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The Effect of Disability on the Diagnosis and Treatment of Multiple
Myeloma in Korea: A National Cohort Study

Purpose
This study aimed to determine whether the diagnosis, treatment approach, and prognosis
of multiple myeloma (MM) vary according to the presence and type of disability.
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Materials and Methods
Demographic, socioeconomic, and medical data were obtained from the National Disability
Database, the Korean Central Cancer Registry, and the Korean National Health Insurance
claims database. An age- and sex-matched cohort was established using a 1:3 ratio constituted with 2,776,450 people with disabilities and 8,329,350 people without disabilities.
Adult patients diagnosed with MM were subsequently selected from this cohort. Disabilities
were categorized as physical, communication, intellectual or psychological, and affecting
the major internal organs.
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Results
The cohort included 4,090 patients with MM, with a significantly lower rate per 100,000
persons among people with disabilities than among people without disabilities (29.1 vs.
39.4, p < 0.001). People with disabilities were more likely to undergo dialysis treatment at
the time of diagnosis (16.3% vs. 10.0%, p < 0.001), but were less likely to undergo autologous stem cell transplantation (37.5% vs. 43.7%, p=0.072). This trend was more evident
among patients with intellectual or psychological disabilities. The median overall survival
among patients with disabilities was significantly shorter than that among patients without
disabilities (36.8 months vs. 51.2 months, p < 0.001).
Conclusion
In Korea, people with disabilities generally have a lower rate of MM diagnosis, receive less
intensive treatment, and have a lower survival rate than people without disabilities.
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Introduction
Multiple myeloma (MM), a malignant neoplasm that originates from plasma cells, is the third most common hematological malignancy in Korea with a steadily increasing
incidence in recent years [1,2]. The 1990s brought a major
change in the treatment strategy for MM, which involved the
introduction of high-dose melphalan chemotherapy followed by autologous hematopoietic stem cell transplantation
(ASCT). More recent developments have led to the introduction of ‘novel agents’, such as immunomodulatory drugs and
proteasome inhibitors, which have greatly improved the
prognosis of patients with MM [3-5]. However, patients must
be in relatively good health to undergo an intensive treatment, such as ASCT. In addition, the high economic cost of
novel agents also limits access to this treatment. It is unclear
whether physically or economically vulnerable populations,
such as people with disabilities, are experiencing equal benefits from the development of newer MM therapies.
To date, there is no reported clinical study regarding the
effect of a disability on the clinical management and prognosis of hematological cancers, including MM. Korea has various national databases that can provide information regarding different health status factors, such as disability status,
cancer, the delivery of healthcare, and associated medical
costs. The present study aimed to evaluate differences in the
diagnoses, treatment approaches, and outcomes among patients with MM according to their disability status. Also studied were the effects of the severity and type of disability on
the clinical course of MM.

Materials and Methods
1. Data sources and case selection
The present study obtained data from the Korean National
Disability Database, the Korean Central Cancer Registry
(KCCR), and the Korean National Health Insurance (KNHI)
claims database. We identified 2,776,450 persons with disabilities during 2009-2013 using the National Disability Registry, which contains information regarding disability types
and severity levels. That database is assumed to have covered 93.8% of the total population with disabilities in 2011
[6]. Information from the National Disability Registry was
merged with the data from the KCCR and the KNHI claims
database during 2002-2015 using personal identification
numbers. The KCCR is a nationwide government-sponsored
cancer registry that is estimated to have covered 97.2% of
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cancer cases in 2009 [7]. The KCCR includes the age at diagnosis, date of diagnosis, cancer site, and the Surveillance, Epidemiology, and End Results (SEER) summary stage. The
KNHI database has been used extensively for epidemiological and health policy studies [8-10]. The KNHI provides
comprehensive universal health insurance to all Koreans and
the KNHI database contains information regarding the patients’ sex, age, health insurance premium, residential area,
comorbid diseases, diagnosis, imaging and laboratory test
results, and treatment. The KNHI claims database also contains data on the date of death, which is based on the date of
the death declaration provided by the Ministry of Public
Administration and Security and which has been partially
corrected using the date of the loss of health insurance qualification.
An age and sex-matched cohort was created using a casecontrol match 1:3 ratio consisting of 2,776,450 people with
disabilities and 8,329,350 people without disabilities. We subsequently identified 4,358 patients who were diagnosed with
MM and then excluded patients who were < 19 years old
(n=0), had no information regarding health insurance premiums (n=23), had a diagnosis of other non-thyroid cancer
(n=202), or were diagnosed with MM before 2002 (n=43), as
the KNHI only began collecting claims data in 2002.
Among the eligible patients, we identified 496 patients
who developed disabilities after their diagnosis of MM. In
this group, the rate of major internal organ disability was
36.9% (180 patients), which was significantly higher than in
the entire disability cohort (5.4%) or the cohort of people with
disabilities before MM diagnosis (8.9%). The most common
cause of their disability was renal failure (169 patients),
which is a well-known complication of MM. In addition, the
physical disability rate was lower at 248 (50.0%) out of 496
patients than in the entire cohort of disability (62.3%) and the
cohort of people with disabilities before MM diagnosis
(62.5%), but half of them (123 patients) had disabilities
related to spinal problem. Paralysis and weakness caused by
spinal cord injury is also a common result of pathological
vertebral fracture by MM. In summary, more than 60% of the
496 patients were found to have a disability associated with
MM complications. Therefore, we integrated these 496 patients into the non-disability group.
Finally, the study sample included 809 patients with disabilities upon their MM diagnosis and 3,281 patients without
disabilities upon the MM diagnosis (Fig. 1). The patients’ personal identification numbers were used to merge their data,
although anonymized identifiers were subsequently used
during the analysis.
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Target population

People with disability
(n=2,776,450)

People without disability
(n=8,329,350)

1:3 frequency matched
sampling by age and sex

Patients with a diagnosis of multiple myeloma (C90.0/C90.1/C90.2/C90.3)
(n=4,358)
Excluded (n=268)
- Under 19 yr (n=0)
- Missing sociodemographic
information (n=23)
- Other cancer except thyroid (n=202)
- MM diagnosis before 2002 (n=43)

Eligible population

Patients with disabilities
diagnosed with multiple myeloma
(n=1,305)

Patients without disabilities
diagnosed with multiple myeloma
(n=2,785)

MM diagnosis before disability acquisition (n=496)

Study population

Final sample
(n=809)

Final sample
(n=3,281)

Fig. 1. CONSORT diagram. The total number of multiple myeloma (MM) patients who met the inclusion criteria was 4,090.
Except the 496 patients who acquired after being diagnosed with MM, the final number of MM patients with disabilities
was 809. The number of MM patients without disabilities was 3,281.

2. Variables

3. Outcomes and statistical analyses

Fifteen disability grouping are included in the National
Disability Database [11], which were categorized for the present study as physical, communication, intellectual or psychological, and affecting the major internal organs (S1 Table).
Disability severity is graded from 1 (very severe) to 6 (very
mild) based on functional losses and clinical impairment as
determined by a medical specialist. In the present study, disability severity was classified as severe (grade 1-3) or mild
(grade 4-6).
For each patient, cancer-related information was collected
from the KCCR, which included the patient’s age at diagnosis (< 65 years or ! 65 years), date of diagnosis, cancer site,
and SEER summary stage. Patient incomes were used to
identify patients in the insurance premium categories of
below the poverty line (lowest) and quintiles I, II, III, and IV
(highest), as provided by the KNHI. The KNHI premium
was used to estimate household income because it is calculated based on income, property, and automobile taxes for
each household [12].

Descriptive analyses were performed to determine the distributions of patients with and without disabilities according
to age, sex, and income level in the overall cohort and among
patients with MM. The chi-square test was used for these categorical variables. The incidence of major complications,
such as pathologic fractures or renal failures at the time of
MM diagnosis were also calculated, based on claims that
were made from six months before the MM diagnosis to one
month after the MM diagnosis. The rates of using ASCT,
thalidomide, and bortezomib to treat MM were also analyzed.
All patients were followed until death or 31 December
2017. The survival outcomes and related risk factors were
evaluated using the Kaplan-Meier method with the log-rank
test and a multivariate Cox proportional hazards regression
analysis. Before the analysis, the assumption of proportionality was confirmed by plotting the log hazard estimates
against the observation periods. Each covariate that was used
for adjustment had a Schoenfeld residual that indicated
whether the proportional-hazard assumption was fulfilled
(p > 0.1 for all covariates). All statistical analyses were per-
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People with disabilities
People without disabilities

Income status

4th quartile

34.3

3rd quartile

20.7

2nd quartile

17.5

16.7

1st quartile

17.7

18.5

Below poverty line

3.9

16.9

20

The study protocol was approved by the Institutional
Review Board of Chungbuk National University (CBNU201607-BM-288-01).

26.9

23.2

30

4. Ethical statement

Results

10 0 10 20
Proportion (%)

30

1. Baseline characteristics of the cohorts

Fig. 2. Comparison of income level structure with or without disability. A comparison of the economic situation of
people without disabilities (red) or with disabilities (blue).
People with disabilities have a high percentage of below
poverty line.

formed using SAS software ver. 9.4 (SAS Institute, Inc., Cary,
NC) and differences were considered statistically significant
at two-sided p-values of ! 0.05.

Basic information of the entire cohort is provided in S2
Table. Among the entire cohort, 64.5% of people were < 65
years old and 32.1% of people were " 65 years old, with
58.5% of people being male and 41.5% being female. The proportions of people below the poverty line were 7.1% in the
entire cohort, 16.9% in the disabled group, and 3.9% in the
non-disabled group, with the disabled group having a significantly lower income level than the non-disabled group
(Fig. 2).
The severity and type of disability were also analyzed,
which revealing that 1,091,764 people (39.3%) were severely
disabled and 1,684,656 people (60.7%) were mildly disabled.
Physical disabilities were the most common type (n=1,728,916,

Table 1. Baseline characteristics of the patients with MM

Total MM patients
Age (yr)
< 65
" 65
Sex
Male
Female
Income
Below poverty line (lowest)
I
II
III
IV (highest)
MM-related complications
at the time of diagnosis
Fracture
Dialysis
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Patients without
disabilities

Patients with
disabilities

No. (%) Per 100,000

No. (%) Per 100,000

No. (%) Per 100,000

p-valuea)

4,090 (100)

36.8

3,281 (100)

39.4

809 (100)

29.1

< 0.001

1,281 (31.3)
2,809 (68.7)

17.9
77.2

1,025 (31.2)
2,256 (68.8)

19.3
82.9

256 (31.6)
553 (68.4)

13.9
60.1

< 0.001
< 0.001

2,445 (59.8)
1,645 (40.2)

37.6
35.7

1,982 (60.4)
1,299 (39.6)

40.7
37.6

463 (57.2)
346 (42.8)

28.5
30.0

< 0.001
< 0.001

288 (7.0)
653 (16.0)
610 (14.9)
899 (22.0)
1,640 (40.1)

36.4
32.9
31.7
35.9
45.5

189 (5.8)
528 (16.1)
483 (14.7)
708 (21.6)
1,373 (41.8)

58.4
35.9
33.1
36.7
48.1

99 (12.2)
125 (15.5)
127 (15.7)
191 (23.6)
267 (33.3)

21.2
24.3
27.4
33.2
35.7

< 0.001

139 (17.2)
132 (16.3)

17.2
16.3

0.406
< 0.001

MM, multiple myeloma. a)Chi-square test.
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Entire cohort

744 (18.2)
459 (11.2)

605 (18.4)
327 (10.0)
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Table 2. Differences in the diagnosis of MM according to severity and type of disability
MM diagnosis in
people with disabilities

Total
Severity of disability
Severe (grade 1, 2, 3)
Mild (grade 4, 5, 6)
Type of disability
Physical
Communication
Intellectual or psychological
Major internal organ

MM-related complications at the time of diagnosis
Fracture

Dialysis

No.

Per 100,000

No. (%)

p-value

No. (%)

p-value

809

29.1

139 (17.2)

258
551

23.6
32.7

42 (16.3)
97 (17.6)

0.639

69 (26.7)
63 (11.4)

< 0.001

506
208
23
72

29.3
35.3
7.5
47.6

100 (19.8)
28 (13.5)
3 (13.0)
8 (11.1)

0.139

58 (11.5)
24 (11.5)
5 (21.7)
45 (45.0)

< 0.001

132 (16.3)

MM, multiple myeloma.

Table 3. Analysis of ASCT performance according to the presence, severity, and type of disability
All patients
All patients
Patients without disabilities
Patients with disabilities
Severity of disability
Severe (grade 1, 2, 3)
Mild (grade 4, 5, 6)
Type of disability
Physical
Communication
Intellectual or psychological
Major internal organ

Patients < 65 yr
No. (%)

Patients undergone ASCT
No. (%)

p-value
0.072

4,090
3,281
809

1,281 (31.3)
1,025 (31.2)
256 (31.6)

544 (42.5)
448 (43.7)
96 (37.5)

258
551

107 (41.5)
149 (27.0)

29 (27.1)
67 (45.0)

0.004

506
208
23
72

164 (32.4)
37 (17.8)
18 (78.3)
37 (51.4)

69 (42.1)
17 (45.9)
6 (33.3)
4 (10.8)

0.003

ASCT, autologous stem cell transplantation.

62.3%), followed by communication disabilities (n=588,712,
21.2%), intellectual or psychological disabilities (n=307,720,
11.1%), and major internal organ disabilities (n=151,102,
5.4%). People with intellectual or psychological disabilities
had the youngest median age, at 33.6 years. Approximately
half of people with an intellectual or psychological disability
(45.5%) had incomes below the poverty line (S3 Table).
2. Diagnosis of MM
Detailed information regarding the patients with MM is
shown in Table 1. The number of MM cases per 100,000 people was significantly lower in the disabled group than in the
non-disabled group. The number of MM cases in the non-

disabled group was highest among individuals with incomes
below the poverty line, and the number of MM cases decreased with an increase in income. In contrast, in the disabled
group, the lowest number of MM cases was observed among
individuals with incomes below the poverty line, and the
number of MM cases increased with an increase in income.
There was no significant difference in the risk of fracture between patients with and without disabilities. However, patients with disabilities were more likely to start hemodialysis
upon their MM diagnosis compared to patients without disabilities.
Table 2 summarizes the information pertaining to patients
with MM and disabilities. The number of MM cases per
100,000 people was significantly lower in the group with
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A

60

was no significant difference in the frequency of fracture
according to severity of the disability, although fractures
were slightly more common among patients with physical
disabilities and relatively less common for the other disability types.

40

3. Analysis of treatment behavior

Survival rate (%)

100

Patients without disabilities
Patients with disabilities

80

20
0

p < 0.001

0

24

48

B

Survival rate (%)

100

Severe disability
Mild disability

80
60
40
20
0

p=0.117

0

24

48

72 96 120 144 168 192
Time (mo)

C

100
Survival rate (%)

72 96 120 144 168 192
Time (mo)

Physical
Communication
Intellectual or psychological
Major internal organ

80
60
40
20
0

p=0.082

0

24

48

72 96 120 144 168 192
Time (mo)

Fig. 3. Overall survival comparison by presence or
absence of disability (A), severity of disability (B), type of
disability (C).

severe disabilities than in the group with mild disabilities
(p < 0.001). The prevalence of MM was much lower in the
subgroup of people with intellectual or psychological disabilities, relative to the other types. Patients with severe disabilities received dialysis more frequently than patients with
mild disabilities, and dialysis was also more common among
patients with intellectual or psychological disabilities and
major internal organ disabilities than among patients with
physical disabilities and communication disabilities. There
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Among the 1,281 patients with MM at the age of < 65 years,
544 patients (42.5%) received ASCT. The proportion of patients who receive ASCT was slightly lower in the group with
disabilities than in the group of patients without disabilities
(37.5% vs. 43.7%, p=0.072) (Table 3). Twenty-nine patients
(27.1%) with severe disabilities received ASCT, which was
significantly lower than the rate of 45.0% (67 patients) among
patients with mild disabilities (p=0.004). Among the various
disability types, the lowest rates of ASCT were observed in
the group with major internal organ disabilities and the
group with intellectual or psychological disabilities. However, no significant differences with regard to the use of
novel therapeutic agents were observed between patients
with and without disabilities (S4 Table).
4. Survival analysis
The median overall survival (OS) of all MM patients was
48.3 months. After adjusting for sociodemographic characteristics, we observed a higher mortality risk among patients
with MM and disabilities (median OS, 36.8 months) than
among patients with MM but without disabilities (median
OS, 51.2 months) (Fig. 3A). Among patients with disabilities,
the risk of death was slightly higher among patients with
severe disabilities, although this difference was not statistically significant (median OS, 31.2 months vs. 38.9 months;
p=0.117) (Fig. 3B). The median OS was markedly shorter in
the major internal organ disability group, although the association between disability type and OS was not statistically
significant (median OS, 41.0 months for physical disabilities,
33.9 months for communication disabilities, 48.2 months for
intellectual or psychological disabilities, and 29.1 months for
major internal organ disabilities; p=0.082) (Fig. 3C).

Discussion
The prognosis of MM has recently improved, although
advanced therapies are not equally available to all patients.
This is partially related to the treatment of malignant diseases generally involving considerable toxicity, which means
that patients must be physically and mentally able to tolerate
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any given treatment. Moreover, the development of novel
treatments has resulted in a steady increase in the cost of
treating MM. For example, an American report has confirmed that improvements in MM therapy have increased the
survival rate, but with a corresponding increase in the total
cost of treating MM [13]. This socioeconomic burden can lead
to disparities in treatment approaches between patient groups or between countries. In this context, recent studies have
shown that developed countries have improved MM mortality rates, while low- or medium-income countries have
low rates of MM diagnosis and delayed introduction of
advanced therapies, including novel agents and ASCT [14].
Our results indicate that people with disabilities were less
likely to be diagnosed with MM than people without disabilities. Moreover, patients with disabilities were more likely to
experience MM-related renal failure at an early phase of the
disease. The causes of delayed or missed MM diagnoses in
people with disabilities are unclear, but several reasons can
be speculated. People with disabilities sometimes cannot recognize or express their symptoms properly, because their
underlying medical problems mask the manifestations of
MM. Moreover, visiting professional medical institutions can
be a challenge if one’s movement is restricted due to a physical disability.
Another important reason is the low socioeconomic status
(SES) of people with disabilities. Disabilities are known to be
directly associated with a low employment rate and low economic activity [15-19]. Our study provides additional evidence indicating that people with disabilities are more likely
to have low incomes. The relationship between low SES and
delayed diagnosis of cancers has also been reported in previous studies. In the United States, the effect of insurance status and ethnicity on cancer diagnoses of 12 sites was analyzed. Uninsured or Medicaid-insured patients and black or
Hispanic patients were more commonly diagnosed at advanced stages [20]. Similar results were obtained in studies of
breast, colorectal, and prostate cancer [21]. Although there
have been few studies of patients with hematologic malignancies, a study of the Danish registry of patients with nonHodgkin lymphoma found that the lymphoma was discovered at a higher stage in those with a lower SES than in
those with a higher SES [22]. Therefore, it can be assumed
that the relatively low SES levels of the group with disabilities affected the delay or absence of a diagnosis.
Nevertheless, the diagnosis rates of MM in people without
disabilities were not significantly different between individuals with incomes below the poverty line and individuals in
the upper-income groups. It is presumed that Korea's medical aid program, which provides free basic medical services
to people in the lowest income bracket, prevents the deterioration of medical service utilization due to economic problems. On the other hand, among people with disabilities, the

lowest diagnosis rate was observed among individuals with
incomes below the poverty line. This means that the current
economic support is not sufficient to overcome the barriers
to accessing healthcare that is faced by low-income people
with disabilities, which highlights the importance of more
comprehensive support, which should target a wide spectrum including physical mobility, the provision of care, and
improved of awareness regarding the health problems of disabled people.
The diagnosis rate of MM also varied according to the type
of disability, with the lowest diagnosis rate observed among
people with intellectual or psychological disabilities. Many
of the causes of intellectual or psychological disabilities are
diagnosed at a young age, with patients having a relatively
short average life span that can preclude survival until a
diagnosis of cancer [23,24]. Meanwhile, another report has
also indicated that a number of health problems can affect
people with intellectual or psychological disabilities, although those problems are frequently underdiagnosed [25]. Our
results demonstrated that the ages and MM diagnosis rates
of people with intellectual or psychological disabilities were
lower than those with other types of disabilities, but these
patients were diagnosed at relatively late stages, based on
the need for dialysis treatment. The poor economic status of
patients with MM plus intellectual or psychological disabilities may also interfere with their diagnosis and treatment.
In addition, patients with intellectual or psychological disabilities may not correctly perceive or express their symptoms, which may also delay diagnosis and treatment. Thus,
special efforts are needed to obtain accurate information
from these patients and to appropriately communicate appropriately regarding the treatment that they should receive. For
example, experts recommend that interactions with individuals with intellectual disabilities involve plenty of time, simple words, patience, and repeated explanations [26].
Disabilities also affect the treatment patterns of MM.
Among patients who are < 65 years old, the standard treatment is induction chemotherapy followed by high-dose
chemotherapy and ASCT [27-29], although the high toxicity
of this approach, and the potential for severe adverse events,
may limit its use in patients with a favorable general health
status. For example, we found that patients with MM plus
disabilities had a lower rate of receiving ASCT than patients
without disabilities, with the lowest rates of ASCT observed
for patients with intellectual, psychological, and major internal organ disabilities. The low rate of ASCT use among
patients with major internal organ disabilities is reasonable,
as their disabilities can inherently increase the risk of complications after ASCT. However, the low rate of ASCT among
patients with intellectual or psychological disabilities cannot
be solely explained based on medical factors. It may be difficult to educate these patients appropriately and to ensure
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that they consent and are committed to the treatment. Furthermore, the high costs of ASCT inherently conflict with the
low economic status of people with intellectual or psychological disabilities. Moreover, people with intellectual or psychological disabilities often depend heavily on caregivers,
including family members, suggesting that the passive attitude of caregivers could influence the treatment approach
for patients with MM plus intellectual or psychological disabilities.
OS rates were also inferior in cases of MM patients with
disabilities compared to patients without disabilities. The
causal relationship between disability and MM-associated
death cannot be evaluated because the cause of death of each
patient was not determined individually. Nevertheless, we
can assume why mortality rates are high in disabled groups
based on observed phenomena. In addition to the possibility
that the disability itself may have had a negative impact on
their medical conditions, the delayed diagnosis and less
intensive treatment may also contribute to their poor survival rates. Furthermore, the relatively low SES levels of
patients with disabilities also may be associated with the
inferior prognosis of MM. Several studies have shown that
the prognosis of malignant diseases, including blood cancers,
is related to patients' SES. In a study based on a national
cohort of Sweden, Kristinsson et al. [30] reported that selfemployed, blue-collar, and retired patients with acute myeloid leukemia or MM were generally associated with high
mortality rates. Danish researchers have also shown a higher
mortality rate among non-Hodgkin's lymphoma patients in
non-employment status, disability pension recipients, lowincome brackets, and single patients [22]. These authors also
demonstrated that these poor socioeconomic factors were
associated with low access to treatment, including radiation
therapy. In compiling this data and the results of the preceding studies, it could be hypothesized that the low SES of disabled patients interferes with access to treatment, and that
inappropriate management of MM exacerbates their prognosis. Proper management of MM patients with disabilities
requires a complex assessment, including not only the patient's medical problems but also their living environments

and economic situations, and individualized, multidisciplinary approach should be made in each case to ensure that
these patients receive the best care.
The present study has several limitations. First, the use of
population-based registries precluded more detailed analyses regarding the degree of disability, disease status, treatment approaches, and prognosis. We could not directly
analyze the causal relationships between these factors and
instead presented only hypotheses based on the various
results suggesting their relevance. Therefore, additional
assessments such as patient-control studies are needed for a
proper assessment of the impacts of various factors related
to disabilities on MM treatments and prognoses. We also
excluded patients who had a disability after receiving MM
diagnosis from the group of MM patients with disabilities,
although in reality some of these cases may not have been
due to MM. Furthermore, the use of national health insurance data excludes patients who pay directly for their treatment or who participate in clinical trials. Therefore, our
findings are not completely representative of treatment
approaches for patients with MM, although we believe that
ours is the first study to examine the effects of disabilities on
the diagnosis and treatment of MM.
In conclusion, the present study revealed that Korean patients with disabilities face various barriers to the effective
diagnosis and treatment of MM. These barriers may limit the
benefit of novel therapies to patients with disabilities relative
to those without disabilities. Therefore, we suggest that economic support must be combined with social support for
people with disabilities, including an improved awareness
of their disabilities and better provision of general care.
Electronic Supplementary Material
Supplementary materials are available at Cancer Research and
Treatment website (https://www.e-crt.org).
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