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BACKGROUND. The purpose of the study was to determine the prevalence of met-

abolic syndrome, growth hormone deficiency, and cardiovascular risk factors

among adult survivors of childhood acute lymphoblastic leukemia (ALL) treated

with or without cranial irradiation.

METHODS. Follow-up was undertaken of 75 randomly selected long-term child-

hood ALL survivors. Testing included fasting insulin, glucose, lipids, and growth

hormone (GH) releasing hormone plus arginine stimulation test. The prevalence

of metabolic syndrome was compared with population norms from 1999–2002

National Health and Nutrition Examination Study (NHANES) data, and internally

between those with and without past cranial irradiation and those with normal

(>16.5 mg/L) versus insufficient (9–16.5 mg/L) versus deficient (<9 mg/L) peak

GH secretion.

RESULTS. The mean subject age was 30 years and the mean time since ALL diag-

nosis was 25 years. The prevalence of metabolic syndrome did not differ statisti-

cally (P ¼ .87) between study subjects (16.6%) and same-age, same-sex

population norms (17.5%). However, 60% of subjects treated with cranial irradia-

tion, compared with 20% of those who were not, had 2 or more of the 5 compo-

nents of metabolic syndrome. Untreated abnormally low GH was present in 64%

of subjects overall and 85% of those who received past cranial irradiation. Cranial

irradiation was strongly related to GH deficiency, and in turn lower insulin-like

growth factor 1 (IGF-1), higher fasting insulin, abdominal obesity, and dyslipide-

mia, particularly in women.

CONCLUSIONS. Hematologists who treat childhood ALL patients, and particularly

those who provide primary care to adult survivors, should be aware of the poten-

tial for long-term GH deficiency and adverse cardiovascular and diabetes risk

profiles as a consequence of leukemia treatment. Cancer 2006;107:1303–12.

� 2006 American Cancer Society.
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M odern risk-based therapy for childhood acute lymphoblastic

leukemia (ALL)1,2 has resulted in 5-year survival rates of

approximately 85% for children age � 14 years at diagnosis.3 How-

ever, the treatment course for childhood ALL is quite arduous, invol-
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ving an average of 2 to 3 years of intensive induction,

consolidation, and maintenance chemotherapy with

high-dose steroids.4 Understanding the long-term

medical and psychosocial consequences of childhood

ALL and its treatment is important because there are

thousands of young adult survivors of childhood ALL

who are confronting a variety of adverse health out-

comes, including a higher than expected frequency

of obesity5–9 and early mortality from cardiovascular

disease.10,11 Some evidence indicates that cancer sur-

vivors in general,12 and survivors of childhood ALL in

particular,13–16 are at increased risk for metabolic

syndrome. Metabolic syndrome, a constellation of

disorders related to insulin resistance, is character-

ized clinically by central (abdominal) obesity, ele-

vated plasma glucose, dyslipidemia, hypertension,

and a prothrombotic and proinflammatory state.17

Metabolic syndrome is an important risk factor for

cardiovascular disease and diabetes mellitus.17

Most adult survivors of childhood ALL have the

added risk burden of past treatment exposure to

cranial irradiation.4 Although currently limited to

high-risk ALL, about 10% to 20% of patients,18

whole-brain irradiation at 18 grays (Gy) or 24 Gy was

historically used as prophylactic treatment against

central nervous system (CNS) involvement of leuke-

mia. Long-term hypothalamic-pituitary hormone in-

sufficiency, a potential consequence of cranial

irradiation,19–22 may also be related independently to

cardiovascular disease.23,24 Growth hormone (GH)

deficiency has emerged as a likely contributor to

central obesity and its related metabolic disorders,

including insulin resistance and dyslipidemia. Animal

studies have demonstrated that GH is involved in

adipocyte development and differentiation, and dif-

ferential regulation within specific adipose depots,

key issues for determining depot-specific adipose

mass and insulin sensitivity.25 Human studies speci-

fic to ALL indicate that GH deficiency is related to

metabolic syndrome and cardiovascular disease risk

factors.13,15,16,26 Studies in humans have shown that

GH replacement reduces abdominal visceral adipos-

ity27 and improves cardiovascular risk measures28

and muscle strength.28,29

Therefore, in this clinical research study of 75

young adult survivors of childhood ALL we sought

to determine the prevalence of metabolic syn-

drome, GH deficiency, and other cardiovascular risk

factors among those with and without past cranial

radiation treatment. Our goal was to provide clini-

cal data relevant to risk assessment for cardiovascu-

lar disease and diabetes in childhood ALL survivors

and to identify possible areas for preventive inter-

vention.

MATERIALS AND METHODS
Sampling and Subject Recruitment
Eligibility included being an active participant in the

Childhood Cancer Survivor Study (CCSS) and having

received treatment for ALL at age �20 years at the

University of Minnesota Children’s Hospital or Chil-

dren’s Hospitals and Clinics of Minneapolis/St. Paul.

CCSS is an epidemiologic follow-up study of 14,000

5-year or longer survivors of childhood cancer who

were diagnosed and treated between 1970 and 1986

at 1 of 26 collaborating institutions. As described in

detail previously,30 each CCSS participant had treat-

ment data abstracted from their medical record.

We identified 207 individuals who were eligible

for the present study. From these, subjects were stra-

tified into 3 groups by cranial radiation treatment

dose (none, <24 Gy, �24 Gy) in blocks of 25 persons

each, assigned a random number within treatment

group and block, and contacted in random number

order. The sampling scheme was designed to mini-

mize the potential for favoring ‘‘fast responders’’ who

may not fairly represent the target study population.

Twenty-nine (14%) subjects actively or passively

refused, 22 (10.6%) were lost to follow-up, 10 (4.8%)

agreed to participate but were never scheduled

because accrual was met, and 71 (34.3%) were not

contacted because their random number was not

reached in our sampling scheme. Subjects were

offered $300 for participation. Written informed con-

sent was obtained for each subject as approved by

the Human Subjects Review Committees at the Uni-

versity of Minnesota and Children’s Hospitals and

Clinics of Minneapolis/St. Paul.

Population-Based Comparison Group
Data from the 1999–2002 National Health and Nutri-

tion Examination Study (NHANES) were used to

compare the prevalence of metabolic syndrome and

its components to that of the study subjects.

NHANES subjects, sampled to be representative of

the civilian, noninstitutionalized U.S. population,

underwent both an in-home interview and an onsite

evaluation at a mobile examination center where

they provided a blood sample for laboratory testing

(available at URL: http://www.cdc.gov/nchs/nhanes.

htm [accessed July 14, 2006]). To coincide with the

demographics of our subjects, we included from

NHANES only non-Hispanic white males and females

ages 20–45 years and restricted the analysis to those

who were not pregnant, who reported no history of

cancer (except for nonmelanoma skin cancer), who

were not diabetic, and who fasted for the required

8 hours before their laboratory samples were obtained

(n¼ 730).
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Measurements
After an overnight fast, subjects provided a urine

sample for microalbumin and a venous blood sample

for plasma measurement of insulin, glucose, triglyc-

erides, high-density lipoproteins (HDL-C), and other

tests. Circulating blood levels of creatinine and C-re-

active protein were measured with rate nephelome-

try31; insulin, insulin-like growth factor I (IGF-I),

thyroxine, and thyroid-stimulating hormone with

chemiluminescent immunoassays32; and homocys-

teine with fluorescence polarization immunoassays.33

The homeostasis model assessment of insulin resist-

ance index (HOMA) was calculated from fasting

plasma insulin and glucose values as described by

Matthews et al.34 Waist circumference was measured

between the anterior superior iliac spine and the

lower rib margin. Hip girth was measured at the

maximum hip width over the greater trochanters.

Body composition was measured by dual energy

X-ray absorptiometry (DXA) (Prodigy [software ver-

sion. 6.7]; 3M, Madison, WI). Blood pressure mea-

surements were taken after 5 minutes of quiet sitting

with the right arm supported at the level of the heart.

Two blood pressure readings were taken and their

values averaged for analysis.

The GH-releasing hormone with arginine stimu-

lation test (GHRH/ARG) for measuring peak GH

secretion35,36 was completed for 72 of the 75 sub-

jects. GH-releasing hormone was administered at

1 mg/kg as an intravenous bolus followed immedi-

ately by an intravenous infusion of arginine HCL

(0.5 g/kg, maximum 30 g) given over 30 minutes. GH

levels were obtained at 30 minutes, 40 minutes,

60 minutes, 90 minutes, and 120 minutes after com-

pletion of the arginine infusion. Consistent with

previous studies using the GHRH/ARG stimulation

test,13,36 we categorized peak GH level into 3 cate-

gories: normal GH (>16.5 mg/L), GH-insufficient (9–

16.5 mg/L), and GH-deficient (<9 mg/L).
Metabolic syndrome was defined using the recom-

mended revisions of the NCEP/ATP III criteria.17 Parti-

cipants with 3 or more of the following criteria were

considered positive for metabolic syndrome: 1) waist

circumference >102 cm in men or >88 cm in women;

2) triglyceride levels�150 mg/dL; 3) HDL-C <40 mg/dL

in men or <50 mg/dL in women or on current treat-

ment for high cholesterol; 4) blood pressure �130/

85 mmHg or on current treatment for hypertension; or

5) glucose �100 mg/dL (changed in the new criteria

from 110 mg/dL). Our sample size of 75 subjects was

designed to detect a 10% difference in prevalence of

metabolic syndrome between the study and NHANES

populations with 80% power and a 2-sided type I error

level of 5%.

Statistical Analysis
Prevalences were weighted to account for both the

sampling fractions and the participation levels in

each of the 3 treatment blocks. Prevalences from the

NHANES data were standardized to mirror the sex,

race, and age group distributions in our study sam-

ple and adjusted to account for the complex, multi-

cluster sampling design.

The frequency and proportions of metabolic syn-

drome were calculated for each GH category and

compared with chi-square statistics. Mean values

and standard deviations for other cardiovascular dis-

ease risk factors were also calculated by GH category

and compared between groups using 1-way analysis

of variance. A multivariable linear regression model

was conducted to assess the difference in mean peak

GH among those who were treated versus not treated

with cranial irradiation, after controlling for body

mass index (BMI), sex, age at diagnosis, and age at

study date.

Metabolic syndrome prevalence and other risk

factors for cardiovascular disease were initially com-

pared statistically across the 3 levels of cranial radia-

tion dose. Because we found no indication of a dose

response or meaningful differences in the measures

of interest between the 2 irradiated groups, we pres-

ent cranial irradiation only as a dichotomous variable

(yes or no cranial irradiation).

RESULTS
No statistical differences were found in any demo-

graphic or treatment measure between the 75 study

participants and the 132 eligible nonparticipants,

with the exception of radiation treatment group and

brain radiation field, which differed by sampling

design (Table 1). Among participating study subjects,

59% were female, the mean age at study date was 30

years, the mean age at diagnosis was 5.6 years, and

the mean time since ALL diagnosis was 25 years. No

cardiovascular events had occurred among subjects.

All male subjects had testosterone levels in the nor-

mal range, although 1 was on active testosterone

treatment. One female subject tested below normal

range for estradiol, and 15 female subjects were tak-

ing estrogen, all for birth control purposes. Medica-

tion for hypertension was currently being taken by 2

male subjects, both of whom were counted as having

hypertension in the metabolic syndrome analyses as

per ATP III revised criteria. Likewise, 1 male was tak-

ing medication for elevated cholesterol and he was

counted as positive for the HDL cholesterol compo-

nent of metabolic syndrome. No one in the study

was on insulin.
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TABLE 1
Demographic and Treatment Variables between Study Participants and Eligible Nonparticipants

Participants Nonparticipants

P

(n ¼ 75) (n ¼ 132)

No. (%) No. (%)

Sex .42

Male 31 (41.3) 64 (48.5)

Female 44 (58.7) 68 (51.5)

Age group at interview .19

19–29 y 40 (53.3) 61 (46.2)

30–39 y 27 (36.0) 63 (47.7)

40–45 y 8 (10.7) 8 (6.1)

Mean age at interview (SD) in years 30.2 (7.1) 30.9 (6.3) .50

Mean age at diagnosis (SD) in years 5.6 (4.3) 5.4 (4.0) .72

Mean years of survival (SD) in years 24.6 (4.8) 25.5 (4.6) .20

Body mass index,1995–1996 survey: mean (SD) 23.6 (5.9) 24.5 (4.6) .28

Race .98

White 74 (98.7) 127 (96.2)

Nonwhite 1 (1.3) 6 (4.5)

Radiation treatment group .001

None 25 (33.3) 17 (12.9)

<24 Gy 25 (33.3) 70 (53.0)

24þ Gy 25 (33.3) 45 (34.1)

Body areas in radiation fields

Brain 50 (66.7) 115 (87.1) <.001

Spine 17 (22.7) 27 (20.5) .71

Pelvis or testes 11 (14.7) 11 (8.3) .15

Total body 5 (6.7) 4 (3.0) .22

Chemotherapy agents received

Actinomycin 1 (1.3) 0 (0.0) .18

Cytoxan 33 (44.0) 64 (48.5) .53

Ara-C 33 (44.0) 58 (43.9) .99

Daunorubicin 21 (28.0) 30 (22.7) .39

Dexamethasone 11 (14.7) 20 (15.2) .92

Doxorubicin 21 (28.0) 51 (38.6) .12

Isofosfomide 1 (1.3) 1 (0.8) .68

L-aspariginase 72 (96.0) 122 (92.4) .31

6-mercaptopurine 69 (92.0) 119 (90.2) .66

Methotrexate 75 (100.0) 132 (100.0) .99

Prednisone 74 (98.7) 129 (97.7) .64

6-thioguanine 18 (24.0) 29 (22.0) .74

Vincristine 75 (100.0) 131 (99.2) .45

Teniposide 2 (2.7) 1 (0.8) .27

Allopurinol 2 (2.7) 1 (0.8) .27

Anthracycline dose

None 46 (61.3) 77 (58.3) .07

1–100 mg/m2 10 (13.3) 6 (4.5)

101–300 mg/m2 11 (14.7) 31 (23.5)

301þ mg/m2 8 (10.7) 18 (13.6)

Cardiovascular events*

Congestive heart failure 0 (0.0)

Myocardial infarction 0 (0.0)

Stroke 0 (0.0)

Hypogonadism* 2 (2.7)

Current medications*

Testosterone (males) 1 (3.2)

Estrogen (females, all birth control) 15 (34.1)

Antihypertensives 2 (2.7)

Lipid lowering agent 1 (1.3)

Insulin 0 (0.0)

Current habits*

Smoker 15 (20.0)

Drink alcohol 7 (9.3)

SD indicates standard deviation, Gy, grays.

* Data not available for nonparticipants.



Metabolic Syndrome and Components
Metabolic syndrome was present in 11 study sub-

jects, 3 males and 8 females. The prevalence of meta-

bolic syndrome did not differ statistically (P ¼ .87)

between study subjects (16.6%) and age- and sex-

standardized population norms (17.5%; Table 2). The

prevalences of high triglycerides, hypertension, and

elevated glucose were similar overall between study

subjects and the normative population, but abnor-

mally low HDL-C was present in a substantially

higher prevalence of study subjects than in the nor-

mative population (63.5% vs. 42.1%; P ¼ .002). Male

subjects had a higher prevalence of hypertension

(29.7%) than did males in the normative population

(23.9%; P ¼ .01), and a lower prevalence of elevated

glucose (10.9% vs. 22.9%, respectively; P ¼ .03). The

prevalence of abdominal obesity, as measured by

waist circumference, was 41.7% in study subjects

compared with 30.8% in the normative population

(P ¼ .11). However, abdominal obesity was present in

20 of the 44 female study subjects, with a prevalence

higher than that of same-age females in the norma-

tive population (52.8% vs. 36.7%; P < .02). In con-

trast, 9 of 31 male subjects had abdominal obesity,

with the difference in prevalence not statistically dif-

ferent from that of same-age males in the normative

population (26.8% vs. 22.4%; P ¼ .47).

Metabolic Syndrome and Cranial Irradiation
The influence of cranial irradiation on metabolic

syndrome is shown in Table 3. Of the 11 subjects

with metabolic syndrome, 9 received cranial irradia-

tion. The difference in prevalence of metabolic syn-

drome by cranial irradiation (18.0% irradiated vs.

8.0% nonirradiated) was not statistically significant

(P ¼ .25), albeit with a small sample size. Sixty per-

cent of subjects who received cranial irradiation, ver-

sus 20% who did not, had 2 or more components of

metabolic syndrome. For the 2 metabolic components

with important differences by irradiation status (i.e.,

waist circumference and HDL-C), the differences

were observed in females but not in males. In

females, mean waist circumference was more than

10 cm larger (P ¼ .04) and mean plasma HDL-C

nearly 10 mg/dL lower (P ¼ .007) in those who were

treated with cranial irradiation compared with those

who were not.

Mean BMI was higher overall in the irradiated

subjects (Table 3), but this difference was entirely

limited to female subjects (BMI of 30.3 for those irra-

diated vs. 24.1 for those not irradiated, P ¼ .01). Sig-

nificantly higher mean levels of total cholesterol and

LDL-C were found in the irradiated subjects. Fasting

insulin and HOMA index were significantly higher,

and IGF-1 significantly lower, among those who

received cranial irradiation. A very substantial differ-

ence was observed for peak GH among subjects who

received cranial irradiation (11 mg/L) compared with

those who did not (62 mg/L, P < .001, Table 3).

Peak GH Secretion and Cranial Irradiation
GH deficiency (<9 mg/L) was present in 33 of the 72

subjects (46%) with GH tests; 28 of these 33 subjects

received cranial irradiation. An additional 13 subjects

TABLE 2
Prevalence* of Metabolic Syndrome and Its Components among Adult Survivors of Childhood ALL and U.S. Adults Age 18–45 Years (NHANES
1999–2002) by Gender

Metabolic
syndrome Abdominal obesity High triglycerides Low HDL cholesterol

High blood
pressure High glucose

% SE P % SE P % SE P % SE P % SE P % SE P

Total

U.S. populationy (n ¼ 730) 17.45 3.02 30.78 3.44 23.05 3.41 42.13 4.71 16.23 3.04 14.16 2.95

Subjects (n ¼ 75) 16.59 4.74 .87 41.72 6.16 .11 20.60 5.09 .67 63.49 5.84 .002 21.21 5.15 .37 9.87 3.88 .35

Females

U.S. population{ (n ¼ 348) 15.68 2.72 36.69 2.84 18.50 3.35 46.39 4.76 10.80 2.41 8.01 2.28

Subjects (n ¼ 44) 21.81 7.00 .27 52.82 8.11 .02 17.47 6.24 .85 69.15 7.19 .001 14.93 6.02 .38 9.10 5.06 .78

Males

U.S. population{ (n ¼ 382) 19.97 3.43 22.38 4.29 29.51 3.49 36.08 4.64 23.95 3.93 22.90 3.91

Subjects (n ¼ 31) 9.37 5.54 .03 26.81 8.27 .47 24.79 8.40 .27 55.90 9.42 <.001 29.65 8.73 .01 10.90 6.05 .03

ALL indicates acute lymphoblastic leukemia; NHANES, National Health and Nutrition Examination Study; HDL, high-density lipoprotein; SE, standard error.

* Case data weighted for sampling distribution and response rates, NHANES data weighted for sampling probabilities, strata, and primary sampling units.
y Standardized to the distributions of age and gender and race in the study population.
{ Standardized to the distributions of age and race in the study population.
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were GH insufficient (9–16.5 mg/L), all of whom were

treated with cranial irradiation. Thus, 64% of study

subjects had untreated abnormally low GH. Among

the 48 subjects who received cranial irradiation and

GH testing, 41 (85%) had either insufficient or defi-

cient GH secretion, compared with 5 of 24 (21%)

subjects with GH deficiency (none with insufficiency)

who were not treated with cranial irradiation (P <

.0001, data not shown). Results from regression mo-

deling showed that mean peak GH was 48 mg/L

TABLE 3
Frequencies and Proportions of Metabolic Syndrome and Its Components and Other Cardiovascular and Diabetes Risk Factors by Cranial
Radiation Exposure Status

Total No radiation Radiation

P

(n ¼ 75) (n ¼ 25) (n ¼ 50)

No. (%) No. (%) No. (%)

Metabolic syndrome 11 (14.67) 2 (8.00) 9 (18.00) .25

No. of metabolic syndrome components

None 16 (21.33) 8 (32.00) 8 (16.00) .05

1 24 (32.00) 12 (48.00) 12 (24.00)

2 24 (32.00) 3 (12.00) 21 (42.00)

3–5 11 (14.67) 2 (8.00) 9 (18.00)

Meets criteria for abnormal metabolic syndrome component

Waist circumference 29 (38.67) 7 (28.00) 22 (44.00) .18

Triglycerides 14 (18.67) 2 (8.00) 12 (24.00) .09

HDL cholesterol 44 (58.67) 11 (44.00) 33 (66.00) .07

Glucose 6 (8.00) 0 0.00 6 (12.00) .07

Blood pressure 15 (20.00) 4 (16.00) 11 (22.00) .54

Mean (SD) Mean (SD) Mean (SD) P

Metabolic syndrome components

Waist circumference (cm)

Males 93.16 (13.21) 92.64 (13.13) 93.35 (13.52) .89

Females 91.00 (17.53) 84.08 (12.89) 95.36 (18.83) .04

Triglycerides (mg/dL) 124.05 (86.35) 98.48 (67.51) 136.84 (92.35) .07

HDL cholesterol (mg/dL)

Males 37.81 (12.54) 39.37 (17.48) 37.26 (10.77) .69

Females 44.54 (12.19) 50.64 (11.91) 40.7 (10.90) .007

Glucose (mg/dL) 83.69 (10.32) 80.68 (8.41) 85.2 (10.92) .07

Systolic blood pressure (mm Hg) 117.60 (14.03) 116.18 (11.15) 118.33 (15.35) .54

Diastolic blood pressure (mm Hg) 68.05 (9.60) 67.02 (7.51) 68.57 (10.54) .51

Other risk factors

Body mass index (kg/m2) 27.43 (7.04) 24.97 (5.01) 28.67 (7.61) .03

Males 26.78 (5.25) 26.77 (4.69) 26.79 (5.53) .99

Females 27.90 (8.09) 24.12 (5.07) 30.27 (8.79) .01

Waist-to-hip ratio 0.90 (0.07) 0.88 (0.07) 0.91 (0.08) .06

Total cholesterol (mg/dL) 184.20 (40.67) 164.48 (31.13) 194.06 (41.55) .002

LDL cholesterol (mg/dL) 116.95 (34.30) 97.76 (25.55) 126.73 (34.26) <.001

VLDL cholesterol (mg/dL) 23.00 (11.71) 19.68 (13.45) 24.73 (10.43) .08

C-reactive protein (mg/dL) 0.33 (0.48) 0.35 (0.69) 0.31 (0.35) .77

Homocysteine (mmol/L) 8.18 (1.67) 8.29 (1.73) 8.12 (1.66) .7

Microalbumin (mg/L) 10.18 (16.58) 13.44 (14.73) 9.33 (13.11) .22

Insulin (mu/L) 8.15 (7.88) 4.68 (2.61) 9.88 (9.01) .006

Peak growth hormone (mg/L) 27.75 (35.02) 61.96 (40.31) 10.65 (12.71) <.001

IGF-1 (ng/mL) 157.99 (65.92) 189.3 (72.28) 143.29 (57.81) .005

Thyroxine (ng/dL) 1.07 (0.17) 1.1 (0.15) 1.05 (0.17) .18

Thyroid-stimulating hormone (mu/L) 2.57 (3.93) 1.78 (0.82) 2.95 (4.72) .23

Homeostasis model assessment (HOMA) 1.65 (1.89) 0.87 (0.53) 2.04 (2.19) .01

Height (cm) 165.71 (9.27) 168.43 (8.75) 164.35 (9.31) .07

Weight (kg) 75.41 (20.21) 71.27 (17.15) 77.48 (21.43) .21

HDL indicates high-density lipoprotein; SD, standard deviation; LDL, low-density lipoprotein; VLDL, very low-density lipoprotein; IGF-1, insulin-like growth factor 1; HOMA, homeostasis model assessment of

insulin resistance index.
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TABLE 4
Frequencies and Proportions of Metabolic Syndrome and Its Components and Other Cardiovascular and Diabetes Risk Factors by Peak Growth
Hormone Secretion

Total

Peak growth hormone levels

>16.5 mg/L 9–16.5 mg/L <9 mg/L

P

(n ¼ 72) (n ¼ 26) (n ¼ 13) (n ¼ 33)

No. (%) No. (%) No. (%) No. (%)

Metabolic syndrome 10 (13.89) 1.00 (3.85) 4.00 (30.77) 5.00 (15.15) .07

No. of metabolic syndrome indicators .004

None 15 (20.83) 8.00 (30.77) 5.00 (38.46) 2.00 (6.06)

1 25 (34.72) 12.00 (46.15) 0.00 0.00 12.00 (36.36)

2 23 (31.94) 5.00 (19.23) 4.00 (30.77) 14.00 (42.42)

3–5 10 (13.89) 1.00 (3.85) 4.00 (31.77) 5.00 (15.15)

Meets criteria for metabolic syndrome indicator

Waist circumference 28 (38.89) 6.00 (23.08) 7.00 (53.85) 15.00 (45.45) .10

Triglycerides 12 (16.67) 1.00 (3.85) 3.00 (23.08) 8.00 (24.24) .09

HDL cholesterol 42 (58.33) 10.00 (38.46) 8.00 (61.54) 24.00 (72.73) .03

Glucose 5 (6.94) 1.00 (3.85) 2.00 (15.38) 2.00 (6.06) .39

Blood pressure 15 (20.83) 7.00 (26.92) 2.00 (15.38) 6.00 (18.18) .62

Mean (SD) Mean (SD) Mean (SD) Mean (SD) P
Metabolic syndrome indicators

Waist circumference (cm)

Males 92.61 (13.22) 83.32 (5.25) 93.57 (11.37) 96.00 (14.27) .10

Females 91.22 (17.67) 86.26 (15.20) 91.30 (12.21) 97.89 (22.40) .18

Triglycerides (mg/dL) 122.33 (86.28) 96.46 (63.45) 154.61 (154.27) 122.00 (86.27) .10

HDL cholesterol (mg/dL)

Males 38.41 (12.74) 45.00 (15.69) 40.67 (10.11) 35.63 (11.53) .24

Females 44.16 (12.06) 51.10 (12.17) 40.80 (11.24) 37.14 (6.71) .001

Glucose (mg/dL) 83.44 (10.28) 79.26 (7.90) 88.15 (14.38) 84.87 (9.09) .02

Systolic blood pressure (mm Hg) 117.59 (14.33) 116.17 (14.63) 115.23 (14.46) 119.70 (14.17) .53

Diastolic blood pressure (mm Hg) 67.84 (9.73) 66.69 (9.77) 63.92 (11.54) 67.83 (9.72) .09

Other risk factors

Body mass index (kg/m2) 27.52 (7.12) 25.00 (5.65) 27.23 (4.82) 29.61 (8.31) .04

Males 26.71 (5.34) 22.68 (1.44) 27.33 (2.51) 28.10 (5.88) .06

Females 28.05 (8.12) 25.85 (6.38) 27.20 (5.43) 31.66 (10.69) .12

Waist to hip ratio 0.90 (0.07) 0.86 (0.07) 0.90 (0.08) 0.93 (0.07) .00

Total cholesterol (mg/dL) 183.99 (40.83) 171.96 (32.39) 211.38 (47.94) 182.67 (39.90) .01

LDL cholesterol (mg/dL) 116.96 (34.53) 103.19 (27.59) 137.17 (36.37) 120.45 (35.20) .01

VLDL cholesterol (mg/dL) 22.57 (11.31) 19.31 (12.60) 22.58 (6.76) 25.22 (11.16) .14

C-reactive protein (mg/dL) 0.33 (0.49) 0.33 (0.68) 0.24 (0.23) 0.36 (0.40) .75

Homocysteine (mmol/L) 8.23 (1.68) 8.50 (1.61) 7.97 (2.03) 8.12 (1.60) .58

Microalbumin (mg/L) 10.30 (16.94) 11.65 (14.56) 8.54 (9.31) 10.81 (15.17) .81

Insulin (mu/L) 8.08 (7.86) 4.77 (2.63) 12.00 (13.90) 9.15 (6.56) .01

Peak growth hormone (mg/L) 27.75 (35.02) 65.65 (33.30) 12.25 (2.58) 4.01 (2.64)

IGF-1 (ng/mL) 157.10 (65.45) 183.54 (71.61) 138.38 (57.49) 144.88 (58.91) .04

Thyroxine (ng/dL) 1.07 (0.17) 1.10 (0.14) 1.06 (0.25) 1.05 (0.14) .53

Thyroid-stimulating hormone (mu/L) 2.60 (4.01) 2.04 (1.15) 4.64 (9.11) 2.23 (0.97) .13

Homeostasis model assessment (HOMA) 1.63 (1.88) 0.85 (0.49) 2.69 (3.60) 1.82 (1.34) .01

Height (cm) 165.57 (9.39) 166.31 (9.67) 163.49 (8.41) 165.81 (9.68) .67

Weight (kg) 75.51 (20.43) 68.92 (14.73) 73.12 (15.16) 81.65 (24.38) .05

HDL indicates high-density lipoprotein; SD, standard deviation; LDL, low-density lipoprotein; VLDL, very low-density lipoprotein; IGF-1, insulin-like growth factor 1; HOMA, homeostasis model assessment of

insulin resistance index.
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lower (95% CI: �31.5, �64.8; P < .001) among those

who received cranial irradiation compared with those

who did not, after controlling for sex, current age,

age at diagnosis, and BMI (R2 for model ¼ 0.55). The

BMI parameter estimate in this model was �0.62

(95% CI: �0.16, �1.08; P ¼ .01), indicating a modest

effect of BMI on GH after accounting for the cranial

radiation effect (data not shown).

Peak GH Secretion and Metabolic Syndrome
Of the 72 subjects who were tested for GH secretion,

10 had metabolic syndrome and 9 of those were ei-

ther GH insufficient or deficient (P ¼ .07) (Table 4).

An additional 23 subjects had 2 components of met-

abolic syndrome, 18 of whom had either GH insuffi-

ciency or deficiency. We found a pattern similar to

that observed with cranial irradiation treatment, in

that the number of metabolic components increased

with decreasing peak GH level (P ¼ .004). Abnormal

waist circumference (P ¼ .10) and low HDL-C

(P ¼ .03) were substantially more prevalent among

those with abnormal GH secretion compared with

subjects who had normal GH secretion. Similarly,

BMI, waist-to-hip ratio, LDL-C, mean fasting insulin,

and HOMA index were all higher among those with

lower than normal peak GH levels.

DISCUSSION
We found that the prevalence of metabolic syndrome

in long-term survivors of childhood ALL did not dif-

fer from that of population norms. Of concern, how-

ever, is the finding that 60% of those who were

treated with cranial irradiation, compared with 20%

of those who were not, had 2 or more of the five

components of metabolic syndrome. A pattern of

dyslipidemia and abdominal obesity was evident,

particularly in women, which may foreshadow future

cardiovascular problems. A large prevalence of ALL

survivors in our study, 63.5% (weighted for the sam-

pling method), had abnormally low HDL-C. Triglyc-

erides, total cholesterol, and LDL-C also tended to be

abnormal in those who received cranial irradiation.

We found essentially no evidence for a dose differ-

ence between the 18 Gy and 24 Gy levels for any of

the biochemical outcome measures considered,

implying that the threshold effect from cranial radia-

tion exposure occurs somewhere less than 18 Gy.

Consistent with other research,13,21,22,26,37 GH

deficiency was strongly associated with cranial radia-

tion treatment in these young adults and was asso-

ciated with a pattern of dyslipidemia and abdominal

obesity. Abnormally low GH was also deleteriously

associated with higher fasting insulin, lower IGF-1,

and higher HOMA index. Large waist circumference

is a strong independent risk factor for insulin resist-

ance,38,39 and untreated GH deficiency is associated

with an array of unfavorable cardiovascular risk fac-

tors and outcomes23,24,40–43 and may also be a risk

factor for insulin resistance.13,23,44,45 The risk profile

for diabetes that we observed in ALL survivors with

GH deficiency is notable. Whether or not GH treat-

ment is advisable for GH-deficient ALL survivors19,46

is beyond the scope of our study, but assessment of

hypothalamus and pituitary functioning and GH

secretion among ALL survivors appears warranted,

even in those who did not receive cranial irradiation,

given that 20% of those subjects were found to be

GH-deficient.

Our study has limitations that should be consid-

ered. First, some studies suggest that the GHRH/ARG

stimulation test may underdiagnose GH deficiency in

the early years after cranial irradiation.21,47 The

patients in our study, however, had a mean time of

25 years from diagnosis, thus minimizing the likeli-

hood of false-negative results. Second, the findings

attributable to cranial irradiation are important to

the thousands of childhood ALL survivors alive today

who were treated �20 years ago, but have less con-

temporary relevance because of the substantially

reduced reliance on cranial radiation treatment in

current ALL therapy.2,4,18 Nevertheless, cranial irra-

diation is still in use for high-risk ALL, for many

types of childhood brain and spinal cord tumors,

and as a conditioning agent for hematopoietic stem

cell transplantation. Lastly, our study was not

designed to evaluate etiologic mechanisms of insulin

resistance or abnormalities in the biochemical mea-

sures studied. Damage to the hypothalamic-pituitary

axis from cranial irradiation presumably is largely re-

sponsible for the long-term adverse effects on GH

secretion observed in our study and others,13,26,37

and contributes substantially to the cardiovascular

disease risk factors that we found. Our data, however,

are not sufficient to draw definitive conclusions on

etiologic pathways.

Our findings are consistent with a study that

compared 50 long-term childhood cancer survivors,

including 28 with ALL, with 50 sex- and age-matched

healthy controls.16 Compared with controls, survivors

had significantly higher weight and body fat, higher

fasting glucose and insulin levels, and significantly

decreased HDL-C. A combination of obesity, hyperin-

sulinemia, and low HDL-C was seen in 8 (16%) of

the survivors, but none of the controls. Of the 8 cases

with indicators of metabolic syndrome, 4 received

cranial radiation and 4 did not. Similarly, Link et al.13

evaluated GH deficiency and cardiovascular risk fac-
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tors in 44 adult survivors of childhood ALL, all of

whom were treated with cranial irradiation. They

found that all subjects, using the same cutoff points

as in our study, were either GH-deficient (91%) or

GH-insufficient (9%). They found childhood ALL sur-

vivors to have significant dyslipidemia, insulin resist-

ance, increased fat mass, and a marked reduction in

cardiac dimensions and performance. Neither the

Link et al.13 study nor the Talvensaari et al.16 study,

however, reported sex-specific findings. Our observa-

tion of significant differences in abdominal obesity

and lipid profile by gender needs to be explored in

future studies.

In conclusion, we found that cranial irradiation

in long-term childhood ALL survivors was strongly

related to GH deficiency, and in turn lower IGF-1,

higher fasting insulin and HOMA index, abdominal

obesity, and dyslipidemia, particularly in women.

Hematologists who treat and follow childhood ALL

patients, and particularly healthcare professionals

who provide primary care to young adults once trea-

ted for childhood ALL, should be aware of the poten-

tial for long-term GH deficiency and adverse

cardiovascular and diabetes risk profiles as a conse-

quence of their leukemia treatment.

REFERENCES
1. Reaman GH. Pediatric cancer research from past successes

through collaboration to future transdisciplinary research.

J Pediatr Oncol Nurs. 2004;21:123–127.

2. Pui CH, Evans WE. Treatment of acute lymphoblastic leu-

kemia. N Engl J Med. 2006;354:166–178.

3. Gurney J, Bondy M. Epidemiology of childhood cancer. In:

Pizzo PA, Poplack DG, editors. Principles and Practice

of Pediatric Oncology. 5th ed. Philadelphia: Lippincott-

Williams & Wilkins; 2006:1–13.

4. Margolin JF, Steuber CP, Poplack DG. Acute lymphoblastic

leukemia. In: Pizzo PA, Poplack DG, editors. Principles and

Practice of Pediatric Oncology. 5th ed. Philadelphia: Lip-

pincott-Williams & Wilkins; 2006:538–590.

5. Meacham LR, Gurney JG, Mertens AC, et al. Body mass

index in long-term adult survivors of childhood cancer: a

report of the Childhood Cancer Survivor Study. Cancer.

2005;103:1730–1739.

6. Rogers PC, Meacham LR, Oeffinger KC, Henry DW, Lange

BJ. Obesity in pediatric oncology. Pediatr Blood Cancer.

2005;45:881–891.

7. Ross JA, Oeffinger KC, Davies SM, et al. Genetic variation

in the leptin receptor gene and obesity in survivors of

childhood acute lymphoblastic leukemia: a report from the

Childhood Cancer Survivor Study. J Clin Oncol. 2004;22:

3558–3562.

8. Oeffinger KC, Mertens AC, Sklar CA, et al. Obesity in adult

survivors of childhood acute lymphoblastic leukemia: a

report from the Childhood Cancer Survivor Study. J Clin

Oncol. 2003;21:1359–1365.

9. Sklar CA, Mertens AC, Walter A, et al. Changes in body

mass index and prevalence of overweight in survivors of

childhood acute lymphoblastic leukemia: role of cranial

irradiation. Med Pediatr Oncol. 2000;35:91–95.

10. Mertens AC, Yasui Y, Neglia JP, et al. Late mortality experi-

ence in five-year survivors of childhood and adolescent

cancer: the Childhood Cancer Survivor Study. J Clin Oncol.

2001;19:3163–3172.

11. Oeffinger KC, Buchanan GR, Eshelman DA, et al. Cardio-

vascular risk factors in young adult survivors of childhood

acute lymphoblastic leukemia. J Pediatr Hematol Oncol.

2001;23:424–430.

12. Ness KK, Oakes JM, Punyko JA, Baker KS, Gurney JG. Prev-

alence of the metabolic syndrome in relation to self-

reported cancer history. Ann Epidemiol. 2005;15:202–206.

13. Link K, Moell C, Garwicz S, et al. Growth hormone defi-

ciency predicts cardiovascular risk in young adults treated

for acute lymphoblastic leukemia in childhood. J Clin

Endocrinol Metab. 2004;89:5003–5012.

14. Nuver J, Smit AJ, Postma A, Sleijfer DT, Gietema JA. The

metabolic syndrome in long-term cancer survivors, an im-

portant target for secondary preventive measures. Cancer

Treat Rev. 2002;28:195–214.

15. Talvensaari K, Knip M. Childhood cancer and later devel-

opment of the metabolic syndrome. Ann Med. 1997;29:353–

355.

16. Talvensaari KK, Lanning M, Tapanainen P, Knip M. Long-

term survivors of childhood cancer have an increased risk

of manifesting the metabolic syndrome. J Clin Endocrinol

Metab. 1996;81:3051–3055.

17. Grundy SM, Cleeman JI, Daniels SR, et al. Diagnosis and

management of the metabolic syndrome: an American

Heart Association/National Heart, Lung, and Blood Insti-

tute scientific statement: executive summary. Circulation.

2005;112:e285–290.

18. Pui CH, Schrappe M, Ribeiro RC, Niemeyer CM. Childhood

and adolescent lymphoid and myeloid leukemia. Hematol-

ogy (Am Soc Hematol Educ Program). 2004:118–145.

19. Bulow B, Link K, Ahren B, Nilsson AS, Erfurth EM. Sur-
vivors of childhood acute lymphoblastic leukaemia, with
radiation-induced GH deficiency, exhibit hyperleptinaemia
and impaired insulin sensitivity, unaffected by 12 months
of GH treatment. Clin Endocrinol (Oxf). 2004;61:683–691.

20. Ham JN, Ginsberg JP, Hendell CD, Moshang T Jr. Growth

hormone releasing hormone plus arginine stimulation

testing in young adults treated in childhood with cranio-

spinal radiation therapy. Clin Endocrinol (Oxf). 2005;62:

628–632.

21. Darzy KH, Aimaretti G, Wieringa G, Gattamaneni HR,

Ghigo E, Shalet SM. The usefulness of the combined

growth hormone (GH)-releasing hormone and arginine sti-

mulation test in the diagnosis of radiation-induced GH

deficiency is dependent on the post-irradiation time inter-

val. J Clin Endocrinol Metab. 2003;88:95–102.

22. Cohen LE. Endocrine late effects of cancer treatment. Curr

Opin Pediatr. 2003;15:3–9.

23. McCallum RW, Petrie JR, Dominiczak AF, Connell JM.

Growth hormone deficiency and vascular risk. Clin Endo-

crinol (Oxf). 2002;57:11–24.

24. Rosen T, Eden S, Larson G, Wilhelmsen L, Bengtsson BA.
Cardiovascular risk factors in adult patients with growth
hormone deficiency. Acta Endocrinol (Copenh). 1993;129:
195–200.

25. Flint DJ, Gardner MJ. Influence of growth hormone defi-
ciency on growth and body composition in rats: site-speci-
fic effects upon adipose tissue development. J Endocrinol.
1993;137:203–211.

Metabolic Syndrome and Childhood ALL/Gurney et al. 1311



26. Jarfelt M, Lannering B, Bosaeus I, Johannsson G, Bjarnason

R. Body composition in young adult survivors of childhood

acute lymphoblastic leukaemia. Eur J Endocrinol. 2005;153:

81–89.

27. Franco C, Brandberg J, Lonn L, Andersson B, Bengtsson

BA, Johannsson G. Growth hormone treatment reduces

abdominal visceral fat in postmenopausal women with ab-

dominal obesity: a 12-month placebo-controlled trial. J Clin

Endocrinol Metab. 2005;90:1466–1474.

28. Colao A, Di Somma C, Salerno M, Spinelli L, Orio F,

Lombardi G. The cardiovascular risk of GH-deficient ado-

lescents. J Clin Endocrinol Metab. 2002;87:3650–3655.

29. Johannsson G, Grimby G, Sunnerhagen KS, Bengtsson BA.

Two years of growth hormone (GH) treatment increase iso-

metric and isokinetic muscle strength in GH-deficient

adults. J Clin Endocrinol Metab. 1997;82:2877–2884.

30. Robison LL, Mertens AC, Boice JD, et al. Study design and

cohort characteristics of the Childhood Cancer Survivor

Study: a multi-institutional collaborative project. Med

Pediatr Oncol. 2002;38:229–239.

31. Dominici R, Luraschi P, Franzini C. Measurement of C-

reactive protein: two high sensitivity methods compared.

J Clin Lab Anal. 2004;18:280–284.

32. Gonzalez-Sagrado M, Martin-Gil FJ. Population-specific ref-

erence values for thyroid hormones on the Abbott ARCHI-

TECT i2000 analyzer. Clin Chem Lab Med. 2004;42:540–542.

33. Stauffenberg MT, Lange RA, Hillis LD, et al. Hyperhomo-

cysteinemia measured by immunoassay: a valid measure

of coronary artery atherosclerosis. Arch Pathol Lab Med.

2004;128:1263–1266.

34. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher

DF, Turner RC. Homeostasis model assessment: insulin re-

sistance and beta-cell function from fasting plasma glucose

and insulin concentrations in man. Diabetologia. 1985;28:

412–419.

35. Biller BM, Samuels MH, Zagar A, et al. Sensitivity and

specificity of six tests for the diagnosis of adult GH defi-

ciency. J Clin Endocrinol Metab. 2002;87:2067–2079.

36. Ghigo E, Aimaretti G, Arvat E, Camanni F. Growth hor-

mone-releasing hormone combined with arginine or

growth hormone secretagogues for the diagnosis of growth

hormone deficiency in adults. Endocrine. 2001;15:29–38.

37. Jarfelt M, Bjarnason R, Lannering B. Young adult survivors

of childhood acute lymphoblastic leukemia: spontaneous

GH secretion in relation to CNS radiation. Pediatr Blood

Cancer. 2004;42:582–588.

38. Ascaso JF, Romero P, Real JT, et al. Abdominal obesity, insu-

lin resistance, and metabolic syndrome in a southern Euro-

pean population. Eur J Intern Med. 2003;14:101–106.

39. Wahrenberg H, Hertel K, Leijonhufvud BM, Persson LG,

Toft E, Arner P. Use of waist circumference to predict in-

sulin resistance: retrospective study. BMJ. 2005;330:1363–

1364.

40. Colao A, Cerbone G, Pivonello R, et al. The growth hor-

mone (GH) response to the arginine plus GH-releasing

hormone test is correlated to the severity of lipid profile

abnormalities in adult patients with GH deficiency. J Clin

Endocrinol Metab. 1999;84:1277–1282.

41. Hoffman AR. Treatment of the adult growth hormone defi-

ciency syndrome: directions for future research. Growth

Horm IGF Res. 2005;15(Suppl A):48–52.

42. Rosen T, Johannsson G, Johansson JO, Bengtsson BA. Con-

sequences of growth hormone deficiency in adults and the

benefits and risks of recombinant human growth hormone

treatment. A review paper. Horm Res. 1995;43:93–99.

43. Svensson J, Bengtsson BA, Rosen T, Oden A, Johannsson G.

Malignant disease and cardiovascular morbidity in hy-

popituitary adults with or without growth hormone repla-

cement therapy. J Clin Endocrinol Metab. 2004;89:3306–

3312.

44. Hew FL, Koschmann M, Christopher M, et al. Insulin re-

sistance in growth hormone-deficient adults: defects in

glucose utilization and glycogen synthase activity. J Clin

Endocrinol Metab. 1996;81:555–564.

45. Ranke MB. Insulin-like growth factor-I treatment of growth

disorders, diabetes mellitus and insulin resistance. Trends

Endocrinol Metab. 2005;16:190–197.

46. Sklar CA. Growth hormone treatment: cancer risk. Horm

Res. 2004;62 Suppl 3:30–34.

47. Bjork J, Link K, Erfurth EM. The utility of the growth hor-

mone (GH) releasing hormone-arginine test for diagnosing

GH deficiency in adults with childhood acute lymphoblas-

tic leukemia treated with cranial irradiation. J Clin Endocri-

nol Metab. 2005;90:6048–6054.

1312 CANCER September 15, 2006 / Volume 107 / Number 6


