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Low circulating adiponectin and resistin, but not leptin, levels
are associated with multiple myeloma risk: a case—control study
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Abstract Accumulating evidence supports a role for
obesity in the etiology of multiple myeloma (MM). The
distinct possibility exists that obesity may be linked to MM
through altered adipokine secretion and circulating levels,
one of which, adiponectin, has a protective role in several
malignancies, including leukemia. In this case—control
study, we investigated the role of serum adiponectin, res-
istin, and leptin levels in the etiopathogenesis of MM and
we explored their association with several established
prognostic factors. Seventy three patients with incident,
histologically confirmed MM and 73 controls matched on
gender and age were studied between 2001 and 2007, and
blood samples were collected. Serum adiponectin, leptin,
resistin, as well as MM prognostic parameters were
determined. Statistical analysis of the data was performed
using univariate and multivariate analyses. Lower serum
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adiponectin and resistin levels were associated with higher
risk of MM by bivariate analysis and after adjusting for
age, gender, BMI, and serum levels of leptin (p < 0.0001).
Adiponectin may have a protective role in MM, whereas
leptin was not associated with risk for MM at a comparable
level of significance and resistin levels may be decreased
via a compensatory mechanism. Further studies are needed
to confirm these associations and to explore the mecha-
nisms underlying adiponectin’s role in MM and plasma cell
dyscrasias.
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Introduction

Multiple myeloma (MM), a neoplasm of mature and
immature plasma cells resulting in an overproduction of
heavy and light chain monoclonal immunoglobulins [1, 2],
accounts for approximately 0.8% of all cancer diagnoses
and 0.9% of cancer deaths [3]. MM incidence rates are
higher in older subjects, among males than females, and
highest amid African Americans [1, 4], but the etiology of
MM remains largely unknown with no established risk
factors other than senescence, male gender, African
American ethnicity, monoclonal gammopathy of undeter-
mined significance (MGUS), and positive family history of
lymphohematopoietic cancer [2, 5]. Several potential eti-
ologic factors including exposure to chemicals and
radiation have been suggested but findings remain incon-
sistent [5, 6]. Chronic immune stimulation has also been
implicated as a risk factor in several but not all studies [4—
7], whereas accumulating evidence supports a role for
obesity in the etiology of MM [5, 8-11].
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The adipose tissue is currently considered an active
endocrine organ participating in the modulation of insulin
sensitivity and resistance, energy homeostasis, bone
metabolism, inflammation, hematopoiesis, immunity, and
angiogenesis [12—14] The adipose tissue secretes a number
of proinflammatory and anti-inflammatory adipokines,
such as adiponectin and leptin as well as cytokines and
chemokines, including TNF-o and IL-6 [15]. Adiponectin,
an endogenous insulin sensitizer, has been found to play a
protective role for several types of malignancies in vivo,
notably, those related to obesity including leukemia
[16-23]. Resistin, a novel hormone secreted by adipocytes
and mononuclear cells, was discovered as a hormone
related to insulin resistance, but studies in mice have
revealed conflicting data and more recent studies in
humans have suggested that the physiologic role of resistin
is mainly related to inflammation [24].

Thus, the distinct possibility exists that obesity may be
linked to MM through altered secretion of one of these
adipokines. Two previous studies with small number of
cases have examined leptin in association with MM [25,
26]. No previous study has focused on adiponectin or
resistin as predictors of MM and no prior study has
explored simultaneously whether adiponectin, leptin, and/
or resistin are associated with MM. In this case—control
study, we investigate the role of adiponectin, leptin, and
resistin levels, individually and jointly, in the etiopatho-
genesis of MM and explore their association with several
prognostic factors.

Materials and methods

In this study, cases and controls were recruited from
patients hospitalized at the Veterans’ Administration
General Hospital of Athens (NIMTS). This hospital is the
only Veteran’s Hospital in the Athens Metropolitan area
and the entire Southern Greece. The study included 73
cases and 73 controls under the age of 79 years from the
same study base, who were all of Greek nationality and
permanent residents of Greece. Medical records were
reviewed and interviews were carried out to obtain infor-
mation on demographic characteristics, medical history, as
well as weight and height.

Selection of cases

Eligible cases included newly diagnosed patients under age
79 with histologically confirmed multiple myeloma
according to the cytologic, clinical, and laboratory diag-
nostic criteria of Durie and Salmon [27], consecutively
admitted to the Internal Medicine Department-Hematology
Section of the Veterans’ Hospital between 18 January 2001
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and 25 August 2007. A total of 77 cases were identified,
and of those, 73 cases (42 males and 31 females), aged 55
to 79 years (median age, 68) consented to participate and
were interviewed. The main reasons for nonparticipation
were the status of the patient and/or refusal on the part of
the subject or his/hers relatives. Nevertheless, responders
and non-responders did not differ on demographic vari-
ables, notably, age, gender, and time of diagnosis.

Selection of controls

Controls were patients, under age 79, admitted for non-
neoplastic and non-infectious conditions to the Opthalmo-
logic and Orthopedic Department of the same hospital and
matched to cases on age (45 years), gender, and year/
month of diagnosis (£1 month). No control developed
MM. The main causes of admission to the hospital in the
control group were: scheduled senile cataract operation
(43.8%), scheduled hip (20.5%) or knee joint replacement
(19.2%) due to idiopathic osteoarthritis and injuries, in
particular fractures not secondary to a disease (16.4%). For
every eligible case, an attempt was made to randomly
identify a control admitted to the Veterans’ Administration
General Hospital as closely as possible in time to the
admission of the corresponding case (1 month). A total
of 95 potential controls were identified, and of those, 73
consented to participate and were interviewed. Among the
latter, 42 were male and 31 female, aged 53 to 79 years
(median age, 68). As for cases, the main reason for non
participation was the status of the patient and/or refusal on
the part of the subject or his/her relatives, but responders
and non-responders did not differ on demographic vari-
ables, notably, age, gender, and time of diagnosis. All cases
and controls who participated in our investigation were
fully informed of the aim of the study and gave written
consent for their participation and their agreement that the
results of this study may well be presented or published,
solely in the interests of science, provided that their ano-
nymity is maintained.

Diagnostic procedures, specimen collection,
and laboratory analysis

The diagnosis of multiple myeloma was made according to
standard clinical and laboratory diagnostic procedures
according to the criteria of Durie and Salmon [27]. Serum
lactic dehydrogenase (LDH), calcium, C-reactive protein
(CRP), f,-microglobulin, as well as erythrocyte sedimen-
tation rate (ESR) were determined. Multiple myeloma
patients were also classified in three prognostic stages
using the Durie-Salmon Myeloma Staging System [28]. All
blood specimens were collected prior to the initiation of
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chemotherapy or blood transfusions for the cases and prior
to any therapeutic approach, including surgery, for the
control group. Peripheral blood samples were centrifuged
in the laboratory. Serum was separated and stored at —
80°C. Samples from cases and controls were handled in a
similar way concerning the amount of time between col-
lection, processing, and initial storage, as well as the
amount of time in storage prior to hormones assays per-
formance. Assays were run blindly and the laboratory
technicians were not aware of the study hypothesis and the
case/control status of the patients. Serum leptin and
adiponectin levels were measured using ELISA (Avibion
Human Elisa, Orgenium Laboratories, Helsinki, Finland).
The sensitivity of the assay was 1 ng/ml and 3 ng/ml for
leptin and adiponectin, respectively. The intra-assay coef-
ficient of variation was <9% and <10% for leptin and
adiponectin, respectively, while the inter-assay coefficient
of variation was <12% for adiponectin and leptin. Serum
resistin was determined using ELISA (Phoenix Pharma-
ceuticals, Inc, Burlingame, CA 94010, US). The sensitivity
of the assay was 0.016 ng/ml. The intra-assay coefficient of
variation was <10%, while the inter-assay coefficient of
variation was <15%.

Statistical analysis

Descriptive characteristics of multiple myeloma case and
control subjects are presented as proportions or as mean
values + standard deviation (SD). Comparisons between
cases and controls was conducted by using chi-square tests
for categorical variables and #-test for continuous variables.
Nonparametric Spearman correlation test were conducted
to examine the associations of hormones and metabolic
characteristics. Subsequently, statistical analysis was
undertaken through multiple logistic regression using both
conditional and unconditional analysis. Results were very
similar with respect to effect size and precision for con-
ditional and unconditional analysis; thus, we have opted for
presenting herein unconditional rather than conditional
analysis using the same approach when investigating
prognostic stages of multiple myeloma.

In the case—control analyses, samples were stratified by
control-based quartile of adiponectin, leptin, and resistin to
test the associations of each hormone with MM. Each
model used simple and multivariate unconditional logistic
regression to produce crude and adjusted risk estimates.
For simple #-tests, statistical significance was set at 0.017 to
adjust for multiple comparisons (three hormones of inter-
est). One-way ANOVA with Bonferroni correction was
conducted to compare cases among the different subgroups
of multiple myeloma characteristics. Statistical analysis of
the data was performed with SAS 9.1 for Windows XP
(SAS Institute, Cary, N.C.) [29].

Results

Cases and controls were matched by gender, age (within
five years), and date of diagnosis (within one month).
Cases had significantly higher weight, BMI, and levels of
serologic prognostic parameters of MM than control sub-
jects. Adiponectin and resistin levels of control subjects
were significantly higher than levels of case subjects, but
leptin levels of controls were significantly lower than that
of cases (Table 1). Leptin was positively associated with
CRP, LDH, and calcium, and negatively correlated with
adiponectin. Further adjusting for both BMI, age, and
gender did not alter the associations (data not shown).
Table 2 displays the odd ratios for multiple myeloma in
relation to adiponectin, leptin, and resistin levels by con-
trol-based quartiles. In unadjusted analyses, higher levels
of adiponectin and resistin were found to be associated
with significantly lower risk for multiple myeloma.
Adjusting for age, gender, date of diagnosis, BMI, and
other adipokines did not alter the reported associations and
significance levels (Table 2A, C). In contrast to adipo-
nectin and resistin, leptin showed no significant association
with risk for multiple myeloma (Table 2B). It is important
to highlight that the odds ratios (OR) for the highest
quartile of leptin levels were quite strong despite they

Table 1 Descriptive characteristics of subjects with multiple mye-
loma (n = 73) and controls (n = 73)

Cases Controls  p Value
n 73 73
Male, n/Female, n 31/42 31/42 1.0
Age, years, mean (SD) 67.1 (5.9) 68.0 (5.8) 0.34

Weight, kg, mean(SD)
Height, m, mean(SD)

78.9 (12.3) 74.6 (13.0) 0.04
1.69 (0.07) 1.69 (0.08) 0.90

BMI, mean(SD) 27.7 (4.0) 262 4.2) 0.03

WHO categories of BMI, n(%)
Normal (18.5-25) 21 (28.8) 34 (46.6) 0.03
Overweight (25-30) 34 (46.6) 25 (34.2) 0.13
Obese (30-35) 13 (17.8) 10 (13.7) 0.50
Clinically obese (35-40) 5 (6.8) 4 (5.5) 0.73
Leptin, ng/ml, mean(SD) 27.5 (17.6) 21.9 (9.5) 0.02
Resistin, ng/ml, mean(SD) 9.4 (5.0) 15.9 (6.8) <0.0001

Adiponectin, ng/ml, mean(SD) 14.3 (7.3)
Stage, n(%)

21.7 (10.3) <0.0001

| 15 (20.5)

1T 28 (38.4)

1 30 (41.1)
Paraprotein, n(%)

IgG class 40 (54.8)

IgA class 21 (28.8)

Light chain class 12 (16.4)
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being non-significant. The inability to detect a cleaner
trend across leptin quartiles may reflect underlying biology
and/or be a function of the small sample size and the rel-
atively small differences in absolute levels captured in the
lower three quartiles. In conditional logistic regression
models, the crude ORs (95% CI) across quartiles of
adiponectin were as follows: 0.46 (0.18-1.19) for Q2, 0.14
(0.04-0.54) for Q3, and 0.04 (0.01-0.22) for Q4
(»p = 0.002). Crude ORs (95% CI) from -conditional
logistic regression across quartiles of leptin were 1.55
(0.63-3.82) for Q2, 1.02 (0.39-2.67) for Q3, and 2.58
(0.96-6.95) for Q4 (p = 0.22). The crude ORs (95% CI)
from conditional logistic regression across quartiles of
resistin were 0.42 (0.16-1.12) for Q2, 0.11 (0.03-0.43) for

Q3, and 0.03 (0.01-0.20) for Q4 (p = 0.001). Since con-
ditional and unconditional logistic regression models
produced nearly identical results with respect to effect size
and precision, only the results from the unconditional
logistic regression are presented in Table 2.

Table 3 displays the associations of adipokines with
multiple myeloma stages and paraprotein types among
cases. Leptin levels were significantly different among
multiple myeloma stages. Higher stages tended to present
higher levels of leptin (Table 3). The differences in mean
leptin levels by stage were not small, especially those
between stages II and III. Adjustment for age, gender, and
BMI didn’t alter substantially the difference of mean leptin
levels (p < 0.02 vs. a Bonferonni adjusted p value of

Table 2 Odd ratios and 95% CI for risk of multiple myeloma by control defined quartiles of adiponectin (A), leptin (B), and resistin (C)*

A Quartile of adiponectin p Value
Q! Q Q3 Q4
Cases (n)/Controls (n) 40/19 19/18 11/18 3/18
Adiponectin (range), pg/ml (2.3-14.8) (14.8-19.8) (19.8-27.8) (27.8-49.2)
Median, pg/ml 10.2 17.5 23.7 32.2
Cases vs. control subjects
Crude 1.0 0.50 (0.22-1.17)  0.29 (0.12-0.73)  0.08 (0.02-0.30) 0.0007
Age, Gender, date of diagnosis, and BMI adjusted 1.0 0.44 (0.18-1.07)  0.25 (0.09-0.68)  0.06 (0.01-0.25)  <0.001
Age, Gender, date of diagnosis, BMI, leptin, 1.0 0.72 (0.23-2.29)  0.27 (0.08-0.95)  0.08 0.02-0.42) 0.001
and resistin adjusted
B Quartile of leptin p Value
Ql Q2 Q3 Q4
Cases (n)/Controls (n) 13/18 19/18 13/18 28/19
Leptin (range), ng/ml (3.9-15.2)  (15.2-22.4) (22.4-26.9) (26.9-96.7)
Median, pg/ml 11.3 18.9 24.8 33.0
Cases vs. control subjects
Crude 1.0 1.46 (0.56-3.82)  0.92 (0.33-2.56)  2.11 (0.84-5.30) 0.25
Age, Gender, date of diagnosis, and BMI adjusted 1.0 1.65 (0.59-4.44) 0.99 (0.35-2.86) 2.09 (0.79-5.52) 0.24
Age, Gender, date of diagnosis, BMI, adiponectin, 1.0 1.53 (0.39-6.01) 0.83 (0.21-3.28) 2.71 (0.77-9.57) 0.18
and resistin adjusted
C Quartile of resistin p Value
Ql Q2 Q3 Q4
Cases (n)/Controls (n) 43/19 19/18 9/18 2/18
Resistin (range), ng/ml (1.2-11.0)  (11.0-13.9) (13.9-19.5) (19.5-32.9)
Median, pg/ml 74 12.8 16.9 24.7
Cases vs. control subjects
Crude 1.0 0.47 (0.20-1.08)  0.22 (0.08-0.58)  0.05 (0.01-0.23) 0.0002
Age, gender, date of diagnosis, and BMI adjusted 1.0 0.30 (0.11-0.80)  0.13 (0.04-0.39)  0.03 (0.01-0.18) 0.0001
Age, gender, date of diagnosis BMI, leptin, 1.0 0.26 (0.09-0.79)  0.08 (0.02-0.31)  0.03 (0.004-0.17)  <0.0001

and adiponectin adjusted

* Cases and controls are matched on age, gender, and date of diagnosis
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0.017). No significantly different adiponectin or resistin
levels were found among different prognostic stages and
paraprotein classes.

Discussion

This case—control study provides evidence that higher
serum adiponectin and resistin levels are associated with
lower risk of MM before and after controlling for age,
gender, BMI, and serum levels of adipokines. Several
epidemiologic studies have shown inverse associations
between adiponectin levels and risk for breast [16], endo-
metrial [17], prostate [18], gastric [19], renal [20],
colorectal [21] cancers, as well as melanoma [22] and
childhood leukemia (AML) [23]. Adiponectin, the product
of the apM1 gene, is specifically expressed in human white
tissue adipocytes and is inversely related to the degree of
adiposity [15]. Adiponectin may act as an anti-inflamma-
tory hormone by suppressing the activation of the nuclear
transcription factor kB and thus inhibiting cytokine secre-
tion by adipocytes and other immune cells, including
interleukin-6 (IL-6) and tumor necrosis factor o« (TNF-a)
[30-32]. Several cytokines contribute to the growth of
myeloma cells and MM pathogenesis, but the most
important appears to be IL-6 [1, 30]. IL-6 production and
action are regulated by endocrine, autocrine, and paracrine
mechanisms [30]. Reduced adiponectin levels observed in
MM could be responsible in part for IL-6 and TNF-o
overproduction in the bone marrow milieu. Although
adiponectin was a significant predictor for MM risk, we
haven’t been able to find either a significant association
between adiponectin levels and MM prognostic stages or a
significant relation between adiponectin levels and prog-
nostic biological parameters such as CRP [1, 30],

We have also found that MM patients tend to have higher
mean leptin levels than controls by univariate analysis,
which may reflect their higher degree of obesity. This is in
agreement with two previous studies examining much fewer
patients (14 and 62 patients) [25, 26]. We also report herein
that after adjusting for age, gender, and BMI, as well as for
multiple comparisons performed, serum leptin levels wer-
en’t significantly different between MM patients and
controls. The odds of having a highest-quartile leptin level
were close to three times as high among cases than among
controls, but the OR was unstable and not statistically sig-
nificant. Leptin, a 16-kd protein encoded by the obese gene,
is mainly secreted by white adipocytes and is positively
correlated with body fat mass [14]. Leptin receptor
(OB-Rb), which shows homologies to cytokine and hema-
topoietic growth factor receptors, is expressed in all cell
types of innate and adaptive immunity [13]. Whether, as
previously proposed, leptin (circulating or produced by

bone marrow adipocytes and stromal cells) and its receptor
OB-R may function as a growth factor/receptor-ligand sys-
tem in malignant plasma cells acting in a paracrine fashion
remains to be demonstrated. Although leptin regulates
T-cell proliferation and influences cytokine production from
T-cells and monocytes [12, 14], and leptin may stimulate
leukemic cell growth in vitro [13, 33], leptin’s action in
humans in vivo is restricted mainly in leptin deficient states
[12, 14, 34]. Thus, currently available evidence indicates
that leptin has only a permissive role in humans [12, 14, 34],
a notion consistent with our data presented herein.

Resistin, an adipokine that belongs to the family of resi-
stin-like molecules (RELMs) was originally discovered as a
molecule that reportedly induced insulin resistance or
impaired hepatic sensitivity to insulin and caused hyper-
glycemia without affecting peripheral insulin sensitivity
[35, 36]. Furthermore, resistin may upregulate several
adhesion molecules and cytokines [37]. However, data in
humans are controversial. In contrast to mice, resistin in
humans is expressed in lower levels in adipocytes but at
relatively higher levels in circulating blood monocytes [38].
Several studies have failed to detect increased serum resistin
levels in obese or insulin resistant subjects [24]. Currently,
resistin is viewed mainly as an inflammatory factor associ-
ated with TNF-o, IL-6, and CRP [39]. However, MM patients
in this study, resistin levels were lower; given the proposed
biological roles for resistin, this finding could be possibly due
to a compensatory response of the resistin pathway to the
upregulation of other inflammatory and proliferative factors,
which may be etiologically linked to MM. Thus, low resistin
levels could be associated with upregulation of other adipo-
or cytokines etiologically involved in MM and could in turn
be decreased in a compensatory way, which would ulti-
mately lead to a less inflammatory state.

The slightly higher BMI observed among cases than
controls is roughly consistent with previously reported
positive association of obesity with MM risk [11].
Although previous studies have implicated obesity in MM
risk [8-10], the potential mechanisms by which obesity
may augment MM risk have to be fully elucidated. Pro-
posed mechanisms include an increased total number of
plasma cells that could undergo malignant transformation
and the contribution of cytokines involved in the prolifer-
ation and survival of plasma cells [30]. Other endocrine
factors could play an important role in plasma cell trans-
formation, including factors associated with insulin
resistance such as insulin-like growth hormone, which can
stimulate proliferation and inhibit apoptosis in myeloma
cells [8]. Adiponectin is a hormone with insulin sensitizing
and anti-inflammatory properties, whereas resistin has been
linked with opposite functions.

This is the first study exploring simultaneously the role
of adiponectin, leptin, and resistin in MM. We included
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Table 3 Associations of leptin,

. . DT Leptin Adiponectin Resistin
adiponectin, and resistin with
multiple myeloma stages and Mean (SE)  p Value Mean (SE)  p Value Mean (SE)  p Value
paraprotein classes before (A)
and after adjusting for age, A
gender, date of diagnosis, and Stage 0.01 0.83 0.94
BMI (B)
1 20.8 (4.3) 15.2 (1.9) 9.4 (1.3)
I 23.3 (3.2) 13.8 (1.4) 9.2 (1.0)
m 347 (3.1) 14.2 (1.3) 9.6 (0.9)
Paraprotein 0.26 0.88 0.56
1gG class 22.1 (3.8) 13.6 (1.6) 9.7 (1.1)
IgA class 29.5 (2.8) 14.5 (1.2) 9.7 (0.8)
Light chain class 30.1 (5.1) 14.7 2.1) 8.0 (1.5)
B
Stage 0.02 0.53 0.82
I 21.0 (4.5) 16.1 (2.0) 8.7 (1.4)
11 23.6 (3.2) 13.3 (1.4) 9.5 (1.0)
m 34.4 (3.0) 14.2 (1.3) 9.7 (0.9)
Paraprotein 0.34 0.87 0.69
1gG class 22.8 (3.8) 13.6 (1.6) 9.5 (1.1)
IgA class 29.1 (2.7) 14.6 (1.2) 9.7 (0.8)
Light chain class 30.4 (5.0) 14.2 (2.1) 8.3 (1.5)

hospital controls with admission diagnoses not known to be
related with the principal exposure variables, i.e., adipo-
nectin, leptin, and resistin, as well as obesity. Neither the
study subjects nor laboratory personnel were aware of the
study hypotheses, a fact that eliminates bias from these
sources. Assays were run blindly minimizing error from
that source too. Random misclassification is possible but
this would have been expected to depress effect estimates
toward the null and thus could not account for the signif-
icant results reported herein. An important limitation of the
present study is its cross-sectional nature, whereas causal-
ity cannot be inferred. Adipokine levels may in part reflect
a physiologic consequence of multiple myeloma presence
rather than an etiologic effect. The rarity of MM in the
general population makes the case—control study design
more appropriate for studying adipokines in its etiopatho-
genesis than a cohort study design. Despite its small size,
this case—control study was of size similar to prior studies
on adiponectin in other malignancies and, in addition, was
adequate to generate statistically significant associations
with adipokines.

In summary, the results of our study provide support to
the hypothesis that adiponectin may have a protective role
in MM, whereas leptin, a reflection of the degree of
obesity, is not independently associated with risk for MM
and resistin levels may be decreased via a compensatory
mechanism. The hypothesis raised herein and the mecha-
nisms underlying adiponectin’s role in MM and plasma cell
dyscrasias require further investigation.
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