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Effects of overweight on lung function

K P Fung, S P Lau, 0 K W Chow, J Lee, T W Wong

Abstract
Spirometric data from 1586 healthy children,
who did not smoke, were analysed to examine
the effects of overweight as measured by the
body mass index (weight/height2) on lung
function. Overweight (72 boys, 88 girls) was
defined as on or above the 90th percentile
weight for height. After having controlled for
the confounding variables of height and age,
there were positive partial correlations
between body mass index and lung function in
girls whose weight was normal, in overweight
girls, and in boys whose weight was normal,
but not in overweight boys. In contrast to
adults, body mass index has a positive effect
on lung function in girls, whatever their
weight. No such correlation between body
mass index and lung function was seen in
overweight boys. The observations may be
accounted for by distinct sex dependent
patterns of fat distribution in children.
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The effects of morbid obesity on respiratory
function has been studied thoroughly in adults.
Fat subjects tend to have lower lung volumes
and less chest wall compliance.' 2 Information
on lung function in children with normal lungs
who are obese, but not morbidly so, is,
however, sparse. The distribution of fat in
adolescents differs from that in adults, and is
sex dependent.3 Obesity, therefore, by its effect
on the chest and diaphragm, may alter the lung
function of children and adolescents differently
from adults. Quetelet's index (weight/height2) is
a body mass index for assessing obesity or

overweight.4 We used it to evaluate the associa-
tion between overweight and standing height
and lung function in normal as well as non-

morbidly obese children.

Patients and methods
We studied 1586 normal Chinese schoolchildren
who did not smoke (705 boys, 881 girls; age

range 6 5-20 years) representing different social
classes in Hong Kong. Weight (kg) and stand-
ing height (cm) were measured with a calibrated
weighing scale and stadiometer by standard
anthropometric methods.5 The ages of the sub-
jects were calculated from the date of birth and
the date of examination. Those with recent or

chronic respiratory diseases, chest or skeletal
deformities, morbid obesity, and congenital
defects were exclUded from the study.
Spirometric data (forced expiratory volume in
one second, forced vital capacity, vital capacity,
peak expiratory flow rate, and forced midexpir-

atory flow rate) were measured with a calibrated
Vitalograph Spirotrac IIS machine in a standing
position. Lung volumes were expressed in litres
(body temperature, pressure, and saturation).
The best of three reproducible readings was
recorded for analysis. Both weight and height
were considered simultaneously in interpreting
the body build of children. In this study an
overweight subject was arbitrarily defined as
one whose weight was on or above the 90th per-
centile of the weight for height standard for the
respective height groups from 110 cm onwards
in steps of 10 cm.

STATISTICAL METHOD6
The measurements of lung function have an
exponential relationship with age, height,
weight, and body mass index, so they were all
transformed logarithmically (base= 10) in statis-
tical analyses. In bivariate linear regression
analysis, lung function tests were the dependent
variables and height and body mass index were
the independent variables. The measurement
'age' was not included in the multiple regression
analysis because of its high collinearity with
stature (r>0 9). The comparative importance of
a particular independent variable as a predictor
of the dependent variable was estimated by the
unit free standardised regression coefficients
(mean and variance of the independent
variable=0 and 1, respectively). The exclusive
effect of body mass index and stature on lung
function was investigated by partial regression
analysis that was adjusted for age and height for
the former, or age and body mass index for
the latter, after logarithmic transformation.
Student's t test was used to compare the means
for the variables between the overweight and
normal weight children, and to test the signifi-
cance of the differences between regression
coefficients in simple and partial regression
analyses.

Results
Seventy two boys and 88 girls were classified as
overweight according to our criteria while the
remaining children (633 boys and 793 girls)
from the same population were considered as
not overweight; the median weights are shown
in table 1. The means (SD) for the body mass
index (x 1000) of the overweight groups-
boys=2-32 (0 37) and girls 2 25 (0-38)-were
greater than those of the corresponding normal
weight groups-boys 1-71 (0-37) and girls 1-68
(0-23) (p<0 05). There was no difference in
body mass index, however, between the over-
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Table I Median weights (kg) for normal and overweight boys and girls

Boys Girls

Height (cm) Normal weight Overweight Normal weight Overweight

<120 20-2 (n=52) 245 (n-6) 19 4 (n57) 245 (n=6)
120-9 23-2 (n=109) 292- (n= 12) 230- (n= 143) 28-7 (n= 16)
130-9 29-0 (n=107) 40-1 (n= 12) 28-0 (n=111) 36-9(n=12)
140-9 34-8 (n=94) 53-4 (n=-10) 34-8 (n= 128) 48-2 (n= 14)
150-9 41-6 (n=73) 56-6 (n=8) 43-8 (n=257) 58-2 (n=28)
160-9 50-5 (n-=126) 70-8 (n= 15) 49-1 (n=90) 62-6(n= 10)~170 57-6 (n-72) 73-2 (n=9) 52-0 (n=7) 67-3 (n=2)

Total 34-8 (n=633) 53-4 (n=72) 35-8(n=793) 49-4 (n =88)

weight boys and girls (p=0279). The Pearson
correlation coefficients between log body mass

index and log height in all groups were less than
0-56, and therefore justified the inclusion of
these two moderately correlated variables in the
same regression model.
As assessed by the standardised and partial

regression coefficients, standing height was

more important than body mass index in pre-

dicting lung function (table 2). The contribu-
tion of body mass index to the prediction of
lung function was variable, and seemed to be
different between the boys and girls as well as

between the normal and overweight subjects.
Body mass index significantly contributed to
the prediction of all the tests in girls and all but
forced midexpiratory flow rate in boys
(p<005). The standardised regression coeffi-

cients of log body mass index for the normal and
overweight girls and normal boys had a range of
005 to 0-42 (p<005) for all tests but forced
midexpiratory flow rate. Body mass index made
no significant contribution to lung function in
the overweight boys (p>027). The effect of
overweight on lung function was apparently sex

dependent. The unit free standardised regres-
sion coefficients of body mass index for over-

weight girls were comparatively greater than
those for normal girls for the corresponding
coefficients of stature. This did not, however,
seem to be the case for boys, in whom the stan-
dardised regression coefficients of body mass

index for the overweight boys (0-012 to 0-094)
did not differ significantly from zero. This sex

dependent pattern of the effect of body mass

index could be further elaborated by partial

Table 2 Simple and standardised regression coefficients of height and body mass index on each measurement oflung function

All subjects Normal weight Overveight

Log height Log body Log height Log body Log height Log body
mass index mass index mass index

Boys
Forced vital capacity

K 0-8758 0-1190 0-8581 0-1311 0-9697 -0-0166
B 2-8844 0-2996 2-8280 0-3997 3-0922 -0-0419'
SE 0-0480 0-0367 0-0547 0-0506 0-1499 0-1183

Vital capacity
Vitalcapacity 0-8818 0-0960 0-8716 0-1001 0-9553 -0-0184
B 2-9302 0-2443 2-9070 0-3088 3-0714 -0 0467'
SE 0-0522 0-0398 0-0593 0-0548 0-1766 0-1393

Forced expiratory volume in one second
fi 0-9049 0-0735 0-8922 0-0855 0-9707 -0-0383
B 3-0571 0-1897 3-0316 0-2689 3-0545 -0-0952'
SE 0-0489 0-0373 0-0552 0-0511 0-1696 0-1338

Peak expiratory flow rate
fi 0-8502 0-0616 0-8409 0-0740 0-9184 -0-0943
B 2-8735 0 1590 2-8636 0-2332 2-8412 -0-2303'
SE 0-0708 0-0541 0-0795 0-0736 0-2627 0-2073

Forced midexpiratory flow rate
fi 0-8294 -0-0201 0-8405 -0-0235 0-7543 0-0117
B 3-1162 -0 0575* 3-1947 -0-0827* 2-5118 -0-0308*
SE 0-0972 0-0742 0-1093 0-1011 0-3651 0-2881

Girls
Forced vital capacity

f3 0-7997 0-1700 0-8184 0-1289 0-6237 -0-3689
B 2-4729 0-3496 2-5323 0-3220 1-8153 -0-6930
SE 0-0533 0-0355 0-0611 0-0493 0-1764 0-1139

Vital capacity
[3 0-7780 0-1738 0-7955 0-1316 0-5876 0-4211
B 2-45% 0-3654 2-5273 0-3373 1-6722 -0-7736
SE 0-0595 0-0395 0-0691 0-0558 0-1648 0-1064

Forced expiratory volume in one second
fS 0-8137 0-1485 0-8255 0-1179 0-6508 -0-3423
B 2-5143 0-3050 2-5583 0-2948 1-8816 0-6387
SE 0-0535 0-0356 0-0615 0-04% 0-1722 0-1111

Peak expiratory flow rate
[; 0-6931 0-1535 0-7151 0-1016 0-5655 -0-3484
B 2-2741 0-3349 2-3433 0-2686 1-7862 -0-7103
SE 0-0821 0-0546 0-0957 0-0772 0-2423 0-1564

Forced midexpiratory flow rate
0 0-7016 0-0582 0-7022 0-0533 0-5813 0-2078
B 2-4805 0-1368 2-5037 0 1534" 1-8791 0-4336
SE 0-0976 0-0649 0-1134 0-0916 0-2995 0-1934

B=regression coefficient, -=standardised B, and SE=standard error of B. *p<0 05.
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Table 3 Partial regression coefficients of height and body mass index on each measurement of lung function

All subjects Normal weight Overweight

Log height Log body Log height Log body Log height Log body
mass index mass index mass index

Boys
Forced vital capacity 0-6108 0 3040 0-5869 0 3048 0-7616 -0-0407

t 20-426* 8-632* 18-179* 8-026* 9-691* -0-336**
Vital capacity 0-5873 0-2380 0-5617 0-2215 0-7229 -0-0388

t 19-212* 6-487* 17-026' 5-697' 8-627* -0-321**
Forced expiratory volume in one second 0-6262 0-2030 0-6097 0-2083 0-7074 -0-0854

t 21.267* 5.488* 19 292* 5.341* 18 009* -0707**
Peak expiratory flow rate 0-3915 0-1237 0-3888 0-1256 0 3890 -0-1392

t 11-264* 3-302* 10-582' 3-175* 3-481* -1 160**
Forced midexpiratory flow rate 0-3161 -0-2260 0-3146 -0-0367 0-2667 -0-0103

t 8.820* -0598* 8 313* 0u921" 2-282* 0-085'
Girls

Forced vital capacity 0-5983 0-2872 0 5998 0-2131 0-5687 0-4233
t 22-112* 8-878* 21-056* 6-125* 6-336* 4.283*

Vital capacity 0-5681 0-2773 0-3248 0-0977 0-5340 0-4857
t 20 445* 8.547* 19-794* 5.952* 5.789* 5.092*

Forced expiratory volume in one second 0-5856 0-2405 0-5809 0-1857 0-5876 0-3850
t 21-395* 7-339'* 20.045* 5.309* 6.656* 3-824*

Peak expiratory flow rate 0-2794 0-1441 0-2725 0-0806 0-2644 0-3871
t 8-617* 4-312* 7.955* 2-272* 3.544* 3-848*

Forced midexpiratory flow rate 0-2821 0-0226 0-2663 0-0254 0-3336 0-0896
t 8-707* 0-669** 7-761* 0-715** 3-243* 0.825*

*p<()()S; **p>O0OS; t value (Student's t test).

regression analysis of the overweight, normal,
and combined groups after adjusting for the
confounding variables of age and height (table
3). Body mass index correlated positively with
all tests except midexpiratory flow rate for
normal boys as well as normal and overweight
girls (p<005), but no such correlation was
found for overweight boys.

Discussion
Schwartz et al recently reported a positive corre-
lation between Quetelet's index and all the tests
that we used in a large group of young people.7
Our study showed a similar association between
body mass index and the various measurements
of lung function, not only in normal boys and
girls, but also in the group of overweight girls.
These findings are consistent with the well
established observation of a negative correlation
between lung function and body mass index in
adults; that is, fat adults have smaller lung
volumes.' In normal adolescents boys, and
particularly in normal girls, fat tends to be
deposited at the extremities rather than on the
trunk3; lung function is thus not adversely
affected, and there was no negative correlation
between body mass index and lung function in
normal subjects. Body mass index is not a
reflection merely of fat tissue-it cannot differ-
entiate between muscles, bone, and fat.4 In
normal subjects, a positive correlation between
body mass index and lung function may be a
reflection of the strength of respiratory muscles,
and the amount of effort put into doing the
spirometric tests.

In overweight or obese subjects, however,
body mass index may roughly reflect true adi-
posity.4 Partial regression analysis assessed the
independent effect of overweight expressed as
body mass index on the measurements of lung
function by holding height and age constant.
The positive partial correlation between body
mass index and lung function that was seen in
overweight girls was strikingly absent in over-

weight boys. This sex discrepancy may be
explained by the distinct fat patterns in boys
and girls. Obese boys deposit fat in the abdo-
men while obese girls deposit fat in the sub-
scapular area.3 By decreasing the expiratory
reserve volume, the abdominal fat reduces the
forced vital capacity and forced expiratory
volume in one second in overweight boys.' The
decrease in forced midexpiratory flow rate was
probably the result of a decrease in vital capa-
city as well as an increase in airway closure and
air trapping in the dependent parts of the lung.8

Height is a far more important predictor of
lung function than body mass index, as shown
by a much larger standardised regression coeffi-
cient. Our data have, however, shown a small
but interesting bias as a result of overweight.
This minor bias does not usually preclude the
use of the usual predictors or justify including
body mass index in routine lung function
estimation, and nor should abnormal lung func-
tion be considered to be the result of obesity or
overweight rather than of intrinsic lung disease.
Nevertheless, adjustment for confounding bias
caused of obesity may be essential for accurate
comparisons of lung function in clinical studies
of fat children.
We divided our children into overweight and

normal groups according to an arbitrary
criterion (on or above the 90th percentile of the
weight for height standard), though both weight
and height are continuous variables. This study
shows semiquantitatively how overweight affects
lung function in children. The choice of another
definition of overweight or obesity may result in
a description quantitatively different from-but
likely to be qualitatively similar to-that
reported in this study.

In summary, body mass index seems to affect
lung function in children quite differently from
adults. There is a positive correlation between
lung function and body mass index in normal
boys and girls. A similar association was found
in overweight girls but not in overweight boys.
This may be accounted for by different patterns
of fat distribution in boys and girls.
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