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Weight gain and height velocity during prolonged
first remission from acute lymphoblastic
leukaemia
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Departments of Child Health and Medical Computing and Statistics, University of Wales College
ofMedicine, Cardiff

SUMMARY A retrospective analysis of the medical records of 86 children in prolonged remission
from acute lymphoblastic leukaemia was performed to calculate changes in the rate of increase in
height and weight gain. The rate of increase in height decreased during initial treatment, and the
potential for final adult height was not regained. Weight gain was excessive; this started during
treatment and persisted into the remission years. Values of weight adjusted for height did not
return to values found before treatment until eight years after diagnosis. Several factors can
account for this weight gain, but there is a practical need to provide dietary advice, particularly
when chemotherapy is stopped.

Advances in the management of children with acute
lymphoblastic leukaemia have led to a noticeable
improvement in prognosis. Remission is induced in
90-95% of children, of whom half can be expected
to survive for five years; many will have been
cured.' Several studies have reported on the growth
of children treated for malignant disease.2 7 Rate of
growth is decreased, most noticeably during the first
year of treatment. Although the rate of growth
usually returns to normal after the completion of
chemotherapy, there is a small but significant
reduction in the eventual height reached. None of
the studies have reported data on weight gain. We
describe a retrospective analysis of weight gain in
children with acute lymphoblastic leukaemia in
relation to rate of increase in height and the
duration of remission.

Patients and methods

The children were treated for acute lymphoblastic
leukaemia at three regional centres (Edinburgh,
Glasgow, and Cardiff) and were aged less than 10
years at diagnosis. All had entered into first remis-
sion and none had relapsed. There was no evidence
of leukaemic infiltration of the brain or any other
disease that may have affected growth adversely.
The records of 86 children were examined, 49 of

whom were girls. The mean age at diagnosis was 5-1
years (range 0-9--98 years). Each child diagnosed

after 1970 was treated according to the current
national acute lymphoblastic leukaemia trial. Sixty
eight children received chemotherapy for three
years and 15 for two years. Three patients who
started treatment before 1970 were treated for four,
five, and seven years, respectively. Cranial irradia-
tion (1800-2400 rads) and craniospinal irradiation
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Fig. 1 Total number ofchildren studied in relation to type
ofradiotherapy and number ofyears' observation.
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(850-1000 rads) were given to 62 and 14 children,
respectively. Ten children received no radiotherapy
(Fig. 1). All patients were followed up for a
minimum of four years and 35% for eight years (see
Fig. 1).
Measurements of height and weight performed at

the time of diagnosis (before treatment) and at
yearly intervals thereafter were recorded. Measure-
ments of growth were taken before each main-
tenance cycle to reduce the acute effect of a course
of steroids on weight gain.

Height adjusted for age, weight adjusted for age,
and weight adjusted for height and age were
calculated, as described by Cole,8 based on the
standards of Tanner and Whitehouse.9 Results were
expressed as a percentage with 100% being the
mean value for age.
Data were analysed with and without logarithmic
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transformation to produce compatible results for the
three variables. Changes in these variables with time
from diagnosis were assessed on a within subject
basis by paired t tests and an analysis of variance
model, which took into account that different
subsets of children were represented in data for the
different years from diagnosis. Similarly, differences
between groups defined by type of radiotherapy,
sex, age at diagnosis, and treatment centre were
assessed simultaneously by analysis of variance. The
analysis was also performed with adjustment for the
corresponding value at admission as covariate to
determine if changes in height and weight depended
on these factors.

Results

Figure 2 shows the mean values for height for age at

Fig. 2 Change in percentage
heightfor age after diagnosis of
acute lymphoblastic leukaemia.
Significance compared with values
at diagnosis and one year after
diagnosis are shown.
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Fig. 3 Change in percentage
weightfor age after diagnosis of
acute lymphoblastic leukaemia.
Significance compared with values
at diagnosis and one year after
diagnosis are shown.
*P<0001, **P<0-01, ***P<005, tP=O05-
0-1, NS=P> 0.1.
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diagnosis and at yearly intervals. The significance of
these values compared with those at diagnosis and

104 one year after diagnosis are also shown. The
g 102 °% children were slightly taller than normal at diagno-

sis. During treatment there was a decrease in the
4.100 D . \ e -A _ _A. t rate of increase in height, but after three years there
* 98 . - was a return towards normal. The last height

96 o ^> O -OO......D . attained remained significantly below values found
94 before treatment.

The mean values for weight for age at diagnosis,
during treatment, and subsequently during remis-
sion together with their significance are shown in
Fig. 3. A small increase in weight occurred during

116 the first three years followed by a noticeable
increase that persisted until the seventh year after
diagnosis.

112 Figure 4 gives values of weight adjusted for height
and age. The children were relatively thin at
diagnosis but gained weight rapidly during the first

t;i , 8. year. This weight gain persisted throughout treat-
.f^/o D a DO X ment and into the seventh year after diagnosis

104 4. before returning towards values found before treat-
/ ~~~~~~~~ment.

100 /. The centre of treatment, type of radiotherapy,
D, and sex of the child made no difference to the

3 96 fa changes in growth that were observed, as shown by
Age <3years at diagnosis o O analysis of covariance. The age at diagnosis, how-

Age 3-5years at diagnosis A- - I ever, did have some effect on subsequent growth.
.e6yeratigoi ..

. Children aged less than 3 years at diagnosis were
Age >6years atdiagnosis 0.0 I more likely to regain their potential height than

older children and had a more noticeable and
6 i 2 3 4 5 6 i 8 prolonged period of weight gain (Fig. 5).
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Fig. 5 Change in percentage height for age and weight
adjustedfor height in relation to age at diagnosis. This retrospective study showed that children with
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acute lymphoblastic leukaemia were slightly taller at
diagnosis but were underweight compared with
children of the same age. Our values for height
agree with a report on stature at presentation in
children with acute lymphoblastic leukaemia. 10
Although the cause of this is not known, the use of
growth standards derived from a population of
children studied about 30 years ago may partially
explain the differences.9 Certainly, non-specific
symptoms, including anorexia, may precede the
diagnosis of acute lymphoblastic leukaemia and lead
to some loss in weight without affecting the rate of
increase in height.

Spinal irradiation can inhibit growth of the spine
to a variable degree."1 12 Our study showed no
significant difference in the height attained between
children who received craniospinal irradiation and
those who did not. Unfortunately, sitting height was
not measured routinely. A significant effect may not
have been seen due to the small numbers in this
group or because the spinal irradiation dose used
had a minimum effect on spinal growth. 13 The
changes in the rate of increase in height were the
same whichever type of radiotherapy was used,
suggesting that radiotherapy was not a causative
factor.

Several factors may affect weight gain, including
drugs, diet, radiotherapy, and physical exercise.
Induction chemotherapy includes the use of high
dose steroids given over a period of weeks. Children
often gain weight rapidly during this time. Con-
tinued use of steroids given as recurrent short pulses
throughout the maintenance cycle must also be
responsible for some of the persistent weight gain.
This does not, of course, explain why a further
increase in weight occurs after chemotherapy is
stopped. Other drugs such as methotrexate, which
may cause malabsorption,14 are unlikely to promote
weight gain.
Damage to the hypothalamus or pituitary by

radiation may result in minor abnormalities in the
secretion of growth hormones,2 4 5 probably due to
a deficiency of hypothalamic growth hormone re-
leasing factor.15 In most children with acute lym-
phoblastic leukaemia this does not appear to affect
the rate of growth. Hypothalamic damage may
cause obesity, but this has not been described after
cranial irradiation. 16 Hypothalamic obesity has been
reported in children with acute leukaemia, but this
has always been after leukaemic infiltration of the
brain. 17
The psychological effects on a family when a child

has acute leukaemia are complex and varied.'820
The threat of death or serious adverse effects due to
treatment causes parents to react differently to their
children than they would normally. They try to

allow their child to lead a life as free from
unpleasantness as possible. This may result in poor
dietary habits with the excessive consumption of
high energy foods, such as sweets and crisps, and
lead to excessive weight gain.
Lack of exercise may also contribute to the excess

weight gain. Parents probably restrict physical activ-
ity, particularly while the child is receiving treat-
ment. In this study the children had a relatively
uncomplicated course of treatment and probably led
normal active lives during the years after treatment.
There was a noticeable decrease in adjusted

weight for height between the seventh and eighth
years after diagnosis. Although the number of
patients in this group was smaller (30), the change
probably reflects the effect of a pubertal growth
spurt.
The results of this study show that children

treated successfully for acute lymphoblastic leukae-
mia gain excessive weight. This starts early in the
treatment phase and persists for many years.
Although several factors probably contribute to the
weight gain, we suggest that parents be given dietary
advice. The appropriate time for this would be at the
end of chemotherapy.

We thank the paediatric oncologists at Edinburgh, Glasgow, and
Cardiff for access to the medical records of children at these
centres.
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