66
082

0 03
002

0 03
002

0 03
001

053

054

046

048

050

015

015

015

0*84

083

079

083

070

002

002

Georgia

F 0*71

XF 0 81

OF 0*76
M 0 62
North
Africa
XF 072
fM 0*52
India
nF 081
IM 0-81
Yemen
YF 079

072

083

086

081

0*79

082

0.80

078

085

082

079

070
0 81

080

084

081

070

081

080

084

071

0.00
0.01
001

0.00

007

0.01

0.01

0.00
007

000

0 01
001

0.00
002

006

For definitions of abbreviations see footnote to table 1.

among the European and Iraqi groups in
comparison to the others accounted for the
results of analysis of covariance. When other
anthropometric measures including sitting
height (crown to sacrum or C7 to sacrum),
arm span, sitting to standing height ratio,
weight, body mass index, and mid arm
muscle circumference were used the same
significant differences between the ethnic
groups were found. Hence, the anthropometric measurements could not explain the

Table 4 Prediction equations of FEV, and FVC (in litres) on height in the different
ethnic groups
Intercept (a)

Slope (b)

SEE

-3 68

004

0 38

-442

005

034

F

-327
-4-06

004
0-04

035
033

FVC:
M
F

-588
-4-58

006
005

020
023

410
-4:29

0-04
0:05

0-17

F

FVC:
M

-639

F

-6-79

006
006

045
035

-611
-6 54

0 06

006

043
0 30

-4-25

005

038

-3 64

0-04

0 34

-356
-365

004
0-04

031
029

-2-37

003
004

031

0:02

0 27

0*05

0 30
0 22
0 28
022

Index (y)

Europe
EUrOPe

I

Iraq
Iraq

L
Georgia
GeOrg1a

FVC:
M
F
M

~~FEV,:
M
l ~~~FEVI:

~FEV,:
M

<

F
FVC:
M
F
M

North Africa

F

FVC:
M
F
M
F
FVC:
M

~~~FEV,:

Ind1a

India

Yemen

Yemen

L

-412
-1-52
-3-96
-4 53

F

-3.38

F

-3.47

~~~FEV,:
M

0-04
0-04
0 04

-3 94

SEE-standard error of the estimate; index-intercept + (slope
For definition of other abbreviations see footnote to table 1.

0*04

x

height).

0:22

0*27

0-28

interethnic variability in spirometric values.
Analysis of covariance showed significant
differences between boys and girls for FVC
(F(1,458) = 13-59; p < 0001), FEVI/FVC
(F(1,458) = 25-64; p < 0001) but not for
FEV,(F(1,458) = 2-76; p > 005). From table
2 it can be seen that for all the ethnic groups
FVC was higher in the boys and FEV,/FVC
higher in the girls. The analysis of covariance
did not show any significant interaction effect
of ethnic by sex, thus the differences between the
edtnic groups are consistent for boys and girls.
To establish prediction equations of the
spirometric measures on height, three kinds
of regression analysis were performed: linear,
log-linear, and log-log,2' with FEVy, FVC,
and FEVI/FVC as dependent variables. Table
3 presents the explained variance (R2) for
these regression analyses. A linear relation
holds for FEV, and FVC but not for
FEV,/FVC, and linearity was not improved
by log-linear

or

log-log transformations. R2

for the three kinds of regressions did not differ substantially from each other, and the
additional contribution of log-linear and
log-log equations in comparison to linear is
minimal. In addition, the differences in R2

between boys and girls were inconsistent
between the races. There was a pronounced
sex difference in Indians, R2 being lower for
boys and girls, moderate differences among
Iraqis, Georgians, and North Africans, and
only slight differences among European and
Yemenite children. Table 4 presents the linear prediction equations for FEV, and FVC
on height.
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Ethnic origin Sex

FEV,IFVC

FEV,

FVC

Discussion
We found significantly different spirometric
values among children from different ethnic
Jewish groups in Israel. In Georgian children
FEV, values were higher than in all other
groups; their FVC measurements were also
significantly higher than those of the Indians,
Yemenites, and North Africans but similar to
those of the other groups. In the Indian group
the FVC was significantly lower than in all
other ethnic groups.

Ethnic differences in lungfunction in Israeli children

ethmic origin.
The variability of FVC and FEVy was best
accounted for by standing height. Our findings agree with those of previous studies in
children, in which FEV1/FVC was not related
to anthropometric measurements' 2 and no
significant ethnic variability in FEV1/FVC was
shown.9 24 25

The variability between ethnic groups with
relation to paediatric spirometric values,
which was elicited in the present study, could
be due to ethnic differences in growth velocity, which have been reported. Height velocity
in Chinese children aged 4-6 years was significantly lower than Tanner's reference
values,27 whereas in aboriginal Australian
babies aged 1-3 months growth velocity
exceeded international reference values.28
Therefore, if the differences in spirometric
values are due to ethnic variability in growth
velocity then they might be expected to disappear once adulthood is achieved.
Several kinds of regression equations are
used in published work suggesting that a

log-log or a log-linear regression could fit
better than a linear regression for the prediction of spirometric measurements. We found
that the differences between the regression
equations are not substantial or consistent
among the various ethnic groups studied
(table 3). The linear nature of the regression
equations in our data may be because the
children were comparatively young.
However, differences between sexes were
found, independent of ethnicity, as has been
observed by others.8912 1424
Although ethnic differences are apparent in
Israel, our study suggests that spirometric values in children of European, North African,
Iraqi, and Yemenite origin are not significantly different. For clinical application children from these ethnic groups can share a
single nomogram for spirometric values.
Children of Georgian and Indian descent
need to be characterised by different predic-

tion equations.
This study is part of a thesis in basic science by HR.
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Previous studies of the effect of ethnicity
on lung function in Israel have been contradictory. Schlesinger et al showed low spirometric values in immigrants from North
Africa, but this study related only to men over
40 who were born in their country of origin
and immigrated to Israel as adults.'6 Carel
et al in a survey of navy cadets did not find
any significant differences among ethnic
groups.2223 They stratified their subjects into
only three groups: Ashkenazi, Sephardic, and
second generation Israelis. The Sephardic
group included immigrants of both Asiatic
and African origin without any further subdivision. We examined children descended
from immigrants from several different
regions who were growing up in Israel, and
we found more distinct variability.
Interestingly, the low FVC values found in
Jewish children of Indian descent were also
observed in studies conducted in Nottingham
in local children of Indian descent.2425 Like
us, the authors were unable to explain the differences found by anthropometric measurements or by environmental factors.
In our current study anthropometric measurements could not explain the interethnic
variability in spirometric values. In previous
studies differences in volume between black
and white populations have been accounted
for by differences in the sitting to standing
height ratio.595026 In a recent study in Israel
of Ethiopian Jewish immigrants sitting to
standing height ratios were found to be relatively low (0-48),10 which accounted for the
low lung volumes as predicted by nomograms
based on standing height. The sitting to
standing height ratios of the different ethnic
groups in our study varied within a narrow
range (0-51-0-52) and therefore it is not surprising that these ratios could not explain the
differences in ventilatory function. Thus sitting to standing height ratio may be more
crucial in explaining the variability between
black and white populations than the variation between white populations of different
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