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Abstract 

Objective: Patients hospitalized with multiple myeloma (MM) are particularly vulnerable to 

depression. The present study aims to determine the frequency of depression among MM 

hospitalized patients, in order to assess the possible differences between those with and 

without depression in relation to sociodemographic and clinical variables and to measure the 

impact of depression on hospitalization outcomes. 

Methods: An observational retrospective study was performed using an administrative data set 

of all hospitalizations with a primary diagnosis of MM between 2000 and 2015 in Portuguese 

mainland public hospitals. Codes related to depressive disorders were grouped to generate the 

dichotomous variable of depression (yes/no). A multivariate analysis was conducted and 

adjusted odd ratios (aOR) calculated between different variables and depression.  

Results: Of a total of 14.575 MM hospitalizations studied, a concurrent code of depression was 

registered in 666 patients (4.6%). A greater odds of depression was observed in female patients 

(aOR=2.26; 95%CI=1.91-2.66), transplanted patients (aOR=1.78; 95%CI=1.44‐2.20), patients 

with plasma cell leukemia (aOR=1.79; 95%CI=1.22‐2.64) and patients with a higher Charlson 

Comorbidity Index (CCI) (aOR=1.10; 95%CI=1.05‐1.15). Length of stay was longer in patients with 

a registered diagnosis of depression (aOR=1.01; 95%CI=1.01‐1.02) while the odds of in-hospital 

mortality were lower in these patients (aOR=0.53; 95%CI=0.41-0.68). 

Conclusions: These results may help identify MM inpatients at higher risk of presenting 

depression (female gender, younger age, high CCI, plasma cell leukemia, transplant procedure). 

This will enable timely psychological assessment and treatment in order to prevent worse 

outcomes and higher healthcare costs associated with depression. 

KEYWORDS: administrative data, cancer, depression, hospitalization, inpatient, multiple 

myeloma, oncology 
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1. Background 

Multiple myeloma (MM) is a type of hematologic cancer characterized by bone marrow 

infiltration of plasma cells and monoclonal protein in the serum and/or urine(1), with estimated 

32,110 new cases in 2019 in USA(2). According to the last available data, in Portugal there was 

1,034 new cases and 708 deaths in 2018(3).  

Patients with cancer experience high psychological and physical burden, and are more prone to 

suffer from depression than the general population(4). Hematologic cancer is highly associated 

with depression when compared to other types of malignancies(5). Myeloma is no exception, a 

meta-analysis of 11 different studies shows that the pooled prevalence of depression among 

patients with MM was around 22.3%(6). Another study, with more than 36,000 MM patients, 

reported depression in 23.4% of the sample(7). Notwithstanding, this psychiatric disorder is 

frequently overlooked and underdiagnosed in the clinical practice(8).  

Both the use of Hematopoietic Stem Cell Transplantation (HSCT) and novel drugs such as 

proteasome inhibitors and immunomodulatory agents (joining the corticosteroids, alkylating 

agents and anthracyclines arsenal) together with improved supportive care, have substantially 

increased response rates and survival of MM patients in the past several years(1, 9, 10).  On the 

other hand, treatments such as long-term corticosteroids and HSCT have proven association 

with psychological distress and depression(11, 12). Considering MM patients are living longer 

with their disease and are exposed to cumulative toxicities of these lines of treatment since MM 

diagnosis throughout disease relapses, we are witnessing an increase number of MM patients 

at risk of develop depression. Moreover, the stress of a cancer diagnosis can be a trigger for 

depression(8) and one may not forget that depression could have been present before cancer 

diagnosis.  

In literature, studies that measure the impact of depression on MM hospitalizations outcomes 

are scarce even though depression has proved association with lower quality of life, decreased 

compliance to treatments, higher mortality, longer hospitalizations and higher costs for health 

care systems(13-17). To conclude, understanding the patient experience of living with MM and 

the treatment risks associated is paramount to increase physician´s awareness to the 

importance of depression and to provide effective patient-centered care. 

The present study aims to determine the frequency and registry of a depression diagnosis among 

MM hospitalized patients, in order to describe and assess the possible differences of those with 

and without depression regarding sociodemographic and clinical variables and to measure the 

impact that depression may have on hospitalization outcomes of these patients. 
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2. Methods 

A retrospective observational study was conducted with anonymized administrative data 
provided by the Authority for Health Services of the Portuguese Ministry of Health (ACSS) 
regarding MM hospitalizations. Hospitalizations from public mainland hospitals of patients ≥18 
years old, discharged between 2000 and 2015, with MM as primary diagnosis were selected and 
analyzed. International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-
CM) codes were used to select the diagnosis of interest, comorbidities and procedures. The 
codes 203.0X (multiple myeloma) and 203.1X (plasma cell leukemia) were used to select MM 
cases. The primary outcome was the diagnosis of depression identified by the ICD-9-CM codes 
296.2X and 296.3X (Major depressive disorder, single episode and recurrent episode, 
respectively), 300.4 (Dysthymic disorder), 301.12 (Chronic depressive personality disorder), 
309.0 and 309.1 (Adjustment reaction associated with depression), and 311 (Depression 
disorder non elsewhere specified). These codes were grouped to generate the dichotomous 
variable of depression (“yes”, if at least one of the diagnostic codes was registered; “no”, if none 
of the previous codes have been registered). Any bipolar or maniac disorder codes were 
excluded from this study. 
 
Sociodemographic variables examined included age (studied as a continuous variable and as 
subgroups: ≤50, 51-60, 61-70, 71-80, >80 years old), gender and patient residence. Residence 
was coded using NUTS II (Nomenclature of Territorial Units for Statistics) which divides Portugal 
into 7 regions, namely North, Center, Lisbon metropolitan area, Alentejo, Algarve and Madeira 
and Açores Islands. In this study, patients outside the mainland regions were grouped, and 
residence was entered as a categorical variable. Regarding patient comorbidity profile, a group 
of specific secondary diagnosis codes of comorbidities were selected from the database to 
compute the clinical variable Charlson Comorbidity Index (CCI) for each patient (analyzed as a 
ordinal variable)(18). Other clinical variables included the presence of plasma cell leukemia 
(dichotomous variable – yes/no) and Hemopoietic Stem Cell transplantation (HSCT) procedure 
during hospitalization (dichotomous variable – yes/no). The latter variable was created by using 
ICD-9-CM procedure code 41.0X (Bone marrow or hematopoietic stem cell transplant) to 
identify transplant cases. The hospitalization outcomes Length of Stay (LoS) (continuous 
variable) and in-hospital mortality (dichotomous variable – yes/no) were defined as secondary 
outcomes.  
 

 
2.1 Statistical methods 

 
To assess patients´ characteristics, descriptive statistics were performed. Temporal trends in the 
number of hospitalizations with depression and transplant procedure, between 2000 and 2015, 
were determined by regression models. Moreover, binary logistic regression was used to 
calculate crude odds ratio (OR) and to assess possible associations between all variables and the 
outcome depression. Additionally, a multivariate model was performed and adjusted odd ratios 
(aOR) were calculated. A p value < 0.01 was used to determine the statistical significance of the 
test results. All analyses were performed with the SPSS IBM v24®.  
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3. Results 

A total of 14.575 hospitalizations with a primary diagnosis of MM were retrieved from the 

national database between 2000 and 2015. Concurrent depression was registered in 666 of 

these hospitalizations (4.6%).  

Throughout the analyzed years there was roughly the same number of MM hospitalizations with 

a mild increase in most recent years (table I). On the other hand, both the hospitalizations with 

associated depression and transplant increased in number between 2000 and 2015. An increase 

from 1.9% to 8.6% of discharges with concurrent depression (R=0.89; B=5.73 95% CI [4.02, 7.43]) 

and a steady increase from 4.5% to 20.8% of the discharges related to transplant (R=0.97; 

B=14.18 95% CI [12.21, 16.16]) were observed.  

3.1 Sociodemographic variables 

Regarding patients’ characteristics (table II), the mean and median (P25 - P75) age was 

approximately 66 and 67 (58-75) years old, respectively. At the multivariate logistic regression 

analysis, after adjusting for all variables (gender, CCI, plasma cell leukemia, transplant, LoS and 

in-hospital mortality), adjusted odd ratios showed no statistical significant association between 

age (as continuous variable) and depression (aOR=0.994; 95% CI=0.987-1.001) (table lll). 

Nevertheless, when age was entered by subgroups (≤50, 51-60, 61-70, 71-80, >80 years old) an 

association was found between two subgroups, with those >80 presenting less depression when 

compared to the ≤50 year old group (aOR=0.58; 95% CI=0.38-0.88; p=0.010). 

A higher proportion of males were observed in this cohort (52.0%), with female gender having 

greater odds of being associated with depression (aOR=2.255; 95% CI=1.912-2.660). Regarding 

patient’s residence, a higher representation was found for the North region with 4,530 patients 

(31.1%), followed by Lisbon with 4,412 patients (30.3%) and Center with 3,915 patients (26.9%).  

No significative association between patient residence and the frequency of registered 

depression was observed (table lll). 

3.2 Clinical Variables 

Transplant related hospitalization accounted for 1,877 cases (12.9%) being one of the clinical 

factors that contributed to the presence of depression diagnosis (aOR=1.78; 95% CI=1.44‐2.20). 

Also, when a higher number of comorbidities was present (measured through CCI), a rise in 

depression diagnosis was also found (aOR=1.10; 95% CI=1.05‐1.15). Plasma cell leukemia 

diagnosis was present in 380 patients (2.6%). This aggressive stage of the MM spectrum of 

disease was related to a higher proportion of depression comorbid diagnosis (aOR=1.79; 95% 

CI=1.22‐2.64). 

3.3 Hospitalization outcomes 

Length of stay and mortality varies significantly whether transplantation was the reason of 

hospitalization or not. A median LoS (P25 – P75) of 20 days (17-23) was seen in transplant related 

hospitalizations, whereas a lower LoS was observed in non-transplant cases, with 10 (4-20) days. 

In-hospital mortality reached a total of 2,714 cases (18.7%) with only 18 cases related to the 

sub-group of hospitalizations where the HSCT procedure was performed.  

In general, a higher LoS was observed among patients with depression (aOR=1.011; 95% 

CI=1.007‐1.015), while a lower in-hospital mortality was found in patients with a registry of 

depression when compared to those without depression (aOR=0.526; 95% CI=0.406-0.680). 
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4. Discussion 

In the present study, MM patients with depression were majorly women, had higher 

comorbidity profile and were more likely to present with plasma cell leukemia. A steady rise in 

the number of transplants was seen during the study period and the prevalence of depression 

was significantly higher in these transplanted patients. Moreover, those with any depression 

code were more likely to stay longer periods at the hospital, but on other hand died less during 

hospitalization. 

Regarding the proportion of registered depression in this study (4.6%), it was quite lower than 

expected when compared to MM population-based prevalence reported  in literature, which is 

around 23%(6, 7). Our study may be underestimating the real number of patients with 

depression due to the underdiagnose and lack of registry of depression in the context of an acute 

hospitalization. These constraints have also been identified in previous studies using similar 

methodologies and settings(19-21).  Additionally, diagnostic coding using ICD can be stringent 

and often fail to identify patients who present subclinical symptoms(4).  

Moreover, an increase of registered depression was found throughout the study period. The 

increased quality of hospital-coded data throughout the years may explain this results(22). 

Notwithstanding, there was a real increased in the prevalence of depression in the last 

decade(23), including in Portugal where the prevalence of depression in primary health care 

increased from 5.34% in 2011 to 9.32% in 2016(24). These factors together, may explain the rise 

of depression registry among MM hospitalizations. 

 

4.1 Sociodemographic variables 

Available evidence states that the median age at diagnosis of MM is comprised between 67 and 

70 years old(25). Even though we could not discriminate the newly diagnosed MM patients, 

during the study period a median age of 67 years old was found among all hospitalizations which 

is in accordance with the existent literature. Association of age with depression remains 

controversial in cancer patients. Nonetheless, a relation is described in literature with older 

patients showing lower levels of depression when compared to the younger population, in 

samples of cancer patients(26), including one study where this relation was more pronounced 

in the sub-group of hematological malignancies(5). In the present study, when age was 

approached by subgroups, an association in registered depression was also found among 

patients with >80 years old. This subgroup had lower prevalence of depression when compared 

with younger patients (≤50 years old) (aOR=0.580; 95% CI=0.382-0.879; p=0.010). Older patients 

might be better prepared emotionally to face a cancer diagnosis with an already debilitated 

physical function, whereas younger patients may have their daily life more disrupted with cancer 

diagnosis(5).  

Depression prevalence was two times more frequent among females than male patients 

(aOR=2.255; 95% =1.912-2.660). Similar findings were reported by Linden and cols among a 

sample of more than 10.000 cancer patients(5). Also, these results are in concordance with the 

higher prevalence of depression in women in the general population(27). This might be 

explained by the fact that women tend to report more depressive symptoms and seek medical 

help more often when compared to men(28), and this pattern should be no different in MM 

patients.  
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Regarding patient residence, we could not find association with any given region and the 

prevalence of depression. In Portugal, depending on the region, depression prevalence in 

primary care range from 6,79% to 11,14%(24). However, a Portuguese large study that 

measured the prevalence of depression in elderly patients (>65 years) did not found any 

significant association between NUTS ll regions and the prevalence of depression(29). 

 

4.2 Clinical Variables 

Multiple myeloma is a common indication for HSCT. A steady increase in the number of this type 

of transplant was also in the present study since 2000 (table 1). This result is congruent with the 

findings of D´Souza and cols in the United states(30), probably because of an increase in older 

recipients. A HSCT hospitalization is long and usually ends around day 14-20(31),  explaining the 

increased LoS compared to hospitalizations without transplantation. Moreover, psychological 

distress has been reported at all stages of HSCT transplantation process(32).  This is in line with 

the results of our study, with registered depression demonstrating a clear association with HSCT 

hospitalization (aOR=1.78; 95% CI=1.44‐2.20). The HSCT hospitalization starts with a 

conditioning regimen with high-dose chemotherapy. The combination of increased physical 

symptoms, including pain, fatigue, anorexia, mucositis, diarrhea, fever and sleep disturbances, 

with the continued isolation recommended (at least 100 days after the procedure) can be 

emotionally challenging and lead to a higher prevalence of depression(31, 32). As a result, the 

associated risks inherent to transplantation and the increasing numbers of transplanted patients 

make this specific population a major concern regarding depression comorbidity. Preventive 

measures, routine screening and timely and adequate treatment should be part of standard 

clinical practice with this vulnerable group.  

Regarding patients comorbidity profiles, and in accordance with the results of the present study, 

in a sample of patients with hematologic malignancies Shreders and cols found that those with 

depression had a significantly higher CCI compared to non-depressed MM patients(33). The 

same association was obtained by Niazi and in a large sample of MM patients(7). Thus, multi-

morbid patients (presenting two or more chronic physical conditions) with comorbid depressive 

symptoms tend to attribute these symptoms to important life events, many of which related to 

their physical health that led to loss of functionality and resulted in changes to their sense of 

identity(34). 

Plasma cell leukemia has a more aggressive clinical course due to its extramedullary nature and 

presents itself with a higher tumor burden and a dismal prognosis(35). To our knowledge, this is 

the first study that demonstrates the increase rate of depression among patients with plasma 

cell leukemia vs MM patients (aOR=1.79; 95% CI=1.22‐2.64).  

4.3 Hospitalization outcomes 

A longer LoS was observed in depressive patients subgroup (aOR=1.01; 95% CI=1.01-1.02), which 

is congruent with the findings of a previous study conducted with a sample of depressive 

inpatients with sickle cell disease(19). Similarly, another study found that depressed hospitalized 

patients had stays that were 30% longer than non-depressed patients(36). Thus, depression has 

the potential to increase healthcare utilization and consequently, increase costs for the 

healthcare system(7, 17). 
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One large meta-analysis defined a clear association between depression and increased mortality 

in cancer patients(15). Nonetheless, and in accordance with our data, several studies found a 

lower in-hospital mortality, also based upon inpatient administrative data, among depressed 

hospitalized patients vs non-depressed patients(21, 37), including one study with breast cancer 

patients. The reasons underlying these results are uncertain, but in the present study this might 

be explained by the fact that those who die during hospitalization are likely to be more ill and/or 

admitted due to an acute myeloma-related event. In this context, a mood disorder may be 

underdiagnosed explaining the numbers found. Because of this, depression can be overlooked 

and consequently less registered and coded among hospital discharges in which the patient had 

died.  

 

5. Limitations 

Our study presents some limitations. First, being a retrospective study, the major limitation is 

the use of secondary data, i.e. data not primarily intended for our investigation. An 

administrative data set of hospital discharges was used, being hospital reimbursements its main 

objective. Both diagnosis and procedures coded are dependent on the quality of medical reports 

and physicians coding. Thus, we did not have access to patients detailed information and some 

data could be less accurate or incomplete. Second, we were not able to verify which diagnostic 

tool was used to assess depression nor how severe the mood disorder was. Third, despite using 

the well-known CCI, this measure only includes a limited number of comorbidities, which may 

have limited the possible associations. Finally, depression could appear before or after the 

diagnosis of MM. It can also develop some days or even months after the treatment of this 

malignancy. Due to the limitations of a cross-sectional study we could not define the temporal 

aspect of the diagnosis of this psychiatric disorder nor inform about trajectories through disease 

periods. 

6. Strengths 

To our knowledge, beside its large sample and long study period, this is the first nationwide 

study of MM hospitalizations. Additionally, as far as we are aware, this is the first study to 

demonstrate increase rate of depression among patients with plasma cell leukemia vs MM 

patients in literature. Moreover, this study assessed a very broad population served by the 

National health System which provides universal coverage to the Portuguese population in 

contrast to other studies that selected patients based on health insurance coverage. Finally, in 

Portugal codification is made by trained and qualified medical doctors, being the use of 

administrative data significantly robust and valid for investigational purposes(38). Indeed, 

similar methodologies have already lead to important results in different health contexts which 

can reinforce the pertinence of the present study(39, 40). 

7. Clinical Implications 

Despite some limitations, we were able to find factors that were significantly more common 

among depressive MM patients such as female gender, younger age, higher comorbidity profile, 

plasma cell leukemia, presence of a transplant procedure and longer hospital stay. These results 

may help identify MM inpatients at higher risk of presenting with depression and thus, enable 

timely psychological assessment and treatment in order to prevent worse outcomes and higher 

healthcare costs associated with this comorbidity. 
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8. Conclusions 

Further investigation is necessary to clarify the association between these specific 

sociodemographic and clinical variables and their relationship with depression. It would be of 

interest to compare the present results with those of other countries, as some associations 

remain controversial. Despite this, the present study reinforces the importance of increasing 

detail of clinical coding in administrative data bases as this will allow researchers to have 

available cost-effective and representative data of a specific population of interest. 

In conclusion, depression remains largely disregarded in cancer setting despite its influence on 

worse outcomes and increased costs. Efforts must be made to mitigate this and increase 

physician’s awareness to depression among MM inpatients and the related risk factors. 
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Table l: Number of Multiple myeloma hospitalizations per year 

Ano Number of MM 
hospitalizations(n=) 

Number of MM 
hospitalizations 

w/depression (%) 

Number of MM 
hospitalizations 

w/transplant (%) 

2000 889  17 (1.9) 40 (4.5) 
2001 890 12 (1.3) 40 (4.5) 
2002 859 21 (2.4) 32 (3.7) 
2003 820 19 (2.3) 36 (4.4) 
2004 815 20 (2.5) 48 (5.9) 
2005 802 22 (2.7) 65 (8.1) 
2006 817 19 (2.3) 77 (9.4) 
2007 817 18 (2.2) 131 (16.0) 
2008 810 33 (4.1) 128 (15.8) 
2009 883 36 (4.1) 154 (17.4) 
2010 856 40 (4.7) 137 (16.0) 
2011 1038 73 (7.0) 175 (16.9) 
2012 950 59 (6.2) 182 (19.2) 
2013 1037 72 6.9) 177 (17.1) 
2014 1177 109 (9.3) 223 (18.9) 
2015 1115 96 (8.6) 232 (20.8) 
Total 14575 666 1877 
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Table ll: Patients Characteristics (N=14575) 

Variables Total 
hospitalizations 

 

Hospitalizations w/ 
depression  

 

Depression [Number(%)] Yes 666 (4.6)    
 No 13909 (95.4)  

Gender [N(%)] Male 7578 (52.0) 227 (3.0) 
 Female 6997 (48.0) 439 (6.3) 

Age (mean ± SD) 65.97 ± 11.96 64.23 ± 10.69 

Charlson Index (mean ± SD) 1.09 ± 1.71 1.28 ± 1.93 

Plasma cell leukemia [N(%)] No 14195 (97.4) 636 (4.48) 
 Yes 380 (2.6) 30 (7.89) 

Transplant [N(%)] No 12698 (87.1) 521 (4.1) 
 Yes 1877 (12.9) 145 (7.7) 

Length of Stay [median (P25-P75)] 13.00 (5-21) 17 (9-24) 

In-hospital mortality [N(%)] No 11861 (81.5) 595 (5.0) 
 Yes 2714 (18.7) 71 (2.6) 

Residence (NUTS ll) [N(%)]† North 4530 (31.1) 224 (4.9) 
Center 3915 (26.9 175 (4.5) 
Lisbon 4412 (30.3) 201 (4.6) 
Alentejo 939 (6.4) 43 (4.6) 
Algarve 458 (3.1) 12 (12.6) 
islands 103 (0.7) 7 (6.8) 

 Missing 218 (1.5) — 
† This variable refers to the place of patient residence and not the location where the hospitalization took place. It 
was only studied mainland Portuguese hospitalizations. 
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Table lll: Variables associated with depression among hospitalized patients with 
Multiple myeloma 

Variables   Crude OR(IC95%) P value Adjusted OR(IC95%) P value 

Age   0.99 (0.98-0.99) 0.000 0.994 (0.987-1.001) 0.091 

Gender                          
 

Male 
Female 

 Reference (Ref) 
2.12 (1.84-2.55) 

Ref 
0.000 

 Ref 
2.255 (1.912-2.660) 

Ref 
0.000 

Charlson Index   1.07 (1.02-1.11) 0.002 1.10 (1.05-1.15) 0.000 

Plasma cell leukemia No 
Yes 

 Ref 
1.83 (1.25-2.68) 

Ref 
0.002 

Ref 
1.79 (1.22-2.64) 

Ref 
0.003 

Transplant                      
 

No 
Yes 

 Ref 
1.96 (1.61-2.37) 

Ref 
0.000 

Ref 
1.78 (1.44-2.20) 

Ref 
0.000 

Length of Stay   1.01 (1.01-1.02) 0.000 1.01 (1.01-1.02) 0.000 

In-hospital mortality No 
Yes 

Ref 
0.51 (0.40-0.65) 

Ref 
0.000 

Ref 
0.53 (0.41-0.68) 

Ref 
0.000 

Residence (NUTS ll) Algarve 
Islands 
North 
Center 
Lisbon 
Alentejo 

 Ref 
0.71 (0.33-1.6) 
0.64 (0.29-1.4) 

0.66 (0.30-1.42) 
0.66 (0.30-1.50) 
0.37 (0.14-0.96) 

Ref 
0.40 
0.27 
0.29 
0.32 
0.04 

‡ — 

‡ Because of lack of statistical significance, the variable “residence (NUTS ll)” did not enter the multivariate model. 
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Genetic Nomenclature

Sequence variants should be described in the text and tables using both DNA and protein designations
whenever appropriate. Sequence variant nomenclature must follow the current HGVS guidelines; see
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