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Background: The prognosis of patients with multiple myeloma (MM) is variable and partly depends on their cardiovascular status. The presence of arrhythmias can lead to worse outcomes. Therefore, this study aimed to evaluate the potential of heart rate (HR) and hypertension in predicating the outcomes of MM patients.

Methods: This study retrospectively enrolled patients with MM between January 1, 2010, and December 31, 2018, at the First Affiliated Hospital of Xi'an Jiaotong University. The endpoint was all-cause mortality. The Pearson's chi-square test was used to assess the association between hypertension and outcomes. Univariate and multivariate Cox proportional hazards models were developed to evaluate the relationship between HR and all-cause mortality.

Results: A total of 386 patients were included. The mean HR was 83.8 ± 23.1 beats per minute (bpm). Patients with HR >100 bpm had a higher all-cause mortality (79.4%, 50/63) than those with 60 ≤ HR ≤ 100 bpm (39.9%, 110/276) and <60 bpm (19.1%, 9/47) (p < 0.001). Subgroup analysis based on the International Staging System and sex revealed similar relationships (p < 0.01). When stratified by age, patients with HR >100 bpm had higher all-cause mortality than those with a lower HR when age was <65 years or 65–75 years (p < 0.001) but not >75 years. The proportion of patients with hypertension was 54.7% (211/386). However, hypertension was not associated with all-cause mortality in MM patients (χ2=1.729, p > 0.05). MM patients with HR >100 bpm had the highest all-cause mortality.

Conclusions: The prognostic potential of HR may be useful in aiding risk stratification and promoting the management of these patients.

Keywords: multiple myeloma, risk stratification, heart rate, hypertension, cardiac rhythm abnormalities


INTRODUCTION

Multiple myeloma (MM) is a malignant neoplasm characterized by the clonal proliferation of malignant plasma cells in the bone marrow and monoclonal protein in the blood or urine and is associated with organ dysfunction (1). The median age at diagnosis is 70 years, and approximately 62% of patients with MM are ≥65 years at the time of diagnosis (1, 2). Fortunately, the survival of patients with MM has improved dramatically over the past few decades because of therapeutic advancements (3, 4). Consequently, patients with increased age often have a high baseline incidence of coexisting cardiovascular diseases, including arrhythmias, hypertension, heart failure, and myocardial ischemia. In addition, MM is often associated with other chronic diseases, such as chronic kidney disease, which in turn leads to a high risk of cardiac events (5). Furthermore, chemotherapeutic agents for MM can give rise to treatment-related cardiotoxicities (6).

Heart rate (HR) is closely related to the development of cardiovascular morbidity and mortality in various diseases (7–9). Our recent work showed that some ECG parameters were related to the outcomes of MM (10), however, the association between HR, hypertension, and their prognostic potential in MM is rarely reported. Therefore, this study aims to assess the potential of HR and hypertension in predicating the outcomes of patients with MM.



METHODS


Ethnic and Consent

This study was performed according to the Declaration of Helsinki with informed consent obtained from the patients or their family members for research purposes. The study protocol was approved by the Ethics Committee of the First Affiliated Hospital of Xi'an Jiaotong University (Approval No. XJTU1AF2020LSK-179).



Participants and Groups

Consecutive MM patients were enrolled between January 2010 and December 2018 at the First Affiliated Hospital of Xi'an Jiaotong University. Multiple myeloma was diagnosed based on the results of testing and bone marrow pathology and confirmed by a hematologist. The treatment of MM patients was performed according to the new National Comprehensive Cancer Network (NCCN) guidelines (11). Based on HR, all patients were divided into three groups (HR >100 beats per minute (bpm), 60 ≤ HR ≤ 100 bpm, and HR <60 bpm). In this study, increased HR was generally defined as an HR over 100 bpm. All patients were divided into two groups according to baseline peripheral blood pressure (BP): hypertension (defined as having a systolic BP ≥140 mm Hg and/or a diastolic BP ≥90 mm Hg at baseline) and non-hypertension (12). Patients with missing information, a history of myocardial infarction, paced rhythm, or active infection (25 patients) and those who were lost to follow-up were excluded.



Clinical Data Information

The baseline characteristics and clinical information and HR were collected from electronic medical records. HR was measured with a 12-lead electrocardiogram within 2 months of diagnosis for one patient and was obtained after at least 5 min of rest in the supine position during hospitalization; BP was measured at rest at least twice. Patients were stratified by the International Staging System (ISS) (13). All-cause mortality follow-up data were obtained from the data of survey participation until October 2019. The follow-up was conducted by outpatient visits, telephone calls, or other electronic media.



Statistical Analysis

Continuous data were presented as mean ± standard deviation (SD) or median (interquartile range), and categorical variables were expressed as counts and percentages. The Pearson's chi-square test or Fisher's exact test was utilized for mortality to evaluate correlations between different groups. Survival curves were plotted with Kaplan–Meier analysis, and differences in survival were tested by the log-rank test. Univariate and multivariate Cox proportional hazards models were developed to identify the relationship between HR and all-cause mortality. The proportional hazards assumption was assessed. The software package SPSS version 24 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. A p < 0.05 was considered statistically significant.




RESULTS


Baseline Characteristics

A total of 386 patients were enrolled in this study. The mean age of the patients was 61.7 ± 9.7 years, and 58.8% (227/386) were male. The median follow-up duration of 18.8 (9.5–36.8) months (Table 1), 169 patients (43.8%) died. The proportions of patients with HR >100 bpm, 60 ≤ HR ≤ 100 bpm and HR <60 bpm were 16.3% (63/386), 71.5% (276/386), and 12.2% (47/386), respectively. Sixty-three patients, including 17 patients with paroxysmal atrial fibrillation and four patients with paroxysmal supraventricular tachycardia, had increased HR. The proportion of patients with hypertension was 54.7% (211/386). One patient (0.3%, 1/386) was diagnosed with pulmonary embolism according to a CT pulmonary angiogram and received five cycles of a BCD regimen consisting of bortezomib, cyclophosphamide, and dexamethasone. The patient achieved complete remission and was alive through the end of follow-up. Nine patients (2.3%, 9/386) had heart failure, and 20 patients (5.2%, 20/386) had paroxysmal atrial fibrillation. Heart rate measurement data were obtained during sinus rhythm though they had the history of paroxysmal atrial fibrillation and supraventricular tachycardia in this study.


Table 1. Baseline characteristics of all patients.
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Prognostic Values of Heart Rate

The association between HR and all-cause mortality was evaluated. The mean HR of all patients was 83.8 ± 23.1 bpm. After several methods including the log-log survival curves, time-dependent Cox regression model and Schoenfeld residuals were used to test proportional hazards assumption for survival analysis, Cox model was identified to be suitable for the evaluation in our work, and the hazards were proportional. HR was independently associated with all-cause mortality (p < 0.01) (Table 2). Patients with HR > 100 bpm had a higher all-cause mortality (79.4%, 50/63) than those with 60 ≤ HR ≤ 100 bpm (39.9%, 110/276) and <60 bpm (19.1%, 9/47) (p < 0.001). HR showed a close association with all-cause mortality in the three groups (Figure 1).


Table 2. Univariate and multivariate analyses for overall mortality.
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FIGURE 1. Kaplan–Meier survival curves according to the presence of heart rate >100 bpm, 60 ≤ heart rate ≤ 100 bpm, and heart rate <60 bpm, log-rank p < 0.0001. HR, heart rate; bpm, beats per minute.




Prognostic Value of Heart Rate Stratified by Sex

The mean age of male patients was 61.4 ± 10.0 years. Of the 227 male patients, the proportions of patients with HR >100 bpm was 16.3% (37/227), 60 ≤ HR ≤ 100 bpm was 71.4% (162/227), and HR <60 bpm was 12.3% (28/227). Patients with HR >100 bpm had higher all-cause mortality (78.4%, 29/37) than patients with 60 ≤ HR ≤ 100 bpm (45.1%, 73/162) and HR <60 bpm (25.0%, 7/28) (p < 0.001) in the male group. The mean age of female patients was 62.1 ± 9.4 years. Of the 159 female patients, the proportions of patients with HR > 100 bpm, 60 ≤ HR ≤ 100 bpm and HR <60 bpm were 16.4% (26/159), 71.7% (114/159), and 11.9% (19/159), respectively. Patients with HR > 100 bpm had higher all-cause mortality (80.8%, 21/26) than patients with 60 ≤ HR ≤ 100 bpm (32.5%, 37/114) and HR <60 bpm (10.5%, 2/19) (p < 0.00001) in the female group. In conclusion, HR showed prognostic potential in both the male and female subgroups (Figure 2).
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FIGURE 2. All-cause mortality of HR > 100 bpm, 60 ≤ HR ≤ 100 bpm, and HR <60 bpm in the male and female groups, Pearson's chi-square test, *p < 0.001, **p < 0.00001. HR, heart rate; bpm, beats per minute.




Prognostic Value of Heart Rate Stratified by ISS Stage

The mean ages of patients were 59.5 ± 11.2, 61.7 ± 9.6, and 62.4 ± 9.3 years in Stages I, II, and III, respectively. Patients with Stage I, Stage II, and Stage III accounted for 14.3% (55/386), 41.7% (161/386), and 44.0% (170/386) of all patients. All-cause mortality of patients in Stage I, II, and III was 21.8% (12/55), 38.5% (62/161), and 55.9% (95/170), respectively. All-cause mortality of patients with HR >100 bpm, 60 ≤ HR ≤ 100 bpm and HR <60 bpm was 100.0% (4/4), 19.0% (8/42), and 0% (0/9) in Stage I; 68.2% (15/22), 36.3% (41/113), and 23.1% (6/26) in Stage II; and 83.8% (31/37), 50.4% (61/121), and 25.0% (3/12) in Stage III, respectively. In conclusion, patients with HR >100 bpm had higher all-cause mortality than patients with 60 ≤ HR ≤ 100 bpm and HR <60 bpm in all three ISS stages (p < 0.01) (Figure 3).
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FIGURE 3. Kaplan–Meier survival curves according to the presence of HR >100 bpm, 60 ≤ HR ≤ 100 bpm, and HR <60 bpm in the ISS groups. (A) Stage I group (log-rank p < 0.0001). (B) Stage II group (log-rank p < 0.01). (C) Stage III group (log-rank p < 0.01); ISS, International Staging System; HR, heart rate; bpm: beats per minute.




Prognostic Value of Heart Rate Stratified by Age

In the age subgroup analysis, patients were divided into the following age groups: <65, 65–75, and >75. Patients <65 years old accounted for 61.7% (238/386), those 65–75 years old accounted for 30.5% (118/386), and those >75 years old accounted for 7.8% (30/386) of all patients. All-cause mortality in the age groups <65 years, age 65–75 years and age >75 years was 42.9% (102/238), 41.5% (49/118), and 60.0% (18/30), respectively. In the <65 year and 65–75 year groups, there was a significant correlation between all-cause mortality and HR (p < 0.0001, p < 0.001) (Figures 4A,B). In those aged >75 years, however, there was no statistical significance in all-cause mortality among the three groups of patients with HR > 100 bpm, 60 ≤ HR ≤ 100 bpm, and HR <60 bpm (log-rank p > 0.05) (Figure 4C).
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FIGURE 4. Kaplan–Meier survival curves according to the presence of HR >100 bpm, 60 ≤ HR ≤ 100 bpm, and HR <60 bpm in the age groups. (A) Age <65 years group (log-rank p < 0.0001). (B) Age 65–75 years group (log-rank p < 0.001). (C) Age >75 years group (log-rank p > 0.05). HR, heart rate; bpm, beats per minute.




Prognostic Value of Hypertension

The mean arterial pressure was 98.5 ± 13.3 mm Hg. The proportion of patients with hypertension was 54.7% (211/386) in our study. The relationship between hypertension and all-cause mortality was evaluated. All-cause mortality in the hypertension and nonhypertension group was 40.8% (86/211) and 48.6% (85/175). However, hypertension was not associated with all-cause mortality in patients with MM (χ2=1.729, p > 0.05).




DISCUSSION

The prognostic potential of HR was evaluated in 386 patients with MM in our study. The findings indicated that HR was independently related to all-cause mortality in MM patients.

The prognosis of MM commonly depends on the identification of disease biology markers, patient factors, and cytogenetic classification (14–16). Accurate risk stratification and advancements in the management of MM have significantly increased survival and quality of life; however, many more cardiovascular complications are emerging (17). Drugs to treat MM show various cardiotoxicity profiles in MM patients. In addition, MM itself and related chronic diseases predispose patients to a high risk of cardiac events (18).

Cardiac arrhythmias are encountered frequently in patients with MM in clinical practice (19). Early identification of cardiac arrhythmias and burden is important for improving the prognosis of patients with MM. Previous studies have shown that fast HR is prospectively related to the development of cardiovascular morbidity and mortality and is an independent risk factor for atherosclerosis (7–9). Some important advantages of HR measurement are that it is less costly, noninvasive, and quick. This prompted us to perform this study with the main findings that fast HR was independently related to all-cause mortality in MM patients.

Arrhythmias are also the most common cardiac complications in patients with MM receiving chemotherapy, and the incidence of arrhythmias is considerably higher than the expected incidence for a given age. In a previous work, a total of 35,486 patients with MM were identified, of whom 31.2% had cardiac arrhythmias (19). MM patients have a heavy arrhythmia burden with a high risk of atrial fibrillation, which contributes to considerable hospitalization costs. Tachycardia was identified as a significant predictor of overall mortality (20). A total of 622 patients with cancer, including lung cancer, leukemia, lymphoma, or MM, were assessed for mortality adjusting for age and other factors that were significantly different between patients with an HR ≥100 bpm and those with an HR <100 bpm. In addition, cancer patients with experience tachycardia within 1 year after cancer diagnosis may have higher mortality rates up to 10 years after the diagnosis of tachycardia. Bradyarrhythmias and sinus node dysfunction have also been described in patients with MM undergoing chemotherapy (21, 22). A retrospective study indicated that MM patients using thalidomide had an HR of <60 bpm during follow-up, and 19% of thalidomide patients developed symptom-related bradycardia (21). A likely explanation is that thalidomide inhibited TNF-α expression and activity and led to over activity of the parasympathetic system. Sixty-three (16.3%) patients had HR >100 bpm in our study. Increased HR is a manifestation of impaired cardiac function. The specific mechanism of increased HR in patients with MM is not known but could be a complex matter (17, 18, 23). First, it probably involves both endothelial dysfunction and atrial changes, such as atrial dilatation, sinoatrial node disease, dysfunction of the conduction system, and disruption of normal atrial musculature, which contribute to the development of atrial arrhythmias. In addition, increased adrenergic and increased preload might also lead to atrial arrhythmias induced by electrical remodeling and shortening of the atrial effective refractory period.

Autologous stem cell transplantation (ASCT) is one of the recommended and reasonable choices for MM patients, especially for patients at first relapse and high-risk patients. The incidence of supraventricular arrhythmias during ASCT was approximately 9%. Patients with older age, electrocardiographic abnormalities, and a prior history of arrhythmias had a higher risk of developing supraventricular arrhythmias (24). Atrial fibrillation was one of the most frequent cardiovascular complications in patients with MM receiving ASCT (27%) (24, 25). The percentage of transplantation (9.8%, 38/386) seemed low in our study, although it was affected by many factors, such as physical condition, age, economic inequality, and medical reimbursement policy. Treatment philosophies of physicians were associated with patient choice. Patients in underdeveloped regions had less access to transplantation. All-cause mortality of the patients who received ASCT with HR >100 bpm, 60 ≤ HR ≤ 100 bpm and HR <60 bpm was 66.7% (4/6), 8.0% (2/25) and 0% (0/7), respectively. Similarly, HR showed a close association with all-cause mortality in the three groups. In addition, anemia reflected the higher ISS stages and could lead to arrhythmia. Increased HR was one of the most common symptoms of anemia. The multivariate Cox regression analysis showed that hemoglobin was also an independent risk factor (HR = 0.988, 95% CI: 0.980–0.997). A significant negative correlation between hemoglobin and HR was observed from linear regression analysis (p < 0.001). Interestingly, the patients without anemia (hemoglobin >120 g/L) still had an elevated HR in our study. HR was independently associated with all-cause mortality in patients without anemia (p < 0.0001, Supplementary Figure 1).

Amyloidosis is a disease in which abnormal immunoglobulin protein deposits aggregates in tissues or organs, such as the kidney, heart, liver, gastrointestinal tract and so on. The incidence of MM-associated light chain amyloidosis is approximately 12–15%, and approximately 38% of newly diagnosed MM patients have clinically occult light chain amyloidosis, which is often overlooked (26). Amyloid deposits can thicken the walls of the heart in myocardial amyloidosis. Restrictive cardiomyopathy is one of the most typical types. Furthermore, the conduction system of the heart is affected, causing arrhythmias and heart block. Endomyocardial biopsy is invasive and difficult to perform. One patient was suspected to have myocardial amyloidosis with typical echocardiography features; however, the patient did not undergo endomyocardial biopsy in the study. In addition, seven patients (1.8%, 7/386) were diagnosed with renal amyloidosis by kidney biopsy in our study.

Previous evidence indicated that sex was one of the important factors of 2-year survival (27). Therefore, the patients were divided into two groups for further analysis of the sex subgroup (10). There was a worse prognosis in the male and female groups with higher HR than in those with a low HR in our study. In addition, the mortality in the female group was higher than that in the male group when the HR was faster than 100 bpm, but no significant effect was observed (p > 0.05).

There are several staging systems representing the severity of MM, such as the Durie-Salmon Staging system (DSS), ISS, and Revised International Staging System (R-ISS), at different periods. The DSS classifies patients with MM based on immunoglobulin, hemoglobin, and calcium levels and the number of bone lesions to predict tumor burden and estimate prognosis. ISS, based on serum β-2 microglobulin and albumin, constitutes a potent and powerful MM staging system. Although DSS and ISS are controversial in predicting overall mortality, ISS tends to have a better predictive ability than DSS. The R-ISS staging system, which was published in 2015, affected outcomes in the new medicine era (14). As a simple and convenient tool, ISS is a widely accepted as prognostic staging system for this condition (13, 28) in clinical practice. The R-ISS was based on ISS stages, chromosomal abnormalities, and serum lactate dehydrogenase and is more comprehensive and robust than the ISS. However, new testing technology and the high cost of detection techniques have affected its wide use and acceptance, and not all patients undergo interphase fluorescent in situ hybridization (iFISH) detection. This retrospective study was conducted between January 1, 2010, and December 31, 2018. In the study, 76.2% (294/386) of the patients underwent only FISH, 51.6% (199/386) underwent only karyotype analysis, and 49.5% (191/386) underwent both tests. Although there was a significant positive correlation between ISS and HR in linear regression analysis (p < 0.001), no difference in all-cause mortality among the three ISS subgroups of patients with HR >100 bpm was observed (p > 0.05). In the ISS stage subgroup analysis, patients with fast HR had higher all-cause mortality than those with lower HR in the three ISS groups. Similarly, Markus et al. demonstrated that resting HR was an independent predictor of fatal outcomes in patients with advanced cancer (8).

Advanced age was associated with worse outcomes and probably identified a subpopulation of patients with a higher prevalence of cardiovascular comorbidities. Given the median age at diagnosis of MM, the incorporation of geriatric assessments into treatment decision-making has recently become the focus of investigations (15, 29).

In the subgroup analysis of age, there was a significant correlation of all-cause mortality and HR with age <75 years (p < 0.001) but not with age >75 years. This could be because age-related cardiovascular comorbidities attenuate the influence of MM itself on all-cause mortality.

Hypertension is commonly reported in MM patients in clinical trials and may be associated with older age, disease-related complications, and consequences of MM treatments (30–32). A retrospective cohort study reported that hypertension is a risk factor for the development of malignant hypertension in MM patients (33). In our study, however, hypertension was not an independent risk factor for all-cause mortality in MM patients, in part due to the small sample size or various types of BP measurements.

We acknowledge the limitations. First, given the retrospective nature of the study, not all clinical information, such as prescription details of chemotherapy drugs, antibiotics, therapeutic regimen, and strategies and disease state, was available. Second, crossing of survival curves was presented in Figure 4C. It was caused by a variety of reasons, such as the small number of patients (30 cases). In addition, the small study cohort limits our ability to systematically analyze the different antiarrhythmic and antihypertensive therapies prescribed, which might have influenced the results.



CONCLUSION

Fast HR was independently associated with high all-cause mortality in MM patients, especially in the group aged <75 years. Our work shows that HR may help to formulate the risk stratification in patients with MM, promoting the management of these high-risk patients with MM and improving their prognosis by reducing cardiac event.
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