
Height and weight pattern up to 20 years after
treatment for acute lymphoblastic leukaemia

N H Birkebæk, N Clausen

Abstract
Objective—To assess height and body
mass index standard deviation scores up
to 20 years after treatment for acute
lymphoblastic leukaemia (ALL).
Subjects and methods—Height and body
mass index standard deviation scores
were measured in 33 patients (14 boys and
19 girls) with childhood ALL at diagnosis,
after the end of treatment, at final height,
and at follow up 10–20 years (median,
16.2) after diagnosis. Eleven patients were
treated with chemotherapy only and 22
patients were treated with chemotherapy
and cranial irradiation.
Results—In the chemotherapy only group,
height standard deviation scores were the
same at follow up as at diagnosis, but there
was a significant decrease in height stand-
ard deviation scores during treatment.
Mean body mass index standard deviation
scores increased steadily from the start of
treatment until final height and continued
to increase from final height until follow
up. In the cranially irradiated group,
mean height standard deviation scores
decreased steadily from the start of treat-
ment until follow up. Mean body mass
index standard deviation scores increased
continuously from the start of treatment
until final height and from final height
until follow up.
Conclusion—Chemotherapy combined
with cranial irradiation and chemotherapy
alone might be persisting risk factors for
obesity even after final height has been
attained in patients treated for childhood
ALL. Chemotherapy is a risk factor for
reduced final height only when adminis-
tered in combination with cranial irradia-
tion. These problems need to be recognised
and dealt with at follow up examination.
(Arch Dis Child 1998;79:161–164)
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The long term survival after treatment for
acute lymphoblastic leukaemia (ALL) in chil-
dren is 70%.1 Therefore, new treatments focus
on reducing late sequelae while optimising sur-
vival rates further.
Several long term investigations have shown

that height gain is moderately influenced by
chemotherapy and cranial irradiation.2–6 How-
ever, the children were followed for only four to
eight years in two of these studies.4 5 Chemo-
therapy alone resulted in a slightly reduced

final height in one study,7 and in normal final
height in another study.8 The eVect of treat-
ment for ALL on weight has not been
investigated extensively9–14 and in only two
reports were the patients followed up to their
18th year or until the end of growth.11 12 In
addition, in these studies, all patients had
received cranial irradiation. Weight changes
after final height has been attained have not
been examined in this group of patients.
Our study examined height and weight

changes in patients followed for 10 to 20 years
after treatment for childhood ALL, with and
without cranial irradiation.

Patients and methods
Of 37 survivors in first remission who had
attained final height after a diagnosis of child-
hood ALL in our institution from 1973–84, 33
individuals (14 boys and 19 girls) were investi-
gated. Two patients had left our department 10
years ago, one patient was excluded because of
Asiatic origin, and one patient had height and
weight measured only at diagnosis. Eleven
patients had received chemotherapy only (C),
while 22 patients had received both chemo-
therapy and cranial irradiation, 24 Gy in 15
fractions (C + I). All patients had received a
standard ALL treatment consisting of vincris-
tine and prednisone in a five week induction
phase. This was followed by consolidation with
10 daily injections of L-asparaginase in all non-
irradiated children and nine irradiated children.
Patients with an increased risk of relapse
received three doses of doxorubicin in the induc-
tion phase. This comprised 18 of the 22
irradiated patients and five of the 11 non-
irradiated patients. The latter five patients also
received reinduction treatment with one injec-
tion of vincristine and a one week course of
prednisone every one to two months. Only three
irradiated children received reinduction treat-
ment.Maintenance treatment with oral mercap-
topurine daily and methotrexate once a week
was given to all patients for a total of two and a
halfyears.Centralnervoussystemleukaemiapro-
phylaxis consisted of three courses of intermedi-
ate dose methotrexate with 500 mg/m2 in those
patients who did not receive irradiation. All
patients were given intrathecal methotrexate.
After finishing treatment, patients were seen

in the outpatient clinic every one to two years
until the age of at least 25 years.Data for height
and weight at the time of diagnosis, after the
end of treatment, at final height, and at follow
up were registered from the charts. Age for
final height was defined as the age at which the
change in height was less than 1 cm/year of
observation. Patients having a body mass index
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standard deviation score greater than 1.28
(above the 90th percentile) were considered
obese.10

STATISTICAL METHODS

Height data were analysed as height standard
deviation score (HSDS). HSDS = (h − <h>)/
SD, where h is the measured height, and <h>
and SD are the mean height and standard
deviation for height, respectively, for the pa-
tient’s age and sex in a reference population of
Swedish children followed from birth to final
height.15 Weight data were analysed as body
mass index (BMI) standard deviation score
(BMISDS). BMISDS = (BMI − <BMI>)/SD,
where BMI is the measured weight/squared
height, and <BMI> and SD are the mean BMI
and standard deviation, respectively, for the
patient’s age and sex in a French reference
population between 0 and 87 years of age.16 The
Student’s t test was used for statistical evalua-
tion.

Results
The median age at diagnosis was 4.3 years
(range, 1.2–13.3), the median age at the end of
treatment was 7.25 years (range, 3.3–16.6), the
median age at final height was 16.4 years
(range, 15.0–18.3), and the median age at fol-
low up examination was 20.5 years (15.0–
27.0). The median period of follow up after
start of treatment was 16.2 years (range, 10.8–
20.7).
The mean body mass index standard devia-

tion scores increased significantly from diagno-
sis until final height in both groups (table 1).
The largest increase in mean body mass index
standard deviation scores was found during
treatment. At follow up,mean body mass index
standard deviation scores had increased further

in both the C + I group (p < 0.01) and in the C
group (p = 0.08) compared with body mass
index standard deviation scores at final height.
In both the C + I and the C group, 36% of the
patients were obese at follow up.
At diagnosis, the mean height standard

deviation scores in both groups were higher
than the average of the normal population.
Mean height standard deviation scores were
significantly reduced during treatment in both
groups (table 2). At follow up, the mean height
standard deviation score was reduced further
in the C + I group compared with the height
standard deviation score at the end of treat-
ment, while in the C group, the mean height
standard deviation score had increased to the
value seen at diagnosis.

Discussion
Weight reference curves for the age group
20–30 years do not exist. Because many
patients in our study were in this age group, we
used body mass index standard deviation
scores as an index of obesity.10 Body mass index
standard deviation scores increased from diag-
nosis during treatment, and until final height in
both groups. Even after final height had been
attained, body mass index standard deviation
scores continued to increase in both treatment
groups. To our knowledge, this is the first
report on weight changes in childhood ALL
patients after final height has been attained. In
addition, long term follow up weight data on
patients with childhood ALL treated with
chemotherapy alone have not been published
previously. In general, our children were tall
and slender at the time of diagnosis and of nor-
mal weight after cessation of treatment. How-
ever, many were overweight at final height, and
even more obese at a median follow up time of
16.2 years after start of treatment, when 36%
of our patients in both treatment groups were
obese. There have been only two long term
studies on the weight changes up to final height
in patients with childhood ALL. In both stud-
ies, all patients had received cranial irradiation.
In one study, Schell found that 38% of patients
were overweight at the age of 18.11 In the other
study, Didi found that 45% of girls and 47% of
boys were obese at final height, using body
mass index standard deviation scores > 85th
percentile as the definition of obesity.12

VanDongen-Melmandemonstrated,bycom-
paring body mass index standard deviation
scores up to four years after treatment for ALL
in six treatment protocols, that ALL protocols
with the highest glucocorticoid dose induced
the highest weight gain.10 Our observation of a
weight gain in the treatment period, regardless
of whether cranial irradiation had been given,
indicates that chemotherapy might be a major
factor in the aetiology of weight gain during
treatment. Of the drugs used, glucocorticoster-
oid is the only one with a known eVect on
weight gain, and this drug might be responsible
for the increased weight during treatment, in
accordance with the proposal of van Dongen-
Melman. However, common factors such as
restriction of activity level and focusing on diets

Table 1 Mean body mass index standard deviation scores (BMISDS) and mean
diVerences (ÄBMISDS) at various time points for the chemotherapy group and the
chemotherapy and cranial irradiated group

Chemotherapy
(n = 11)

Chemotherapy plus irradiation
(n = 22)

Mean
BMISDS

ÄBMISDS
(SEM)

Mean
BMISDS

ÄBMISDS
(SEM)

At diagnosis −0.60 −0.50
At end of therapy 0.22 0.16
At final height 0.60 0.61
At follow up 1.02 1.39
End of therapy − diagnosis 0.83 (0.26)† 0.66 (0.19)†
Final height − end of therapy 0.36 (0.41) 0.46 (0.24)
Final height − diagnosis 1.19 (0.38)† 1.09 (0.29)†
Follow up − final height 0.43 (0.22)* 0.78 (0.18)†

*p = 0.08; †p < 0.01.

Table 2 Mean height standard deviation scores (HSDS) mean diVerences in scores
(ÄHSDS) at various time points for the chemotherapy group and the cranial irradiation
and chemotherapy group

Chemotherapy
(n = 11)

Chemotherapy plus irradiation
(n = 22)

Mean
HSDS

ÄHSDS
(SEM)

Mean
HSDS

ÄHSDS
(SEM)

At diagnosis 0.86 0.65
At end of therapy 0.00 −0.19
At follow up 0.74 −0.58
End of therapy − diagnosis −0.86 (0.16)* −0.83 (0.15)*
Follow up − diagnosis −0.13 (0.18) −1.27 (0.12)*

*p < 0.001.
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rich in calories might contribute to the weight
gain during treatment, and these factors might
establish habits that continue after treatment.
In our population, body mass index standard

deviation scores increased further during the
follow up period, independently of treatment
modality. Thus, cranial irradiation is not of
major importance for the weight gain in this
period. Glucocorticoid treatment does not seem
to contribute to obesity at follow up because
only two of our eight patients who had received
the highest corticosteroid load during reinduc-
tion with corticosteroids were obese. All patients
were given intrathecal methotrexate. One could
speculate that in some sensitive patients this
treatment might aVect the “satiety centre” in the
hypothalamus. Deficiency of growth hormone
might cause changes in the body composition
towards adiposity.17 However, we did not find
any correlation between growth hormone defi-
ciency and obesity; but we found a strong corre-
lation between serum leptin concentrations and
obesity, the significance of which is unclear.18

Future studies of obesity in ALL patients should
include pharmacological, biochemical, genetic,
and psychological factors.
Our population of children with ALL was

significantly taller at the time of diagnosis
compared with the normal population. This
has been seen in other cohorts of children with
ALL,3 19 although other studies have demon-
strated height standard deviation scores of zero
at diagnosis.8 20 Whether the coexistence of
ALL and a high growth rate is incidental or the
result of a common factor is not known. At the
end of treatment, the height standard deviation
scores had fallen significantly to the level of the
normal population in both treatment groups,
indicating that cranial irradiation was not
responsible for height growth reduction during
the treatment period. A similar growth sup-
pression has been demonstrated previously
during treatment for ALL with and without
cranial irradiation.5 7 8 This could be a result of
treatment with compounds such as cortisone
and methotrexate,21 the disease itself, and/or
complications of the treatment. In accordance
with other studies,2 3 6 7 22 we showed a further
reduction in height standard deviation scores
from the end of treatment to final height in the
C + I group. There are few studies concerning
height standard deviation scores at final height
in patients with ALL who have been treated
with chemotherapy alone. Our findings of final
height standard deviation scores at the same
value as at diagnosis confirmed the results of
Holm,8 although Sklar found a reduction of
height standard deviation scores at final height
in a group of patients treated with chemo-
therapy alone.7 However, Sklar used a more
intensive chemotherapy regimen, including a
four drug maintenance treatment with vincris-
tine, prednisone, mercaptopurine, and metho-
trexate, which might explain the reduction in
final height in his study.
In conclusion, both chemotherapy alone and

in combination with cranial irradiation leads to
a weight gain during treatment for ALL. The
weight gain often continues in both treatment
groups after the end of treatment. Even after

final height has been attained, many patients
have a further weight gain. Chemotherapy in
ALL causes a reduction in height gain during
treatment, but this height reduction persists
only when chemotherapy is combined with
cranial irradiation. Height and weight prob-
lems are common after treatment for ALL.
They must be detected and dealt with at follow
up, as both a short stature and obesity might
cause great long term problems.
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Acute haemorrhagic oedema of childhood
Would you recognise acute haemorrhagic oedema of childhood (AHO)
if you saw it? The condition is said to have been described first by Snow
in 1913 and, although there have been only around 90 cases reported
since then, it may be more common than that might imply because it
may often be mistaken for Henoch-Schönlein purpura (HSP) (L A
Gonggryp and colleagues, Pediatric Dermatology 1998;15:91–6).
The condition aVects children between the ages of 4 months and 2

years and is characterised by ecchymotic purpura on the face (ears,
eyelids, cheeks) and limbs, the lesions often having a target-like or
cockade appearance and accompanied by local oedema. (Cockade; a
ribbon, knot of ribbons, rosette, etc, worn in the hat as a badge of office
or party, or as part of a livery dress—Shorter Oxford English Dictionary.)
The lesions illustrated seem to be about 2 or 3 cm in diameter and are
circular, with an outline consisting of two dark red parallel lines (tram-
line eVect) surrounding fairly normal looking skin. Other lesions look
like bruises or haemorrhagic papules. Some are tender. The child usu-
ally seems well although some have a mild fever. The condition almost
always resolves within a week or two but may recur, although when it
does recur it usually does so early. There has been debate about
whether it is a variant form of HSP but it seems milder, without the
gastrointestinal, joint, or kidney involvement of HSP, and with a totally
benign course. Histologically the skin lesions of AHO and HSP are
similar. Two of four children in this report, from South Africa, had
tuberculosis. Previously reported associations have been with vaccina-
tion, respiratory infection, drugs, streptococci, staphylococci, and
adenoviruses.
Is there any point in distinguishing between AHO and HSP? The

skin lesions are diVerent, the age range of AHO is more restricted,
extracutaneous involvement is rare, and it is entirely benign. So prob-
ably there is.
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