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Abstract

BACKGROUND: To determine the prevalence of metabolic syndrome in survivors of childhood leukemia in Isfahan, Iran.

METHODS: During a 4-year period (2003 to 2007), 55 children (33 male and 22 female) diagnosed with ALL at Unit of
Hematology/ Oncology, Department of Pediatrics, Isfahan University of Medical Science, were enrolled in this cross-
sectional study. Metabolic syndrome was defined using the modified version of Adult Treatment Panel (ATP III) crite-
ria. Insulin resistance was defined based on the homeostasis model assessment index (HOMA-IR).

RESULTS: The mean age of participates was 10.4 years (range 6-19 years) and the mean interval since completion of
chemotherapy was 35 months. Twenty percent (11/55) of survivors (10 male, 1 female) met criteria for diagnosis of
metabolic syndrome. Obesity was observed in one forth of patients and nearly 3/4 of obese patients had metabolic syn-
drome. High serum insulin levels were found in 16% of participants and in 63% of obese survivors. The mean insulin
levels in survivors with metabolic syndrome was three-times more than those without (28.3 mu/l vs. 9.57 mu/l, p =
0.004). Insulin resistance was detected in 72.7% of survivors with metabolic syndrome and it was positively correlated
with serum triglycerides (0.543, p < 0.001), systolic and diastolic BP (0.348, p = 0.01 and 0.368, p = 006 respectively),
insulin levels (0.914, p < 0.001) and blood sugar (0.398, p = 003).

CONCLUSIONS: The prevalence of metabolic syndrome in survivors of childhood leukemia in Iran is higher than devel-
oped countries. Nearly all of the obese patients had metabolic syndrome. Weight control and regular physical exercise
are recommended to the survivors.
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cute lymphoblastic leukemia is the

most common malignancy in children.!

It accounts for one fourth of all child-
hood cancer cases.1? Using modern treatment
regimens, the 5-year survival rate of ALL has
improved from virtually zero (in the 1950’s) to
approximately 80%.3 As the population of ALL
survivors increases, the adverse effects of their
treatment become apparent. Numerous endo-
crine/ metabolic adverse effects such as defi-

cient secretion of growth hormone, gonadotro-
pins and thyroid hormones and metabolic
syndrome have been demonstrated in survi-
vors.+6

Metabolic syndrome, a group of disorders
related to insulin resistance, is characterized
clinically by central (abdominal) obesity, ele-
vated plasma glucose, dyslipidemia, hyperten-
sion, and a prothrombotic and proinflamma-
tory state.” Metabolic syndrome is an impor-
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tant risk factor for cardiovascular disease and
diabetes mellitus and the link between obesity,
metabolic syndrome and type2 diabetes has
been described in children.® In the developed
countries, the overall prevalence of metabolic
syndrome in healthy children and adolescents
based on modified ATP III criteria is 2.0 -
11.5%.911 Cruz et al demonstrated that meta-
bolic syndrome was present in 30% of the
overweight and obese patients.’2 Growth hor-
mone (GH) deficiency has been expected as a
likely contributor to obesity and its related
metabolic disorders, such as insulin resistance
and dyslipidemia. Talvensaari et al demon-
strated that decreased GH secretion is related
to metabolic abnormalities among long term
survivors of childhood cancer.’?

The aim of this study was to determine the
prevalence of metabolic syndrome in survivors
of childhood leukemia in Iran and to assess the
relation between obesity and metabolic syn-
drome. Early identification of metabolic syn-
drome among them can reduce the risk of car-
diovascular morbidity and mortality.

Methods

During a 4-year period (2003 to 2007), 75 chil-
dren who have been diagnosed with ALL at
Unit of Hematology/ Oncology, Department
of Pediatrics; Isfahan University of Medical
Science were called by phone to participate in
this study. Seven patients died. Patients who
had relapse of leukemia (6 patients) were ex-
cluded from the study. From the remaining 62
patients, seven refused to participate in the
study because of distance, time or lack of inter-
est. The remaining 55 patients were enrolled
(33 males, 60%) in the study. The mean age of
patients at the time of study entry was 10.4 +
4.1 years and the mean interval since comple-
tion of chemotherapy was 35 months. The
mean age at diagnosis was 5.8 + 2.2 years. All
patients had been treated according to the
ALL-BEM chemotherapy protocol. Before
commencing the study approval was granted
by the University Ethics Committee. Written
informed consent was obtained from each sub-
ject. All patients had physical examination and
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measurement of weight, height, and blood
pressure (BP). Height and weight were meas-
ured with a calibrated scale to the nearest 0.5
kg and 0.5 cm, respectively. Body mass index
(BMI, kg/m2) was calculated from these
measurements and was categorized by age and
sex. Blood pressure was measured with stan-
dard mercury sphygomanometers and appro-
priate sized cuffs. After 5 minutes of rest, 2
measurements were performed in the right
arm in the sitting position. The first and fifth
Korotkoff sounds were recorded for the sys-
tolic and diastolic BP, respectively. A mean of
the 2 measurements was used in the analysis.
All measurements were given as percentiles
for age, sex, and height according to data from
a population study in children and adolescents
of Iranian origin.4

Venous blood samples were drawn for deter-
minations of serum glucose, serum total choles-
terol, triglycerides, high-density lipoprotein cho-
lesterol (HDL-C) and insulin after a 12-hour over-
night fasting. The samples centrifuged and the
plasma was stored until assayed. Serum concen-
trations of triglycerides were measured enzymati-
cally. (Parsazmun GPO-PAP and GOD kit, Karaj,
IRAN) and HDL cholesterol levels were assessed
after precipitation of very-low-density lipopro-
teins with dextran sulfate and magnesium chlo-
ride. Plasma insulin concentration were deter-
mined by enzyme-linked immunosorbent assay
(ELISA) based on the sandwich principle (DRG
Insulin ELISA kit EIA-2935, Germany).

Patients with BMI above 95th percentile
were defined as obese, whereas patients with
75th < BMI < 95th percentile were defined as
overweight. Metabolic syndrome was defined
using the modified version of ATP III criteria.®
Children with 3 or more of the following crite-
ria were considered positive for metabolic syn-
drome: 1) Obesity or waist circumference >
75th percentile for age and gender; 2) triglyc-
eride levels > 100 mg/dL; 3) Fasting blood glu-
cose =100 mg/dL; 4) Hypertesion: systolic and
diastolic blood pressure more than 90th per-
centile for age, gender and height; 5) HDL-C <
50 mg/dL. Hyperinsulinema was defined as a
single fasting insulin level > 24 mu/L and IR
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based on the HOMA-IR that estimates IR with
the expression FI MU/ ml. FG
(mmol/L)/22.5.15

Statistical analysis: The data were complied
and analyzed using the Statistical Package for
Social Sciences (SPSS 11.5) program. The meta-
bolic syndrome parameters in ALL survivors
with and without metabolic syndrome and pa-
tients who received chemotherapy with cranial
radiation and those received chemotherapy
alone was compared using t-test if all values
were assumed to be normally distributed. If
not, the non-parametric analysis such as Mann-
Whitney U was used. The p < 0.05 was consid-
ered statistically significant.

Results

The mean age of participants was 10.4 years
(range 6-19). Mean Values of Triglycerides,
HDL-C, Glucose, Insulin, BMI and Blood Pres-
sure in survivors of childhood ALL with and
without metabolic syndrome are presented in
table 1. Prevalence of metabolic syndrome cri-
teria in young survivors of childhood ALL
were as follows: Obesity (90.9%), low HDL-C
levels (81.8%), hypertriglyceridemia (54.5%),
high blood pressure (72.7%) and hyperglyce-
mia (18.2%). Overall, 28 /55 subjects (50.9 %)
had one risk factor for metabolic syndrome
and 15/55 (27.3%) had two risk factors.
Twenty percent (11/55) of survivors (10 male,
1 female) met criteria for diagnosis of meta-
bolic syndrome. The prevalence of metabolic
syndrome was higher in male than female
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(30% Vs 4.5%, p = 0.02). Obesity was observed
in 14/55 (25%) patients (confidence interval
95% CI: 6.74-11.87) whereas 11/55 (20%) were
overweight. Seventy -one percent (10/14) of
obese patients had metabolic syndrome with at
least three criteria of modified ATP III. The
most common component of metabolic syn-
drome in obese survivors was high blood pres-
sure (80 %), low HDL-C levels (80%) and high
triglyceride (50%). The prevalence of metabolic
syndrome was higher in patients who received
chemotherapy with cranial radiotherapy ver-
sus chemotherapy alone 26% vs. 12% respec-
tively (p = 0.15). Comparison of metabolic
syndrome parameters between ALL survivors
who received chemotherapy with cranial ra-
diation (groupl) and those who received che-
motherapy alone (group 2) is shown in table 2.
High serum insulin levels were found in 16%
of participants and 63% of obese survivors. In-
sulin resistance was detected in 72.7% of sur-
vivors with metabolic syndrome.

BMI was positively correlated with systolic
and diastolic BP (0.545, 0.651, p < 0.001), fast-
ing insulin (0.728, p < 0.001), serum triglyc-
erides (0.384, p = 0.004) and blood sugar (0.037,
p = 0.791) whereas it was inversely correlated
with HDL-C (-0.020, p = 0.885). HOMA index
was positively correlated with serum triglyc-
erides (0.543, p < 0.001), systolic and diastolic
BP (0.348, p = 0.01 and 0.368, p = 0.06 respec-
tively), insulin levels (0.914, p < 0.001) and
blood sugar (0.398, p = 003).

Tablel. Mean values of BMI, blood pressure, triglycerides, HDL, LDL, glucose and insulin in sur-
vivors of childhood ALL with and without metabolic syndrome.

Survivors with metabolic

Survivors without meta-

Variable syndrome (n =11) bolic syndrome (n = 44)
Mean + SD Mean £ SD p value

BMI (kg/m2) 273+4.38 18.0£3.5 0.000
DBP (mmHg) 74.0+11.3 58.4+6.9 0.876
SBP (mmHg) 121.8+15.3 97.4+11.5 0.004
Triglyceride (mg/dL) 1744+ 111.7 96.6 £ 56.6 0.002
HDL (mg/dL) 43.1+9.0 42.7+84 0.194
LDL (mg/dL) 113.38 94.53 0.037
Glucose (mg/dL) 105.9 £ 44.8 86.5+24.6 0.059
Insulin (mw/L) 28.2+16.7 9.5+6.2 0.000

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; HDL: high density lipoprotein;

LDL: low density lipoprotein.
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Table 2. Comparison of metabolic syndrome parameters between ALL survivors who received che-
motherapy with cranial radiation (groupl) and those who received chemotherapy alone (group 2).

Variable (:lrzl;%l (IilrrlZ[;Z p value
SBP (mmHg) 104.17 £16.97 100.12 + 14.13 0.347
Mean + SD
DBP (mmHg) 62.53+11.65 60.44 £ 7.90 0.449
Mean + SD
Triglyceride (mg/dL) 123.87 £ 80.93 98.28 + 96.85 0.220
Mean + SD
HDL (mg/dL) 45.60 + 8.84 41.88 £8.19 0.461
Mean + SD
Insulin (mu/L) 14.75 + 12.34 11.55+11.12 0.321
Mean = SD
Blood Sugar (mg/dL) 99.10 + 38.30 79.79 £ 7.77 0.011
Mean + SD
BMI (kg/m2) 19.83+£5.19 19.98 + 5.55 0.919
Mean + SD

SBP: systolic blood pressure; DBP

Discussion

ALL is the most common childhood malig-
nancy.! With current chemotherapy regimens,
prolonged survival is anticipated in approxi-
mately 80% of patients.? However, treatment of
ALL has a number of long-term sequels includ-
ing obesity, the metabolic syndrome, secon-
dary malignancies, cardiotoxicity, growth and
puberty disorders, and educational and psy-
chological dysfunction. Our results indicate an
increased frequency of metabolic syndrome in
long-term survivors of childhood ALL. Obesity
was observed in one forth of children and ado-
lescents previously treated for ALL. Nearly
3/4 of obese patients had metabolic syndrome.
The metabolic syndrome was present very
early after completion of ALL therapy.

The prevalence of both the metabolic syn-
drome and its components may influence by
differences in genetic background, dietary hab-
its, levels of physical activity, population age
and sex structure and levels of over- and un-
der-nutrition.’¢ In the developing countries, the
overall prevalence of the metabolic syndrome
in healthy children and adolescents based on
modified ATP III criteria ranges between 2.2-
14.1%.1720 The prevalence of metabolic syn-
drome was higher in overweight and obese
children in this study as was reported by
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Goodman and crutz.’22! In Kourti et al study
the metabolic syndrome prevalence in young
ALL survivors was 5.76%.22 This rate is much
lower than the overall metabolic syndrome
prevalence of Trimis et al¢ patients (11%).
However, Trimis et al found that this rate was
higher in patients who received combination of
chemotherapy and cranial irradiation (22%)
versus chemotherapy alone (8%).¢ In contrast,
in our study the overall prevalence of meta-
bolic syndrome was found quite high (20%).
Whether differences in genetic predisposition
or mode of treatment can explain this needs
further investigation. Likewise, in our study
the prevalence of metabolic syndrome was
higher in patients who received combination of
chemotherapy and cranial irradiation versus
chemotherapy alone.

Obesity is a well known adverse conse-
quence of ALL and an unusually high propor-
tion of survivors are overweight and obese.622
Children treated for ALL gain weight from the
time of diagnosis and it continues well beyond
the end of treatment.?> A number of risk factors
predisposed the patients to excess weight gain,
including a low BMI standard deviation score
at diagnosis, younger age at diagnosis, gender,
cranial radiotherapy and reduced total energy
expenditure secondary to reduced habitual
physical activity.222¢ Our results are in accor-
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dance with other studies that documented an
increased prevalence of obesity in the initial
years of follow-up among survivors of child-
hood ALL.

It was shown that GH deficiency was
strongly associated with cranial radiation
treatment in young ALL survivors who pre-
sented with an abnormal pattern of serum lip-
ids and obesity.625 Abnormally low GH was
also associated with higher fasting insulin, and
higher HOMA index.2¢In our study, nearly one
forth of children who received cranial radio-
therapy developed metabolic syndrome. One
of the limitations of this study is the lack of
control group. In addition, we did not measure
the GH level.

In Talvensaari study,’® a higher fasting plas-
ma insulin level was seen in survivors of child-
hood cancer than compared to a control group.
In the present study, fasting plasma insulin
level was significantly higher in children with
metabolic syndrome than those without. Hy-
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perinsulinemia in the survivors of ALL may be
partly due to obesity and partially secondary
to hepatotoxic effect of chemotherapy. Synthe-
sis of insulin-like growth factor binding pro-
tein-1(IGFBP-1) and sex hormone binding
globulin (SHBG) in the liver has been shown to
be regulated by insulin and hyperinsulinemia
is associated with reduced levels of these pro-
teins after chemotherapy.?28 Obesity is a
strong independent risk factor for insulin resis-
tance.’® In our study,insulin resistance was de-
tected in nearly 3/4 of survivors with meta-
bolic syndrome and all of them were obese.

In conclusion, metabolic syndrome in sur-
vivors of childhood leukemia in Iran is not un-
common. Nearly all of the obese patients had
metabolic syndrome. Early identification of
metabolic syndrome among survivors of
childhood leukemia can reduce the risk of car-
diovascular morbidity and mortality. Weight
control and regular physical exercise should be
emphasized in their follow-up.
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