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A B S T R A C T

Purpose
To measure longitudinal changes in body mass and composition in survivors of childhood
hematologic malignancies after allogeneic hematopoietic stem-cell transplantation (HSCT).

Patients and Methods
Body mass index (BMI) was analyzed in 179 survivors by category (underweight, healthy-weight,
overweight, and obese) and by z score. Fat and lean body mass measured by dual-energy x-ray
absorptiometry was analyzed as z scores.

Results
Over a median 6.6 years of follow-up, BMI z scores diminished significantly (0.32 pre-HSCT v
�0.60 at 10 years post-HSCT; P � .001). Mean z scores for fat mass stayed within population
norms, but those for lean mass remained below normal levels and diminished significantly over
time (P � .018). Pre-HSCT BMI category and/or z score were strongly predictive of post-HSCT BMI
(P � .001) and of fat and lean mass z scores (both P � .001). Survivors with extensive chronic
graft-versus-host disease were more likely than others to have low BMI (P � .004) and low lean mass
(P � .001) post-HSCT. Older age at HSCT (P � .015) and T-cell–depleted graft (P � .018) were
predictive of lower post-HSCT BMI. Female patients had higher body fat (P � .002) and lower lean
mass (P � .013) z scores than male patients, and black patients had higher fat mass z scores than
white patients (P � .026).

Conclusion
BMI declines significantly after allogeneic HSCT for childhood hematologic malignancies, reflect-
ing primarily a substantial decrease in lean mass but not fat mass. Monitoring and preservation of
BMI and lean mass are vital, especially in those with the identified risk factors.

J Clin Oncol 30:3991-3997. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Allogeneic hematopoietic stem-cell transplantation
(alloHSCT) offers an effective treatment for a variety
of diseases, both malignant and nonmalignant.1 Its
success has led to an increasing number of long-term
survivors of pediatric diseases.2 Because developing
childrenareparticularlysusceptible totransplantation-
related toxicities, the long-term consequences of al-
loHSCT are of increasing interest.3-7 Recent studies
showed that survivors of childhood hematologic ma-
lignancies who have undergone hematopoietic
stem-cell transplantation (HSCT) have greater mor-
bidity than not only noncancer populations but also
survivors who have undergone conventional chem-
otherapy only.7,8

In the general population, obesity has reached
epidemicproportionsinrecentdecades.9 IntheUnited

States, theNationalHealthandNutritionExamination
Survey (NHANES) data for 2007 to 2008 indicate that
more than 72 million adults (32.2% of men and 35.5%
of women) have a body mass index (BMI) that indi-
cates obesity.10 During the same period, 16.9% of 2- to
19-year-old children had a BMI � 95th percentile
for age according to the 2000 Centers for Disease
Control and Prevention (CDC) growth chart, de-
rived from previous pediatric data.11

Body mass and composition have been stud-
ied in survivors of childhood cancer, but there is
little information about these factors in the subset
of survivors who have undergone alloHSCT. Past
reports from our group and others have been lim-
ited by small sample sizes, short duration of follow-
up, heterogeneous diagnoses including benign and
malignant diseases, and combined evaluation of re-
cipients of autologous and allogeneic HSCT.8,12-15

JOURNAL OF CLINICAL ONCOLOGY O R I G I N A L R E P O R T

VOLUME 30 � NUMBER 32 � NOVEMBER 10 2012

© 2012 by American Society of Clinical Oncology 3991



We therefore studied longitudinally survivors of pediatric hemato-
logic malignancies, which are the most common indication for al-
loHSCT in children, to determine the effects of alloHSCT on body
composition. Comprehensive evaluations included standard param-
eters such as height, weight, and BMI, as well as fat and lean mass
measurement by dual energy x-ray absorptiometry (DXA).

PATIENTS AND METHODS

Patients

Patients included in this study were participants in a longitudinal follow-up
cohort study of recipients of HSCT at St Jude Children’s Research Hospital. The
study was approved by the St Jude institutional review board, and informed
consentwasobtainedfromallpatientsortheir legalguardians.Patients includedin
this study underwent alloHSCT for hematologic malignancy at age � 2 years
between 1990 and 2007 and remained alive more than 1 year after alloHSCT.
Patients younger than 2 years old at alloHSCT were excluded because of the
absence of population norm BMI data. Patients received follow-up for at least
10 years post-HSCT or until age 18 years, whichever was longer.

BMI, Height, and Weight

Patients received follow-up from the time of transplantation through
2009. Patient weight and height before HSCT and at annual follow-up visits
were obtained from patient records. Data were censored at the date of relapse.
BMI (measured in kg/m2) was calculated for patients older than 2 years. For
patients 2 to 20 years old, z scores and percentiles of BMI, height, and weight
were calculated from normative data by using SAS code downloaded from the
CDC Web site (http://www.cdc.gov/nccdphp/dnpa/growthcharts/resources/
sas.htm). These patients were categorized on the basis of the calculated per-
centiles as underweight (� fifth percentile for age), healthy-weight (fifth to
84th percentile), overweight (85th to 94th percentile), or obese (� 95th per-
centile). For adult patients (age � 20 years), the BMI was used to define weight
categories as follows: underweight (BMI, � 18.5), healthy-weight (BMI, 18.5
to 24.9), overweight (BMI, 25.0 to 29.9), or obese (BMI, � 30). BMI, height,
and weight z scores of adult patients were calculated using normative data
from the NHANES 2007 to 2008.16

Dual Energy X-Ray Absorptiometry

Whole-body DXA data after HSCT were acquired by using a Discovery
QDR 4500A fan beam densitometer (Hologic, Inc, Bedford, MA), as recom-
mended by the manufacturer. For patients age � 8 years at the time of
examination, z scores for total body fat percentage and lean mass/height2 were
calculated from reference curves obtained from the 2008 NHANES DXA
whole-body data set.17

Statistical Analysis

To identify risk factors for obesity and overweight after HSCT, patients in
the obese and overweight BMI categories were combined and those in the
healthy-weight and underweight categories were combined. The generalized
estimating equations (GEE) method was used to fit the resulting longitudinal
binomial data, assuming an exchangeable dependence structure over time. A
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Fig 1. Longitudinal changes in body mass index (BMI) category. The number
and proportion of patients in each BMI category are shown for each year of
follow-up after allogeneic hematopoietic stem-cell transplantation (HSCT).

Table 1. Patient and Clinical Characteristics (N � 179)

Characteristic No. of Patients %

Sex
Female 76 42.5
Male 103 57.5

Race
White 132 73.7
Black 20 11.2
Other 27 15.1

Primary malignancy
AML 68 38.0
Lymphoid 61 34.1
CML 33 18.4
MDS 17 9.5

Body mass index before HSCT
Healthy weight 117 65.4
Obese 26 14.5
Overweight 28 15.6
Underweight 8 4.5

Donor
Parent 33 18.4
Sibling 68 38.0
Unrelated 78 43.6

Donor sex
Female 95 53.1
Male 84 46.9

Donor/recipient CMV status
D�/R� 57 31.8
D�/R� 24 13.4
D�/R� 32 17.9
D�/R� 66 36.9

Graft product
Bone marrow 150 83.8
Peripheral blood 29 16.2

T-cell–depleted graft
No 109 60.9
Yes 70 39.1

Radiation
TBI 165 92.2
Non-TBI 14 7.8

Acute GVHD, grade
None 86 48.0
1 55 30.7
2 24 13.4
3 8 4.5
4 6 3.4

Chronic GVHD
None 131 73.2
Limited 29 16.2
Extensive 19 10.6

Abbreviations: AML, acute myeloid leukemia; CML, chronic myeloid leuke-
mia; CMV, cytomegalovirus; D, donor; GVHD, graft-versus-host disease;
HSCT, hematopoietic stem-cell transplantation; MDS, myelodysplastic syn-
drome; R, recipient; TBI, total body irradiation.
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similar model was used to identify risk factors for underweight in survivors in
the healthy-weight or underweight BMI category before HSCT and in the
underweight BMI category after HSCT. Potential risk factors selected by uni-
variate GEE models at a significance level of P � .10 were combined in a
multiple GEE model to determine their independent effect.

A linear regression model for longitudinal data was used to investigate
the relationship between clinical factors (Table 1) to z scores for BMI, height,
weight, and total body fat percentage and lean mass/height2 (Proc Mixed, SAS,
Cary, NC). An autoregressive structure with order one was selected by the
Bayesian information criterion to model intrapatient dependence. The inde-
pendent effect of each factor that had a P value � .10 in univariate models was
determined by using a multiple regression model. The two-way interaction
terms between any two factors were entered in the multiple regression models
through backward selection. Normal assumptions were confirmed to hold in
all analyses. Both visual inspection and statistical testing verified that all z score
values could be modeled as a linear function of time.

RESULTS

Patient Characteristics

Of 256 participants in the larger follow-up study, 191 had hema-
tologic malignancies and 179 of these 191 were � 2 years old at the
time of HSCT (Table 1). Median age at HSCT was 11.3 years (range,
2.1 to 21.3 years) and median follow-up after HSCT was 6.6 years

(range, 1.0 to 17.7 years). Twenty-four patients received growth hor-
mone replacement and 55 received sex hormone therapy during
follow-up. All patients were regularly screened for thyroid dysfunc-
tion; patients with hypothyroidism (n � 55) were adequately treated.

Longitudinal Analysis of BMI Categories

The number and proportion of patients in each BMI category
before and during each year after HSCT (1,231 observed instances) are
illustrated in Figure 1. The proportion of underweight patients in-
creased from 4.5% pre-HSCT to 11.5% at 10 years post-HSCT, while
the proportion of obese or overweight patients decreased from 30.1%
to 23.0%. No patient who was obese or overweight pre-HSCT became
underweight at any time point after HSCT. Similarly, no patients who
were underweight pre-HSCT became obese or overweight during
follow-up.

Risk Factors for Post-HSCT Obesity/Overweight

and Underweight

A multivariable logistic GEE analysis identified pre-HSCT obesi-
ty/overweight as an independent risk factor for post-HSCT obesity/
overweight (P � .001; Table 2). The odds ratio (OR) for post-HSCT
obesity/overweight was 14.02 (95% CI, 5.44 to 36.09; P � .001) in

Table 2. Factors Associated With Changes in BMI After HSCT

Variable
Univariate

P

Multivariate

Odds Ratio 95% CI P Estimate SE

Factors associated with overweight/obese BMI category after HSCT
BMI category before HSCT

Obese � .001 14.02 5.44 to 36.09 � .001
Overweight 2.89 1.45 to 5.76
Healthy/underweight

Acute GVHD
None or grade 1 .025 0.58 0.26 to 1.31 .22
Grades 2-4

Donor CMV status
Negative .061 1.74 0.91 to 3.32 .094
Positive

T-cell depletion
No .017 1.55 0.82 to 2.91 .18
Yes

Factors associated with underweight BMI category after HSCT
Chronic GVHD

Extensive .078 4.08 1.23 to 13.55 .070
Limited 3.50 1.24 to 9.90
None

Sex
Female .072 2.10 0.85 to 5.16 .11
Male

Factors associated with lower BMI z scores after HSCT
BMI z score before HSCT � .001 � .001 0.51 0.05
Years after HSCT � .001 � .001 �0.07 0.01
Age at HSCT .045 .015 �0.03 0.01
Chronic GVHD

Extensive .030 .004 �0.67 0.20
Limited �0.27 0.16
None 0

T-cell depletion
No .003 .018 0.30 0.12
Yes 0

Abbreviations: BMI, body mass index; CMV, cytomegalovirus; GVHD, graft-versus-host disease; HSCT, hematopoietic stem-cell transplantation.
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survivors who were obese before HSCT and 2.89 (95% CI, 1.45 to 5.76;
P � .003) in survivors who were overweight pre-HSCT, compared
with survivors in the healthy-weight/underweight BMI categories pre-
HSCT (Table 2).

Because no patient who was obese or overweight pre-HSCT
became underweight during follow-up, we analyzed patients who
were healthy-weight or underweight pre-HSCT for risk factors asso-
ciated with patients who were underweight post-HSCT. A multivari-
able GEE model analysis of 800 observed instances in 125 patients
found that chronic graft-versus-host disease (GVHD; compared with
its absence) was significantly predictive of underweight post-HSCT,
whether it was extensive (OR, 4.08; 95% CI, 1.23 to 13.55; P � .022) or
limited (OR, 3.50; 95% CI, 1.24 to 9.90; P � .018; Table 2).

Longitudinal Analysis of BMI, Height, and Weight Z

Scores

Because the healthy-weight BMI category (spanning the fifth to
the 84th percentiles) included the majority of our patients, we sought
to identify subtle but clinically important longitudinal changes by
using continuous variables (BMI, height, and weight z scores) rather
than categoric variables. Before HSCT, patients had slightly higher
BMI z scores (mean, 0.33; range, �3.34 to 3.14) and weight z scores

(mean, 0.28; range, �2.74 to 3.80) than did age- and sex-matched
controls, although their mean height z scores were comparable (mean,
�0.04; range, �2.66 to 2.76). Figure 2A shows that the BMI, height,
and weight z scores all decreased over time (all P � .001), but with
distinct patterns. While the mean BMI and weight z scores declined
progressively throughout follow-up, dropping to �0.60 and �0.86,
respectively, at 10 years post-HSCT, the mean height z score declined
only during the first 4 years and then reached a plateau (�0.64 at 10
years after HSCT). No plateau in the height z score was observed when
we repeated the analysis in the 95 patients who were younger than 12
years old at the time of HSCT (592 observed instances; mean z score,
�0.02 before HSCT and �1.37 10 years after HSCT; Fig 2B),18 indi-
cating that the observed plateau likely resulted from the older patients’
proximity to final height attainment.

Clinical Factors Associated With Changes in BMI,

Height, and Weight Z Scores

Multivariable analysis identified lower BMI z scores before HSCT
(P � .001), a longer time period since HSCT (P � .001), older age at
HSCT (P � .015), extensive chronic GVHD (P � .004), and T-cell–
depleted graft (P � .018) as independent predictors of lower BMI z
scores post-HSCT (Table 2). To evaluate the effect of limited chronic
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GVHD, we excluded patients with extensive chronic GVHD. Patients
with limited chronic GVHD had a lower BMI z score than those
without chronic GVHD (univariate analysis, P � .020; multivariate
analysis, P � .017; estimate, �0.41; SE, 0.17).

We also evaluated clinical factors associated with longitudinal
changes in height z scores (in patients � 12 years old at HSCT) and
weight z scores (all patients). Lower height z score before HSCT and
longer time since HSCT were independently associated with lower
post-HSCT height z score (both P � .001; Appendix Table A1, online
only). Lower weight z scores before HSCT (P � .001), longer time
since HSCT (P � .001), and T-cell–depleted graft (P � .021) were
independent predictors of low post-HSCT weight z score (Appendix
Table A1).

Longitudinal Analysis of Body Composition by DXA

To investigate whether the decrease in BMI was primarily owing
to loss of fat mass, lean mass, or both, we analyzed data from 324 DXA
scans of 134 patients. Figures 3A and 3B show the scatter plots and
mean z scores for total body fat percentage and lean mass/height2,
respectively, after HSCT. The mean z score for total body fat percent-
age was close to the population mean (0.31) at 1 year after HSCT and
declined only slightly (�0.27) at 10 years after HSCT (Fig 3A). In
contrast, mean z scores for lean mass/height2 remained below 0
(�0.30) 1 year after HSCT and decreased substantially thereafter,
falling as low as �1.26 at 10 years post-HSCT (P � .018; Fig 3B and
Table 3). Table 3 lists other clinical factors associated with longitudinal
changes in body composition in univariate and multivariate regres-
sion models. The pre-HSCT BMI z score was predictive of post-HSCT
total body fat percentage (P � .001) and lean mass/height2 (P � .001);
patients who had high BMI z scores before HSCT had significantly
greater total body fat percentage and lean mass/height2 z scores after
HSCT. Female patients had significantly greater total body fat percent-
age (P � .002) and lower lean mass/height2 (P � .013) z scores than
did male patients, and black patients had higher total body fat percent-
age z scores than white patients (P � .026). Patients with extensive
chronic GVHD had a lower lean mass/height2 than those with no
chronic GVHD (P � .001). When patients with extensive chronic
GVHD were excluded, patients with limited chronic GVHD had
slightly less lean mass than those without chronic GVHD in univariate
analysis (P � .17; estimate, �0.40; SE, 0.29).

DISCUSSION

This longitudinal analysis of 179 pediatric alloHSCT recipients with
hematologic malignancies showed that BMI declines significantly over
time in this vulnerable population. Importantly, lean body mass con-
sistently remained below normal levels and declined significantly over
time. Our observations underscore the unique impact of HSCT in
survivors of childhood hematologic malignancies.

Few longitudinal studies of body mass after childhood HSCT
have been reported. Cohen et al12 found that BMI values in adults
remained unchanged after HSCT, whereas those among 88 pediatric
patients increased, paralleling a normal population. Although Cohen
et al concluded that nutritional status was maintained in the pediatric
patients, they did not adjust BMI values for sex and age. In contrast,
Couto-Silva et al13 found persistently reduced BMI without significant
longitudinal changes after HSCT in 36 children who received total-

body irradiation (TBI). However, Couto-Silva et al included patients
with hematologic malignancies and those with neuroblastoma, and
the source of stem cells (autologous v allogeneic) and preconditioning
regimens were unclear. Our study of a much larger group of patients
with only hematologic malignancies was conducted over a longer
follow-up period and we found that BMI z scores declined signifi-
cantly over time. This finding differs from those of several studies of
acute lymphoblastic leukemia (ALL) survivors, most of whom did not
undergo HSCT and whose BMIs were comparable to or higher than
normal control values.19-21 BMI at the time of HSCT was significantly
associated with post-HSCT BMI category and BMI z score in our
study, consistent with findings in ALL survivors at our institution.20

Another novel finding of our study is that the mean z scores of
lean mass/height2 fell below those of healthy controls during follow-
up, although the mean values for total body fat percentage remained at
the general population level. This finding underscores the importance
of assessing lean body mass as well as BMI during long-term follow-
up. Propitiously, lean body mass may be measured conveniently dur-
ing assessment of bone density by routine DXA scan and it is useful in

Table 3. Factors Associated With Change in Body Composition After HSCT

Variable
Univariate

P

Multivariate

P Estimate SE

Factors associated with higher z
scores for total body fat
percentage

BMI z score before HSCT � .001 � .001 0.36 0.08
Sex

Female .067 .002 0.56 0.18
Male 0

Race
Black .068 .026 0.62 0.22
Other 0.08 0.10
White 0

Years after HSCT .003 .083 �0.04 0.02
Diagnosis

Lymphoid .006 .053 0.38 0.20
Myeloid 0

Acute GVHD
None or grade 1 .073 .28 �0.24 0.22
Grades 2-4 0

Factors associated with lower z
scores for lean body mass/
height2

BMI z score before HSCT � .001 � .001 0.47 0.07
Years after HSCT � .001 .018 �0.06 0.03
Sex

Female .020 .013 �0.47 0.19
Male 0

Chronic GVHD
Extensive .021 � .001 �1.68 0.36
Limited �0.40 0.24
None 0

Age at HSCT .066 .074 0.04 0.02
T-cell depletion

No .023 .25 0.22 0.19
Yes 0

Abbreviations: BMI, body mass index; GVHD, graft-versus-host disease;
HSCT, hematopoietic stem-cell transplantation.
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interpreting BMI data. If a decline in lean mass is observed, early
intervention is necessary to prevent metabolic syndrome and further
muscle wasting.

Low BMI in general is an important predictor of morbidity and
mortality and is associated with severe physiologic, psychologic, and im-
munologic consequences.22 We found that chronic GVHD, especially in
its extensive form, was a risk factor for low BMI and lean mass. The
association between chronic GVHD and lower BMI has been reported in
otherpediatricandadult studies.23,24 T-cell–depleted grafts, which were
typically from nonsibling alternative donors, were also associated with
low BMI and weight, possibly reflecting the effect of alloreactive T cells
after engraftment as well as complications associated with delayed
immune reconstitution. In chronic GVHD, a state of catabolism is
induced by elevated levels of proinflammatory cytokines, such as
tumor necrosis factor-�, interleukin-1, and interleukin-6, increasing
patients’ resting energy expenditure.25,26 In addition, extensive
chronic GVHD requires prolonged steroid therapy, which may fur-
ther contribute to the loss of lean mass. Intensive nutritional support is
necessary for patients with chronic GVHD and for those who show a
significant decline in BMI or lean body mass during follow-up.

Younger age at the time of HSCT was associated with higher BMI
and continuous decline of height z scores after HSCT. Similar findings
have been reported in survivors of ALL and brain tumors.19-21 The
effects of cranial irradiation on BMI in survivors of ALL remain un-
clear. As the majority of our patients received TBI as part of their
preconditioning regimen, we were unable to meaningfully compare
irradiated and nonirradiated groups. However, higher BMIs in some
of the survivors may reflect the impact of growth hormone deficiency
and relative decrease in height caused by preconditioning with TBI at
a young age.27 TBI may also blunt hypothalamic leptin sensitivity,
altering the response to leptin and the regulation of body weight and
metabolism.28 This effect, together with limited vertical growth,
may explain the higher post-HSCT BMI of patients who under-
went HSCT at a younger age. In univariate analysis, patients
with lymphoid malignancies had higher z scores for total body
fat percentage than did those with myeloid diseases; this finding
could be associated with pre-HSCT chemotherapy that in-
cluded steroids or additional cranial irradiation. As non-TBI
regimens are now often used for myeloid malignancies and
reduced-intensity conditioning, it will be important to evaluate
body mass and composition in this set of survivors.

Although BMI z scores did not differ according to sex or race,
female patients had higher fat and lower lean mass z scores than male
patients, and black patients had higher fat z scores than white patients.
Several explanations have been offered for this difference. Female
brains may be more vulnerable to HSCT preconditioning, as girls
experience more rapid brain growth than do boys during early child-
hood; therefore, preconditioning may cause greater neurocognitive
impairment and inactivity.29,30 A study in childhood ALL survivors
showed that girls were less likely than boys to meet Centers for Disease
Control and Prevention physical activity recommendations.31 Female

survivors of childhood ALL who had a homozygous Gln223Arg poly-
morphism in the leptin receptor gene were markedly more obese than
those with a Gln223 allele, and this difference was not observed in male
survivors.32 African Americans, including cancer survivors, are re-
ported to have lower levels of physical activity and greater fat con-
sumption than other ethnic groups.33,34

Thisstudywasnotwithout limitations.First,populationvalueswere
unavailable for BMI in patients younger than 2 years old and for DXA-
based body composition in those younger than 8 years old. However, we
foundnosignificantdifferenceinclinicalfactorsbetweenpatientswhodid
and who did not undergo DXA assessment. Second, as supportive
care and nutritional interventions were nonstandardized, varied over
time, and were initiated as clinically needed, we were unable to assess
their impact on body composition in the study population.

In conclusion, we found a significant decline in BMI z scores after
alloHSCT in survivors of childhood hematologic malignancies, pri-
marily owing to a decrease in lean mass. Most, if not all, of the findings
in this study may be attributable to TBI and/or the degree of chronic
GVHD. Prospective endocrine evaluation, including not only growth
hormone secretion, thyroid function, and sex hormone production
but also hormonal regulation of glucose and lipid metabolism, will
improve our understanding of the observed changes in body compo-
sition and their impact. The declines in BMI and lean mass persisted
throughout the follow-up period. Therefore, health care providers
should be alert to losses in not only BMI but also lean mass in these
survivors and ensure early, appropriate intervention by a registered
dietitian and physical therapist. We suggest that dietary education and
exercise counseling are essential to improve the physical status and
overall health of survivors with the risk factors identified in this study.
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