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Background: Acute lymphoblastic leukemia (ALL) is the most common pediatric

malignancy, and children with ALL often experience skeletal morbidity such as vertebral

fractures (VF) during and after ALL treatment. Among various treatment-associated

factors that affect growth pattern, the presence of VF might trigger growth impairment.

Objective: This study aimed to investigate the overall VF incidence following childhood

ALL treatment and examined the association of VF with growth.

Methods: Children diagnosedwith ALLwhose treatment was completed between 2 and

15 years of age and who were screened with lateral thoracolumbar spine radiographs

were enrolled. Clinical data, including anthropometric parameters were obtained at

leukemia diagnosis (LD), treatment completion (TC), and 12 months following TC while

VF assessment were obtained at TC and 12 months following TC.

Results: In total, 155 children were included, and height status was decreased,

whereas weight and BMI status were increased throughout three observational points.

VF incidence at TC was 18.7%. Height status were lower in children with VF at LD, TC,

and 12 months following TC, while a greater height decline was observed during the

treatment period. Age and height status at LD and average glucocorticoid (GC) dose

were associated VF incidence at TC. The presence of VF was a significant risk factor of

height decline during the treatment period.

Conclusion: A substantial number of children experienced VF following ALL treatment

completion, and the presence of VF might adversely affect auxological status in

children. VF detection by routine surveillance throughout childhood ALL treatment is

recommended to try to prevent compromised growth.

Keywords: vertebral fracture, osteoporosis, childhood ALL, bonemass density, ALL treatment, auxological profile,

pediatric malignancy
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INTRODUCTION

Acute lymphoblastic leukemia (ALL) is the most common
pediatric malignancy, with improved cure rates owing to an
evolved therapeutic regimen and supportive care. Stratification
and treatment allocations are based on multiple prognostic
factors, including blood count at diagnosis, central nervous
system involvement, immunophenotype, cytogenetic, and
genomic features while minimal residual disease at specified
time point is critical for the response to treatment (1).
The current chemotherapy for ALL includes four phases
of a step-by-step regimen; however, patients stratified as
a high-risk group finally requires peripheral blood stem
cell transplantation (1). ALL in childhood or adolescence
is related to various endocrinopathies after the cessation
of therapy, which may persist for several years (2). Most
importantly, skeletal morbidities due to osteoporosis and
vertebral fractures (VFs) caused by impaired mineralization are
common endocrinologic complications that occur during and
after ALL treatment (3–5).

Children with chronic disease are at risk for developing
bone problem (6, 7). VFs are prominent sequelae of
bone demineralization and osteoporotic change and are
frequently asymptomatic, making them difficult to identify (8).
Increased bone resorption at ALL diagnosis due to osteoclast-
activating cytokines, caused by the leukemic disease and the
prolonged use of osteotoxic drugs, such as glucocorticoids
(GC) and methotrexate, contribute to VF incidence and an
insufficient bone mineral accrual (9, 10). According to the
Canadian Steroid-Associated Osteoporosis in the Pediatric
Population study, a 4-years cumulative incidence of VFs in
ALL children could be as high as 26.4%; therefore, routine
surveillance for VF is critical (8). Additionally, incidental
VF is a risk factor for major height decline in patients
with ALL in the early treatment period, and the number
and severity of VF are directly related to the compromised
height (11).

To date, the growth impairment in ALL has been assumed
to be caused by the direct effect of chemotherapeutic agents
and cranial irradiation dosage. However, there is a lack
of evidence regarding the effect of VF on the long-term
auxological profile of children with ALL. Although factors
leading to compromised adult height or the occurrence
of increased body mass index (BMI) after ALL treatment
need to be elucidated, low bone mineral density (BMD),
followed by VF affecting height and weight parameters,
could be the principal determinant of post-treatment growth
pattern in children with ALL. Therefore, this study aimed to
investigate the overall incidence of VF following childhood
ALL treatment and to examine the association of VF with
growth status.

Abbreviations: ALL, acute lymphoblastic leukemia; VF, vertebral fractures; LD,

leukemia diagnosis; TC, treatment completion; BMD, bone mineral density; BMI,

body mass index; SDS, standard deviation scores; LBM, Low bone mass; GC,

glucocorticoids.

METHODS

Subjects
Enrollment criteria of subjects and reasons for exclusion are
described in Figure 1. Out of 234 children diagnosed with ALL
between 2015 and 2020, finally 155 subjects met the eligibility
criteria: (1) treatment was completed (based on our institutional
protocol) between 2 and 15 years of age and (2) screened
by lateral thoracolumbar (D-L) spine radiography at treatment
completion (TC) and 12 months after TC. Children who received
peripheral blood stem cell transplantation, transferred from other
institution, previously diagnosed with skeletal disease, or expired
in the middle of the treatment period were excluded. This study
was approved by the Institutional Review Board of the Catholic
University of Korea, Seoul St. Mary’s hospital (KC21RISI0051).
The requirement of informed patient consent was waived because
no intervention and further examination was performed.

Risk Stratification and Treatment of All
In accordance with our uniform institution-based protocol, ALL
patients were classified into 4 risk groups of low, standard,
high, and very high risk, based on the clinical features of the
patient, characteristics of the leukemic blast, and treatment
response (12). A key feature of the ALL treatment included
risk group based post-Consolidation therapy, with low and
standard risk patients receiving one course each of Interim
Maintenance and Delayed Intensification, while high and very
high patients received two courses of each phase of therapy
(12). None of the patients received cranial irradiation during
first complete remission. Furthermore, high dose methotrexate
and intrathecal methotrexate were administered every 12
weeks during Maintenance phase, in addition to daily 6-
mercaptopurine, weekly methotrexate, and monthly pulses of
vincristine and steroid (12).

Clinical Data
Baseline characteristics of the patients, including age, sex,
treatment duration, and leukemia classification, were collected.
Anthropometric parameters, including height, weight, and BMI,
were obtained and assessed at following time points: (1) leukemia
diagnosis (LD), (2) TC, and (3) 12 months following TC.
Height was measured to the nearest centimeter using a regularly
calibrated stadiometer (Harpenden Stadiometer, Holtain R©, UK).
Weight was determined using a digital scale (Simple Weighing
Scale, Cas R©, Korea). All anthropometric data were converted
to age- and sex-matched standard deviation scores (SDS), using
the national growth chart (13). An increase or decrease in
height, weight, and BMI, between the assessment points, was
expressed as 1. During the treatment, GC dosing was supervised
by pediatric hemato-oncologists according to the protocol, and
accumulated doses were converted to prednisolone equivalents,
expressed as milligrams per body surface area.

VF Assessment and Lumbar Spine BMD
VF was diagnosed when a reduction in vertebral height was
observed and the reduction was graded, according to the
degree of deformity, as mild (20–25%), moderate (25–40%), or
severe (>40%) reduction in anterior, middle, and/or posterior
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FIGURE 1 | Flow chart of subjects enrolled.

heights relative to the same or an adjacent vertebra. D-L spine
radiography was used as an imaging tool to detect deformity in
13 vertebral bodies (T5 to L5), and radiographs were obtained
at TC and 12 months following TC. The presence of VF was
determined by two pediatric endocrinologists using a modified
Genant semiquantitative technique (14). The final decision,
confirming the presence of a fracture, and thereby resolving any
discrepancies in the analyses of the pediatric endocrinologists,
was made by a pediatric radiologist.

Lumbar spine bone mineral density (LSBMD) assessment was
performed after TC for patients aged >10 years. LSBMD was
measured in the anterior-posterior direction (L1–L4) using dual-
energy X-ray absorptiometry (DXA) (HorizonWDXA system R©,
Hologic Corp. USA). A single radiographer, who was blinded
to the clinical histories of the patients, was in charge of all
BMD measurements. A two-dimensional computation of bone
mineral content (g/cm2) was determined and converted to SDS,
according to age- and sex-matched national normative references
(15). Low bone mass (LBM) was defined as LSBMD SDS ≤−1.0.

Statistics
Statistical analyses included descriptive analysis of all variables,
expressed as either mean ± standard deviation for normally
distributed values or median (interquartile range 25%, 75%)

for non-normally distributed data. The normality of numerical
variables was tested through the Kolmogorov-Smirnov test.
Comparison of clinical characteristics between children with and
without VF was performed via the independent t-test. Univariate
and multivariate binomial logistic regression analyses were used
to determine the potential risk factors presented with odds
ratio (OR) and 95% confidence interval to associate with VF
incidence. Univariate and multivariate linear regression analyses
were used to determine the potential risk factors presented with
beta coefficients (β) and 95% confidence interval to associate with
height decline. All statistical analyses were performed using SPSS
version 24.0 (IBM Corp R©, Armonk, NY, USA).

RESULTS

Baseline Characteristics of Subjects
A total of 155 children with ALL were included in this study
(Table 1). The median age was 5.9 years (3.4, 7.9) at LD and 8.1
years (6.3, 10.8) at TC, with median treatment duration of 2.8
years (2.6, 2.9). The number of patients with precursor B-cell
ALL was 147 (94.8%), while 48 (30.9%) children were stratified
as high-risk and 46 (29.7%) as low-risk patients. None of the
patients received prophylactic cranial irradiation in first complete
remission. The total accumulated GC dose administered until the
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TABLE 1 | Description of the cohort.

Clinical parameters Total (n = 155)

Demographic data at ALL diagnosis

Male, n (%) 91 (58.7)

Age, years, median (IQR 25%, 75%) 5.9 (3.4, 7.9)

Leukemia characteristics

Classification, n (%)

Pre-B-cell 147 (94.8)

T-cell 7 (4.5)

Biphenotype 1 (0.6)

Risk category, n (%)

Low 46 (29.7)

Standard 39 (25.2)

High 48 (30.9)

Very high 22 (14.2)

VF assessment at treatment completion

VF, n (%) 29 (18.7)

Age, years, median (IQR 25%, 75%) 8.1 (6.3, 10.8)

Tanner stage, n (%)

I 93 (60.0)

II 28 (18.1)

III 25 (16.1)

IV 7 (4.5)

V 2 (1.2)

Duration of treatment, years, median (IQR 25%, 75%) 2.8 (2.6, 2.9)

Accumulated GC dose (mg/m2) 7715.93 ± 1548.27

Grading, n (%)

Mild 17 (58.6)

Moderate 12 (41.4)

Vertebral level

Lumbar 19 (65.5)

Thoracic 10 (34.5)

DXA, n (%) 46 (29.7)

LSBMD SDS −0.63 ± 1.01

LBM, n (%) 17 (36.9)

All values are expressed as mean ± standard deviation unless mentioned.

ALL, acute lymphoblastic leukemia; DXA, dual-energy x-ray absorptiometry; GC,

glucocorticoid; IQR, interquartile range; LBM, low bonemass; LSBMD, lumbar spine bone

mineral density; VF, vertebral fractures.

end of treatment was 7715.93 ± 1548.27 mg/m2. All children
after ALL treatment showed decreased height SDS and increased
weight and BMI SDS (Figure 2).

Frequency of VF and LBM
The total number of children with VF at TC was 29 (18.7%), and
these patients had either mild (17 patients; 58.6%) or moderate
(12 patients; 41.4%) deformities. The lumbar vertebrae were
more commonly injured (19 patients; 65.5%), while L3 (six
patients; 20.7%) was found to be the most frequently injured site.
Three children with moderate VF (2 children with T6 and 1 child
with L4 fracture) subsequently showedmild deformity on follow-
up radiographs after 12 months, although this change did not

affect the total number of children with VF. None of the children
had aggravated VF during follow-up.

DXA was performed in 46 (29.7%) children, and 17 (36.9%)
children were found to have LBM. LSBMD SDS was significantly
lower in children with VF than in those without VF (−1.32
± 0.77 and −0.18 ± 0.92, respectively, P < 0.001). Twelve
(70.6%) children with VF had LBM, while a cut-off of−0.42 for
the LSBMD accounted for sensitivity of 66.7% and specificity of
71.4% in regard with VF incidence (area under the curve, 0.84).

Anthropometry of Children With and
Without VF
The height, weight, and BMI of children with VF were compared
with those of children without VF (Table 2). Height SDS was
significantly lower in children with VF than in those without VF
at LD, TC, and 12 months after TC (−0.19± 0.98 vs. 0.23± 0.95,
P = 0.033;−0.59± 0.86 vs. 0.11± 0.89, P < 0.001;−0.54± 0.86
vs. 0.18 ± 0.89, P < 0.001, respectively). BMI SDS was higher in
children with VF compared with those without VF at 12 months
after TC (0.98 ± 1.39 vs. 0.26 ± 1.21, P = 0.006), whereas it
showed no significant difference between the two groups at LD
and TC.

The differences in height, weight, and BMI status during
the treatment period and within 12 months after TC were
compared (Table 2 and Figure 3). A greater decline was observed
in children with VF than in those without VF (−0.40 ± 0.43 and
−0.12 ± 0.63, respectively, P = 0.025). Height status showed no
significant change for 12 months following TC, and it was not
different between children with VF and those without VF (0.06±
0.31 and 0.06± 0.30, respectively, P= 0.863). BMI was increased
over the 12-month period following TC in children with VF and
decreased in children without VF (0.10 ± 0.59 and −0.20 ±

0.64, respectively, P = 0.021) which resulted in weight change in
a similar manner (0.12 ± 0.46 and −0.11 ± 0.48, respectively,
P = 0.018).

Risk Factors Associated With VF and
Height Decline
Binomial logistic regression analyses were performed to
determine the risk factors associated with VF incidence
(Table 3). Univariate analysis was conducted to assess the
following clinical factors: sex, leukemia criteria, risk group, age,
treatment duration, GC dose, Tanner stage, and height and BMI
profiles at each time point with VF incidence. Age at LD [1.21
[1.06 to −1.38] odds ratio OR [95% confidence interval], P =

0.004], treatment duration [5.07 [1.03–24.9], P = 0.046], average
GC dose [1.68 [1.07–2.62], P = 0.024], height SDS at LD [0.61
[0.38–0.97], P = 0.036], and height SDS at TC [0.39 [0.23–0.37],
P < 0.001] were associated with VF incidence. After adjusting for
sex, leukemia criteria, treatment duration, and average GC dose,
age at LD [1.18 [1.03–1.35], P = 0.018] and height SDS at LD
[0.61 [0.38–0.96], P = 0.034] remained significantly associated
with VF incidence in the final multivariate analyses.

Another univariate regression was conducted to test the effect
of VF on height decline during the treatment period (Table 4).
Age at LD [0.07 [0.04–0.10] β [95% confidence interval], P <
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FIGURE 2 | Mean height, weight, and body mass index (BMI) standard deviation scores (SDS) of all children before and after acute lymphoblastic leukemia treatment

are demonstrated. P-values between times point is denoted.

0.001], height SDS at LD [−0.24 [0.15–0.33], P < 0.001], and
the presence of VF [0.28 [0.03–0.52], P = 0.025] were associated
with increase in height decline during the treatment period. After
adjusting for age at LD and heigh SDS at LD, the presence of VF
[0.27 [0.05–0.49], P = 0.016] remained significantly associated
with increase in height decline in the final multivariate analyses.

DISCUSSION

According to our findings, the overall VF incidence after
childhood ALL treatment was 18.7%, which was a substantial
proportion in this particular population. Out of various medical
conditions causing secondary osteoporosis, our findings have
underscored when VF have occurred in children undergoing
ALL treatment, children with VF could compromised height,
as well as greater height decline, than those without VF at the
end of therapy. Older age of ALL diagnosis, greater dosage
of GC, and lower height status contributed to the presence
of VF. VF incidence was lower, while VF triggering age was
older in our study compared to a former Canadian study
(8). Although our study was conducted in similar age group,
factors including ethnicity, discrepancy in treatment and follow
up scheme could have affected the outcome. Compared to
younger children with smaller skeletal dimension, more rapid
and severe osteotoxic effect of using higher GC dosage might
have contributed to higher VF incidence. Although both physical
and mental recovery after TC in childhood ALL survivors remain
as much a challenge as relapse-free survival, skeletal recovery
is also implicated, as indicated by enhanced BMD accrual or
healed fractures. Because the risk factors associated with VF
incidence in the present study mostly cannot be manipulated,
VF detection by routine surveillance throughout childhood ALL
treatment, along with early intervention is recommended to
prevent compromised growth.

Non-traumatic VF is a common skeletal manifestation in
children with ALL that can occur at any time during the
course of the disease, from the point of diagnosis to long
periods following treatment (16). The rate of VF occurrence in
children with ALL is increased more than 2000 times that in the
general population (17). Therefore, routine vertebral assessment
is critical, since moderate or even severe VF might develop
asymptomatically. Cytokines released by leukemic cells during
the leukemic process cause osteoclast-mediated bone resorption,
and GC (prednisolone and dexamethasone), the mainstay drug
for ALL treatment, exerts a strong altering effect on bone
remodeling by the loss of bone volume during ALL treatment (16,
18). Our results also indicate that VF incidence is associated with
the treatment duration and accumulated GC dose. Since these
treatment-associated factors are standard, physicians should
focus more on routine VF surveillance, followed by provision of
appropriate nutritional support and physical exercise throughout
the course of ALL treatment tominimize the risk of VF incidence.

Reduction in linear growth is a common complication of ALL
treatment. Patients enrolled in the Canadian STeroid-Associated
Osteoporosis in the Pediatric Population study showed 0.50
± 0.40 and 0.40 ± 0.40 reductions in baseline height SDS
in the first 6 and 12 months for boys and girls, respectively,
followed by subsequent recovery. The accumulated daily GC
dose played a major role in the observed height decline (11).
Consistent with previous results, children with VF in our study
demonstrated greater height decline during the treatment period
and the presence of VF was a triggering factor of height
decline. Hence, the presence of VF may be a major indicator
of height loss. Because of the continuous bone growth in
children, reduced height growth induced by VF could impair
the elongation of growth and puberty and the attainment of
peak bone mass (19). According to Suenobu et al., the critical
point of reduced height velocity was during the interval between

Frontiers in Pediatrics | www.frontiersin.org 5 June 2021 | Volume 9 | Article 686128

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Ahn et al. Vertebral Fractures in ALL Children

TABLE 2 | Anthropometric profiles of ALL patients according to follow-up points at leukemia diagnosis, treatment completion, and 12 months after treatment completion

with respect to the presence of VF.

With VF

(n = 29)

Without VF

(n = 126)

P

At leukemia diagnosis −0.19 ± 0.98 0.23 ± 0.95

Height SDS −0.15 ± 1.09 0.03 ± 0.95 0.033*

Weight SDS −0.09 ± 1.10 −0.16 ± 1.03 0.399

BMI SDS 0.72

Between leukemia diagnosis and treatment completion −0.40 ± 0.43 −0.12 ± 0.63

1Height SDS 0.53 ± 1.02 0.37 ± 0.81 0.025*

1Weight SDS 0.96 ± 1.35 0.63 ± 1.15 0.37

1BMI SDS 0.172

At treatment completion −0.59 ± 0.86 0.11 ± 0.89

Height SDS 0.39 ± 1.23 0.40 ± 1.06 <0.001*

Weight SDS 0.87 ± 1.46 0.46 ± 1.19 0.955

BMI SDS 0.11

Between treatment completion and 12 months after treatment completion 0.06 ± 0.31 0.06 ± 0.30

1Height SDS 0.12 ± 0.46 −0.11 ± 0.48 0.863

1Weight SDS 0.10 ± 0.59 −0.20 ± 0.64 0.018*

1BMI SDS 0.021*

At 12 months after treatment completion −0.54 ± 0.86 0.18 ± 0.89

Height SDS 0.51 ± 1.14 0.29 ± 1.09 <0.001*

Weight SDS 0.98 ± 1.39 0.26 ± 1.21 0.327

BMI SDS 0.006*

All values are expressed as mean ± standard deviation.

ALL, acute lymphoblastic leukemia; BMI, body mass index; VF, vertebral fracture; SDS, standard deviation score.

*P < 0.05.

Bold values are indicated for P < 0.05 (statistically significant). Italic values are indicated for all P-values.

pretreatment and maintenance therapy, while height recovery
was detected from the beginning of maintenance therapy until
the end of treatment (20). As demonstrated in our study,
further height decline was not observed after TC in both
patient groups.

BMI was increased in children after ALL treatment and
further increased in children with VF, while it decreased in
those without VF at 12 months after TC. Increase in BMI was
more prominent in children with VF than in those without
VF during the 12-months period after TC. Given the lower
degree of change in weight compared with height, BMI was
relatively increased in children with VF during the treatment
period. Factors such as nutritional deficiencies and immobility
during the treatment period are considered possible causes of
the weight and height reduction in children with VF. Weight
gain is a worrisome late effect in childhood ALL survivors,
which usually starts soon after the commencement of therapy,
and is a common problem that is associated with the risks of
cardiovascular and metabolic comorbidities (21). Based on the
findings from this study, in children with VF, early prevention is
recommended not to end up being overweight or obese, which
would eventually reduce the risk of developing obesity-related
metabolic conditions.

The clinical definition of osteoporosis in children includes
under-mineralized bone, increased bone fragility with associated
changes in bone microarchitecture, and increased risk of fracture

(22). Recent guidelines proposed by the International Society
for Clinical Densitometry suggest that pediatric osteoporosis
is defined as follows: (1) one or more VFs in the absence
of local disease or high-energy trauma or (2) a clinically
significant fracture history (two or more long bone fractures
by age 10 years or three or more long bone fractures at
any age up to 19 years) and BMD (spine or total body less
head preferred) SDS ≤ −2.0 (23). DXA values are preferred,
but they do not provide a definite indication because the
diagnosis of pediatric osteoporosis does not solely depend
on densitometric criteria. Moreover, DXA scans appear to
have limitations such as lack of robust reference databases
for younger children, lack of clinical outcome related to
densitometric measurements, and inaccuracies in measurement
due to changes in body size and composition associated with
growth (24). Since measuring BMD in younger children is
challenging by using DXA, detection of VF should prioritize
bone mass measurement, and D-L spine radiograph appears
as an easier option for VF assessment. None of the children
with VF complained of any signs of bone pain. Children
with VF might be overlooked from among those with normal
lumbar BMD values; therefore, spine radiographs and DXA
scans should be performed concurrently to compensate each
other for a reasonable interpretation of pediatric osteoporosis.
Considering the VF incidence, skeletal assessment by D-L spine
radiographs and DXA scans along with growth assessment are
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FIGURE 3 | Difference (1) in height standard deviation scores (SDS) (A) during the treatment period and (B) within 12 months after treatment completion and

difference in body mass index (BMI) SDS (C) during the treatment period and (D) within 12 months after treatment completion are described. Children with vertebral

fractures (VF) are shown in gray boxes and those without VF in white boxes. The horizontal black lines within the box indicate the mean. Three asterisks indicate for P

< 0.05.

needed in children at pre- and post-treatment in order to
determine the bone health status and investigate any treatment
induced skeletal defect, and the surveillance might be necessary
in the middle of the treatment, especially for those who
have shown height decline. Early detection of VF could lead
to early intervention of calcium and vitamin D as well as
early administration of bisphosphonate which would possibly
reduce further risk of fracture. The VF occurrence could also
influence uncritical modification or even significant reduction of
glucocorticoid dosage.

Although this study investigated the auxological profiles of
children with ALL from the time of ALL diagnosis up to 4 years
after treatment initiation, our findings should be interpreted
with caution. First, D-L spine radiographs were not performed
in children at LD. The radiographs could have enabled the
exclusion of patients with pre-existing VF or other primary
skeletal diseases. Second, the present data are observational, and
the cohort size is small, which made comparisons in patient
characteristics statistically infeasible. Note that the significant
associations and suggested risk factors are not representative of a

larger childhood ALL population. Also, the study did not include
patients who relapsed or died prior to treatment completion.
Patients with such early events most likely had higher risk ALL,
and the exclusion of these patients may have had an impact on the
overall incidence of VF. Third, although Genant semiquantitative
assessment is an uncomplicated diagnostic tool for VF, visual
disturbance or radiographic artifacts caused by lung parenchymal
disease or patient movement during image acquisition may
have been present, leading to over- or underdiagnosis of VF.
Lastly, BMDmeasurements were performed in a limited number
of children; thus, we were incapable of performing statistical
analyses since the age- and sex-specific BMD normative data
were obtained from a population of Korean children aged
>10 years.

In conclusion, a substantial number of children experience
asymptomatic VF after the completion of ALL treatment. Older
age and lower height status at LD are potentially associated with
VF incidence. Moreover, VF might adversely affect auxological
status in childhood. Routine VF surveillance at pre- and post-
treatment, is critical for the prevention of future VF incidence.
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TABLE 3 | Univariate and multivariate regression analyses of factors associated with the vertebral fracture incidence during the treatment period.

Risk factors Univariate Multivariate

OR (95% CI) SE P-value OR (95% CI) SE P-value

Sex NS

Leukemia criteria NS

Risk group NS

Age at leukemia diagnosis 1.21 (1.06–1.38) 0.07 0.004* 1.18 (1.03–1.35) 0.24 0.018*

Treatment duration 5.07 (1.03–24.9) 0.81 0.046*

Average GC dose 1.68 (1.07–2.62) 0.23 0.024*

Tanner stage at treatment completion NS

Height SDS at leukemia diagnosis 0.61 (0.38–0.97) 0.24 0.036 0.61 (0.38–0.96) 0.24 0.034*

BMI SDS at leukemia diagnosis NS

Height SDS at treatment completion 0.39 (0.23–0.67) 0.27 <0.001*

BMI SDS at treatment completion NS

BMI, body mass index; CI, confidence interval; GC, glucocorticoid; NS, not significant; OR, odds ratio; SDS, standard deviation score; SE, standard error.

*P < 0.05.

Bold values are indicated for P < 0.05 (statistically significant). Italic values are indicated for all P-values.

TABLE 4 | Univariate and multivariate regression analyses of factors associated with height decline during the treatment period.

Risk factors Univariate Multivariate

β (95% CI) SE P-value β (95% CI) SE P-value

Sex NS

Leukemia NS

Risk group NS

Age at leukemia diagnosis 0.07 (0.04–0.10) 0.02 <0.001*

Treatment duration NS

Average GC dose NS

Tanner stage at treatment completion NS

Height SDS at leukemia diagnosis −0.24 (0.15–0.33) 0.05 <0.001*

BMI SDS at leukemia diagnosis NS

Height SDS at treatment completion NS

BMI SDS at treatment completion NS

VF 0.28 (0.03–0.52) 0.12 0.025 0.27 (0.05–0.49) 0.11 0.016*

β, beta coefficient; CI, confidence interval; NS, not significant; OR, odds ratio; SDS, standard deviation score; SE, standard error; VF, vertebral fractures.

*P < 0.05.

Bold values are indicated for P < 0.05 (statistically significant). Italic values are indicated for all P-values.

Further long-term studies involving a large-scale cohort are
needed to clarify the effect of VF on growth.
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