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Abstract

Background: Osteoporosis and neurological complications are consequences of acute lymphoblastic leukemia
(ALL). Collagen type I alpha 1 gene (COL1A1) polymorphism is associated with osteoporosis. This study aimed to
detect the COL1A1 polymorphism and the neurological complications in ALL patients and their association with
decreased lumbar spine bone mineral density (BMDLS). This study included 100 pediatric ALL patients and 100
controls. All participants were subjected to laboratory assessment and assessment of BMDLS at the start of the study
and 3 years later. COLIA1 genotyping was done once for all participants.

Results: At the start of the study, there was a significant decrease in osteocalcin (OC), alkaline phosphatase (ALP),
and BMDLS levels in the patients. G/T variants and “T” alleles were significantly more detected in the patients (34%
and 35% respectively); also, significant differences were detected between patients with polymorphism (G/T and T/
T) and those without polymorphism (G/G) regarding OC, ALP, and BMDLS. After 3 years, significant decrement in
BMDLS, OC, and ALP was detected in the patients. Twenty-four patients had neurological complications and seven
patients had bone fractures. Those patients had significant decrement in BMDLS, OC, and ALP levels. As regards
COL1A1 gene polymorphism, the GT and TT variants were significantly detected in fractured patients, while there
was no significant difference regarding GT and TT variants in the patients with neurological complications. T allele,
neurological complications, high-risk stratification, and age were significantly associated with decreased BMDLS. T
allele was the most significant risk factor.

Conclusion: COLIA1 gene polymorphism, decreased BMDLS, and neurological complications were significantly
detected in pediatric ALL patients. COLIA1 gene polymorphism is a significant risk factor for decreased BMDLS in
pediatric ALL patients. There is no significant relation between COLIA1 gene polymorphism and the development of
neurologic complications.
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Background
Osteoporosis is a frequent consequence in pediatric
acute lymphoblastic leukemia (ALL) patients and neuro-
logical complications may be associated with low lumbar
spine bone mineral density (BMDLS), as both BMDLS

and neurological squeal among acute lymphoblastic
leukemia survivors share common etiological factors
(like exposure to methotrexate and cranial radiation) [1].
Determination of the risk factors for altered BMDLS in
these patients may lead to appropriate interventions to
reduce the incidence of morbidity, mortality, health care
costs, pain, and the burden of care on the family mem-
bers ultimately responsible for them. The collagen type I
alpha 1 (COLIA1) gene is involved in the regulation of
bone mass as it encodes type I collagen that is consid-
ered the major protein of bone matrix [2]. A polymorph-
ism in the transcriptional control region of the COLIA1
gene results in alleles having a G-base of the Sp1 binding
site. Those are defined as “G” alleles, while alleles with a
T-base at the Sp1 binding site are defined as “T” alleles.
Patients with “T” allele are suggested to have fractures
and reduced BMDLS [3]. The G → T substitution in the
Sp1 binding site of the COLIA1 gene is one of the poly-
morphisms that are associated with a low BMDLS [4].
There is a high risk of fracture in relation to COLIA1
polymorphism. COLIAI genes have an important role in
osteoporosis development [3]. Also, there is an associ-
ation between the COL1A1 gene polymorphism and re-
duced arterial compliance that could be mediated
through changes in collagen deposition and it may attri-
bute to the development and progression of atheroscler-
osis and increased cardiovascular risk [5, 6]. Previous
studies have reported a significant impact of different ge-
notypes of COLIA on neurological disorders [7, 8].
COLIA2 could be a genetic risk factor for intracranial
aneurysm and stroke. The COL4A1 gene mutation could
be a genetic risk factor for variable neurological features,
such as stroke, migraine, and seizures [9, 10]. Imaging
modalities and treatment procedures have improved the
prognosis however the frequency of neurological compli-
cations have also increased that are related to the acute
lymphoblastic leukemia itself and/or to the treatment
[11]. Treatment protocols of pediatric acute all involve
multiple administrations of the neurotoxic chemothera-
peutic drugs. Peripheral neuropathy is a well-known tox-
icity among those patients [12]. Moreover, lumbosacral
radiculopathy after intrathecal chemotherapy is reported
[11]. Furthermore, central neurotoxicity can result in
multiple clinical manifestations, e.g., impaired conscious-
ness, focal deficits, seizures, and headaches [13, 14]. To
our knowledge, no previous study has detected the rela-
tion between the collagen type I alpha 1 gene (COL1A1)
polymorphism and the neurological complications in
pediatric acute lymphoblastic leukemia (ALL) patients

and their association with altered lumbar spine bone
mineral density (BMDLS). So, this study aimed to detect
the collagen type I alpha 1 gene polymorphism and the
neurological complications in the pediatric ALL patients
and their association with decreased BMDLS.

Methods
This study included one hundred and thirty Egyptian
children who were newly diagnosed to have acute
lymphoblastic leukemia (ALL). The study was approved
by medical research ethical committee of our university
hospitals during the period from January 2014 to De-
cember 2018. The study was done in the departments of
pediatrics, clinical pathology, neurology, rheumatology,
and radiodiagnosis. Assessments of the patients were
performed twice: at inclusion into the current study (the
first assessment) and after 3 years (the second assess-
ment), but only one assessment (at the start of the study)
was done for genotyping for all the participants in this
study. Data of the patients who did not complete this
study (20 patients were lost during follow-up and 10 pa-
tients died) were eliminated. So, this study included 100
patients (58 girls and 42 boys), “the patients’ group.” Pa-
tients’ mean age/years (± SD) were 11 years (± 4). Pa-
tients with hormonal therapy or central nervous system
irradiation were excluded. Other criteria for exclusion
were allogeneic bone marrow transplantation or stem
cell transplantation; patients with history of any serious
gastrointestinal problems, malabsorption, and liver dis-
eases; and those with concomitant medical diseases that
may affect bone metabolism (hyperuricemia, syndrome
of inappropriate secretion of antidiuretic hormone, type
B lactic acidosis, non-islet cell tumor hypoglycemia, and
hyperglycemia are other potential metabolic abnormal-
ities occurring in patients with hematological malignan-
cies) were also excluded from the study. None of our
patients had history of neurological disorder prior to the
onset of ALL.
One hundred apparently healthy Egyptian subjects, age

and sex matched with the patients, were included as
controls. Their mean age/years (± standard deviation)
were 10 years (± 3.5); they were 57 girls and 43 boys. In-
formed consent was obtained from all subjects’ parents
or responsible relative before enrollment. Systematic as-
sessment at inclusion into the study was done to identify
the patients who had pre-existing low level of lumbar
spine bone mineral density (BMDLS), levels of osteocal-
cin (OC), and alkaline phosphatase (ALP) {specific
markers of bone formation} were also measured [15].

Clinical examination
All the patients were subjected to complete history tak-
ing, thorough general and neurological examination.
Body mass index (BMI) percentiles were calculated and
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kids who measure at the 85th to 94th percentiles are
considered overweight. A child whose BMI is between
the 5th percentile and 85th percentile is in the healthy
weight range. A child with a BMI below the 5th percent-
ile is considered underweight [16]. The diagnosis of ALL
was made by cytomorphological and immunological
examination of blood and bone marrow smears of our
local institution. For the diagnosis of ALL, 25% blasts or
more in the bone marrow was mandatory. Immuno-
logical markers were judged positive if expressed in 20%
or more of the malignant cells. All cases were classified
as precursor B-ALL. Data at inclusion of the patients
into the current study were collected, including the ad-
dress, sex, date of birth, age at disease onset, peripheral
white blood cell (WBC) count, immunophenotyping,
neurological examination, states of lymph nodes, liver,
spleen, testes, bone marrow aspiration, % blast cells at
diagnosis, and bone marrow (BM) status at day 14 of in-
duction, and according to these initial data, the eligibility
criteria were put and the type of CCG protocol therapy
was assigned (M1 marrow with blast count less than 5%,
M2 with blast count 5–25%, and M3 marrow with blast
count more than 25%). Risk stratification was based on
clinical data, morphological and immunological studies,
day 14 bone marrow response, as well as conventional
cytogenetic. Standard risk ALL group involved patients
with age 1–9.99 years, WBC count < 50 × 109/l, and
precursor B immunophenotype. High-risk standard arm
group involved patients with age ≥ 10 years and/or WBC
≥ 50 × 109/l. High-risk augmented arm group included
patients with neurological disease and/or BM blast
day14 > 5% (slow early responders). Standard risk ALL
patients were treated according to the CCG 1991 proto-
col6 using a single delayed intensification (DI) arm. The
CCG 1991 protocol and high-risk patients received post-
induction intensification therapy [17].

Sample collection
After an overnight fast, blood samples were taken from
all children and were divided into three tubes:
1. The 1st K3-EDTA tube for osteocalcin determin-

ation: blood was centrifuged immediately and EDTA-
plasma was stored for 3 months at − 20 °C. Osteocalcin
concentrations were determined by the electrochemilu-
minescence immunoassay using cobas e601 analyzer,
normal range 6.6–35.7 ng/ml.
2. The 2nd plain tube for total calcium, alkaline phos-

phatase, vitamin D (cutoff for normal value is ≥ 20 ng/
ml), and parathyroid hormone: the total calcium and al-
kaline phosphatase were measured photometrically on
cobas c 311/501 analyzer. Vitamin D and parathyroid
hormone were assayed by the electrochemiluminescence
immunoassay on cobas e601 immunoassay analyzer.

Molecular analysis
The 3rd EDTA tube for molecular assay of COLIA1 ge-
notypes was according to manufacturer’s instructions.
The COLIA1 genotype measurement was done by diges-
tion using restriction enzyme (Bal1) of DNA amplified
by the polymerase chain reaction (PCR-RFLP) for all
subjects at the start of the study.

DNA extraction
DNA was extracted from leukocytes of peripheral blood
samples using the QIAamp® UltraSens virus® extraction
kit (Qiagen) USA according to manufacturer protocol.
The extracted DNA was stored at − 20 °C until analysis.

PCR amplification
DNA was amplified using Maxime PCR PreMix Kit
composed of Ready- to-Go PCR Beads which were de-
signed and manufactured by iNtRON Biotechnology.
PCR reaction with 25 μl final volume was prepared by
adding 12.5 μl Master mix, 1.0 μl forward primer, 1.0 μl
reverse primer, 10 μl extracted DNA, and 0.5 μl sterile
high-quality water in PCR wells. PCR was done by the
following conditions: initial denaturation at 94 ° C for 3
min, 35 cycles (94 °C for 50 s for denaturation, 62 °C
for10 s for annealing, and 72 °C for 15 s for extension),
and for final extension step 72 °C for 5 min. The PCR
products were stored at − 80 °C until used.
Collagen type I alpha-1gene primers: the primer se-

quences were as follows:
Forward primer: (5′ GTCCAGCCCTCATCCTGGCC-3′).
Reverse primer: (5′TAACTTCTGGACTATTTGCG-

GACTTTTTGG-3′).
Detection of amplified PCR product by agarose gel

electrophoresis: 5 μl of each sample was slowly loaded
into the sample well and 5 μl PCR markers were also
loaded into one of the wells. The power supply was pro-
grammed as 150 V and 100 mA for 20 min (Consort E
844). Then the gel was placed on the filter area of the
ultraviolet transilluminator (Biometra). The amplified
PCR product gave rise to 264 bp fragment.

Restriction digests reaction
The amplified DNA was digested by using Bal 1 (Biolabs,
USA, part No. R0534S, 250 units) 5,000 units/ml. Ten
microliters of amplified product were added to 16 μl
sterile distilled water, 2 μl of restriction enzyme, and 2 μl
of reaction buffer then incubated at 37 °C.

Detection of the band of polymorphism
The digested segments were subjected to electrophoresis
on 8% non-denaturing polyacrylamide gel; the gel was
stained using ethidium bromide (1 mg/ml) for 30 min at
room temperature followed by visualization by the ultra-
violet transilluminator. The amplified product 264 bp
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fragment with Bal 1 restriction enzyme gave rise to the
following:

– Undigested 264 bp fragment indicated the presence
of G allele.

– Appearance of 246 bp fragment indicated the
presence of T allele and identified as G-T
substitution.

– -The homozygous variant (G/G) results in one
fragment at 264 bp, homozygous variant (T/T)
results in one fragment at 246 bp, while the
heterozygous variant (G/T) results in two fragments
at 264 bp and 246 bp.

Lumbar spine bone mineral density (BMDLS) was mea-
sured by dual-energy X-ray absorptiometry (DXA).
Osteoporosis should be defined as a BMDLS Z score
lower than − 2.0 and osteopenia as a condition in which
the Z score lies between − 1.0 and − 2.0 ISCD [18].

Radiological evaluation
Symptomatic fractures were confirmed by the plain X-
ray imaging. Patients presented with neurological com-
plication were subjected to computer tomography with
or without magnetic resonance imaging.

Electrophysiological studies
A patient who had clinical manifestations suggesting
some neuromuscular disorders (neuropathy, radiculopa-
thy, plexopathy or muscular affection) were subjected to
motor and sensory nerve conduction studies. Electro-
myography was elicited according to the recommended
protocols for diagnosis of different possible disorders.
All tests were done by the same examiners using a Nico-
let Viking Quest cart electrodiagnostic system. Extremity
temperature was maintained at or above 30 °C at time of
examination. Any patient presented with seizures was
subjected to electroencephalography (EEG) [19].

Statistical analysis
Presentation of quantitative data was done in the form
of a mean (± standard deviation) or median (range) in
parametric and nonparametric data respectively. Qualita-
tive data are represented in number and percentages. t
test was used in comparing two groups or Mann–Whit-
ney U test according to the type of data. ANOVA or
Kruskal-Wallis test was used (according to the type of
data; parametric or nonparametric respectively) for com-
paring more than two groups. Chi-squared test was done
for comparing numerical data. Multivariate analysis as
well as logistic regression analysis was used. All statis-
tical analysis was performed using statistical program
SPSS version 10 for Windows (SPSS, Chicago, IL, USA).

Results
Comparing the patients versus the controls at the
start of the study (the first assessment) revealed that
there was a significant decrement in osteocalcin (OC)
and alkaline phosphatase (ALP) levels as well as bone
mineral density of the lumbar spine (BMDLS) of the
pediatric ALL patients (p = 0.03, 0.01, and 0.01 re-
spectively). As regards to COLIA1 gene polymorph-
ism, “G/T” variants as well as “T” alleles were
significantly more detected in the patients (p = 0.02,
p = 0.01) as shown in Table 1. There was a signifi-
cant difference in OC and ALP levels and BMDLS, be-
tween patients with COL1A1 polymorphism (G/T and
T/T variants) when compared versus those without
polymorphism (G/G variant) at the first assessment
(Table 2). Immunophenotype and chromosomal ab-
normalities (numerical and structural) of patient
group are shown in Fig. 1. In the patients, comparing
the second assessment versus the first one, neuro-
logical complications were detected in 24 patients (4
of them had seizures, 10 had peripheral neuropathy,
and lumbosacral radiculopathy was detected in 10 pa-
tients). Bone fractures were detected in 7 patients as
shown in Table 2. There was a significant decrease in
BMDLS (p = 0.01), OC, (p = 0.01), and ALP levels (p =
0.04) as shown in Table 3. There were significant differ-
ences among patients (with fractures versus those without
fractures as well as those with neurological complications
versus those without neurological complications) regard-
ing BMDLS (p = 0.04 and 0.02 respectively), OC (p = 0.02
and 0.01 respectively), and ALP levels (p = 0.03 and 0.01
respectively). G/T and T/T variants were significantly
more detected in the fractured patients only (p = 0.01) as
shown in Table 4. There was no significant difference be-
tween all patients’ genotypes regarding the immunophe-
notype characteristics and chromosomal abnormalities
(numerical and structural) as shown in Table 5. Doing
multivariate analysis, BMDLS of the patients was signifi-
cantly affected by neurological complications (p = 0.04),
high-risk patients (p = 0.01), age (age > 10 years at diagno-
sis) (p = 0.01), and COL1A1 “T” polymorphism (p = 0.03).
Logistic regression analysis showed that COL1A1 “T” gene
polymorphism is the most significant risk factor for
decreased bone mineral density (p = 0.001) as shown in
Tables 6 and 7.

Discussion
Acute lymphoblastic leukemia (ALL) is the most com-
mon malignancy in childhood. Since the survival is im-
proved in ALL patients due to modern combined
chemotherapy protocols, long-term complications in-
crease as a result of intensive therapy [20]. Regarding to
the first assessment of the patients compared to the con-
trols, we found significant decrease in osteocalcin (OC)
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and alkaline phosphatase (ALP) levels and significant
decrement in BMDLS of the entire patient’s group com-
pared to the controls. COL1A1 “GT” variants as well as
“T” allele were significantly more detected in the pa-
tient’s group. This met with the findings of Mostoufi-
Moab and Halton, who stated that osteocalcin and alka-
line phosphatase were low in ALL patients at diagnosis
[21]. Also, Gurney et al. reported altered bone
mineralization and decreased bone formation prior to
initiating therapy of all patients. At diagnosis markers of
bone formation, osteocalcin, type I collagen carboxyl-
terminal propeptide, and bone-specific alkaline phos-
phatase were low [22]. We also found COLIA1 “G/T”
variants as well as “T” allele were significantly more

detected in the patient’s group, and G/G variant as well
as G allele were significantly more detected in the con-
trol group. Mann et al. found the G/G genotype in
66.5% of ALL patients, G/T genotype in 33.02%, and T/
T genotype in 0.47% of them. GG genotype was more
frequent in their control group (80.95%) [23]. Also, Mus-
zyñska et al. found that genotype distribution G/G geno-
type was detected in 33 (80.5%) patients and G/T
genotype in 8 (19.5%). They reported a significant differ-
ence between patient and control group [24]. In the
present study, we found significant differences in OC
and ALP levels as well as BMDLS, between patients with
COL1A1 polymorphism (G/T and T/T variants) and
those without polymorphism (G/G variant) at the first

Table 2 Comparing patient group G/G variant versus G/T and T/T variants regarding laboratory data and BMDLS at diagnosis (the
first assessment)

Patients (no. 100) p value

G/T and T/T (45) G/G genotype (55) 0.5

Parathormon (ng/l) 49 (10–56) 50 (12–60) 0.8

Total calcium (mg/ml) 1 ± 0.9 10 ± 0.14 0.2

Vitamin D (nmol/l) 44 (6–59) 41 (8–61) 0.4

Osteocalcin (ng/ml) 12 (10–21) 23 (9–23) 0.03*

Alkaline phosphatase (U/L) 89 (60–111) 132 (95–133) 0.01*

BMDLS − 2.00 (± 0.49) − 1.00(± 0.7) 0.01*

*Significant

Table 1 Demographic and clinical characteristics of patients and controls at the start of the study (the first assessment)

Patients (no. 100) Controls (no. 100) p value

Sex (girls/boys) 58 (58%)/42 (42%) 57 (57%)/43 (43%) 0.5

Age/year 11 (± 4) 10 (± 3.5) 0.2

Age ≤ 10 years 40 (40%) 36 (36%) 0.4

> 10 years 60 (60%) 64 (64%)

BMI percentile 84th (70th–90th) 86th (68th–89th) 0.1

BMDLS − 1.9 (± 0.44) − 0.80 (± 0.73) 0.01*

Risk groups High 45 (45%) – –

Standard 55 (55%) –

Parathormon (ng/l) 45 (10–56) 50 (12–60) 0.8

Total calcium (mg/ml) 9 ± 0.9 10 ± 0.14 0.2

Vitamin D (nmol/l) 44 (6–59) 41 (8–61) 0.4

Osteocalcin (ng/ml) 18 (8–23) 27 (8–30) 0.03*

Alkaline phosphatase (U/L) 99 (60–135) 440 (92–590) 0.01*

COLIA1 Genotypes G/G 55 (55%) 72 (72%) 0.05

G/T 34 (34%)* 19 (19%) 0.02*

T/T 11 (11%) 9 (9%) 0.5

Alleles G 130 (65%) 180 (90%) 0.04

T 70 (35%)* 20 (10%) 0.01*

BMI body mass index, BMDLS bone mineral density of lumbar spine, COLIA1 collagen type 1alpha gene
*Significant
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assessment. Osteopontin is secreted by osteoclasts, os-
teocytes, and osteoblast. It is an important regulative
component in fetal bone marrow hematopoietic stem
cell and progenitor pools and is involved in progeni-
tor differentiation and maintenance of hematopoietic
stem cell quiescence. It plays pivotal roles in adult
hematopoiesis, providing both a physical structure as
well as interacting with hematopoietic and non-
hematopoietic cellular and extracellular molecules of
the hematopoietic stem cell niche [25]. Moreover, os-
teoclasts may take part not only in the regulation or
maintenance, but also in the initial formation of the
hematopoietic stem cell niche. In the absence of oste-
oclasts activity, the bone marrow hematopoietic stem
cell niche formation is severely affected, leading to an
impaired homing of these progenitors, thereby inhibit-
ing the colonization of the bone marrow by
hematopoietic stem cell [17]. In the 2nd assessment,
we observed that neurological complications were

detected in 24 patients (4 patients had seizures, 10
patients had peripheral neuropathy, and 10 patients
had lumbosacral radiculopathy). Bone fractures were
detected in 7 patients. There is a significant decrease
in BMDLS, osteocalcin, and alkaline phosphatase
levels. This met with the findings of Baytan et al.
who found that 7.1% of patients suffered from central
nervous system (CNS) complications during the
course of acute lymphoblastic leukemia treatment
[26]. Intensified chemotherapy targets systemic dis-
ease, as well as tumor cells from the sanctuary sites
especially the CNS. This entails usage of intrathecal
therapy and high-dose systemic chemotherapy. This
has also increased the incidence and severity of CNS
complications [27]. Nazir et al. reported peripheral
neuropathy in 19 out of 103 pediatric leukemic chil-
dren [12]. Several types of mononeuropathies of indi-
vidual nerves and plexus as well as lumbosacral
radiculopathy have been also reported during

Fig. 1 Immunophenotypes and chromosomal abnormalities of acute lymphoblastic leukemia patients

Table 3 Comparing clinical and laboratory data of the patients at diagnosis (first assessment) and after 3 years (second assessment)

Acute lymphoblastic leukemia patients p value

First assessment Second assessment

BMI percentile 84th (70th–90th) 86th (75th–91th) 0.1

Neurological complications – seizures (4%), peripheral neuropathy (10%), lumbosacral radiculopathy (10%) –

Fracture detection – 7 (7%)* –

BMDLS − 1.9 ± 0.44 − 2.654 ± 0.11* 0.01*

Parathormon (ng/l) 45 (10–56) 49 (12–60) 0.8

Total calcium (mg/dl) 9 ± 0.9 10.8 ± 0.20 0.2

Vitamin D (nmol/l) 44 (6–59) 40(12–55) 0.2

Osteocalcin (ng/ml) 18 (9–23) 13 (–20)* 0.01*

Alkaline phosphatase (U/L) 99 (60–135)* 75 (4–88)* 0.04*

BMDLS bone mineral density of lumbar spine, PTH parathormon, OC osteocalcin, ALP alkaline phosphatase
*Significant
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leukemic patient’s treatment [11, 28]. Regarding to
the detection of fractures as well as neurological com-
plications (during the second assessment) in the pa-
tients of the present study, a significant difference
was detected in BMDLS, OC, and ALP levels in the
fractured patients as well as those with neurological
complications. G/T and T/T variants were signifi-
cantly more detected in the fractured patients only.
Mostoufi-Moab and Halton reported that fracture in
long bones and vertebrae after treatment in ALL pa-
tients. They reported that the incidence of non-
pathologic fractures in ALL patients during treatment
varies from 12 to 39% [21]. Gurney et al. observed
the improvement of BMDLS after cessation of ALL
therapy, but it was significantly lower in comparison
to healthy children [22]. Also, Wasilewski-Masker
et al. reported decreased bone mass: at diagnosis, dur-
ing treatment, and post-treatment [29]. Muszyñska-
Rosan et al. agreed with us that there was a signifi-
cant negative impact of the GT genotype on BMDLS

[24]. This met also with the findings of two previous

studies, both found that polymorphism of Sp1 binding
site of the COLIA1 gene was associated with low
bone mineral density and fracture detection [29, 30].
In the present study, there was no significant relation
between the COLIA1 genotype variants and the oc-
currence of the neurological complications. One pre-
vious study found a significant association between
the COL1A1 gene polymorphism and arterial compli-
ance that may attribute to the development and pro-
gression of atherosclerosis and increased
cardiovascular risk but in older age group than pa-
tients of the present study [5]. Moreover, chromo-
somal abnormalities (numerical and structural) of
patients in the present study did not show any signifi-
cant difference regarding neither COLIA1 genotype
variants nor the other assessment parameters. Doing
multivariate analysis, BMDLS of patients was signifi-
cantly affected by the detection of the neurological
complications, high risk stratification, and age more
than 10 years at diagnosis as well as COL1A1 “T” al-
lele. By logistic regression analysis, we found that

Table 4 Genetic and laboratory characteristics of the patients regarding the detection of fractures as well as neurological
complications (during the second assessment)

Fractures p
value

Neurological complications p value

+ve (n = 7) −ve (n = 93) +ve (n = 24) −ve (76)

COLIA1 genotypes G/G (n = 55) 0 55 (59%) 0.01* 13 (54%) 42 (55%) 0.68

G/T (n = 34) 1 (15%) 33 (35%) 8 (33%) 26 (34%)

T/T (n = 11) 6 (85%) 5 (5%) 3 (12%) 8 (11%)

BMDLS − 2.00 ± 0.44 − 1.00 ± 0.11 0.04* − 2.11 ± 0.41 − 1.10 ± 0.01 0.02*

PTH (ng/l), median (range) 50 (15–59) 49 (12–56) 0.5 48 (20–50) 51 (16–56) 0.9

Vitamin D (nmol/l), median (range) 19 (12–20) 20 (13–35) 0.2 19 (14–35) 20 (15–34) 0.2

OC (ng/ml), median (range) 8 (8–12) 13 (9–20) 0.02* 10 (8–20) 18 (10–19) 0.01*

ALP (U/L), median (range) 45 (45–87) 76 (50–84) 0.03* 50 (45–80) 80 (46–88) 0.01*

*Significant
BMDLS bone mineral density of lumbar spine, PTH parathormon, OC osteocalcin, ALP alkaline phosphatase

Table 5 Genetic and laboratory characteristics of the patients regarding the immunophenotype characteristics and chromosomal
abnormalities (numerical and structural) in ALL patients (during the second assessment)

NO Immunophenotyping p Numerical abnormalities p Structural abnormalities p

Common
80

Pre b
20

+ve
40

−ve
60

+ve
60

−ve
40

G/G genotype 44 11 0.6 22 33 0.91 31 22 0.91

G/T genotype 26 8 13 21 21 13

T/T genotype 10 1 5 6 8 5

BMDLS − 2.00 ± 0.44 − 2.0 ± 0.11 0.4 − 2.11 ± 0.41 − 1.1 ± 0.01 0.2 − 2.0 ± 0.44 − 2.1 ± 0.48 0.6

PTH (ng/l), median (range) 46 (12–58) 49 (20–60) 0.5 48 (19–56) 50 (12–56) 0.9 50 (12–60) 53 (13–58) 0.4

Vit. D (nmol/l), median (range) 20 (12–35) 22 (15–30) 0.2 19 (14–31) 21 (13–35) 0.2 22 (14–34) 19 (12–35) 0.3

OC (ng/ml), median (range) 8 (8–20) 10 (9–18) 0.2 16 (8–18) 18 (9–20) 0.1 18 (8–17) 20 (14–20) 0.3

ALP (U/L), median (range) 71 (45–88) 67 (50–82) 0.3 65 (47–82) 69 (45–88) 0.1 73 (46–88) 70 (62–83) 0.2

BMDLS bone mineral density of lumbar spine, PTH parathormon, Vit. D vitamin D, OC osteocalcin, ALP alkaline phosphatase
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COLIA1 “T” allele was the most significant risk factor.
In the context of our findings, Mann et al. reported
that COLIA1 allele should be considered as an add-
itional negative element of the bone structure in
children, especially when another factor is present
(high-risk group) [23]. Mostoufi-Moab et al. agreed
that during ALL therapy, the older the age of the
patients at diagnosis (years), the more the significant
decline of BMDLS [21]. Moreover, a polymorphism in
the Sp1 binding site of the COLIA1 gene showed a
significant association with bone complications in
ALL patients [21]. Another study found that the poly-
morphism of “T” allele in the Sp1 binding site of the
COLIA1 gene in epileptic patients was related to
lower BMDLS [30].
Epilepsy and antiepileptic drugs have been identified

as independent risk factors for lower BMDLS [31–33].
Also, Kim et al. found that stroke patients had decreased
BMDLS during different periods of the rehabilitation
stage [34]. Authors of the present study found that the
COLIA1 “T” allele was the most significant risk factor.
This met with the findings of Muszyñska-Rosan et al.,
who reported a significant negative impact of the G/T
genotype on BMDLS [24].

Conclusion
COLIA1 gene polymorphism, decreased BMDLS, and
neurological complications were significantly detected in
pediatric ALL patients. COLIA1 gene polymorphism is a
significant risk factor for decreased BMDLS in pediatric
ALL patients. There is no significant relation between
COLIA1 gene polymorphism and the development of
neurologic complications.

Recommendation
Further longitudinal studies on a wider scale and larger
number of patients are recommended for the develop-
ment of new specific treatment strategies regarding the
findings of the present study.
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Table 6 Multivariate analyses of different risk factors affecting bone mineral density of lumbar spine (BMDLS) in acute lymphoblastic
leukemia patients after 3 years (the second assessment)

Risk factors Population BMDLS OR [95% CI] p value

Sex Girls (58%) 1.336 ± 0.44 5.5 [0.2–8.7] 0.5

Boys (42%) 1.356 ± 0.64

BMI percentile > 85th (55%) 1.735 ± 0.14 3.9 [0.12–8.97] 0.6

≤ 85th 10 (45%) 1.04 ± 0.24

Neurological complications Detected (24%) 2.13 ± 0.60 9.9 [10.2–13.3] 0.04*

Not detected (76%) 1.29 ± .002

Risk groups High risk (45%) 2.931 ± 0.60 6.1 [10.2–13.3] 0.01*

Standard risk (55%) 1. 690 ± 0.11

Age at diagnosis > 10 years (60%) 2.28 ± 0.06 5.9 [13.9–14.67] 0.01*

≤ 10 years (40%) 1.06 ± 0.44

COLIA1 (alleles) T (35%) 2.645 ± 0.91 5.5 [11.9–22.1] 0. 03*

G (65%) 0.947 ± 0.13

BMDLS bone mineral density of lumbar spine, BMI body mass index, COLIA1 collagen type 1 alpha gene

Table 7 Logistic regression analysis of different risk factors
affecting bone mineral density of lumbar spine (BMDLS) in acute
lymphoblastic leukemia patients after 3 years (the second
assessment)

OR [95% CI] p value

COLIA1 (T alleles) 2.6 [9.8–13.6] 0.001*

Neurological complications 4.5 [12.3–13.1] 0.05

Age at diagnosis 6.5 [10.5–13.2] 0.05

COLIA1 collagen type 1 alpha gene
*The most significant
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