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ABSTRACT

Background: The purpose of this randomized study was to examine the effects 
of a supervised aerobic training program on anthropometry, lipid profile and 
body composition of obese adult leukemia survivors.
Methods: Fifty-four obese adult leukemia survivors were allocated randomly 
into two groups of equal number. The intervention group underwent a supervised 
aerobic training program for 30-40 minutes, 3 days per week for 12 weeks while 
the control group did not receive any specific supervised type of exercise and 
only did the usual daily routine activities. Anthropometry, lipid profile and body 
composition assessments were performed at baseline and after 12 weeks using a 
standard calibrated digital scale, digital stadiometer, blood sample analysis and 
densitometry (DEXA), respectively.
Results: The study showed marked reduction in the mean values of 
anthropometric measurements (weight, Body mass index (BMI), waist 
circumference (WC), hip circumference (HC) and waist to hip ratio (WHR) at 
the end of the study in intervention compared with control group (P<0.05). The 
results of the study showed a favourable lipid profile at the end of the study. 
The mean values of triglycerides (TG) and low-density lipoprotein (LDL) were 
decreased markedly, while high-density lipoprotein (HDL) mean values were 
increased significantly after aerobic training program in intervention group 
compared with control group. Regarding body composition, the mean values 
of fat-free mass (FFM) were increased significantly while the percentage of total 
fat mass (TFM) and trunk fat (TF) were markedly reduced after receiving the 
training program in intervention group compared with control group (P<0.05).
Conclusion: 12 weeks of supervised aerobic training program can significantly 
reduce body weight, BMI, WC, HC, WHR in adult subjects who are obese 
leukemia survivors. In addition, it could result in a favourable lipid profile and a 
change in body composition.
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Introduction
Acute lymphoblastic leukemia (ALL) is the most 

common type of leukemia. Over the past several years, 
survival rate of ALL has improved markedly exceeding 
80%. As a result, the functional outcome and quality of 
life of the survivors attract significant attention for the 
researchers.1 

Literature studies have reported that 40-50% of children 
with ALL would be overweight during or following 
chemotherapy.2-8 Long-term survivors of ALL who 
constitute the largest group of childhood cancer survivors 
are more likely to be obese in adulthood compared to the 
general population, which is itself a risk factor for several 
adverse morbidities.9,10
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The mechanisms suggested for the occurrence of 
obesity in children treated for ALL are the following; i) 
Increase in total energy intake caused by glucocorticoids 
consumption,4 ii) Decrease in total energy expenditure 
due to increased fatigue,3 iii) Parental over-protection 
of children may also contribute to decreased energy 
expenditure,11, 12 iv) Some children might have pulmonary 
problems preventing them from participation in physical 
activity13 and v) Alterations in growth hormone levels due 
to treatment with glucocorticoids.14, 15 

Height and weight problems are too common after 
treatment of patients with ALL. Height standard 
deviation scores are reduced during the treatment either 
with chemotherapy alone or following combination 
chemotherapy with cranial radiation, while weight 
gain continues in both arms even after completion of 
the treatment. A great number of patients with ALL 
also complain of short stature resulting in long-term 
problems.16, 17

Childhood cancer survivors are a group of particular 
concern expected to have long-term numerous negative 
consequences of overweight and obesity including 
pulmonary and cardiac problems, diabetes mellitus, 
coronary artery disease, atherosclerosis as well as 
metabolic abnormalities, all of which are exacerbated 
by overweight.18-20

Low physical activity and increased sedentary life 
style of leukemia survivors also play important roles 
in this negative cycle. Based on previous reports on 
rehabilitation programs in adult cancer survivors during 
and after chemoradiotherapy, physical exercise has been 
suggested to further improve health outcome and quality 
of life.21-23

Physical exercise may improve body composition in 
healthy non-obese and obese children.24 Numerous 
clinical trials have also shown that decrease in body fat in 
elementary school children are attributed to the physical 
activity programs.25-28 Identifying the effects of regular 
physical activity in adults with hematological malignancy 
is thus of medical interest; however, the literatures is 
limited. The purpose of this study was to evaluate 
the effects of supervised aerobic training program on 
anthropometry, lipid profile and body composition in 
young obese adult patients with leukemia. 

Materials and Methods
This randomized controlled trial was conducted 

between June 2017 to September 2018. Young adult ALL 
patients were recruited from Hematology department, 
King Khalid hospital, Al Majmaah, KSA. A supervised 
aerobic training program was applied for patients in the 
intervention group in physical therapy department at 
the same hospital, in contrast to the control group who 
continued to have normal daily activities without any 
supervised exercise program. The exercise program 
was explained through videos illustrating the training 
program. Patients were requested to sign the informed 
consent after they accepted for participation into the 
study. Investigation was carried out in accordance with 
the principles of the Declaration of Helsinki. 

Inclusion criteria were: Patients with ALL who had 
completed the treatment before the onset of puberty with 
BMI more than 25 Kg/m2. Patients were physically able to 
participate in the aerobic exercise program. The exclusion 
criteria included: patients with a history of antecedent 
neurological, developmental, or genetic disorders and 
patients with relapsed or secondary ALL. Patients who 
had received testicular, mediastinal, or craniospinal 
irradiation, or those who had a documented diagnosis of 
growth hormone insufficiency were excluded. Exclusion 
criteria also included patients on hormone therapy or 
medications known to interfere with lipid metabolism or 
diseases affecting cholesterol metabolism such as diabetes 
mellitus, thyroid dysfunction or nephrotic syndrome.

Sample Size Estimation, Selection and Randomization
The sample size was estimated using G power (version 

3.0.10). To avoid a type II error, we aimed to recruit 54 
participants, giving 80% power, at α=0.05 and effect 
size=0.8. To select a sample, a daily research through 
hospital computer system and medical records were 
reviewed for assessing a patient for eligibility. Eligible 
patients were randomly divided into two groups of 
equal number (27 for each). Intervention group received 
aerobic training program; while control group did not 
receive any supervised exercise program. A computer-
generated randomization list was created accordingly 
by department’s secretary using the online software 
(http://www.graphpad.com/quickcalcs/index.cfm).29 
The department’s secretary concealed the randomization 
sequence until the end of the trial.

Anthropometry Measurements
Weight and height were measured using standard 

calibrated digital scale and digital stadiometer, 
respectively. Before each measurement, the scale 
was calibrated and adjusted for zero-balance. Weight 
was measured in kilogram and height was measured 
in centimeter. BMI was measured using Quetelet’s 
formula dividing weight (in kilograms) by height (in 
meters) squared (kg/m2). Waist and hip circumferences 
were measured using an inelastic measuring tape. Waist 
circumference (WC) was measured at the narrowest level 
between the lowest rib and the iliac crest at the end of 
normal expiration. Hip circumference was measured at 
the symphysis-trochanter femoris level. Waist-to-hip ratio 
(WHR) was calculated as waist circumference divided 
by hip circumference. WC and WHR are two popular 
proxy measures of abdominal obesity.30 Anthropometric 
measures were assessed for all study participants at the 
beginning and after 12 weeks (at the end of the study). 

Body Composition Assessment
Body composition was assessed was assessed by 

DEXA (QDR-4500 DEXA, Hologic Inc., Waltham, 
MA, USA) through whole-body scans. Measurements 
were performed at the beginning and after 12 weeks. 
Percentage of fat free mass (FFM), percentage of total 
fat mass (TFM) and Percentage of trunk fat (TF) were 
analyzed. Fat-free mass (FFM) was defined as the sum 
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of the lean tissue and bone mineral content. Trunk fat 
was defined as fat mass in the trunk region. DEXA is 
a relatively new technique that provides a more direct 
analysis of body composition. It requires little cooperation 
by the patients and the radiation exposure is extremely 
small. It compares attenuation characteristics of x-ray 
to known standards for estimation of fat, lean and bone 
mineral mass.

Estimation of Lipid Profile
Blood samples were collected in the morning after a 12-

hour overnight fasting at baseline. Measurements were 
repeated after 12 weeks at the end of the study. Serum 
triglycerides (TG), High density lipoprotein (HDL-C) 
and Low density lipoprotein (LDL-C) were assessed in 
this study.

Intervention Procedures 
Supervised Aerobic Training Program

Patients in intervention group received supervised 
aerobic training program. An electronic bicycle ergometer 
was used for the training. The program involved three 
stages; (1) warming up stage that consisted of five 
minutes warming up in the form of pedaling at speed 
of 60 revolutions per minute without load. (2) active 
stage consisted of 30 minutes of pedaling at speed of 60 
revolutions per minute with an adjusted load to achieve 
60% of the predictive age maximal heart rate (MHR). (3) 
cooling down: consisted of five minutes cooling in the 
form of pedaling at speed of 60 revolutions per minutes 
without load.31 The Program was done three 3 sessions 
per week for 12 weeks.

The intensity of the exercise was examined individually 
for each patient in the intervention group before the 
beginning of the training program. Each patient was 
able to complete the exercises and reach the target heart 
rate. Each patient was scheduled for a baseline assessment 
including the maximal exercise test. After the maximal 
exercise test, the patient’s maximum heart rate and the 

resting heart rate were estimated. Then, the target heart 
rate (THR) was determined which was the heart rate that 
the patient should have reached during the aerobic exercise 
intervention.32 Hear rate was monitored before starting the 
exercise and every 5 minutes during each exercise session 
and was documented in their exercise diary. 

MHR was calculated by the following equation: 
(MHR=220 - age in years). Meanwhile, moderate work 
load was calculated as 60% of MHR. A pulsometer 
was attached to the ear of the patient to measure heart 
rate. Signs for cessation of the exercise were: fever, 
restlessness, nausea, headache, dizziness or any other 
discomfort symptoms.

Statistical Analysis
Statistical package for the Social Sciences (version 23.0) 

was used for statistical analysis. Continuous variables 
were summarized as mean±standard deviation (SD) 
and categorical variables as frequency and percentage 
(%). Shapiro–Wilk test was used to detect a normal 
distribution of data. Independent t-test was used to 
compare the differences between both groups while 
paired t-test used to detect differences within each group 
for normally distributed data. For all statistical tests a 
P value of 0.05 was considered significant, using two-
tailed tests.

Results
Figure 1 illustrates participating patients, their follow 

up and dropout through the study. Data for 50 patients (25 
patients in intervention group and 25 in control group) 
were available for the final analysis. Demographic data 
of the study population was illustrated in Table 1.

There was significant reduction in mean values of 
weight, BMI, waist circumference, hip circumference 
and waist to hip ratio at the end of the study compared 
to the baseline in the intervention group, while in control 
group there were no significant differences comparing 
baseline and end of the study values. There were also 

Figure 1: Flow diagram illustrating participating patients and dropout through the study.
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marked decrease in mean values of weight, BMI, waist 
circumference, hip circumference and waist to hip ratio at 
the end of therapy in the intervention group in comparison 
with control group after the period of the study (P<0.05) 
(Table 2).

Lipid Profile and Body Composition 
There was significant reduction in triglyceride and low 

density lipoprotein levels and marked increase in high 
density lipoprotein level in intervention group (P<0.05). 
Regarding the body composition, the percentage of fat 
free mass was markedly increased while the percentage 
of total fat mass as well as percentage of trunk fat was 

significantly reduced in intervention group in comparison 
to control group (P<0.05) (Table 3).

Discussion
Obesity is defined clinically as a state of increased 

body weight, more specifically increased fat tissue 
mass. Obesity is frequently reported in subjects treated 
for childhood leukemia. Obesity is a major cause of 
impaired health and increased mortality as it is linked 
to higher risk of developing various chronic diseases 
such as cardiovascular disease, type 2 diabetes mellitus 
and cancer.33-35 In this randomized controlled trial, we 
examined the effect of supervised aerobic training 

Table 1: Demographic data of the case and control groups
Intervention group 
(25 patients) 

Control group 
(25 patients) 

P value

Age (Year) 33.36±5.24 32.44±5.30 0.540*
Gender N (%)
Female 9 (36%) 8 (32%) 0.768*
Male 16 (64%) 17 (68%)
Height (m) 1.58±0.059 1.59±0.056 0.283*
Data are mean±SD; *No significant difference

Table 2: Anthropometry measures in both groups before and after 12 weeks
  Intervention group 

(25) 
Control group
 (25) 

P value between 
groups

Weight (baseline) (Kg) 76.55±8.95 75.87±8.67 0.788*
Weight (after 12 weeks) (Kg) 69.41±7.38† 76.58±8.81* 0.003†
BMI (baseline) (Kg /m2) 31.02±2.54 30.44±2.57 0.425*
BMI (after 12 weeks) (Kg /m2) 27.92±2.36† 30.12±2.76* 0.004†
WC (baseline) (cm) 99.84±9.43 97.36±9.74 0.365*
WC (after 12 weeks) (cm) 87.00±6.71† 96.92±9.78* 0.001†
HC (baseline) (cm) 102.48±5.41 100.89±4.91 0.284*
HC (after 12 weeks) t (cm) 96.92±3.03† 100.32±5.71* 0.011†
WHR (baseline) 0.98±0.108 0.97±0.11 0.761*
WHR (after 12 weeks) 0.89±0.06† 0.96±0.12* 0.012†
Data are mean±SD; BMI, body mass index; WC, waist circumference, HC, hip circumference; WHR, waist hip ratio; *no significant 
differences; † highly significant differences

Table 3: Lipid profile and Body composition for both groups before and after 12 weeks
  Intervention group 

(25) 
Control group 
(25) 

P value between 
groups

Lipids
TG_pre (mmol/L) 1.87±0.186 1.96±0.25 0.122*
TG_post (mmol/L) 1.25±0.15† 1.94±0.27* 0.001†
LDL_pre (mmol/L) 3.88±0.38 3.97±0.35 0.398*
LDL_post (mmol/L) 3.63±0.18† 3.95±0.35* 0.001†
HDL_pre (mmol/L) 0.55±0.07 0.52±0.07 0.231*
HDL_post (mmol/L) 0.79±0.12† 0.53±0.07* 0.001†
Body composition
FFM_pre (%) 76.84±6.28 73.56±8.03 0.114*
FFM_post (%) 80.88±6.02† 74.00±8.13* 0.001†
TFM_pre (%) 24.56±6.00 27.56±6.47 0.096*
TFM_post (%) 21.16±4.96† 27.48±6.62* 0.001†
TF_pre (%) 22.20±9.30 24.92±8.38 0.283*
TF_post (%) 19.12±7.96† 24.28±8.45* 0.031†
Data are mean±SD; TG, Triglyceride; HDL, high density lipoprotein, LDL, low density lipoprotein; FFM, fat free mass; TFM, 
total fat mass; TF, trunk fat; *no significant differences; †highly significant differences
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program on BMI, body composition and lipid profile of 
young adult leukemic survivors. 

The results of the current study showed that there was 
marked reduction in the mean values of anthropometric 
measurements of weight, BMI, waist circumference, hip 
circumference and waist to hip ratio at the end of the study 
in intervention group in comparison to control group 
(P<0.05). Wolin et al. reported that exercise training 
for 150-250 minutes per week effectively reduces body 
weight. 36 It is proved that participation in eight weeks of 
aerobic training results in improved BMI in obese men.37 
Literatures proved that aerobic exercise is a powerful 
weight loss strategy, especially helpful for body fat loss.38, 39 

The results of the study showed a favorable lipid 
profile in the intervention group at the end of 12 
weeks of exercise while no changes were observed 
in control group. The results of the study found that 
the supervised aerobic training has beneficial effects 
in adult patients who were leukemia survivors. The 
possible explanations for this useful exercises are 
suggested as the followings 1) physical exercise may 
stimulate growth hormone production that is responsible 
for the prevention of lipid accumulation, activation of 
lipid mobilization and increased visceral fat mass.14 
2) exercise increases catecholamine and lipoprotein 
lipase activity.40, 41 3) Aerobic exercise also increases 
post exercise peak oxygen consumption which is closely 
correlated with total fat percentage. 4) Physical exercise 
has beneficial effects on cancer related fatigue.42 5) 
Physical exercise improves sleeping pattern, improves 
physical performance, increases walking distance and 
improves psychological factors in adults with cancer.43 

Wolin, et al. reported that benefits are more likely when 
exercises are given at least 3 days per week for at least 10 
weeks with a focus on structured or supervised aerobic 
activity.36 O’Hagan et al reported that moderate aerobic 
exercise for at least 150 minutes per week may improve risk 
factors for metabolic syndrome like body composition, 
insulin resistance and glycated haemoglobin.44 Even 
for low intensity exercises, intervention without diet 
control also improved body composition. Intsar and 
Kamal examined the effects of combined training 
program consisting of aerobic, resistance and flexibility 
in children with ALL. Their results showed decrease 
in weight, especially the body fat in leukemic children 
who underwent combined aerobic and resistance exercise 
programs.45 

Conclusion
Twelve weeks of supervised aerobic training program 

can considerably reduce body weight, BMI, WC, HC 
and WHR in adult leukemia survivors. In addition, it 
could cause a favorable change in lipid profile and body 
composition. 
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