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INTRODUCTION 

Elevated body mass index (BMI) has been associated with an increased risk of cancer and has been shown to have a 
negative impact on survival in patients with breast, prostate, oral cancer, and leukemia [1-4] In plasma cell dyscrasias, 
obesity has not only been shown to be a risk factor for the development of multiple myeloma, but also has been associated 
with a higher rate of progression from monoclonal gammopathy of unknown significance (MGUS) to multiple myeloma, 
and if intervened on, has been observed to prevent the transformation from MGUS to myeloma [5-10]. 

Light-chain amyloidosis (AL) is a clonal plasma cell disorder in which monoclonal light chains form fibrils that deposit in 

ABSTRACT 
 
Introduction: In the heart failure population, overweight individuals are associated with lower mortality, termed 
the obesity survival paradox. The influence of body mass index (BMI) on outcomes in cardiac amyloidosis has not 
been characterized. We sought to determine the association between BMI and mortality, and hematologic and cardiac 
response in patients with light chain (AL) amyloidosis. 
 
Methods: We conducted a retrospective study of patients with cardiac AL amyloidosis referred between 1/1/2009 
and 09/30/2018. We collected baseline demographics including BMI and recorded mortality and hematologic and 
cardiac response. Cox proportional hazards model and logistic regression models were constructed to examine the 
association between BMI and outcomes.  
 
Results: Of the 78 patients, 17 patients had a BMI of 17-22.5, 19 a BMI of 22.6-25, 23 a BMI of 25.1-29.9, and 19a 
BMI of ≥ 30kg/m2. The median follow-up was 51 months. There was no relationship between BMI as a continuous 
variable and mortality (adjusted HR 0.98, 95% CI 0.91-1.05, p=0.54).While there was no relationship between high 

BMI ( 25 kg/m2) and hematologic response (adjusted OR 0.97, 0.34-2.76, p=0.96), there was a relationship between 
high BMI and a lower likelihood of achieving cardiac response (adjusted OR 0.23, 0.07-0.71, p=0.011).  
 
Conclusions: In this cohort of patients with AL cardiac amyloidosis, there was no significant relationship between 
BMI and mortality. Patients with a higher BMI were significantly less likely to achieve a cardiac response. These 
findings highlight the importance of a multidisciplinary approach involving oncologists, cardiologists, and 
nutritionists in the treatment of this very complex multi-organ disease. 
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the tissues of vital organs. Incidence and prevalence are low and has been estimated to range from 3-12 cases per million 
persons/year and 30,000-45,000 patients in the United States and European Union, respectively [11]. 

Approximately half of AL amyloidosis patients present with cardiac involvement which impacts survival [12-16]. In 
contrast to the observation that higher BMI is associated with reduced mortality in cancer patients, in the heart failure 
population, mild/moderate obesity has been shown to be associated with a lower mortality termed the “obesity survival 
paradox [17-19]. For every 1% rise in percent body fat, it was observed that there was a 13% reduction in major 
cardiovascular events [20]. The observation of improved outcomes in patients with higher BMI may be secondary to 
protection from cachexia, which has been associated with negative outcomes such as loss of cardiac muscle, increased risk 
of bacterial translocation from enterocyte atrophy, exacerbation of anemia, and increased neurohormonal activation [21]. 

To our knowledge, due to the rarity of the disease, there is minimal literature investigating the association of BMI on 
survival in AL amyloidosis. This clinical question is especially relevant in patients with AL amyloidosis who harbor both a 
plasma cell dyscrasia and a cardiomyopathy, conditions in which BMI has been shown to have conflicting prognostic 
implications. We sought to determine the impact of BMI on outcomes in patients with cardiac AL amyloidosis and 
hypothesized that patients would exhibit an obesity survival paradox similar to what has been described in heart failure 
populations. 

METHODS 

Cohort selection 

We conducted a single tertiary center retrospective study of consecutive ambulatory patients with cardiac AL amyloidosis, 
referred between 1/1/2009 and 09/30/2018. We collected baseline demographics, including age, race, gender, cardiac 
stage, height, and weight prior to treatment. Cardiac staging was classified by Mayo 2004 staging system [22]. BMI was 
calculated by dividing the weight in kilograms by height in meters squared. Patients were grouped into four BMI cohorts: 
BMI < 22.5 kg/m2, 22.6-25 kg/m2, 25.1-29.9 kg/m2, and ≥ 30 kg/m2. These cohorts were chosen based on the World 
Health Organization (WHO) BMI classification and based on a collaborative study of 900,000 adults in 57 prospective 
studies which demonstrated the optimal BMI to be 22.5-25 kg/m2 [23]. 

Clinical endpoints 

We recorded important clinical endpoints from the electronic medical record including all-cause mortality, and 
hematologic and cardiac response after first-line treatment. Data was collected until date of death or date of last follow up. 
Hematologic and cardiac responses were defined per consensus guidelines validated by the Roundtable on Clinical 
Research in Immunoglobulin Light Chain Amyloidosis [24-26]. Hematologic response was grouped into response 
(complete response, very good partial response, partial response) or no response (no response or progression) 
[24].Cardiac response was defined as > 30% and > 300ng/l decrease in NT-proBNP in patients with baseline NT-proBNP  
≥  650 ng/l or NYHA class response (≥ 2 class decrease in subjects with baseline NYHA class 3 or 4), and progression 
defined as > 30% and > 300ng/l increase in NT-proBNP, increase in cardiac troponin ≥ 33%, or decrease in ejection 
fraction (≥ 10%) [24]. For analysis of cardiac response, patients were grouped into response or no response (progression 
was categorized as “no response”). 

Statistical analysis 

Patients were analyzed with BMI as a continuous variable with respect to mortality and among BMI cohorts with respect 
to cardiac response and hematologic response. We constructed a Cox proportional hazards model examining the 
association between BMI and mortality. Logistic regression models were constructed to examine the association between 
high BMI (defined as BMI ≥ 25 kg/m2) and cardiac or hematological response. Models were adjusted for age, sex and 
cardiac stage. Requirement of full consent was waived due to retrospective nature of study. IRB approval was obtained 
prior to data collection. 

RESULTS 

Of the 78 patients identified, 17 patients had a BMI of 17-22.5kg/m2, 19 a BMI of 22.6-25kg/m2, 23 a BMI of 25.1-29.9 
kg/m2, and 19 a BMI of ≥ 30 kg/m2. Patient characteristics are summarized. Forty-three (55.1%) patients were males and 
35 (44.9%) were female. Median age for all patients was 63 years and most patients had cardiac stage 3 (78%). Of the 76 
patients whose race was available, 63 (83%) were Caucasians and 13 (17%) non-Caucasians. Median number of organs 
involved was 2 in all subgroups of BMI. Sixty-six of the 78 patients received first-line treatment, most of whom received 
bortezomib-based therapy and 12 (15%) who received an autologous stem cell transplant, of the twelve patients who did 
not have documented front-line therapy in the medical chart, 4 patients were treated locally, 3 patients were lost to follow-
up, 4 patients died prior to starting treatment, and 1 patient refused therapy.  
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The median follow-up period was 51 months. At the end of the study follow-up period, 30 of the 78patients had died, with 
a crude mortality rate of38%.There was no relationship between BMI as a continuous variable and mortality adjusted for 
age, sex, and cardiac stage at diagnosis (adjusted HR 0.98, 95% CI 0.91-1.05, p=0.54). 

Twelve of 17 patients (71%) in the BMI ≤ 22.5 groups, 11 of 19 patients (58%) in the 22.6 ≤ BMI ≤25 group, 13 of 23 
patients (57%) in the 25.1 ≤ BMI ≤29.9 group, and 11 of 19 patients (58%) in the BMI ≥30 group achieved a hematologic 
response. There was no relationship between higher BMI (≥ 25 kg/ m2) and hematologic response to first line therapy 
(adjusted OR 0.97, 0.34-2.76, p=0.96). 

Seven of 17 (41%) in the BMI ≤ 22.5 group, 8 of 19 (42%) in the 22.6 ≤ BMI ≤25 group, 4 of 23 (17%) in the 25.1 ≤ BMI 
≤29.9 group, and 3 of 19 (16%) in the BMI ≥30 group achieved a cardiac response. There was a statistically significant 
relationship between higher BMI (≥ 25 kg/ m2) and a lower likelihood of achieving a cardiac response (adjusted OR 0.23, 
0.07-0.71, p=0.011), Figure 1. 

 

Figure 1: Hematologic and Cardiac Responses by Body Mass Index (BMI) 

DISCUSSION 

In this small cohort of patients with AL cardiac amyloidosis, there was no relationship between BMI and mortality, but 
patients with a higher BMI were significantly less likely to achieve a cardiac response. Patients with very advanced cardiac 
amyloidosis have been reported to have a poor prognosis, with median survival of approximately 6 months and thus, risk 
stratification remains important for management [27]. In a prior study of 165 patients with AL amyloidosis, increased 
cardiac wall thickness, older age, higher NYHA class, BNP, and CRP levels were prognostic indicators for increased 
mortality [28]. Progressive cachexia has been associated with increased morbidity and mortality in cancer patients and in 
heart failure patients and thus it was hypothesized that patients with increased BMI would be associated with lower 
mortality as fat reserve may permit a patient to better withstand the toxic side effects of chemotherapy and the metabolic 
stress of the disease [29,30,31]. In this study, it was observed there was no association between BMI (≥ 25 kg/m2) and 
mortality. This is in contrary to the general heart failure population. This suggests that in cardiac AL amyloidosis patients, 
BMI may play a less significant role in overall long term mortality due to the complex nature of the disease, where by 
mortality may be impacted by other factors such as additional organs involved [17-19]. The lack of association between 
BMI and mortality in AL amyloidosis may also be a factor of the limited power due to the small cohort sample in our 
study.  

While there was no association observed between BMI and mortality, patients with a BMI ≥ 25 kg/m2 had a statistically 
lower likelihood of achieving a cardiac response following first-line therapy. One may hypothesize that patients with 
increased BMI have other cardiovascular risk factors such as hypertension, diabetes, chronic kidney disease, and coronary 
artery disease that also may impact overall cardiac response or the ability to administer standard of care treatment 
regimens independent of cardiac amyloidosis. 

As amyloidosis is a rare entity, a limitation of the study was the retrospective nature of the data and small number of 
patients analyzed as large prospective studies remain a challenge in this patient population. Due to small number of 
clinical endpoints, we were also limited in the number of covariates we could adjust for in the regression models, meaning 
that residual confounding could remain.  Furthermore, there were a very high proportion of patients with cardiac Mayo 
stage III (78%) in this study. Since we looked only at the AL cardiac amyloidosis population at our institution, stage III 
patients were likely over-represented as they are the cohort most likely to be referred to a tertiary care center for care, 
representing a referral bias. The high proportion of patients with advanced stage cardiac amyloidosis may impact 
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outcomes (i.e. organ response).  Overall, though there was no association between BMI and mortality in cardiac AL 
amyloidosis patients, the observation that higher BMI patients was associated with worse cardiac response in a disease 
where cardiac involvement impacts mortality, suggests that larger studies are necessary to better understand the impact of 
BMI on survival and also suggests that early involvement of a nutritionist in a patient’s care may be valuable. 

CONCLUSION 

We report a tertiary center experience of the relationships between BMI and mortality, and cardiac and hematologic 
response amongst patients with cardiac AL amyloidosis, which has not previously been studied in this patient population. 
While there was no relationship between BMI and mortality, it was observed that patients with higher BMI had a lower 
likelihood of achieving cardiac response. In a disease that is progressive and incurable, nutritional status and body habitus 
are some of the only modifiable factors that a patient can control and thus, every effort should be made to fully understand 
their impact on this disease so that early interventions can be adopted, highlighting the importance of a multidisciplinary 
approach involving oncologists, cardiologists, and nutritionists.  
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