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ABSTRACT
Background: Knowledge of the adverse effects of maintenance chemotherapy , therapy
in children with acute lymphoblastic leukemia being treated according to the MRC
modified protocols.
Objective: To figure out the asymptomatic hypoglycemia in a sample of children
patients at a stage of maintenance therapy.
Methods: Prospective study was carried out over 6 months from the 1st of January
2004 till the 30th of June 2004. A total sample of 30 patients aged between (1 and
15 years) with acute lymphoblastic leukemia were included in study who were treated
at Basra Maternity and child teaching hospital, all of them were being treated ac-
cording to MRC modified protocol and on maintenance therapy (6 mercaptopurina
+ methotroxate), 35 healthy children matched for age and sex randomly selected as
control.
Results: Hypoglycemia were seen is 18 (60%) of patients with leukemia, 10 (55.5%)
females and 8 (44.4%) males. Blood glucose level <3.33 mmol/L during 12 hours of
overnight fasting.
Conclusion: Hypoglycemia is the most common adverse effect in children with acute
lymphoblastic leukemia on maintenance therapy.
Key words: asymptomatic hypoglycemia–acute lymphoblastic leukemia.

1 INTRODUCTION
Acute leukemia is the most common malignancy in chil-
dren, accounting for about 25% of all cancer under 5 years of
age [1] , and acute lymphoblastic leukemia remains the most
common malignancy in children, it accounts for one fourth
of all childhood cancers and approximately 75% of all cases
of childhood leukemia. Hypoglycemia is based on whether
symptoms occur in the fasting state or following food in-
take (post prandial ) [2, 3] . And most common causes of
hypoglycemia are:- drugs (insulin, sulfonylurea, pentami-
dine, sulfonamide, salicylate, 6 mercaptopurina, thiogua-
nine and methotroxate, endogenous hyperinsulinema like
insulinoma, autoimmune ( autoantibodies to insulin ) and
ectopic insulin secretion, critical illnesses hepatic, renal or
cardiac failure, sepsis and starvation, endocrine deficiencies
(cortisol, growth hormone, glucagons, epinephrine), non –B
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cell tumors (fibrosarcoma, mesotheliome, Rhahdomyosar-
coma, hepatoma, adrenocortical tumors, leukemia, lym-
phoma, melanoma and tetratoma, disorder of infancy or
childhood (transient intolerance of fasting infant of diabetic
mother, inherited enzyme defect ), postprandial (reactive
after gastric surgery, ethanol –induced, autonomic symp-
toms with true hypoglycemia, factitions (insulins, sulfouy-
lureas. Hgpoglycemia present with symptoms and signs of
hypoglycemia when the blood glucose concentrate is about
2-5mmo/L and the most common manifestation of hypo-
glycemia reflect sympathetic adrenergic stimulation of au-
tonomic nervous system and neurological disturbances, au-
tonomic nervous system include pallor, sweating, weaknes
, nausea and vomiting, abdominal pain and hunger while
neuroglycopuenia sign are confusion, irritability, headach,
visual disturbance , unusual behaviour, come and convul-
sion [4, 5] .

Most Biochemical changes in children with acute lym-
phoblastic leukemia and with a tendency to fasting hypo-
glycemia are one of the complications specially in young,
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thin children who are taking purine analogues such as mer-
captopuriue and thioguanine which are similar to finding in
idiopathic ketotic hypoglycemia of childhood, characteris-
tics include raised serum level of free fatty acids and ketone
bodies, appropriate endocrine responses and normal plasma
level of laclate but low level of alanine [5–7]

The relationship between the hypoglycemic event and
last meal provide some important help for diagnosis when
hypoglycemia event occurs less than 12 hours after meal as
impaired glycogenolysis occurring 12 to 16 hours after the
meal may be due to impair gluconeogenesis [8] .

So to study whether hypoglycemia is a potential adverse
effect after an overnight fast of children with acute lym-
phoblastic leukemia on maintenance therapy.

2 PATIENTS AND METHODS
Patients:

Prospective study was carried out over 6 months from
the first of January 2004 till the end of June 2004.

The study included 30 children on maintenance treat-
ment (MT) who were visited outpatient oncology clinic for
follow up or admitted to inpatient for the treatment at
Basra Maternity and Child Teaching Hospital ,

All patients with Acute Lymphoblastic Leukemia(ALL)
had a comprehensive diagnostic work up for accurate diag-
nosis’ and had been treated according to the modified MRC
protocol in which maintenance treatment include Vincristin
monthly and oral (6 mercaptopurine daily and Methotrox-
ate weekly).

Fourteen of the patients were girls and sixteen were boys.
The median age was 5.5 years at the time of the study.
History and physical examination were carried out, and the
following information was recorded: date of diagnosis, age,
sex, residence, duration of disease, duration of MT.

General examination (including vital signs, measurement
like body weight, height ) and systemic examination of the
chest, cardiovascular system, abdominal, central nervous
system.

Control group:
Thirty five children (18 male and 17 female) who were

admitted to Basra maternity and child Teaching hospital
for chest infection and diarrheal disease after stabilization
of their condition, critically ill children were excluded from
the study, were randomly selected as control, matched for
age and sex and the following in formations were recorded:
age, sex, residence, vital signs,body weight , height or length
and systemic examinations.

Methods:
To study fasting tolerance an overnight fasting test of up

to 12 hours was performed on each study patients in on-
cology unit of Basra Maternity and Child Hospital. Fasting
was routinely started at 8 p.m. following normal daily food
intake and normal meals. Blood samples for immediate mea-
surement of blood glucose level were taken before starting
MT and after a period of MT as maintance treatment was
started at 39 week of therapy, the test was done between 50

to 100 week. Fasting hypoglycemia was defined as a blood
glucose level<3.3mmol/L(3).

Immediate blood glucose levels were assessed using glu-
cometer (glucotrend 2 is trade mark of a member of the
roche group. UK) code number 765.

Statistical analysis:

1. Statistical analysis was done to find the P-value using
SPSS version 11.0 computer program

• The results of clinical and biochemical variables were
expressed as mean and standard deviation of the mean
(M+SD) and as numbers and percentages: n (%).

• Chi-square (X) test was carried out to determine the
relative important of different variables.

• T-test was carried out to compare between sample pro-
portions.

• Logistic regression analysis was carried out to deter-
mine the importance of different variables.

1. P-value>0.05 considered to be not significant (NS).

3 RESULTS

Table 1. Characteristics of the studied groups

Parameters Patients
N=30

Control
N=35

P-value

Age
(year)*

6.31±2.89 6.48±4.5 0.614

Sex Male 16 (53.3%) 18 (51.4%) 0.538
Female 14 (46.7%) 17 (48.6%) 0.878

Residence Urban 8 (26.7%) 15 (42.9%) 0.202
Rural 22 (73.3%) 20 (57.1%) 0.133

BMI 23.82±1.98 23.8±2.84 0.096

* Values were expressed as mean±SD

NS= P>0.05, S= P<0.05, HS= P<0.01
Basic characteristics of the studied groups:
A total of 65 children aged ranged from (1.5-15 years)

and the mean 6.3 were included in the study; 30 of them
were with ALL. The characteristics of the studied children
(patients and controls) are illustrated in Table 1 .

This table shows that there was no significant statistical
difference in the mean age, sex, residence and BMI between
patients with ALL and the control group.

characteristics of the patients with ALL who were
received MT consist of weekly oral MTX and daily
6MP were evaluated in regard to fasting blood glu-
cose classified as hypoglycemia≤3.33mmol/L and normo-
glycemia>3.33mmol/L.

Eighteen out of 30 patients (60%) develop hypoglycemia
after 12 hours of overnight fasting, 7 out of 18 had blood
glucose levels below 2.5 mmol/L Table 2 .

This Table 3 shows glucose level in relation to age
group,(11) out of (18 ) with hypoglycemia (61.1%) were be-
low 6 years of age . Only (5 ) out of the (12)children (41.6%)
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Table 2. characteristics of the patients with ALL in relation to glucuose level

Parameter Normoglycemia
n=12

Hypoglycemia
n=18

P-value

Age
(year)*

6.5 (4-10) 5.5 (1.5-14)

Sex Male 8(66.6%) 8(44.4%)
Female 4(33.3) 10(55.5%)

Residence Urban 3(25%) 7(38.2%)
Rural 9(75%) 11(61.1%)

BMI 23.95±3.12 23.45±2.13
Duration
of dis-
ease/month

32.87±17.25 17.5±15.05

Duration
of
MT/month

8.18±5.75 5.16±3.12

Dose of
MTX

14.61±2.27 13.6±2.87

Dose of
6MP

54.81±8.53 51.1±10.7

FBS 5.8±1.25 2.45±0.31 HS

*Results were expressed as mean±SD S=P<0.05,HS=P<0.01

Table 3. Fasting blood glucose concentration in children ≤6
years and >6 years of the age.

Age Hypoglycemia
groupn=18

Normoglycemia
group
n=12

P-
value

≤6
years

11 (61.1%) 5 (41.6%)

>6
years

7 (38.9%) 7 (58.4%)

* S=P<0.05 , NS=P>0.05

Table 4. Fasting glucose level before and during MT in pa-
tients with ALL

Parame-
ter

Before MTn=30 During MT
n=30

P-
value

FBS 5.88±1.29 3.71±1.63 <0.001

* Values were expressed as mean±SD P < 0.001=HS

who were under the age of 6 years had normal blood glucose
level during fasting

Table 4 shows that there was highly significant low glu-
cose level during MT as compare before MT.

Table 5. Characteristics feature of patients with hypo-
glycemia and control group

Parameters Patients
N=18

Control
N=35

P-value

Age 6.12±3.5 6.48±4.5 0.02

Sex Male 8 (44.4%) 18 (51.4%) 0.252Female 10 (55.5%) 17 (48.6%)

Residence Urban 5 (27.8%) 15 (42.9%) 0.375Rural 13 (72.2%) 20 (57.1%)
BMI 23.54±2.17 28.8±2.84 0.312
FBS 2.45±0.31 5.8±1.29 0.001

* Results were expressed as mean±SD

Table (5) shows that there was low fasting glucose level
in patients as compare to control group and stastisticaly
highly significant but there was no significant difference be-
tween hypoglycemic group and control group in respect of
sex , residence and BM . Moreover, there was significant
differences between hypoglycemic group and control group
in respect of age.

Table 6. Relations between patients on MT and hypo-
glycemia after adjustment to FBS and residence.

Variables S.E Significance
FBS 0.286 0.001
Residence 0.72 0.05

Table 6 shows logistic regression analysis to study the
relation between MT of the patients with ALL and hypo-
glycemia after adjustment for FBS and residence, it illus-
trates the followings:

There was positive association between MT of the pa-
tients with ALL and hypoglycemia with standard error
0.286. There was positive association between residence of
the patients on MT and hypoglycemia with standard error
0.72. After adjustment for FBS, the relation between MT
of patients with ALL and hypoglycemia still highly signifi-
cant (P=0.001). After adjustment for residence of patients
on MT, there was also significant association between MT
of patient with ALL and hypoglycemia (P=0.05).

Table 7. Hypoglycemic

Parameters Symptom No symptom
Hypoglycemic group 3 (16.6%) 18

Only (3) patients out of 18 exhibited one symptom of
hypoglycemia (2) patients were drowsy or restless and only
one patient develop sweating as shown in Table 7
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4 DISCUSSION
Acute lymphoblastic leukemia is one of leading causes of
mortality and morbidity worldwide, with increasing num-
bers of children cured of leukemia there has been an in-
creased awareness of the adverse effects and late sequale of
therapy.

Our study showed that fasting hypoglycemia is a poten-
tial adverse effect of MT in children being treated according
to the MRC modified protocol.

Eighteen out of 30 patients (60%) develop hypoglycemia
after 1%)2%) hours of overnight fasting. Similar results
was observed by Halonen et al [9] . that was fasting hy-
poglycemia was common during maintenance therapy for
childhood ALL. In their study of 35 consecutive patients on
MT, 16hrs overnight fasting was followed by hypoglycemia
in 19 children (54%).

Children under six years of age are especially prone to
fasting hypoglycemia, in our study (61.1%) of the children
with hypoglycemia were younger than 6 years of age. More-
over (41.6%) of the children under the age of six years re-
mained normoglycemic during fasting , two third of all study
patients developed hypoglycemia within 12 hours of fasting.
This is a pathological finding, since the normal lower limit
for a blood glucose level in healthy children aged 3 to 15
years after a 12-hours fast is reported to be 3.7mmol/L [10]
.This agree by similar study was observe by Makipernaa A.
et. al. [11]

This indicates children with ALL in the course of
overnight sleep are at risk of becoming hypoglycemia, with
or without symptoms. No differences in sex, BMI, or res-
idence between the patients with hypoglycemia and those
with normoglycemia were detected, and did not explain the
tendency to hypoglycemia. [9] Surprisingly little is known
about overnight blood glucose levels in normal children.
Cyclical variation, periodicity 80-120 min., is described with
a gradual fall until wakening with no evidence of a dawn
blood glucose rise [12, 13] .

In some children levels fall to <3 mmol/L. Maintenance
of normoglycemia seems largely mediated through free fatty
acid metabolism (with significant differences between 8p.m
and 8a.m B hydroxybutyrate level) whereas lactate lev-
els suggest that glycogen stores are relatively protected
overnight but available for acute hypoglycemia crises [13]
.

In children with idiopathic ketotic hypoglycemia the
glycemic response to glucagon has also been reported to be
less after fasting, suggesting that hepatic glycogen is more
rapidly exhausted in them [14] .

Young children tolerate fasting less well than adults,blood
glucose levels may start to fall after periods as short as 6-12
hours, reason are unclear [15] .

Glucose levels appear to fall in a cyclical fashion overnight
in normal children, some falling into the hypoglycemic range
before compensation [16] .

The impaired fasting tolerance was obviously associated
with the MT, particularly with the 6MP and MTX. There
were no significant differences between the hypoglycemic

and normoglycemic children with ALL in relation to the
dose levels of 6MP and MTX.

This suggests that concentrations or cumulative doses
of 6MP and MTX do not need to reach particular levels
for hypoglycemia to occur [17]. The question which also re-
mained unanswered in our study is whether repeated high-
dose MTX courses included in the MRC modified proto-
col MT of ALL are associated with the tendency to hy-
poglycemia. No reports concerning this issue are available
with different therapy regimens. In our study only 3 patients
out of 18 exhibited one symptom of hypoglycemia 16.6%,
this results also was observed by recent retrospective Italian
study report symptomatic hypoglycemia in 6 out of 86 chil-
dren (6.9%) receiving oral purine analogues for treatment
of childhood ALL [18] .

Symptomatic hypoglycemia episodes occurred through-
out the entire treatment period except for the induction
phase: consolidation phase, reinduction phase, and contin-
uation phase, the researcher also suggest that the adminis-
tration of the purine analogues 6MP and 6TG seems to be
associated with this event, more than the combination of
6MP and MTX [18] .

It is widely known that liver damage, abnormal liver
tests, and abnormal liver biopsy results are among findings
during oral 6MP and MTX therapy [17].

Both 6MP and MTX are anti-metabolites, 6MP is a
purine analogue and MTX is a folic acid analogue. They
affect the synthesis of RNA and DNA precursors and the
functioning of normal cells .

Therapy related fasting hypoglycemia during overnight is
often hazardous and insidious. Although not threatening in
our experience, it was very frightening for the parents, who
developed anxiety and sometime even sleep disturbances.

The mechanisms by which such oral antimetabolite ther-
apy may elicit symptomatic hypoglycemia or asymptomatic
in children under chemotherapy for ALL remain unclear.
Impaired turnover of glycogen can be hypothesized, but not
recommended at present; alteration of liver enzyme is for
more common, additional predisposing factors are associ-
ated with reduced fat storage and with young age as risk
factor [18]

As hypoglycemia was significantly adverse effect in MT
of the patients so children under the age of 6 years and
thin build child should be prescribe shorter fasting intervals,
with late evening meal rich in complex carbohydrates and
protein with early breakfast. Further studies are required to
identify the mechanism by which hypoglycemia develop in
children with ALL on maintance therapy.
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