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Background & purpose

Obesity and metabolic disorders were associated with increased risk of MM, a disease characterized by high risk of relapsing and require frequent hospitalizations. In this study, we conducted a retrospective cohort study to explore the association of metabolic obesity phenotypes with the readmission risk of MM.



Patients & methods

We analyzed 34,852 patients diagnosed with MM from the Nationwide Readmissions Database (NRD), a nationally representative database from US. Hospitalization diagnosis of patients were obtained using ICD-10 diagnosis codes. According to obesity and metabolic status, the population was divided into four phenotypes: metabolically healthy non-obese (MHNO), metabolically unhealthy non-obese (MUNO), metabolically healthy obese (MHO), and metabolically unhealthy obese (MUO). The patients with different phenotypes were observed for hospital readmission at days 30-day, 60-day, 90-day and 180-day. Multivariate cox regression model was used to estimate the relationship between obesity metabolic phenotypes and readmissions risk.



Results

There were 5,400 (15.5%), 7,255 (22.4%), 8,025 (27.0%) and 7,839 (35.6%) unplanned readmissions within 30-day, 60-day, 90-day and 180-day follow-up, respectively. For 90-day and 180-day follow-up, compared with patients with the MHNO phenotype, those with metabolic unhealthy phenotypes MUNO (90-day: P = 0.004; 180-day: P = < 0.001) and MUO (90-day: P = 0.049; 180-day: P = 0.004) showed higher risk of readmission, while patients with only obesity phenotypes MHO (90-day: P = 0.170; 180-day: P = 0.090) experienced no higher risk. However, similar associations were not observed for 30-day and 60-day. Further analysis in 90-day follow-up revealed that, readmission risk elevated with the increase of the combined factor numbers, with aHR of 1.068 (CI: 1.002-1.137, P = 0.043, with one metabolic risk factor), 1.109 (CI: 1.038-1.184, P = 0.002, with two metabolic risk factors) and 1.125 (95% CI: 1.04-1.216, P = 0.003, with three metabolic risk factors), respectively.



Conclusion

Metabolic disorders, rather than obesity, were independently associated with higher readmission risk in patients with MM, whereas the risk elevated with the increase of the number of combined metabolic factors. However, the effect of metabolic disorders on MM readmission seems to be time-dependent. For MM patient combined with metabolic disorders, more attention should be paid to advance directives to reduce readmission rate and hospitalization burden.
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Introduction

Multiple myeloma (MM), the second most common hematological malignancy, accounts for 1% of all tumor diseases (1). Although the treatment of MM makes significant progress, MM remains a severe and incurable disease, and most patients relapse and require frequent hospitalizations (2, 3). Hospital readmission is a indicator of medical resource utilization and nursing quality evaluation, and also an important predictor of disease outcomes, such as increased morbidity, raised mortality, and the loss of functional independence (4, 5). The annual cost of readmissions within 30 days after discharge accounts for more than $17 billion of avoidable Medicare expenses in the United States (6). It is foreseeable that repeat hospitalization of MM patients will be a significant burden on the healthcare system and patients. Therefore, there is an urgent need to identify risk factors of readmission to reduce this significant and continuous burden.

Obesity, an urgent and growing global public health threat, is a significant risk factor for chronic diseases such as cardiovascular disease (CVD), diabetes, and certain types of cancer (7, 8). Although evidence suggests that obesity is associated with higher incidence and mortality in MM (9), the effect of obesity on MM is still controversial (10, 11). Studies suggested that metabolically healthy obese (MHO) individuals are at lower risk of CVD, cancers and mortality than those metabolically unhealthy obese (MUO) (12, 13). Similarly, normal-weight individuals with unhealthy metabolic characteristics (metabolically unhealthy non-obese [MUNO]) have increased risk of CVD than those with metabolically healthy status (metabolically healthy non-obese [MHNO]) (13). These differences implied that in addition to obesity, taking into account the coexistence of metabolic abnormalities can more effective in identifying risk factors for obesity-related diseases (9–11). Given the conflicting evidence on the relationship between obesity and MM, it seems to be more appropriate to consider the obesity and metabolic jointly to study the risk factors for MM.

Therefore, to accurately and systematically explore the potential modifiable risk factors for MM, we conducted a retrospective cohort study using the Nationwide Readmissions Database (NRD), a large contemporary nationwide database from the United States. We evaluated the differences in readmission risk among patients with different combinations of obesity and metabolic status to identify risk factor of readmission, and provide a clinical reference for optimizing patient care and minimizing the medical burden.



Patients and methods


Data sources

We conducted a retrospective cohort study using 2018 data from the NRD database (https://hcup-us.ahrq.gov/db/nation/nrd/nrddbdocumentation.jsp). The NRD is a longitudinal database developed and maintained by the Agency for Healthcare Research and Quality from the US. The NRD 2018 contains data from 28 states including clinical and non-clinical information at the hospital and patient levels, representing 60 percent of total population and 58.7 percent of hospitalizations in the United States (14). Rehabilitation and long-term care hospitals are not included. Based on patient linkage numbers, the NRD can track individuals across hospitals within a state. Because of the de-identified nature of the data, this study was determined to be exempt from ethics board review by the local ethics committee, Biomedical Research Ethic Committee of Shandong Provincial Hospital.



Population

We used the International Classification of Diseases-Tenth Revision-Clinical Modification (ICD-10-CM) codes (c90.x based) to identify patients with the first 30 diagnoses including MM on the index discharge. Due to data limitations, we did not consider the clinical stage, karyotype, oncogenic mutations and treatment strategies of MM patients in this study. The codes used to diagnose disease were listed in Supplementary Table 1. Patients with missing important hospitalization information, aged under 18 years old, pregnant, died during the index hospitalization, and low body weight [body mass index (BMI) ≤ 19.9 kg/m2] were excluded. Because the NRD cannot track admissions for the following year, we excluded those discharged in December for the 30-day follow-up study; for 60-day, we excluded those who were discharged in November and December; for 90-day, we excluded those who were discharged from October to December, and for the 180-day, we excluded those who were discharged from July to December. Detailed inclusion and exclusion criteria were shown in Figure 1.




Figure 1 | Flow chart of data screening.





Patient characteristics

For each patient, demographic variables and hospitalization characteristics were collected, which included age, gender, primary payer status (Medicare, Medicaid, private insurance, self-pay, free, and other types), median household income by ZIP code, discharge disposition, location, length of stay (LOS), total charges and comorbidities. Detailed information was provided in Table 1.


Table 1 | Baseline clinical and demographic characteristics of index hospitalizations for patients.





Definition

The readmission was defined as unplanned readmission to the hospital due to any diagnosis within 30 days, 60 days, 90 days, and 180 days from index discharge. If there were more than one readmission, only the first readmission was counted. Over-weight and obesity was defined as BMI ≥ 25 kg/m2 (15, 16). There was still lack of consensus on the definition of metabolic health status. However, many studies defined metabolic unhealthy status as presence of ≥2 metabolic risk factors (17, 18). According to the Adult Treatment Panel III (ATP-III) criteria and the International Diabetes Federation (IDF) consensus (19, 20), we defined metabolic risk factors including (1) hypertension: primary hypertension or secondary hypertension or undiagnosed elevated blood pressure; (2) dyslipidemia: high serum triglyceride (TGs) levels or high high-density lipoprotein (HDL)-cholesterol levels, etc.; (3) hyperglycemia: pre-diabetes or diabetes mellitus or other specific diabetes. Abdominal obesity was not included in the models because of the collinearity of waist circumference and BMI. Metabolically unhealthy status was defined as with two or more of the above metabolic risk factors. The codes used were listed in Supplementary Table 1. Based on the obesity and metabolic status, individuals were classified into four different phenotypes; (1) metabolically healthy non-obesity (MHNO); (2) metabolically unhealthy non-obesity (MUNO); (3) metabolically healthy obesity (MHO); and (4) metabolically unhealthy obesity (MUO). For 90-day analysis, based on combined metabolic risk factor type only, individuals were further divided into: (1) no metabolic risk factor; (2) only with hyperglycemia; (3) only with dyslipidemia; (4) only with hypertension. In addition, based on the number of combined metabolic risk factors, individuals were further divided into: (1) no metabolic risk factor; (2) one metabolic risk factor; (3) two metabolic risk factors; (4) three metabolic risk factors.



Outcomes

The primary outcome of the study was all-cause unplanned readmissions of different metabolic obesity phenotypes for four follow-up days among patients with MM. The secondary outcomes were the LOS, mean total hospitalization charges, and readmission mortality during the readmission.



Statistical analysis

We used descriptive statistics to compare the demographic and admission characteristics of patients in different metabolic obesity phenotypes. The Chi-square test was used to analyze categorical variables, and the ANOVA was used to analyze continuous variables. Categorical variables were presented as counts with percentages. Continuous variables were presented as means and standard deviation (SD). We estimated the unadjusted hazard ratio (HR) with the univariate Cox proportional hazards model. In addition, the multivariate Cox regression model was used to analyze adjusted HR (aHR) value including the potential confounding factors. Based on the associations found from the literature and univariate analysis, we adjusted factors such as age, gender, elective versus non-elective admission, primary payer, disposition of patient, resident, length of stay, total charges, emergency record, same day events, patient location, antineoplastic chemotherapy, and stem cells transplant status. All calculated P-values were two-sided, and the threshold for significance was set at P < 0.05. All statistical analyses were performed by SPSS software (version 26.0; SPSS, Chicago, IL).




Results


Patient baseline characteristics

From 17,686,511 discharge records in NRD 2018, we included 34,852 patients diagnosed with MM at index discharge in the cohort study (Figure 1). For 30-day, 60-day, 90-day and 180-day follow-ups, we analyzed 34,852, 32,334, 29,747 and 22,032 participants, respectively (Figure 1). Table 1 provided the demographic characteristics and common comorbidities of patients with different metabolic obesity phenotypes.

The mean age of the population was 69.8 years old, and the elderly aged 65 or above accounted for 69.4% (Table 1). The majority of patients were male (55.3%) and used privately insured (70.0%). There were 4718 (13.5%) patients with obesity and 15417 (44.2%) patients with metabolically unhealthy status.

The MHNO group was the largest of the four phenotypes, and the MHO had the longest mean LOS (9.5 days) and highest mean total charges ($112913.9). Compared with MHNO and MHO groups, MUNO and MUO groups had more elder patients (>65 years) and higher prevalence of heart failure, renal failure, and coronary heart disease. MUNO, MHO, and MUO groups had higher prevalence of depression than the MHNO group (Table 1).



Readmission risk

For 30-day, 60-day, 90-day and 180-day follow-up, we observed that 5,400 (15.5%), 7,255 (22.4%), 8,025 (27.0%) and 7,839 (35.6%) patients experienced unplanned readmissions (Supplementary Table 2), respectively. Figure 2 showed the readmission rate among different metabolic obesity phenotypes in the four cohorts. The MUNO and MUO groups had higher readmission rate than MHNO and MHO groups in 60-day, 90-day, and 180-day studies, respectively (Figure 2).




Figure 2 | Readmission rate among different metabolic obesity phenotypes in four follow-up days. MHNO, metabolically healthy non-obese; MUNO, metabolically unhealthy non-obese; MHO, metabolically healthy obese; MUO, metabolically unhealthy obese.



In the 30-day and 60-day research, we observed that there were no differences in readmission risk among different metabolic obesity phenotypes (Figures 3A, B, Supplementary Table 2). In the 90-day and 180-day research, patients in the metabolically unhealthy groups (MUNO and MUO) had a higher readmission rate than those in the metabolically healthy group (MHNO and MHO), respectively (Supplementary Table 2). In 90-day analysis, patients in the MUNO group [aHR = 1.07 (1.023-1.128), P = 0.004] and the MUO group [aHR = 1.089 (1.000-1.186), P = 0.049] had higher readmission risk than those in the MHNO group (Figure 3C, Supplementary Table 2). In 180-day analysis, we also observed higher risk of readmission in the MUNO group [aHR = 1.092 (1.039-1.147), P = < 0.001] and the MUO group [aHR = 1.133 (1.040-1.234), P = 0.004] than MHNO (Figure 3D, Supplementary Table 2), respectively.




Figure 3 | Readmission risk among different metabolic obesity phenotypes in four follow-up days. (A) Readmission risk in 30-day. (B) Readmission risk in 60-day. (C) Readmission risk in 90-day. (D) Readmission risk in 180-day. The model was adjusted for age, sex, elective admission, primary payer, disposition of patient, resident, length of stay, total charges, emergency record, same day events, patient location, antineoplastic chemotherapy, and stem cells transplant status. aHR, adjusted hazard ratio; CI, confidence interval; MHNO, metabolically healthy non-obese; MUNO, metabolically unhealthy non-obese; MHO, metabolically healthy obese; MUO, metabolically unhealthy obese.



The 90-day data was then processed for further analysis. When stratified by age, higher risk in the MUNO group [aHR = 1.063 (1.005-1.125), P = 0.032] and the MUO group [aHR = 1.12 (1.009-1.242), P = 0.033] than in the MHNO was only observed in the elderly population aged 65 or older (Supplementary Table 3). As shown in subgroups based on metabolic risk factor type (Table 2), patients with hyperglycemia only [HR = 1.193 (1.044-1.364), P = 0.01] and hypertension only [HR = 1.091 (1.022-1.164), P = 0.009] had increased risk of readmission compared with those without metabolic risk factors. However, similar result was not observed after correction for confounding factors. In subgroups based on the number of metabolic risk factors, we found that patients with metabolic risk factors had higher readmission risk than those without metabolic risk factors. Furthermore, the risk elevated with the increase of the number of combined factors (Table 2), with aHR of 1.068 (P = 0.043, combined with one metabolic risk factor), 1.109 (P = 0.002, combined with two metabolic risk factors), and 1.125 (P = 0.003, combined with three metabolic risk factors).


Table 2 | Readmission risk of different metabolic status groups in 90-day follow-up.





Death and healthcare during readmission

Of the patients discharged from their index hospitalization and followed for 30-days, 60-days, 90-days, and 180-days, 5400 (15.5%), 7255 (22.4%), 8025 (27.0%), 7839 (35.6%) were readmitted, respectively. During the readmission, the MUO group were more likely to have LOS over 7 days than those in the MHNO group at 30-days (36.3% vs. 28.5%, p < 0.05), 60-days (35.1% vs. 28.1%), p < 0.05), and 90-days (32.9% vs. 27.3%, p < 0.05) (Table 3). At 90-day readmission, patients in the MHO group had higher total charges than the MUNO group ($ 88752.3 vs. $ 73876.1, p < 0.05; Table 3). However, no significant difference in mortality was found among the four metabolic obesity phenotypes.


Table 3 | Death and healthcare during readmission.






Discussion

With the increasing prevalence of MM in elderly patients, it is important to focus on its risk factors to identify high-risk patients and reduce the burden of disease. In this retrospective cohort study based on a representative NRD database, we analyzed 34,852 patients diagnosed with MM from the National Readmission Database (NRD) in the United States. According to obesity and metabolic status, the population was divided into four phenotypes: metabolically healthy non-obese (MHNO), metabolically unhealthy non-obese (MUNO), metabolically healthy obese (MHO), and metabolically unhealthy obese (MUO). The patients with different phenotypes were observed for hospital readmission at days 30-day, 60-day, 90-day and 180-day. We found that the metabolically unhealthy (MUNO and MUO) individuals had higher risk of 90-day and 180-day readmission than MHNO individuals. In the age subgroup analysis of 90-day, we observed similar results only in the older group (≥ 65 years of age). Moreover, further analysis found that the risk of readmission increased significantly as the number of metabolic risk factors increased. Analysis of hospitalization characteristics of readmission patients showed that patients with metabolically unhealthy obesity (MUO) were at a higher risk of long-term hospitalization than patients in other groups.

MM is a hematological malignancy with genetic abnormalities. Patients with MM had higher incidence of some modifiable risk factors, such as obesity, hyperglycemia, dyslipidemia, and hypertension (21–23). This is more likely due to the metabolic dysregulation of MM. To ensure energy demands for rapid cell proliferation and tumor growth, myeloma cells reprogram the metabolic pathways, involving metabolic reorganization of glycolysis and oxidative phosphorylation, abnormal fatty acid metabolism, and chronic inflammation (24, 25). Overweight and obesity are associated with increased morbidity and mortality risk of MM through inflammatory cytokines, leptin, insulin, and insulin-like growth factor levels (26). Previous research found that obesity could increase the number and size of bone marrow adipocytes to obtain energy and induce the overexpression of protumor cytokines (27). For MM patients with diabetes, tumor cells can evade apoptosis by insulin resistance, hyperinsulinemia, and overproduction of insulin-like growth factor 1 (25). Dyslipidemia in MM has also been widely reported. The prevailing view is that the binding of paraproteins to serum lipoproteins and related tissue may result in reduced lipoproteins clearance (21, 28). However, some studies have also pointed out that myeloma cells are dependent upon exogenous cholesterol for survival, such as low density lipoprotein that is an important antiapoptotic drug and may prevent myeloma cell apoptosis and promote myeloma cell survival (29). In addition, the higher incidence of hypertension is related to the increased cardiovascular complications in MM patients (23).

However, previous studies did not compare the effects of obesity and metabolic disorders on MM. Our analyses indicated that metabolic status rather than obesity was the determinant risk of MM readmissions. This seems to confirm that metabolic disorders have a stronger effect on MM than obesity in some respects. We found that the prevalence of cardiovascular complications was significantly higher in the metabolically unhealthy (MUNO and MUO) groups than in the metabolically healthy (MHNO and MHO) groups, which suggests that the readmission risk of metabolically unhealthy patients may be related to a higher burden of comorbidities. This was consistent with the conclusions of some previous studies (13, 30–32). In a prospective cohort study with 30 years follow-up, metabolically unhealthy individuals are at higher cardiovascular disease risk across all BMI categories, and the transition from metabolically healthy status to unhealthy phenotypes is also associated with increased cardiovascular disease risk (33). MUO is more likely to show insulin resistance, adverse fat distribution, higher inflammation markers, and adipose tissue dysfunction than MHO (13, 34). In fact, these factors are associated with higher risk of atherosclerosis and cardiovascular disease (35, 36). Furthermore, as an elderly disease, MM is more likely to be affected by severe comorbidities. Additionally, metabolic disorders may affect the clinical manifestations of MM in terms of the drug efficacy and tumor cell activity (25). Metabolically unhealthy patients may face a lower intensity of treatment (21, 34) and poorly executed care (25), which will affect the treatment efficacy of the disease.

Although there has been substantial evidence to show that obesity is the only modifiable risk factor for MM (26, 37), other studies have observed different phenomena. Increased BMI was not significantly associated with adverse outcomes in MM patients (10, 38) and was even associated with lower morbidity and longer overall survival (11). As suggested in recent literature, the influence of BMI on MM may depend on different disease stages (26). For normal individuals or patients in the early stages of the disease, elevated BMI was associated with higher mortality and disease progression, while for MM patients in a transplant or relapsing state, a higher BMI meant patients could tolerate better treatment and experience less disease-related weight loss (26). In summary, the role of obesity in MM is complex. However, previous studies did not consider the correlation between obesity and metabolic disorders. Our study found that the MM-related readmission risk, as a result of disease progression or unexpected complications, was affected by metabolic disorders, which may imply that modifiable metabolic risk factors play a more significant role than obesity in the short-term disease progression of MM patients.

As mentioned above, all metabolic risk factors can induce adverse outcomes in MM patients through multiple pathways and mechanisms. Our analysis demonstrated the cumulative effect of metabolic risk factors numbers on the risk of MM readmission, which was supported by previous studies (39). This result is worrying for MM patients with multiple metabolic risk factors, especially for the elderly patients. Interestingly, we also observed that the association between metabolically unhealthy status and readmission risk appeared in 90-day and 180-day studies, rather than in 30-day and 60-day studies. Disease progression within 60 days after treatment is commonly referred to as refractory MM (40), which is often related to cytogenetic risk (40, 41). This might indicate that, unlike the short-term influence of refractory mechanisms, metabolic disorders influence the longer-term development of MM.

Although few studies directly explore the association between metabolic disorders and obesity in MM, based on our findings, we speculate that the higher risk of readmission in metabolically unhealthy patients with MM is related, at least in part, to the above mechanisms. From our study, we have reason to believe that metabolic disorders have a greater impact on MM readmissions than obesity. We found that patients with metabolically unhealthy status had a higher readmission rate and readmission risk than those with metabolically healthy status. Meanwhile, patients with metabolic abnormalities and obesity may have a longer time in re-hospitalization stay. Through targeted interventions, such as diet, exercise and drug treatment, metabolic risk factors and quantity can be controlled to reduce the occurrence of adverse disease outcomes reduce the disease burden of MM. Readmission is considered to be a result of disease progression or unexpected complications on initial admission. Although our study may help to identify people who have a high risk of readmission, it is not clear whether the readmission of metabolically unhealthy patients is due to progression of the disease itself or related complications. Therefore, further investigations are necessary to explore the mechanisms of the effect of metabolic disorders on the development of MM.

Although a large sample size of patients was used for follow-up, our study had many other limitations. First, all diseases were diagnosed based on the ICD-10 codes, and we could not verify the accuracy of disease diagnoses in our study. Secondly, obesity defined by BMI did not consider the effect of fat distribution on the disease, which had implications for MM outcomes (15). Moreover, due to data limitations, the stage, karyotype, oncogenic mutations and treatment regimen information of MM patients were not available, which could have influenced the results. To reduce these effects, we corrected for patient antitumor chemotherapy and stem cell transplant status in the analysis, which were the primary treatment for MM. Although we did not perform a subgroup analysis based on MM stage and treatment type due to the limitations of the database, the results of this study have good representativeness and reliability among MM patients based on the large patient population in the NRD database. Further studies in more detailed cohorts are required to validate the relationship of obesity and metabolism to MM specific disease characteristics. In addition, the analyzed data were from NRD 2018, before the coronavirus disease 2019 (COVID-19) epidemic, and we were unable to assess the NRD data during the pandemic. Therefore, our analysis could not take into account the effect of COVID-19 on the results. Recent studies have shown that COVID-19 increased rehospitalizations and mortality rates in patients and had adverse effects on cancer patients, including MM (42–44). However, obesity and metabolic risk factors contribute to COVID-19 infection and adverse outcomes and increase the risk of hospitalization (45, 46). Thus, we speculate that during the pandemic, COVID-19, obesity and metabolic risk factors could increase the risk of readmission and adverse outcomes in MM patients jointly. Future clinical practice should focus on patients with obesity and metabolic abnormalities, control the occurrence of metabolic abnormalities and the number of metabolic risk factors, and prevent the adverse effects of obesity and metabolism on patients with cancer and COVID-19.



Conclusion

Taken together, we observed that metabolic disorders, not obesity, were independently associated with higher readmission risk in patients with MM. Moreover, as the number of metabolic risk factors increased, the risk of MM readmission elevated. In the management of MM, attention should be paid to advance directives and optimized nursing for patients with metabolic disorders to reduce the readmission rate and hospitalization burden.
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