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Abstract

This study describes skeletal, neuromuscular and fitness impairments among 109 children (median 

age 10 (range 4–18) years, 65.1% male, 63.3% white) with acute lymphoblastic leukemia (ALL), 

enrolled on a physical activity trial from 2009 to 2013. Outcomes were measured 7-10 days after 

diagnosis and compared to age- and sex-specific expected values. Associations between function 

and HRQL were evaluated with logistic regression. Children low values for BMD z-scores/height 

(mean±standard error: −0.53±0.16 vs. 0.00±0.14, p <0.01), body mass index percentile (57.6±3.15 

vs. 50.0±3.27%, p=0.02), quadriceps strength (201.9±8.3 vs. 236.1±5.4 Newtons, p<0.01), six 

minute walk distance (385.0±13.1 vs. 628.2±7.1 meters, p < 0.001), and Bruininks-Oseretsky Test 

of Motor Proficiency (23±2.5 vs. 50±3.4%, p < 0.001). Quadriceps weakness was associated with 

a 20.9-fold (95% CI 2.5–173.3) increase in poor physical HRQL. Children with newly diagnosed 

ALL have weakness and poor endurance and may benefit from early rehabilitation that includes 

strengthening and aerobic conditioning.
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INTRODUCTION

Children with acute lymphoblastic leukemia (ALL) are at risk for skeletal, neuromuscular 

and cardiopulmonary impairments that interfere with physical function. Low bone mineral 

density [1–5], loss of lean muscle mass [6,7], motor neuropathy [8–10], muscle weakness 

[7] and impaired fitness [11–15] are possible during and after therapy, and have been 

attributed to both leukemia and its treatment. Even though correlations between acute 

impairment and long-term functional loss have not been evaluated, early initiation of 

exercise or physical activity interventions have been proposed to restore function or to 

prevent impairments for children with newly diagnosed ALL [1,16–18].

Individual differences in bone density, lean muscle mass, neuromuscular function and 

fitness are likely at diagnosis among children with ALL. Knowledge of the prevalence and 

magnitude of common problems at diagnosis will inform the development of 

comprehensive, modifiable interventions that can be tailored to meet the individual 

rehabilitation needs of these children.

This study evaluates skeletal health, body composition, neuromuscular function, general 

fitness and self- and parent-reported health-related quality of life (HRQL) among children 

newly diagnosed with ALL and compares the results with age-, sex- and race-expected 

normative values. In addition, associations between physical function measures and self- and 

parent-reported HRQL are reported.

METHODS

Study Population

Participants eligible for these analyses were children with newly diagnosed ALL who 

enrolled in and completed baseline physical performance testing for a single blind, 

randomized, intervention trial (Physical Activity to Modify Sequelae and Quality of Life in 

Childhood Acute Lymphoblastic Leukemia - NCT00902213) at St. Jude Children's Research 

Hospital, the Hospital for Sick Children, MD Anderson Cancer Center, or Children's 

Healthcare of Atlanta. The trial was designed to evaluate the impact of an autonomy-

supportive behavioral intervention, combined with a standard but individually tailored set of 

seven physical therapy exercises, on bone health, physical function and HRQL. Children 

eligible for this study were diagnosed with B- or T-cell ALL between 4 and 18 years of age, 

were within 7-10 days of initiation of chemotherapy for ALL, and had at least one parent 18 

years of age or older. Children with diagnoses of cerebral palsy or Down syndrome, 

previous malignant neoplasms, chromosome breakage syndromes or severe congenital 

immunodeficiency were not eligible. Study processes and documents were approved by 

institutional review boards. Parent consent and child assent, as appropriate, were obtained 

prior to enrollment.
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Measures

We selected bone and body composition, physical function and self- or parent-report HRQL 

measures that were documented as valid and reliable among children 4 to 18 years of age.

Bone mineral density (BMD)—Dual X-ray absorptiometry (DXA) was used to 

determine BMD in grams per centimeter squared (g/cm2) anteriorly in the first four lumbar 

vertebrae (L1-L4), the most common fracture site among children with newly diagnosed 

ALL [19], with either a GE Lunar Prodigya or Hologic 1000Wb DXA scanner. Calibration 

and quality control for comparability of data were conducted by BioClinica Technologiesc 

with their own spine phantoms to assure site calibration and quality control between the two 

different manufacturers and models of equipment [20–24]. Height adjusted age-, race - and 

sex-specific Z-scores [25] of L1-L4 lumbar vertebrae were used for analysis and are 

reported separately by machine type.

Body mass index (BMI)—Weight in kilograms (kg) and height in centimeters (cm) 

without shoes were measured on an electric scaled and a stadiometer,d respectively. Weight 

in kg was divided by height in meters (m) squared to determine BMI values, which were 

converted to age- and sex-specific percentiles using data from the Centers for Disease 

Control and Prevention growth charts [26].

Ankle range of motion—Active and passive ankle dorsi- and plantar-flexion range of 

motion were measured with a Baseline® 360° goniometere in degrees; the child was 

assessed in a sitting position with the hip and knee in approximately 90 degrees of flexion. 

Measurements for children with ALL have intra-rater and inter-rater reliability, and intra-

class correlation coefficients of 0.97 and 0.84, respectively [27], Each motion was measured 

twice and the maximum used for analysis comparing participants to age- and sex- specific 

reference values [28].

Lower extremity strength—Hand-Held Myometry (Chatillion-Ametek DFE Series IIf) 

was used to measure isometric ankle (distal lower extremity) dorsiflexion and knee 

extension (proximal lower extremity) strength. For both muscle groups, children were in a 

sitting position with the spine, hips and contralateral thigh stabilized. For knee extension, the 

feet were off the floor and the examiner applied force on the anterior lower leg 5–8 cm 

above the malleoli until the child could no longer hold the contraction (“break test”). For 

dorsiflexion, the child's heel was in contact with the floor and force was applied over the 

dorsum of the foot, again until the child could no longer sustain the muscle contraction. 

Among children as young as age four years and as old as age 17 years, these strength 

measures have intra-rater and inter-rater reliability and intra-class correlation coefficients 

ranging from 0.92–0.99 and 0.85–0.97, respectively.[27] Each test was repeated twice on 

aGE Healthcare Lunar, P.O. Box 7550, Madison, WI 53707
bHologic Inc., 35 Crosby Drive, Bedford, MA 01730
cBioClinica Technologies, 826 Newtown-Yardley Rd, Newtown, PA 18940
dScale-Tronix, 200 East Post Road, White Plains, NY 10601
eAliMed, 287 High Street, Dedham, MA 01026
fChatillon Ametek Test & Calibration Instruments, 8600 Comerset Drive, Largo, FL 33773
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each lower limb and the peak force was used in analyses comparing participants to age- and 

sex-specific reference values [29].

Grip strength—Bilateral grip (distal arm) strength in kilograms was evaluated with a 

Jamar® hand held dynamometer.g The child was assessed in a sitting position, with the 

shoulder in neutral, the elbow flexed and the forearm midway between pronation and 

supination. The ranges of intra- and inter-rater reliability for grip strength are 0.92–0.97 and 

0.80–0.95, respectively [30–32]. Two measurements were taken for each hand and the peak 

used in analysis comparing participants to age- and sex-specific reference values [32].

Motor development—The Bruininks-Oseretsky Test of Motor Proficiency Version 2 

Short Form (BOT2-SF)h total motor composite was used to characterize overall motor 

function. This norm-referenced instrument is designed for children and adolescents 4–21 

years of age. The composite score describes overall motor abilities and includes fine motor 

control, manual coordination, body coordination, strength and agility. Internal consistency 

reliability coefficients for the BOT-2 total motor composite are 0.95, 0.95 and 0.96 for 4–7, 

8–11, and 12–21 year olds, respectively. Test-retest reliability correlation coefficients are 

0.83, 0.82, and 0.77 for the three age groups. Inter-rater reliability is extremely high with an 

overall correlation of 0.98. The items on the BOT-2 were administered and scored according 

to the standardized procedures in the manual. Age-specific percentile ranks were used for 

analysis [33].

Fitness—The modified Six Minute Walk Test was used to measure cardio-respiratory 

fitness [34]. Since it is self-paced, this test represents fitness for usual daily activities. The 

child was instructed to walk as far as possible in a 6-minute time period (not running or 

jogging) along the 40 meter course. Children were allowed to stop, slow down, and rest 

against the wall during the test if necessary. Encouragement was given in 1-minute intervals. 

Rate of perceived exertion was recorded at 0, 2, 4, and 6 minutes, and after several minutes 

of recovery. Distances walked in six minutes were compared to age- and sex-specific 

reference data provided by Geiger [34].

Health-related quality of life—The Child Health Questionnaire in parallel parent (CHQ-

PF50) and child (CHQ-CF44) formsi was used to measure HRQL. This instrument has 

reliability coefficients for parent-report subscales ranging from 0.70–0.93 and for child-

report subscales ranging from 0.59–0.95. Lower alpha values reflect the small number of 

items on some scales. Comparison of a pediatric oncology population with healthy children 

on the parallel parent and child CHQ outcomes demonstrate significant parent-child 

correlation for all the CHQ scales, with correlation being greater in the cancer group than in 

controls [35]. Scores on this instrument were converted to age-specific T-scores for analysis 

[36].

gPatterson Medical Holdings, 1000 Remington Boulevard, Sutie 210, Bolingbrook, IL 60440
hPearson, 19500 Bulverde Road, San Antonio, TX 78259
iHealthActCHQ, 800 Boylston Street, 16th Floor, Boston, MA 02199
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Statistical Methods

Means and standard deviations, frequencies and percentages were calculated to describe the 

demographics and the outcome measures in the study population. Mean values on measures 

of bone density and body composition, physical performance, and HRQL were compared 

between survivors and age- and sex-specific expected values with one sample t-tests. 

Associations between HRQL (physical function and family activities) and measures of 

physical performance (ankle dorsiflexion range of motion, ankle dorsiflexion strength, knee 

extension strength, handgrip strength, fitness) were evaluated in multivariable logistic 

regression models adjusted for sex, age and race. Each multivariable model evaluated the 

impact of one measure of physical performance. All analyses were completed using SAS 

version 9.2.j

Role of the Funding Sources

The funding sources had no role in the study design; in the collection, analysis and 

interpretation of the data; in the writing of the report; or in the decision to submit the paper 

for publication.

RESULTS

Study Population

Between 2009 and 2013, 211 (46%) of 459 children with newly diagnosed ALL at the four 

participating institutions were eligible for this study. Participants for these analyses included 

109 children who completed baseline testing. Non-participants included 89 who declined 

participation and 13 who withdrew prior to baseline testing (Figure 1). The primary reasons 

cited for study refusal were feeling overwhelmed and having inadequate time to complete 

study activities. Participants did not differ from non-participants by age or sex, but were 

slightly less likely to be white than non-participants (Table I). Participants had a median age 

of 10 (range 4–18) years at diagnosis. Nearly two-thirds (65.1%) were male and 63.3% were 

white.

Bone Density and Body Composition

Mean values for bone density, anthropometric and physical performance measures among 

study participants are shown in Table II along with age-, race- and sex-specific expected 

values for each measure of performance and the percentage of patients whose values or 

scores were at least 1.5 and two standard deviations below their age-and sex- expected 

means. Based on a standard normal distribution, population expected percentages of persons 

with values below these standard deviations for each outcome are 6.7% and 2.3% 

respectively. A higher than expected percentage of children with newly diagnosed ALL had 

low lumbar bone mineral density values at diagnosis (p=0.01 at sites 1 and 3, p <0.001 at 

sites 2 and 4). BMI in the study population was slightly higher than the expected value 

(p=0.02). None of the children had BMI values less than two standard deviations below the 

expected mean value.

jSAS Institute Inc., 100 SAS Campus Drive, Cary, NC 27513
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Range of Motion and Strength

On average, active ankle dorsiflexion range of motion and isometric strength were within 

normal limits. However, patients had significantly less passive ankle dorsiflexion (p=0.03), 

less knee extension strength (p<0.01), and less handgrip strength than expected values.

Motor Performance and Fitness

Average performance on the Bruninks-Oseretsky Test of Motor Proficiency Short Form, 

Version 2.0 (BOT2-SF) was in the twenty-third (±25) percentile (p<0.001). The average 

distance walked in six minutes was 385.0±13.1 meters, significantly less than the expected 

distance of 628.2±7.1 meters (p<0.001).

Health-Related Quality of Life

Parent and child reported HRQL values are reported in Table III. Scores on every subscale 

except for the parent-reported behavior subscale were significantly lower than expected. 

Physical functioning, role emotional/behavioral, role physical, bodily pain, and family 

activities subscale scores were more than two standard deviations below the mean for over 

30% of the children when children's HRQL was reported by parents. Physical functioning 

and family activities were the only subscales with scores more than two standard deviations 

below the mean for more than 30% of children when HRQL was reported by the children 

themselves.

Strength, Motor Performance and HRQL

In multivariable logistic regression analysis (Table IV), impaired knee extension was 

associated with child report of poor HRQL on the physical function subscale and with parent 

report of poor HRQL on the family activities subscale.

DISCUSSION

The results of our analysis uniquely characterize bone mineral density, body composition, 

motor performance and HRQL soon after a diagnosis of childhood ALL, just after initiation 

of a multi-agent chemotherapy regimen. It appears that distal muscle strength, albeit often 

cited as a common concern for children during and after treatment for ALL is, on average, 

not initially impaired. However, low bone mineral density, increased body mass, proximal 

muscle weakness, poor overall motor performance and low endurance are problematic for a 

significant number of these children. This indicates that children with newly diagnosed ALL 

either present with obesity or have early weight gain, and that low bone mineral density, 

weakness and poor fitness are prevalent, perhaps related to the disease process, illness 

related deconditioning, or to initial treatment with glucocorticoids during induction therapy. 

These physical impairments, particularly muscle weakness, are associated with early reports 

of poor quality of life, both among parents and among the children themselves.

The results of our bone density evaluation in children with ALL are similar to those 

previously reported. Other studies have indicated that low bone mineral density is prevalent 

in this population at diagnosis [37–41]. A recent report from the Canadian Steroid-

Associated Osteoporosis in the Pediatric Population research program reported a mean 
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height adjusted lumbar BMD Z-score of −1.2±1.3 among 186 children newly diagnosed 

with ALL (median age 5.3 years, 108 male) [42]. Our average BMD values (−0.45 and 

−0.60) were slightly higher. There are several possible reasons for this higher average value. 

First, our study population was evaluated for BMD very soon after diagnosis (7-10 days). 

Others who have reported low BMD at diagnosis in children with ALL included values from 

DXA scans completed up to 30 days after initiation of chemotherapy [42]. Previous reports 

indicate that vitamin D metabolism and bone turnover impairments, present at diagnosis 

among children with ALL, are further escalated during induction therapy [43]. Second, 

consistent with two recent reports [44,45], our population had slightly higher than expected 

BMI values when compared to age- and sex-referenced normative data. While previous 

research indicates a positive correlation between body weight and BMD in children [46], it 

also indicates that obese children have lower levels of 25-hydroxyvitamin D than non-obese 

children [47], with the potential to compound the adverse effects of treatment for ALL on 

bone during the course of curative therapy Our findings indicate that early interventions 

designed to both prevent bone loss and preserve muscle mass are important for children with 

newly diagnosed ALL.

Interestingly, reduced hand grip strength, active range of motion and ankle muscle weakness 

were not highly prevalent among children with ALL at diagnosis, indicating that these 

problems have later onset and are, as previously documented, associated with administration 

of chemotherapy agents, such as vincristine and intrathecal methotrexate, that are neurotoxic 

[48]. Documentation of the trajectory of development of these neuromuscular problems 

during treatment will be important so the timing of appropriate interventions can be 

determined. Like BMD deficits, distal range of motion and strength impairments may be 

amenable to preventive strategies.

Our data documenting higher than expected BMI at diagnosis in children with ALL is 

supported by a recent study by Tan et al [49]. These investigators examined anthropometrics 

among 53 children (ages 3–12, 31 males) with newly diagnosed ALL and acute myeloid 

leukemia and compared them to healthy controls. Children with acute leukemia were more 

likely to be overweight than controls. Another report by Chow et al [50] reported higher 

than expected BMI among 165 children (median age 4.6 years, 94 males) with newly 

diagnosed ALL (BMI Z-score 0.24±1.24). Obesity and initial weight gain are concerning in 

this patient population as higher BMI levels are associated with decreased insulin sensitivity 

and increased beta-cell function [51], and if enduring, with inferior prognosis [52]. 

Childhood ALL survivors are at elevated risk for insulin resistance [53–56]. Our results 

indicate that the risk for this outcome may be pre-existing or begin very early in the disease 

and treatment process. Nutrition and physical activity discussions, counseling and 

interventions should be initiated early rather than later in the course of treatment to have the 

greatest impact.

Impairments of passive ankle range of motion, proximal muscle strength, motor 

performance and overall fitness appear to be present at diagnosis in children with ALL. Joint 

stiffness, muscular weakness and associated fatigue may be due to either the disease process 

or related to the initial administration of glucocorticoids in this patient population. Rayar 

and colleagues [57] recently reported that lean muscle mass is reduced at diagnosis in this 
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patient population, and that mass declines over the course of therapy. Others have reported 

paraneoplastic myopathy as a presenting symptom of ALL [58], and knee extension strength 

deficits and poor performance early during therapy [59]. The leukemic process induces 

muscular atrophy in mouse models which is associated with abnormal protein synthesis, 

protein breakdown and potentially with inflammation [60]. Glucocorticoid administration is 

also associated with muscle wasting [61], compounding the insult conferred initially by the 

disease process. Because early deficits in proximal strength is associated with both parent 

and child reports of poor HRQL, interventions designed to minimize loss of muscle mass 

and preserve strength have promise to improve function in daily life for these children 

whose therapy spans two to three years during important developmental periods.

Our study results should be considered in the context of some potential study limitations. 

Not every child who was eligible for our study elected to enroll. Even though our study 

participants did not differ from non-participants by age or sex, it is possible that children 

who were sicker or who had more severe musculoskeletal symptoms at presentation of their 

disease elected not to participate. This would result in an underestimation of the degree and 

magnitude of musculoskeletal problems at diagnosis in this patient population. However, 

results from a sensitivity analysis evaluating the impact of deviations from observed 

proportions among non-participants (from 50% fewer to 50% more) on percentage estimates 

for the most extreme outcome category (two standard deviations below expected) for each 

measure indicate biases ranging from a low of ±1.0% for BMD to a high of ±16.4% for six 

minute walk distances. Additionally, children younger than age 4 years were not eligible for 

our study. Our results are not generalizable to the youngest children with newly diagnosed 

ALL.

Nevertheless, the results of our study indicate that children ages 4 to 18 years of age with 

ALL have bone density, body composition, strength and fitness deficits at diagnosis that 

adversely impact HRQL. Interventions for these deficits initiated early during the course of 

treatment for ALL need to be tested, and should include muscle strengthening and fitness 

components to address presenting skeletal and motor impairments.
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Figure 1. 
Consort diagram
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Table I

Characteristics of the study participants and non-participants

Participants (N=109) Nonparticipants (N=102)

Frequency % Frequency % p-value*

Age

 4–9 years 53 48.6 53 52.0 0.89

 10–14 years 38 34.9 33 32.4

 15–18 years 18 16.5 16 15.7

Sex 0.13

 Male 71 65.1 56 54.9

 Female 38 34.9 46 45.1

Race 0.02

 White-non Hispanic 69 63.3 77 76.2

 Black-non Hispanic 16 14.7 16 15.8

 Other 24 22.0 8 7.9

Mother's educational attainment

 < High school 14 12.8

 High school graduate 39 35.8

 College graduate 51 46.8

 Not reported 5 4.6

*
From Chi-square statistic
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Table II

Mean (standard deviation) values for bone density, body mass index, and motor performance, and percentage 

with scores < −1.5 and < −2.0 standard deviations among children with newly diagnosed ALL

Measure Children with ALL 
(N=109)

Age- and sex-specific 
expected value

< −1.5 SD < −2.0 SD

Mean SE of Mean Mean SE of Mean p-value % [95% CI] % [95% CI]

BMDL1-L4(g/cm2)*

Site 1 and 3
−0.45 0.17 0.00 0.14 0.01 19.0 [8.6–34.1] 11.9 [4.0–25.6]

Site 2 and 4 −0.60 0.16 0.00 0.15 <0.001 18.6 [8.4–33.4] 14.0 [5.3–27.9]

BMI percentile 57.6 3.15 50.0 3.27 0.02 0.0 [0.0–3.3] 0.0 [0.0–3.3]

Active ankle 
dorsiflexion (°)

 Right 13.6 0.7 13.0 0.5 0.47 13.9 [8–21.9] 7.4 [3.3–14.1]

 Left 12.2 0.8 13.0 0.5 0.33 19.4 [12.5–28.2] 8.3 [3.9–15.2]

 Both 12.9 0.7 13.0 0.5 0.88 14.8 [8.7–22.9] 8.3 [3.9–15.2]

Passive ankle 
dorsiflexion (°)

 Right 18.6 0.8 19.7 0.6 0.18 10.3 [5.2–17.7] 5.6 [2.1–11.8]

 Left 17.3 0.8 19.7 0.6 0.01 17.8 [11–26.3] 11.2 [5.9–18.8]

 Both 18.0 0.8 19.7 0.6 0.03 13.1 [7.3–21] 8.4 [3.9–15.4]

Knee extension strength 
(N)

 Right 205.1 8.4 236.1 5.4 <0.01 36.4 [26.9–46.6] 30.3 [21.5–40.4]

 Left 198.6 8.4 236.1 5.4 <001 43.4 [33.5–53.8] 34.3 [25.1–44.6]

 Both 201.9 8.3 236.1 5.4 <0.01 37.4 [27.9–47.7] 30.3 [21.5–40.4]

Ankle dorsiflexion 
strength (N)

 Right 165.5 7.5 161.2 3.4 0.25 25.3 [17.1–35] 13.1 [7.2–21.4]

 Left 163.1 7.1 161.2 3.4 0.52 19.2 [12–28.3] 14.1 [8–22.6]

 Both 164.3 7.2 161.2 3.4 0.36 22.2 [14.5–31.7] 14.1 [8–22.6]

Hand grip strength (kg)

 Right 17.5 0.8 19.1 0.4 0.01 30.5 [21.9–40.2] 21.0 [13.6–30]

 Left 15.9 0.8 19.1 0.4 <001 38.1 [28.8–48.1] 26.7 [18.5–36.2]

 Both 16.7 0.8 19.1 0.4 <001 35.2 [26.2–45.2] 22.9 [15.2–32.1]

BOTSF-2

 Percentile rank 23.2 2.5 50.0 3.4 <0.01 33.3 [24.3–43.4] 14.7 [8.5–23.1]

Six minute walk 
distance (m)

385.0 13.1 628.2 7.1 <001 89.0 [80.7–94.6] 79.1 [69.3–86.9]

SE=Standard Error, BMD L1-L4=Average bone mineral density of the first through the fourth lumbar vertebrae adjusted for height Z-score, 
BMI=body mass index, SD=Standard Deviation, CI=Confidence Interval, BOTSF-2=Bruininks-Oseretsky Test of Motor Proficiency Short Form 

(version 2.0), g/cm2=grams per centimeter squared, °=degrees, N=Newtons, kg=kilograms, m-meters

*
Expected values also specific to race for BMD
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