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ABSTRACT
Background: Obesity in pediatric ALL survivors is a well recognized late effect. Hence the present study examines the
BMI-for-age of Indian childhood ALL and NHL survivors. Method: A retrospective study of 118 ALL/NHL survivors
and 138 age sex matched controls was carried out. From the recorded heights and weights body mass index (BMI) was
computed. The survivor data was compared with 138 controls from the data set collected by investigators previously.
Results: 82.8% of patients had BMI-for-age in 5th - 84th percentile (healthy) at time of diagnosis and at inclusion in the
study. The distribution of survivors and controls according to the BMI percentiles was not significant. However, the
mean BMI-for-age for younger patients (3 to 12 years) was significantly higher than mean BMI-for-age of matched
controls. Distribution of data by time elapsed from therapy was significant. Overweight/obesity was observed among
the survivors who were off therapy for two years with increase in after four years post-therapy. Conclusion: Our preliminary study indicates late effects of therapy and points to the need of long term assessment of the survivors, even
though majority of them were within the normal weight range.
Keywords: Body Mass Index; Children; Indian; Acute Lymphoblastic Leukemia; Non-Hodgkin’s Lymphoma

1. Introduction
Obesity is a well-recognized effect in survivors of childhood Acute Lymphoblastic Leukemia (ALL). Significant
increase in BMI—z scores occurs between diagnosis and
therapy completion [1]. Further, prevalence of obesity is
also observed in adulthood [1].
Various factors have been associated with development of obesity, including cranial irradiation [1]. CRT is
associated with significantly greater rates of BMI gain
over time. This association is observed in both male and
female survivors, with the association being most pronounced among women who received CRT during the
first decade of life [2,3]. Also high dose ≥20 Gy is associated with an increased prevalence of obesity [3].
Radiotherapy can damage hypothalamus leading to
hormonal deficiency and hypothalamic dysregulation of
*
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food intake control [3]. CRT received at a young age
may blunt hypothalamic leptin sensitivity and thereby
alter the body’s response to leptin and the regulation of
body weight, metabolism, and reproductive function [3].
Two recent studies have reported about significantly
higher leptin levels in survivors of ALL treated by CRT
[4,5]. Hence, there may be a possibility of radiation-induced hypothalamic resistance to leptin. It is reported
that a negative correlation was found between leptin and
soluble leptin receptor levels suggesting negative feedback between the two peptides. Impaired receptor function (in the context of macrophage/inflammatory reactions) caused by radio/chemotherapy may be the reason
of leptin resistance [5].
Childhood survivors of ALL treated without cranial
irradiation are also at risk of BMI increase, which persist
into follow-up, with females appearing particularly susceptible [6]. Risk for chemotherapy-related weight gain
FNS
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applies predominantly to children who begin ALL therapy within a normal weight range [7]. Chemotherapy, especially corticosteroids in large doses contribute to development of obesity. Glucocorticoid treatment causes an
increased adiposity by suppressing growth hormone secretion [8]. Corticosteroids causes resistance to leptin [9].
Corticosteroids administered can promote obesity via a
range of possible mechanisms: effects on appetite/regulation of energy intake; alteration in substrate oxidation
like increased gluconeogenesis, changes in fat metabolism and distribution and alterations in energy expenditure [10].
Individual and genetic factors may affect the effects of
glucocorticoids on weight In fact; a selective polymerphism in the glucocorticoid receptor gene may increase
the sensitivity to glucocorticoid effects, including weight
gain [11].
Besides the treatment related factors lifestyle factors
do contribute to development of obesity. During treatment, patients usually undergo changes in their routine
lifestyle. Increased energy intake and reduced habitual
physical activity are commonly considered the main responsible factors of weight gain. The loss of physical
activity may start during the hospitalization of the patient.
It may be due to a number of factors, including diminished exercise capacity, impaired motor function, diminished interest in recreational activity and over-protectiveness of the child’s primary caregivers. Pathophysiological changes in the cardiorespiratory system or growth
hormone insufficiency might also contribute to reduce
physical activity as well as the presence of steroid-related
myopathy and vincristine-related neuropathy [11].
In the past, treatment results in Indian children with
ALL have been poor, primarily due to inadequate chemotherapy and supportive care, but perhaps reflecting
differences from Western countries in the pattern of subtypes. In an attempt to improve survival, a more intensive
treatment protocol, MCP 841 and MCP 842 was implemented at Tata Memorial Hospital since June of 1986.
Although the study examined prognostic factors, complete remission and event free survival rates achieved
represent a significant improvement [12].
In view of the improved survival rates of pediatric
ALL in India we performed preliminary analysis of the
data retrospectively on the survivors who were treated in
the hospital during the decade—1988 to 1998.

2. Materials and Methods
The study was approved by the Tata Memorial Hospital,
and the Research Committee of the S.N.D.T Women’s
University.
Participants: Survivors. The survivors were a cohort
Copyright © 2012 SciRes.

of children treated for Acute Lymphoblastic Leukemia
[ALL] or Non-Hodgkin’s Lymphoma [NHL] at Tata
Memorial Hospital during the period from 1988 to 1998.
These children attended the out-patients department clinic
[OPD clinic] for follow-up on completion of treatment.
Patients who had completed therapy, were healthy, and
aged between 3 to 15 years were included in the present
study. The sample consisted of 118 participants.
Patients with ALL or NHL were treated with specific
drug and radiation/drug combination protocol. The drug
protocol-MCP 841 used for ALL and MCP-842 used for
NHL was designed in collaboration with National Cancer
Institute [NCI], Bethesda, USA [11]. The protocol is
given in Table 1.
MCP-841 protocol is more intense and of longer duration (two years) as compared to MCP-842 protocol
which is a short course intense protocol. MCP-841 protocol involves cranial irradiation and multiagent chemotherapy regimen whereas MCP-842 protocol includes
alternating cycle multiagent chemotherapy regimen.
MCP-841 is used to treat ALL while MCP-842 protocol
is used for treatment of pediatric large-cell lymphomas
and Burkitt’s lymphomas.
The patient characteristics are presented in Table 2.
Participants: Controls. The previous data collected by
the investigators during that time (1998) was used for
present study. Data for 138 controls selected from 4
schools in Mumbai city was selected for the present
Table 1. Protocol MCP (841) and MCP (842) treatment
regimen.
Treatment Phase

Drugs (MCP-841)

Induction 1 (I1)

Prednisone, Vincristine, Methotrexate
L-Asparaginase, Daunorubicin

Induction 2 (I2)

Mercaptopurine, Cyclophosphamide,
Methotrexate, Cranial irradiation (2000
CGy) for children above the age of two
years. Patients less than two years were
treated with an alternative CNS
prophylactic regimen containing high
dose cytarabine.

Repeat Induction (RI1) Same as Induction 1 (I1)
Consolidation (C)
Maintenance
(M, six cycles)
Treatment Phase

Cyclophosphamide, Vincristine,
Mercaptopurine, Cytarabine
Prednisone, Vincristine, Methotrexate
L-Asparaginase,Mercaptopurine,
Daunorubicin
Drugs (MCP-842)

Regimen A, 3 Cycles

Adriamycin, Vincristine, Cytarabine,
Methotrexate

Regimen B, 3 Cycles

Ifosomide, Mesna, Etoposide, Vincristine,
Cytarabine, Methotrexate
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Table 2. Characteristics of study group.
Characteristics
Type of malignancy (n = 118)

ALL-91

NHL-27

Sex (n = 118)

Males-76

Females-42

Type of treatment (n = 118)

Cranial radiation and chemotherapy-86

Only chemotherapy 32

Mean duration of treatment

26.0 ± 7.2 months (ALL)

9.0 ± 5.6 months (NHL)

Median age at diagnosis (in months)

64.5 months (ALL)

108.0 months (NHL)

Median age at inclusion in study (in months)

109.0 months (ALL)

145.0 months (NHL)

study. The matching was done by groups. The age distribution of control and experimental groups were same
with plus or minus six months for mean age. All children
were healthy, with no evidence of any minor or major
ailments including infections during data collection done
previously.
Data Collection. A written parental consent was obtained for each subject before recruitment.
Anthropometry. Height and weight were recorded using standard techniques. Body mass index [BMI]-for-age
and BMI z score for each child was calculated. Children
were categorized for BMI-for-age percentiles based on
normative data from Centre for Disease Control [CDC]
growth charts.
The task force of Indian Association of Pediatrics has
recommended of using NCHS/CDC growth charts to
analyze the data for Indian children [12]. Based on the
calculated percentiles the subjects were categorized as
underweight (<5th percentile), healthy weight (5th - 84th
percentile), overweight (85th - 94th percentile) and obese
(≥95th percentile). The data was analyzed to compare the
BMI-for-age of the survivors of pediatric leukemia and
allied disorders, with healthy age and sex-matched controls.
Statistical Analysis. The subjects were grouped into
five age categories: 3 to 6 years, 6.1 to 9 years, 9.1 to 12
years, 12.1 to 15 years, and 15.1 to 17 years as per their
age at time of inclusion in the study.
Student’s-test [independent], Chi-Square test was performed using SPSS version 6 and 10 for Windows.

3. Results
Distribution of children by age and sex did not vary significantly between patient and control groups as indicated by Chi-Square test.

3.1. Comparison of BMI-for-Age of Survivors at
Time of Diagnosis and at Inclusion in Study
Data at two time points for 105 children was available.
82.8 % (n = 85) were healthy at time of diagnosis and
Copyright © 2012 SciRes.

were healthy at time of inclusion in study (5th - 84th percentile). 9.7% (n = 9) and 7.5% (n = 7) of children who
were healthy at diagnosis became overweight and obese
respectively. At diagnosis only one child was underweight and was healthy at inclusion. Out of 7 children
who were overweight at diagnosis, 5 children (71.4%)
belonged to normal weight category at time of inclusion.
Only one child was in over weight and obese categories
at inclusion (14.3%) respectively. Out of 4 children who
were obese at diagnosis, 2 (50.0%) were in healthy category at inclusion only one child was in overweight and
obese category (25%) respectively. The distribution representing a two-time point comparison was not significant (Table 3).

3.2. Comparison of BMI-for-Age of Survivors
and Controls
In all age groups, the mean value of BMI-for-age of survivors was higher than the controls of same age group,
although statistically significant differences were observed in three out of five age groups, 3 - 6 years (t = 4.6,
p = 0.001), 6.1 - 9 years (t =3.3, p = 0.01) and 9.1 - 12
years age groups (t = 4.4, p = 0.001) (Table 4).
Distribution of subjects according to BMI percentiles
indicated that majority of subjects had weight within the
normal range that is between 5th - 84th percentile. The
difference in the distribution was not statistically significant (Table 5).
No significant difference was observed between male
and female survivors in percentile distribution of BMIfor-age. Classification of BMI-for-age of survivors by
age at diagnosis in the study did not indicate any significant difference in the distribution.
Classification of BMI-for-age of survivors by treatment modalities indicated that the treatment did not significantly influence BMI-for-age of survivors (Table 6).
Classification of BMI-for-age of survivors by time
elapsed after therapy indicated that although overweight/
obesity was observed in small percent of survivors at last
treatment phase, majority of survivors were in normal
FNS
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Table 3. Percentile BMI at diagnosis and percentile BMI at inclusion in study.
Percentile BMI at Base Line (Inclusion in Study)

Percentile BMI at Diagnosis

5 - 84 (Healthy)

85 - 94 (At Risk of Overweight)

≥ 95 (Obese)

n

1

0

0

% within Percentile BMI at Diagnosis

100.0%

0%

0%

n

77

9

7

% within Percentile BMI at Diagnosis

82.8%

9.7%

7.5%

n

5

1

1

% within Percentile BMI at Diagnosis

71.4%

14.3%

14.3%

n

2

1

1

% within Percentile BMI at Diagnosis

50.0%

25.0%

25.0%

n

85

11

9

% within Percentile BMI at Diagnosis

81.0%

10.5%

8.6%

1 - 4 Percentile (Underweight)

5 - 84 (Healthy)

85 - 94 (At Risk of Overweight)

≥95 (Obese)

Total

n = Number of subjects, N.S., p value calculated by Chi-Square test.

Table 4. BMI-for-age of subjects.
Age group

3-6
Years
Mean ± S.D

6.1 - 9
Years
Mean ± S.D

9.1 - 12
Years
Mean ± S.D

12.1 - 15
Years
Mean ± S.D

15.1 - 17
Years
Mean ± S.D

Patients
(n = 118)

15.88  1.62*
(n = 21)
(14.75 - 17.02)

16.16  2.40**
(n = 33)
(15.26 - 17.06)

17.54  2.75***
(n = 28)
(16.56 - 18.52)

18.48  2.43
(n = 28)
(17.50 - 19.46

19.96  2.82
(n = 8)
(18.12 - 21.79)

Controls
( n = 138)

13.86  1.33*
(n = 24)
(12.80 - 14.92)

14.49  1.73**
(n = 36)
(13.63 - 15.36)

14.75  2.28 ***
(n = 36)
(13.89 - 15.61)

17.67  4.42
(n = 37)
(16.82 - 18.52)

19.04  2.15
(n = 5)
(16.73 - 21.36)

All parameters are in Mean ± S.D, n = Number of subjects; 95% confidence interval; p value calculated by t test, *p = 0.001, **p = 0.01, ***p = 0.001.

Table 5. Distribution of subjects according to BMI percentiles.
BMI Percentiles

1-4

5 - 84

85 - 94

≥95

Patients (n = 118)

0 (0.0%)

95 (80.5%)

14 (11.9%)

9 (7.6%)

Controls (n = 138)

1 (0.7%)

122 (88.4%)

6 (4.3%)

9 (6.5%)

n = Number of subjects, N.S., p value calculated by Chi-Square test.

Table 6. Treatment wise distribution of subjects.
BMI Percentiles (n = 118)

Chemotherapy and Radiation (n = 86)

Only chemotherapy (n = 32)

5 - 84 (Healthy)

69 (80.5%)

26 (81.3%)

85 - 94 (At Risk of Overweight)

8 (9.2%)

6 (18.8%)

≥ 95 (Obese)

9 (10.3%)

-------

n = Number of subjects, N.S., p value calculated by Chi-Square test.

weight category (78.9%). Among the survivors who had
completed therapy one year back (92.9%) were healthy
and none were obese, although a small percent were
overweight (7.1%). This percentage increased as the time
Copyright © 2012 SciRes.

interval increased to two years. Overweight and obesity
was observed in survivors who were off therapy for more
than two years and 50% of the patients who had completed more than four years since therapy were overFNS
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weight and obese. Chi square test indicated that this distribution was statistically significant (Chi-Square test 
value = 16.30, p = 0. 038) (Table 7).

4. Discussion
This is perhaps the first Indian study which reports on
body mass index of ALL/NHL survivors. Obesity in pediatric ALL survivors from developed countries is well
documented. However, our study is of particular significance as the study is from developing country like India.
The main findings of our study are:
1) Majority of survivors had BMI-for-age within the
normal range at completion of therapy indicating that
treatment related weight gain had not occurred;
2) Even at later stages a higher percent of survivors
were in normal weight category although as the time
elapsed after therapy increased we observed a significantly increased percentage of overweight/obese survivors.
Our results are different form those reported in literature which state that patient groups with ALL proceed
from normal weight status or mild underweight at diagnosis to overweight or obesity by the end of treatment
The prevalence of obesity increases 5- to 10-fold during
treatment for ALL regardless of whether CRT was used,
so that obesity prevalence is extremely high at the end of
treatment and most patients, including those who do not
become obese, show substantial and rapid excess weight
gain during treatment [13].
An earlier Indian study on pediatric ALL reported that
malnutrition existed in significant proportion of children
in ALL. 88% of children were malnourished at time of
diagnosis [14]. Our results show that only one child was
malnourished at diagnosis. Perhaps our survivor group
was form higher socioeconomic strata and so children
may be well nourished at time of treatment.
Table 7. Distribution of patients by stage of inclusion.
Stage of inclusion in the study*
(n = 118)

5 - 84

85 - 94

≥95

During last phase (M6)
(n = 19)

15 (78.9%)

1 (5.3%)

3 (15.8%)

Up to 1 year after treatment
(n = 41)

38 (92.9%)

3 (7.1%)

0 (0.0%)

Up to 1 - 2 years after treatment
14 (82.4%) 3 (17.6%)
( n = 17)

0 (0.0%)

Up to 2 - 4 years after treatment
23 (74.2%) 4 (12.9%)
( n = 31)

4 (12.9%)

>4 years after treatment
(n = 10)

5 (50.0%)

3 (30.0%)

2 (20.0%)

n = Number of subjects, *p = 0. 038, p value calculated by Chi-Square test.
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Our results suggest of marginal incidence of overweight on completion of therapy. It is reported that the
first year after cessation of therapy is the time of excessive weight gain with 35% children being overweight
and 12% being obese [15]. We report that 7.1% of children were overweight at completion of therapy, but none
of the survivors were obese during the first year.
We found that among the survivors who were off
therapy for more than two and up to four years, a small
percent of the survivors were overweight and obese. The
percentage increased after four years after completion of
therapy. Although the number of survivors in this category was small, our study suggests that obesity may occur later. In a cohort of ALL survivors after a median
follow-up of 7.2 years (range 2 - 17.5 years), overweight
and obesity was the most common late effect [16]. Difference exists between occurrence of obesity in radiated
and non radiated patients. 48 % of children who had received cranial irradiation were obese as compared to
21% of patients who did not receive cranial irradiation
[17]. We observed that survivors treated with radiation
and chemotherapy were overweight and obese while survivors treated with chemotherapy were overweight but
none were obese.
The prevalence of overweight in Indian children is estimated to be 12.64% (95%, CI 8.48% - 16.80%) and that
of obesity to be 3.39% (95%, CI 2.58% - 4.21%) [18].
Overweight and obesity in school children belonging to
affluent class ranged from 8.5% - 29.0% and from 1.5% 7.4% respectively is reported in another study [19]. The
percentage of controls and survivors who were overweight or obese in present study were within the range
reported by other researchers although compared to
matched controls the percent was marginally higher.
Further, comparison of our data with matched controls
indicated that the younger groups of survivors had significantly higher mean BMI-for-age than matched controls. It may be related to premature adiposity rebound
due to treatment [20].
Our study thus brings forth that percentage of overweight and obesity in our survivor group was marginally
high, was found in younger age groups and occurs later
after completion of therapy.
Various possible causes for overweight and obesity are
suggested. One cause is damage to hypothalamus—pituitary region as a result of CNS radiation. The damage
may alter appetite regulation, may cause leptin resistance,
or may lead to growth hormone deficiency. Alternately
chemotherapy may also impair growth hormone secretion. Early adiposity rebound attributed to radiation could
also be a cause of overweight and obesity.
The other possible cause is the reduced physical activity leading to a reduction in energy expenditure which
FNS
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may be the result of subtle psychological effects of cranial irradiation. This affects motivation drive. Also maximal aerobic capacity is reduced, signifying a lower level
of physical fitness [21]. Since majority of our children
that is 73% were treated with radiation this aspect warrants further investigation.
A recent study reports about body mass index (BMI)
for age having a significant correlation with several
measures of insulin resistance, including fasting insulin,
HOMA index, Matsuda index and insulin AUC [22].
Also high BMI was identified as a new significant risk
factor for osteonecrosis [23]. In view of these findings it
becomes important for the continuous follow up of the
survivors.
The limitation of the present study is that we had very
few survivors who had completed therapy for more than
four years ago. Hence although we found a trend of increased percent of overweight and obese survivors, it was
difficult to conclude affirmatively on late changes occurring in BMI.
The present study focuses the need for a longitudinal
follow-up study that will help to track the changes in
BMI. This will help to plan interventions. In a developing country like India, follow-up of subjects often is difficult mainly due to reasons beyond control. This includes ignorance about the importance for follow-up,
residing too far from place of treatment, and, for personal
reasons not being able to come to hospital for follow-up.
Counseling of patient’s parents/caregivers and later patients themselves may be a solution for overcoming poor
participation.
Our preliminary study indicates late effects of therapy
and points to the need of long term assessment of the
survivors, even though majority of them were within the
normal weight range. Continuous assessment is possible
with survivors’ support for which counseling the survivors and their parents and caregivers also is equally important along with the assessment.
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