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Adipocytokines in childhood cancer survivors and correlation with
metabolic syndrome components

Chiaki Kojima,' Masaru Kubota,' Ayako Nagai,' Souichi Adachi,> Ken-Ichiro Watanabe? and Tatsutoshi Nakahata®

'Department of Human Life and Environment, Nara Women’s University and *Department of Pediatrics and *Center for iPS
Cell Research and Application, Kyoto University, Kyoto, Japan

Abstract Background: Although there are several studies on the prevalence of metabolic syndrome (MetS) in childhood cancer
survivors (CCS), the association between MetS components and serum adipocytokine level has not been elucidated.
Methods: The charts of 49 patients (27 male, 22 female) who had attended the CCS clinic of the Department of
Pediatrics, Kyoto University Hospital, between April 2009 and March 2010 were retrospectively reviewed. Median age
was 10.7 years, and the median interval since the completion of chemotherapy was 5.1 years. The diagnosis of MetS was
made based on the Japanese criteria for either children or adults.

Results: Three (6.1%) of 49 patients fulfilled the criteria for MetS, and 28 (57.1%) had at least one component of MetS.
High leptin level was seen in 18 patients (36.7%), and low total adiponectin level was seen in 20 (40.8%). The number
of patients with high leptin was correlated with body mass index z-score (>2.0), abdominal circumference/height (=0.5),
diastolic blood pressure and fasting blood sugar. The number of patients with low total adiponectin was correlated with
systolic blood pressure and triglyceride. When the patients were divided into three groups based on the number of
positive MetS components (0, 1 and 2-4), leptin and adiponectin tended to be higher and lower in the third group,
respectively.

Conclusions: Adipocytokines may play a role in the pathogenesis of MetS occurring in CCS. It is recommended that
adipocytokines be evaluated together with MetS components at the CCS follow-up clinics.

Key words adipocytokine, cancer survivor, child, late effects, metabolic syndrome.

The prognosis for childhood cancer has improved in recent lism.'*" In healthy children, it is reported that serum leptin level
decades, with 5 year survival rates reaching approximately is positively associated with the occurrence of MetS, whereas
80%.' In contrast, this improvement in the survival rate in serum adiponectin level is negatively associated with the occur-
childhood cancer has caused a number of treatment-related com- rence of MetS.'""" There are several reports on the relationship
plications, that is, late effects, among childhood cancer survivors between obesity or MetS and adipocytokines in CCS,"" but
(CCS). Obesity is a well-recognized late effect,*’ and is some- the relationship has not been fully elucidated, especially in
times accompanied by obesity-associated metabolic abnormali- young CCS. Moreover, reports measuring high-molecular-weight
ties known as metabolic syndrome (MetS).*"" There has been adiponectin in CCS are sparse. Therefore, the purpose of this
increasing evidence that MetS or its components are more preva- study was to clarify the serum levels of leptin and adiponectin,
lent in adult survivors of childhood cancer.*”*'° Cranial or total including high-molecular-weight adiponectin, in relation to the
body radiation, growth hormone deficiency, and impaired prevalence of MetS components in CCS.
morbidity are thought to be associated with the occurrence of
MetS . Methods

Previous studies have indicated a link between obesity or .

. . . . . . . Patients

MetS and various adipocytokines such as leptin and adiponectin
in obese children and adolescents."~'"* Leptin acts to reduce body- ~ Forty-nine patients (27 male, 22 female) visiting the follow-up
weight by decreasing food intake and increasing energy expendi- clinic for CCS at the Department of Pediatrics, Kyoto University
ture." Adiponectin is closely linked to adiposity and insulin Hospital, from April 2009 to March 2010, were enrolled. They
resistance through the modulation of glucose and lipid metabo- were diagnosed as having various types of cancer at <16 years of

age between 1983 and 2007. The conditions for eligibility for the

present study were: (i) remission; (ii) freedom from any type of
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> > cancer treatment for the previous 3 years; (iii) present age >6
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Email: mkubota@cc.nara-wu.ac.jp years; and (iv) availability of complete clinical data. The median
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the median interval since the completion of chemotherapy was
5.1 years (range, 3.0-14.6 years).

Procedure

We retrospectively reviewed the charts of 49 patients to deter-
mine their diagnoses and the treatment modalities used (i.e.
chemotherapy, radiation therapy, and hematopoietic stem cell
transplantation, HSCT). The patient characteristics are summa-
rized in Table 1. The treatment modalities used for the 49 patients
included chemotherapy (n = 49; 100%), HSCT (n = 16; 32.7%),
total body irradiation (n = 9; 18.4%) and cranial irradiation (n =
2; 4.1%). Patients with chronic myeloid leukemia were not
treated with tyrosine kinase inhibitors. It is of note that there were
no patients with brain tumors, because those patients were
mainly treated in the neurosurgery department. The data col-
lected for each patient included height, weight, waist circum-
ference, systolic and diastolic blood pressures (SBP and
DBP), high-density lipoprotein cholesterol (HDL-C), trigly-
cerides (TG), and fasting blood sugar (FBS). The serum levels of
leptin, total adiponectin (T-adiponectin) and high-molecular-
weight adiponectin (H-adiponectin) were measured using
serum samples stored at —70°C until use. The serum levels of
leptin and adiponectin were assayed by radioimmunoassay and
enzyme-linked immunosorbent assay, respectively (Mitsubishi
Petrochemical, Tokyo, Japan). Because reference values for
adiponectins based on a large survey of Japanese children are not
available, we used the data obtained by Yoshinaga et al. as the
reference data for children under 15 years of age." In adolescents
and adults, we used the data obtained by Matsubara et al. for
leptin'® and by Ehara et al. for adiponectin as the reference."

Definition of MetS and MetS components

The body mass index (BMI) z-scores were calculated using the
least mean squares method based on the reference data.”® MetS

Table 1 Patient characteristics and treatment modalities

Total (n) 49
Gender (n), M: F 27122

Age at diagnosis (years), median (range) 5.1(0.2-14.2)
Years since completion of treatment, 5.1 (3.0-14.6)

median (range)

Present age (years), median (range) 10.7 (6.0-25.3)

Diagnosis
ALL 23
AML 10
CML 2
Lymphoma' 3
Solid tumor* 11
Treatment
Chemotherapy only 31
Chemotherapy + Cranial radiation 2
Chemotherapy + HSCT 7
Chemotherapy + TBI + HSCT 9

"Burkitt lymphoma, n = 1; T-lymphoma, n = 1; non-Hodgkin lym-
phoma, n = 1. *Retinoblastoma, n = 3; osteosarcoma, n = 2; neuro-
blastoma, n = 2; Wilm’s tumor, n = 2; hepatoblastoma, n = [;
germinoma, n = 1. HSCT: hematopoietic stem cell transplantation;
TBI, total body irradiation.
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for children was defined according to the criteria established by
the Health, Labour and Welfare Ministry of Japan in 2006.%' The
criteria are applicable to children between the ages of 6 and
15 years, and include: (i) abdominal obesity (i.e. waist circum-
ference =80 cm for junior high school students, =75 cm for
elementary school students, and/or waist/height ratio =0.5);
(i) SBP =125 mmHg and/or DBP =70 mmHg; (iii) TG
=120 mg/dL and/or HDL-C <40 mg/dL; and (iv) FBS =100 mg/
dL. We adapted these criteria to high school students (i.e. chil-
dren up to 18 years old) because there are no MetS criteria
specific to high school students. In four patients >18 years old,
MetS was diagnosed based on the Japanese criteria for adults.”
These criteria include: (i) abdominal obesity (i.e. waist circum-
ference =85 cm for men and =90 cm for women); (ii) SBP
=130 mmHg and/or DBP =85 mmHg; (iii) TG =150 mg/dL
and/or HDL-C <40 mg/dL; and (iv) FBS =110 mg/dL. In both
sets of criteria, a diagnosis of MetS was made when patients
fulfilled condition (i), abdominal obesity (required) and at least
two of conditions (ii)—(iv).

Statistical Analysis

Fisher’s exact test was used to compare categorical variables
including gender and the prevalence of MetS components
between two groups, and Cochran—Armitage test was used for
three groups. Mann—Whitney test and Kruskal-Wallis test were
applied to assess the differences of continuous variables between
two and between three groups, respectively. All statistical analy-
sis was carried out using Stat Mate (version III; Atoms, Tokyo,
Japan). P < 0.05 was considered statistically significant.

Results
Prevalence of MetS and components of MetS

Three (6.1%) out of 49 patients were found to have MetS
(Table 2). With regard to the components of MetS, 18 (36.7%)
and 10 (20.4%) patients had at least one and more than two
components, respectively. Among abnormal MetS components,
the prevalence of hypertriglyceridemia was most common,
followed by hypertension (Table 2). Notably, only three patients
(10.7%) had abdominal obesity. The number of MetS compo-
nents in each patient group are listed in Table 2.

Demographic features and MetS components vs
adipocytokine level

We classified the patients into two groups each with regard to
leptin level (normal or high) and T-adiponectin level (normal or
low), based on the reference values given here. Table 3 lists the
number of patients belonging to each group versus present age,
gender, treatment modalities, and MetS components. In the high
leptin group, the number of patients with female gender, BMI
z-score (=2.0), abdominal circumference/height (=0.5), high
DBP, and high FBS was significantly higher than in the control
group. In the low T-adiponectin group, the number of patients
with high SBP and high TG was significantly higher than in the
control group. When the analysis was done for the acute lym-
phoblastic leukemia (ALL) and acute myeloid leukemia (AML)

© 2013 The Authors
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Table 2 Prevalence and components of MetS vs disease group

MetS

Disease group Total, n (%)

ALL AML CML Lymphoma Solid tumor
Presence of MetS
Yes 2 1 0 0 0 3(6.1)
No 21 9 2 3 11 46 (93.9)
No. positive MetS components*
0 8 5 1 3 4 21 (42.9)
1 9 3 1 0 5 18 (36.7)
2 4 1 0 0 2 7(14.3)
3 2 0 0 0 0 24.1)
4 0 1 0 0 0 12.0)
MetS components
Abdominal obesity 2 1 0 0 0 3(0.7N°
Hypertriglyceridemia 10 3 0 0 3 16 (57.1)
Low HDL-C 3 0 0 0 0 3(10.7)
Hypertension 10 3 1 0 1 15 (53.6)
High fasting blood sugar 1 0 0 0 4 5(17.9)

"Total number of patients with positive MetS components (28 patients) used as the denominator. *Abdominal obesity was classified as one
component of MetS. ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CML, chronic myeloid leukemia; HDL-C, high-density

lipoprotein cholesterol; MetS, metabolic syndrome.

patient groups, however, a statistically significant difference was
found only for abdominal circumference/height with regard to
leptin level (Table 4).

Demographic features and adipocytokine level vs no.
MetS components

Next, we classified the patients into three groups according
to the number of positive MetS components: 0, 1, and 2-4
(Table 5). Although an increase in leptin and in the ratio of
leptin to T-adiponectin, and a decrease in T-adiponectin and
H-adiponectin and the ratio of H-adiponectin to T-adiponectin
were observed, the differences were not statistically significant.

Discussion

Although previous studies of CCS noted a prevalence of MetS of
8-33%,%™>1° we found MetS in only three patients (6.1%). There

are several possible explanations for the discrepancy. First, the
history of cranial radiation was closely associated with the occur-
rence of obesity and MetS in CCS,*® but only two patients (4.1%)
in the present study had received cranial radiation. Second, the
time since the completion of cancer treatment was short in the
present study compared with previous studies.®™'® In other
words, the present cohort mainly consisted of young survivors of
childhood cancer. Finally, the present diagnostic criteria for
MetS were specific to Japan, especially in that the component of
abdominal obesity is included as a requisite for the diagnosis of
MetS.?! It should be noted, however, that the present results are in
line with the report by Ishida et al. on Japanese CCS.%

As for the components of MetS, the number of patients
with hypertriglyceridemia, which was the most prevalent of
MetS components, was 16 (57.1%), whereas only three patients
(10.7%) had low HDL-C. The cut-off point for dyslipidemia in

Table 3 Total subject characteristics and MetS components vs adipocytokine level

Subject characteristics Adipocytokines
Leptin T-Adiponectin

Normal (n = 31) High (n = 18) P Normal (n = 29) Low (n =20) P
Present age (years), median (range) 10.4 (5.9-19.7) 15.1 (6.9-25.3) 0.12f 10.4 (7.5-25.3) 13.8 (5.9-19.6) 0.17%
Gender (M : F) 21:10 6:12 <0.05* 15:14 12:8 0.77*
Treatment (chemotherapy only : others) 21:10 10:8 0.54* 20:9 11:9 0.38¢
BMI z-score (>2.0) 0(0) 3(16.7) <0.05* 134 2 (10.0) 0.56*
Positive MetS components, no. patients (%)
Abdominal circumference/height 0(0) 3(16.7) <0.05% 0(0) 3(15.0) 0.062*
SBP 4(12.9) 5(27.8) 0.26* 2 (6.8) 7(35.0) <0.05%
DBP 5(16.1) 9 (50.0) <0.05* 5(17.2) 9 (45.0) 0.054*
Fasting blood sugar 1(3.2) 5(27.8) <0.05¢ 4 (13.8) 2 (10.0) 1.00*
Triglyceride 9(29.0) 8(44.4) 0.35¢ 6 (20.7) 11 (55.0) <0.05%
HDL-C 309.1) 0(0) 0.29% 1(3.4) 2 (10.0) 0.56*

"Mann-Whitney U-test; *Fisher’s exact test. BMI, body mass index; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol;

MetS, metabolic syndrome; SBP, systolic blood pressure.
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Table4 ALL and AML subject characteristics and MetS components vs adipocytokine level
Subject characteristics Adipocytokines

Leptin T-Adiponectin
Normal (n =21) High (n = 12) P Normal (n = 16) Low (n=17) P

Present age (years) median (range) 10.0 (6.0-19.7) 16.9 (6.9-18.3) 0.0537 9.9 (7.5-17.8) 145 (6.0-19.7)  0.14%
Gender M : F) 15:6 4:8 0.066% 9:7 10:7 1.00¢
Treatment (chemotherapy only : others) 11:10 7:5 1.00¢ 8:8 10:7 0.73%
BMI z-score (> 2.0) 0(0) 1(8.3) 0.36* 0 1(5.9) 1.00*
Positive MetS components, no. patients (%)
Abdominal circumference/height 0(0) 3(25.0) <0.05% 1(6.3) 2 (11.8) 1.00*
SBP 4 (19.0) 4 (33.3) 0.42¢ 2 (12.5) 6 (35.3) 0.22¢
DBP 5(23.8) 6 (50.0) 0.15% 4 (25.0) 7(41.2) 0.46*
Fasting blood sugar 0(0) 1(8.3) 0.36* 0(0) 1(5.9) 1.00*
Triglyceride 7(33.3) 6 (50.0) 0.47* 4 (25.0) 9(52.9) 0.16*
HDL-C 3(14.3) 0(0) 0.28* 1(6.3) 2(11.8) 1.00*

TMann~Whitney U-test; *Fisher’s exact test. ALL, acute Iymphoblastic leukemia; AML, écute myeloid leukemia; DBP, diastolic blood pressure;
HDL-C, high-density lipoprotein cholesterol; MetS, metabolic syndrome; SBP, systolic blood pressure.

the diagnosis of MetS in Japanese children is based on the 90th
percentile for TG and the 5th percentile for HDL-C among the
general population of Japanese children.” The high prevalence of
hypertriglyceridemia found in the present study was consistent
with a previous report on CCS with sarcoma (17/32; 53%).” In
other reports, however, the prevalence was found to be around
20%, but low HDL-C was more prevalent (12-64%).55% Previ-
ous studies indicated that the occurrence of dyslipidemia was
closely associated with abdominal obesity. It is remarkable that
the number of CCS having both abdominal obesity and dyslipi-
demia was only three (6.1%) in the present study. Although the
reasons for the disparity are uncertain at present, this finding may
indicate the need for regular blood examinations even in non-
obese CCS.

Adipocytokines such as leptin or adiponectin play an impor-
tant role in the occurrence of obesity and MetS in healthy
children'" and in adults.”® There are only a few studies,
however, that have examined the role of adipocytokines in
obesity or MetS in CCS. In ALL survivors, leptin level was
strongly associated with BMI-standard deviation scores (SDS)
only in male survivors, regardless of cranial radiation.”” In con-
trast, Karaman et al. reported that serum leptin level had a sig-
nificant correlation with BMI-SDS in ALL female survivors
receiving cranial radiation.'® Decreased T-adiponectin level was

Table 5 Subject characteristics vs no. MetS components, median (range)

noted in ALL survivors with HSCT compared with those without
HSCT.?® Moschovi et al. measured plasma adipocytokines seri-
ally during therapy in ALL patients, although their study cohort
did not include CCS. They found that: (i) low T-adiponectin and
high leptin levels were found at diagnosis; (ii) during the main-
tenance phase, T-adiponectin increased and leptin decreased sig-
nificantly; and (iii) toward the end of therapy, T-adiponectin level
remained lower than that of controls.” Tonorezos et al. reported
recently that insulin resistance as measured by elevated homeos-
tasis model of assessment—insulin resistance (HOMA-IR) was
associated with a high leptin : T-adiponectin ratio among ALL
survivors.'” The present findings are in line with these previous
reports with regard to the total patient group, but when the
samples were restricted to ALL and AML patients, the difference
became smaller. The tendency for both H-adiponectin level and
the ratio of H-adiponectin to T-adiponectin to decrease as the
number of MetS components increases, as far as we know, is a
new finding.

There are several limitations to the present study. First,
because the present cohort consisted of CCS of heterogeneous
cancers that were treated using diverse treatment modalities, it
was difficult to determine the influence of each treatment.
Second, we did not have reference values for several adiponectins
examined in the present study. Therefore, we used previous data

Subject characteristics No. MetS components P
0 1 2-4

No. patients 21 18 10

Present age (years) 10.7 (5-25)¢ 10.7 (8-20) 11.2 (7-18) 0.87%
Gender M : F) 11:10 12:6 4:6 0.84%
Leptin (ng/mL) 3.6 (1.1-24.8) 4.6 (1.7-19.5) 6.2 (1.9-17.6) 0.82°
Total adiponectin (mg/mL) 8.5 (3.6-14.5) 7.1 (3.9-16.6) 6.5 (2.9-11.1) 0.317
High-molecular-weight adiponectin (mg/mL) 3.7(1.4-8.5) 3.1(1.3-7.8) 2.6 (0.6-6.0) 0.157
Leptin/total adiponectin 0.49 (0.09-3.97) 0.78 (0.11-4.51) 0.77 (0.17-4.97) 0.26"

High-molecular-weight/total adiponectin

0.47 (0.29-0.74)

0.41 (0.27-0.56)

0.38 (0.12-0.62)

0.0687

"Kruskal-Wallis test; *Cochran—Armitage test. MetS, metabolic syndrome.
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for healthy children from the literature as the reference values,'*'s

although the number of samples collected in these studies is
thought to be insufficient. Finally, the period since the comple-
tion of treatment was short compared with those in previous
studies.'"” This may have led to the small number of patients
with MetS. Further follow up of the subject group is necessary.

Conclusion

There was a high prevalence of abnormal adipocytokine levels
including H-adiponectin in CCS. High leptin and low T- and
H-adiponectin levels may be associated in part with the occur-
rence of specific MetS components. Further study is warranted to
delineate the pathogenesis of the changes in adipocytokines and
MetS components and the relationship between them.
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