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Obesity is a major public health problem throughout the world. 
It is defined as an excess accumulation of adipose tissue, which is 
considered as a heterogeneous and highly active endocrine and 
metabolic organ [1]. Obesity predisposes individuals to an increased 
risk of developing many diseases, including atherosclerosis, non-
alcoholic fatty liver disease, Type 2 Diabetes (T2D), asthma and cancer; 
it is also associated with altered functioning of circulating immune 
cells [2]. The Body Mass Index (BMI) is one of several indicators of 
body fat, which is calculated as weight in kilograms divided by height 
in meters squared and categorized as defined by the World Health 
Organization as “underweight” (BMI<18.5 kg/m2), “normal weight” 
(BMI 18.5 to 24.9 kg/m2), “overweight” (BMI 25.0 to 29.9 kg/m2), and 
“obesity” (BMI ≥ 30.0 kg/m2). Using BMI, a large number of studies 
have highlighted a causal link between obesity and several human 
cancers, including hematological malignancies. One out of every 
five cancer cases is estimated to be caused by being obese, but the 
prevalence of obesity is steadily increasing in most developed countries; 
in this way, the impact can be even greater in the future. The biological 
mechanisms linking obesity to cancer susceptibility are related to the 
hormonal and/or metabolic abnormalities prevalent in obesity (mainly 
hyperinsulinemia and insulin resistance, insulin-like growth factor 1, 
sex steroids and adipokines), but a set of novel candidate mechanisms 
has been proposed [3]. 

Multiple Myeloma (MM) is the second most common cancer 
of the blood and accounts for 1% of all malignancies. MM is a very 
heterogeneous disease from both clinical and molecular point of view. 
Its pathogenesis remains poorly understood and it is considered an 
incurable disease. The molecular epidemiology of MM is an exciting 
area of research. Major advances have been made in recent years 
highlighting the need to face the disease through common efforts within 
large cooperative groups [4]. There is a set of accepted risk factors for 
MM like increasing age, male gender, black race, positive family history 
or having a Monoclonal Gammopathy Of Uncertain Significance 
(MGUS) [5]. In addition, an emerging group of new risk factors should 
be taken into consideration. Interestingly, a growing body of evidence 
points out to obesity as a consistent risk factor for MM. Four meta-
analysis have found a positive association between obesity and MM 
risk [6-9]. Moreover, MGUS is also associated with obesity, supporting 
the hypothesis that obesity is etiologically linked with myelomagenesis 
[10]. The largest prospective investigation of the impact of BMI at 
different ages and MM risk has also found a modest positive association, 
suggesting that excess body weight in both early adulthood and later in 
life is a risk factor for MM [11]. The circulating levels of adiponectin, 
the most abundant adipokine, are negatively correlated with obesity. 
The first prospective study of circulating adipokines and MM showed 
a clear inverse relationship between adiponectin levels and subsequent 
risk of MM, suggesting that adiponectin may play a role in the 
underlying biologic mechanisms linking obesity to myelomagenesis, by 
suppressing production of pro-inflammatory cytokines, inducing other 
anti-inflammatory cytokines and inhibiting NF-Kappa B activation, 
thereby affecting transduction pathways associated with survival and 
proliferation of malignant plasma cells [12]. In our recent study [13], 

approximately one third of MM patients are obese. Obesity could now 
be considered the only preventable MM risk factor. Controlling obesity 
epidemics could be a potential effective tool for MM prevention, to a 
certain point.

Besides the evidence of obesity as a MM risk factor, obesity could 
have a role as a prognostic factor in MM. We showed a significant shorter 
Overall Survival (OS) in obese MM patients comparing to patients with 
a normal weight (median OS 34 vs. 61 months, respectively) [13]. In 
this study we also highlighted the prognostic impact of disease-related 
weight loss before the diagnosis of MM, which occurred in 25,7% of the 
patients; moreover, we found a markedly short OS in MM patients with 
an underweight at the moment of the diagnosis. Beason et al [14] have 
recently analyzed the influence of BMI on OS in a large retrospectively 
assembled cohort of MM patients. Median OS was 28.6 months. They 
also found significant increased mortality for the underweight group 
and for patients with weight loss ≥ 10% in the year before diagnosis. 
Remarkably, the obese patients had better OS than those in the other 
BMI groups; a potential explanation is that obese patients were 
significantly younger. However, they did not give information about 
cytogenetics by fluorescent in situ hybridization or International 
staging system, the current standard combination for risk stratification 
in MM. In the Stem Cell Transplantation (SCT) setting, controversy 
remains about the role of obesity as a risk factor in both autologous and 
allogeneic SCT [15,16].

Attempts have been made to apply a specific comorbidity score to 
MM, but a standardized approach is still lacking. The prognostic impact 
of comorbidity in MM must be taken into account in a comprehensive 
way [17]. The magnitude of the interactions between the associated 
conditions should be explored. Obesity and T2D share close ties. 
Approximately one fifth of MM patients have T2D in our study. It 
is well known that obesity is a risk factor for T2D, so obesity can be 
frequently associated to T2D in the same patient. In fact, body weight 
gain in early rather than middle-to-late adulthood play an important 
role in developing T2D [18]. The association between T2D and MM 
has been evaluated in a meta-analysis [19] showing a statistical trend 
toward significantly increased odds of MM in patients with T2D. The 
possible biologic links between T2D and MM are greatly shared with 
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those of obesity and MM. Moreover, T2D is also a condition associated 
with immunosuppression, chronic inflammation, and B- and T-cell 
dysfunction. A recent study points out to T2D as a prognostic factor 
in MM patients, showing a significantly lower median OS (11.7 vs. 22.4 
months; p=0,037; HR=1.509; 95% CI=1.023-2.225) [20]. Nevertheless, 
currently, it is difficult to ascertain the role of T2D in MM patients. 
More studies are needed before considering T2D as an independent 
risk factor and/or a prognostic factor for MM.

In conclusion, there is a close link between obesity, with or 
without T2D, and MM. On the one hand, a large body of evidence 
supports obesity as a risk factor for MM. In addition, obesity could be 
considered a potentially preventable risk factor for MM. On the other 
hand, new data points out to obesity as a prognostic factor for MM, 
but controversy remains at this moment. In any case, BMI should be 
carefully measured at diagnosis of MGUS or MM and at every inflexion 
point in the evolution of the disease. In view of the global expansion 
of obesity prevalence, large prospective clinical trials are needed to 
highlight the impact of obesity on MM. From a molecular point of 
view, MM and obesity are highly heterogeneous and complex diseases 
in which several metabolic pathways are involved. More studies are 
warranted at genomic level to define the role of obesity and T2D in the 
myelomagenesis process.

References

1. Van Kruijsdijk RC, van der Wall E, Visseren FL (2009) Obesity and cancer: the 
role of dysfunctional adipose tissue. Cancer Epidemiol Biomarkers Prev 18: 
2569-2578.

2. Federico A, D’Aiuto E, Borriello F, Barra G, Gravina AG, et al. (2010) Fat: a 
matter of disturbance for the immune system. World J Gastroenterol 16: 4762-
4772.

3. De Pergola G, Silvestris F (2013) Obesity as a major risk factor for cancer. J 
Obes 2013: 291546.

4. Martino A, Sainz J, Buda G, Jamroziak K, Reis RM, et al. (2012) Genetics and 
molecular epidemiology of multiple myeloma: the rationale for the IMMEnSE 
consortium (review). Int J Oncol 40: 625-638.

5. Alexander DD, Mink PJ, Adami HO, Cole P, Mandel JS, et al (2007) Multiple 
myeloma: A review of the epidemiologic literature. Int J Cancer 120: 40-61. 

6.	 Larsson SC, Wolk A (2007) Body mass index and risk of multiple myeloma: a 
meta-analysis. Int J Cancer 121: 2512-2516.

7.	 Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M (2008) Body-mass 
index and incidence of cancer: a systematic review and meta-analysis of 
prospective observational studies. Lancet 371: 569-578.

8.	 Wallin A, Larsson SC (2011) Body mass index and risk of multiple myeloma: a 
meta-analysis of prospective studies. Eur J Cancer 47: 1606-1615.

9. Ríos R, Jiménez-Moleón JJ, Sáinz J, López F, Rivera AB, et al (2011) Multiple 
myeloma and obesity: a meta-analysis. Haematologica -The Hematology 
Journal 96 : 533. 

10.	Landgren O, Rajkumar SV, Pfeiffer RM, Kyle RA, Katzmann JA, et al. (2010) 
Obesity is associated with an increased risk of monoclonal gammopathy of 
undetermined significance among black and white women. Blood 116: 1056-
1059.

11. Hofmann JN, Moore SC, Lim U, Park Y, Baris D, et al. (2013) Body mass index 
and physical activity at different ages and risk of multiple myeloma in the NIH-
AARP diet and health study. Am J Epidemiol 177: 776-786.

12.	Hofmann JN, Liao LM, Pollak MN, Wang Y, Pfeiffer RM, et al. (2012) A 
prospective study of circulating adipokine levels and risk of multiple myeloma. 
Blood 120: 4418-4420.

13.	Ríos R, Jaén F, Ramos JL, López F, Molina E, et al (2013) Frequency, dynamics 
and prognostic impact of weight loss and body mass index in multiple myeloma 
at diagnosis. Haematologica -The Hematology Journal 98: 1518. 

14.	Beason TS, Chang SH, Sanfilippo KM, Luo S, Colditz GA, et al. (2013) 
Influence of body mass index on survival in veterans with multiple myeloma. 
Oncologist 18: 1074-1079.

15.	Vogl DT, Wang T, Pérez WS, Stadtmauer EA, Heitjan DF, et al. (2011) Effect of 
obesity on outcomes after autologous hematopoietic stem cell transplantation 
for multiple myeloma. Biol Blood Marrow Transplant 17: 1765-1774.

16.	Nakao M, Chihara D2, Niimi A3, Ueda R4, Tanaka H5, et al. (2014) Impact of 
being overweight on outcomes of hematopoietic SCT: a meta-analysis. Bone 
Marrow Transplant 49: 66-72.

17.	Ríos R, Martínez-López J, Jurado M, Molina E, de Pablos JM, et al (2013) 
Prognostic impact of comorbidity in multiple myeloma. Blood 122 : abstract 
5340 

18.	Kodama S, Horikawa C, Fujihara K, Yoshizawa S, Yachi Y, et al. (2014) 
Quantitative relationship between body weight gain in adulthood and incident 
type 2 diabetes: a meta-analysis. Obes Rev 15: 202-214.

19.	Castillo JJ, Mull N, Reagan JL, Nemr S, Mitri J (2012) Increased incidence 
of non-Hodgkin lymphoma, leukemia, and myeloma in patients with diabetes 
mellitus type 2: a meta-analysis of observational studies. Blood 119: 4845-
4850.

20.	Chou YS, Yang CF, Chen HS, Yang SH, Yu YB, et al. (2012) Pre-existing 
diabetes mellitus in patients with multiple myeloma. Eur J Haematol 89: 320-
327.

http://www.ncbi.nlm.nih.gov/pubmed/19755644
http://www.ncbi.nlm.nih.gov/pubmed/19755644
http://www.ncbi.nlm.nih.gov/pubmed/19755644
http://www.ncbi.nlm.nih.gov/pubmed/20939104
http://www.ncbi.nlm.nih.gov/pubmed/20939104
http://www.ncbi.nlm.nih.gov/pubmed/20939104
http://www.ncbi.nlm.nih.gov/pubmed/24073332
http://www.ncbi.nlm.nih.gov/pubmed/24073332
http://www.ncbi.nlm.nih.gov/pubmed/22159523
http://www.ncbi.nlm.nih.gov/pubmed/22159523
http://www.ncbi.nlm.nih.gov/pubmed/22159523
http://www.ncbi.nlm.nih.gov/pubmed/17405120
http://www.ncbi.nlm.nih.gov/pubmed/17405120
http://www.ncbi.nlm.nih.gov/pubmed/17680557
http://www.ncbi.nlm.nih.gov/pubmed/17680557
http://www.ncbi.nlm.nih.gov/pubmed/18280327
http://www.ncbi.nlm.nih.gov/pubmed/18280327
http://www.ncbi.nlm.nih.gov/pubmed/18280327
http://www.ncbi.nlm.nih.gov/pubmed/21354783
http://www.ncbi.nlm.nih.gov/pubmed/21354783
http://www.ncbi.nlm.nih.gov/pubmed/20421448
http://www.ncbi.nlm.nih.gov/pubmed/20421448
http://www.ncbi.nlm.nih.gov/pubmed/20421448
http://www.ncbi.nlm.nih.gov/pubmed/20421448
http://www.ncbi.nlm.nih.gov/pubmed/23543160
http://www.ncbi.nlm.nih.gov/pubmed/23543160
http://www.ncbi.nlm.nih.gov/pubmed/23543160
http://www.ncbi.nlm.nih.gov/pubmed/23007407
http://www.ncbi.nlm.nih.gov/pubmed/23007407
http://www.ncbi.nlm.nih.gov/pubmed/23007407
http://www.ncbi.nlm.nih.gov/pubmed/24048366
http://www.ncbi.nlm.nih.gov/pubmed/24048366
http://www.ncbi.nlm.nih.gov/pubmed/24048366
http://www.ncbi.nlm.nih.gov/pubmed/21624486
http://www.ncbi.nlm.nih.gov/pubmed/21624486
http://www.ncbi.nlm.nih.gov/pubmed/21624486
http://www.ncbi.nlm.nih.gov/pubmed/23955636
http://www.ncbi.nlm.nih.gov/pubmed/23955636
http://www.ncbi.nlm.nih.gov/pubmed/23955636
http://www.ncbi.nlm.nih.gov/pubmed/24165305
http://www.ncbi.nlm.nih.gov/pubmed/24165305
http://www.ncbi.nlm.nih.gov/pubmed/24165305
http://www.ncbi.nlm.nih.gov/pubmed/22496152
http://www.ncbi.nlm.nih.gov/pubmed/22496152
http://www.ncbi.nlm.nih.gov/pubmed/22496152
http://www.ncbi.nlm.nih.gov/pubmed/22496152
http://www.ncbi.nlm.nih.gov/pubmed/22758386
http://www.ncbi.nlm.nih.gov/pubmed/22758386
http://www.ncbi.nlm.nih.gov/pubmed/22758386

	Title
	Corresponding author
	References

