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ABSTRACT

Patients with haematological malignancies are at increased risk of experiencing work-related problems. The aims of this
study were to compare the risk of disability pension (DP) among patients diagnosed with eight subtypes of haemato-
logical malignancies to a reference cohort, and to determine if relative risks differ between these subtypes; to evaluate
the influence of socioeconomic factors, demographic factors, and clinical factors on the risk of DP; and to investigate
if these associations differ between the reference cohort and the patient cohort.

Material and methods. We combined data from national registers on Danish patients diagnosed with haematological
malignancies between 2000 and 2007 and a reference cohort without a history of these diseases. A total of 3194 patients
and 28 627 reference individuals were followed until DP, emigration, old age pension or anticipatory pension, death or
26 February 2012, whichever came first.

Results. A total of 550 (17%) patients and 1511 (5%) reference individuals were granted DP. Age- and gender-adjusted
relative risks differed significantly between the subgroups of haematological malignancies and ranged from 2.64 (95%
CI 1.84-3.78) for patients with Hodgkin lymphoma to 12.53 (95% CI 10.57-14.85) for patients with multiple myeloma.
In the patient cohort we found that gender, age, comorbidity, ethnicity, educational level, household income, history of
long-term sick leave, and need of treatment with anxiolytics or antidepressants after diagnosis were associated with
receiving DP. However, most of these associations were stronger in the reference cohort.

Conclusion. All eight subtypes of haematological malignancies were associated with an increased risk of DP compared
to the reference cohort. The relative risks differed according to subtype, and patients with multiple myeloma had the
highest risk of DP. Furthermore, most socioeconomic, demographic and clinical factors had a stronger impact on the
risk of DP in the reference cohort than in the patient cohort.

More than one third of patients diagnosed with
haematological malignancies are between 20 and
64 years of age. Previous studies have documented
that these patients are at increased risk of experienc-
ing work-related problems compared to cancer-free
control groups [1-3] and patients with other cancer
types [4-7].

Denmark has a widespread tax-financed welfare
system and it is thus possible for persons with per-
manently reduced work capacity to retire due to their
disability and be financially compensated. A Danish

cohort study showed that patients with leukaemia
had a three-fold risk and patients with non-Hodgkin
lymphoma a two-fold risk of disability pension com-
pared to cancer-free controls [1]. However, in this
study haematological malignancies with very differ-
ent treatment regimens and prognoses were pooled,
and a recent study on return to work after long-term
sick leave for patients diagnosed with haematological
malignancies found that return to work was highly
dependent on the type of haematological malignancy
[8]. To the best of our knowledge, no studies have
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investigated the risk of permanently reduced work
capacity in patients with haematological malignan-
cies divided into clinically relevant subtypes in com-
parison to a reference cohort without these types of
malignancies.

It is well known, that, for example high age, low
socioeconomic status and comorbidity are risk fac-
tors for receiving disability pension in the general
population [9], however, documentation on factors
possibly associated with increased risk of perma-
nently reduced work capacity among patients with
haematological malignancies is scarce [10].

Therefore the present study aimed to: 1) Com-
pare the risk of disability pension (DP) among
patients diagnosed with eight clinically relevant sub-
types of haematological malignancies to an age- and
gender-matched reference cohort without a history
of these malignancies, and to determine if relative
risks differ between these subtypes; 2) Evaluate the
influence of socioeconomic factors, demographic
factors, comorbidity, and post-diagnosis use of anxi-
olytics and antidepressants on the risk of DP; 3)
Investigate if these associations differ between the
reference cohort and the patient cohort.

Material and methods
Source population

The study period proceeded from 1 January 2000 to
26 February 2012 within the entire Danish popula-
tion of approximately 5.6 million inhabitants.

In Denmark, the entire population has free access
to tax-financed health care, and a considerable
amount of health-related information is recorded in
national population-based registers. Accurate and
unambiguous linkage of register data at the individ-
ual level is possible by means of a unique civil regis-
tration number assigned to all Danish citizens [11].

During the entire study period it was possible to
retire due to age at 65 years in Denmark and there
was an anticipatory retirement scheme from the age
of 60 years.

Patient cohort

Patients diagnosed with haematological malignancies
during a period from 1 January 2000 to 31 December
2007 were identified in the Danish Cancer Register,
which contains data on the incidence of cancer in the
Danish population since 1943 [12]. Patients with
haematological malignancies were identified accord-
ing to the International Classification of Disease
(ICD-10) and time of diagnosis. Information regard-
ing morphology was also obtained. Haematological
malignancies were categorised according to morphol-
ogy into the subgroups: Hodgkin lymphoma (C81),
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diffuse large B-cell lymphoma (C83.3), follicular
lymphoma (C82), multiple myeloma (C90), acute
myeloid/lymphoid leukaemia (C91.0, C91-94, except
from C92.1 and 93.1), chronic myeloid leukaemia
(C92.1), chronic lymphoid leukaemia (C91.1) and
others (all other diseases classified as C91-96).

We included patients between 19 and 55 years of
age, because they had to be of working age at time
of diagnosis and at least five years following diagno-
sis. We excluded permanently work disabled patients
or patients emigrated at time of diagnosis.

Reference cohort

A random reference cohort was sampled among the
Danish population using the Danish Civil Registra-
tion System (CRS) containing personal data on all
permanent residents in Denmark. Each cancer
patient was individually matched on gender and
date of birth to 10 persons without a history of hae-
matological malignancies. Each individual in the
reference cohort was assigned the same date of diag-
nosis, as the patient they were matched to. Included
reference individuals could not develop haemato-
logical malignancies during the inclusion period
(2000 to 2007).

We excluded reference individuals who were per-
manently work disabled or emigrated at time of diag-
nosis. Furthermore, reference individuals who were
matched to patients that were excluded because of
the above mentioned criteria, were also excluded.

Outcome

In Denmark DP is granted by the authorities if a
person’s work capacity is reduced in permanence to
such an extent that return to work is unlikely.

Information on granted DP was obtained from
the Danish Register for Evaluation of Marginalisa-
tion (DREAM), which is based on data from the
Danish Ministry of Employment, the Danish Minis-
try of Education, CRS and SKAT (the Danish tax
system). DREAM includes data on all Danish citi-
zens who have received welfare benefits since 1991.
Each person is registered once a week with a code
indicating the type of welfare benefit received.
DREAM has a 100% coverage of those granted DP
in Denmark from 2000 and until now [13].

Socioeconomic factors

Information on cohabiting status, children living at
home, household income, educational level, and
housing tenure was obtained from registers adminis-
tered by Statistics Denmark, which is a central
authority compiling and publishing statistics on the
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Danish society, especially on social and economic
factors.

We obtained information on educational level
from 1 October the year before diagnosis. Cohabiting
status, children living at home, household income
and housing tenure were assessed from 1 January the
year of diagnosis.

Demographic factors

Data on age and gender were retrieved from the
CRS [11], and age was calculated at the time of
diagnosis. Information on ethnicity was obtained
from DREAM.

Comorbidity

Data on comorbidity was obtained from the Danish
National Patient Register (NPR), which includes
information on all hospital admissions in Denmark
since 1977, as well as contacts to emergency rooms
or outpatient clinics since 1995. Diagnostic informa-
tion has been coded by physicians according to the
ICD-10 system since 1994 at each contact [14].

We computed a Charlson Comorbidity Index
(CCI) score on the basis of the diagnoses recorded
in the NPR for each patient during a five-year period
before they were diagnosed with the haematological
malignancy. In CCI, a weight is assigned to define
categories of comorbid diseases, and the index is the
sum of these weights (from 0 to 6). A higher CCI
score indicates an increased severity of conditions.
Conditions with a weight of one includes: Myocar-
dial infarction, congestive heart failure, peripheral
vascular disease, cerebrovascular disease, dementia,
chronic pulmonary disease, connective tissue disease,
ulcer disease, mild liver disease and diabetes. Condi-
tions with a weight of two includes: Haemiplegia,
moderate or severe renal disease, diabetes with end
organ damage and any malignancy. Moderate or
severe liver disease is given a weight of 3 and meta-
static solid tumour or HIV receives a weight of 6
[15]. A positive-predictive value greater than 90%
have been found for almost all ICD-10 diagnostic
codes used to ascertain the Charlson comorbidity
conditions in the NRP [16].

Since we only had few patients with high levels
of comorbidity prior to diagnosis, we classified the
score into three groups: 0, 1-2, and = 3.

Use of anxiolytics or antidepressants

Use of anxiolytics or antidepressants was used as an
indicator of mental health status following diagnosis.
To investigate whether patients who needed treat-
ment with either anxiolytics or antidepressants after

diagnosis had a higher risk of receiving DP, data on
the prescription-based use of these drugs was obtained
from the Danish National Prescription Register,
which contains information on all dispensed prescrip-
tions since 1994. These data include the type and
amount of drug prescribed according to the Anatom-
ical Therapeutical Chemical Classification System
(ATC), and the date of drug redemption [17].

The ATC codes of interest were antidepressants
(NO6A) and anxiolytics (NO5B), and it was regis-
tered if the patients were prescribed these types of
medication during the first three years following
diagnosis.

Statistics

Individuals in the patient cohort and the matched
reference cohort were followed from date of diagno-
sis until DP, emigration, old age pension or anticipa-
tory pension, death or 26 February 2012, whichever
came first.

Cumulative incidence curves were computed to
illustrate the incidence of DP according to type of
haematological malignancy.

Using generalised linear regression models for
pseudo observations [18], age- and gender-adjusted
relative cumulative risks (RR) of DP and associated
95% confidence intervals (CI) two, four and six years
after diagnosis were estimated for the eight subgroups
of haematological malignancies (Hodgkin lymphoma,
diffuse large B-cell lymphoma, follicular lymphoma,
multiple myeloma, acute myeloid/lymphoid leukae-
mia, chronic myeloid leukaemia, chronic lymphoid
leukaemia and others) compared to the reference
cohort (Model 1). Wald tests were used to test if the
RRs differed between subgroups.

The associations between comorbidity, socioeco-
nomic and demographic factors and the risk of DP
four years after diagnosis were studied separately for
the patient cohort and the reference cohort (Model
2). Covariates in the model included: Diagnosis
(Hodgkin lymphoma, diffuse large B-cell lymphoma,
follicular lymphoma, multiple myeloma, acute myel-
oid/lymphoid leukaemia, chronic myeloid leukaemia,
chronic lymphoid leukaemia and others); gender
(male, female); comorbidity (0, 0<); age (19-35,
36-40, 41-45, 46-50, 51-55 years); ethnicity (Danish
citizens, immigrants or descendants from western
countries, immigrants or descendants from non-west-
ern countries); cohabiting status (cohabiting, living
alone); children living at home (yes, no); housing ten-
ure (owner-occupied, rental); highest attained educa-
tional level (primary school or high school, higher
education, vocational education); history of sick leave
12-24 months before diagnosis; (3—7 weeks, 8-13
weeks, 14-25 weeks and >26 weeks); household
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income (low income (first quartile), middle income
(second and third quartiles), and high income (fourth
quartile)). The household income was reported after
taxation and adjusted for number of persons in the
household in the following way: household income/
(no. of persons in household®®). Wald test was used
to test for overall interaction between the two cohorts
and all the independent variables. In order to test for
interaction for each factor and the two cohorts two
tests were conducted. In the first test an interaction
term was included between the two cohorts and all
the independent variables at the same time. This
model thereby enabled interaction between all factors
and the two cohorts. In the second test, an interaction
term was included between the two cohorts and each
of the independent variables one at a time (without
including other interactions). This model did thereby
not enable interaction between any of the other fac-
tors and the two cohorts.

In Model 3 use of antidepressants or anxiolytics
after diagnosis (entered as a time dependent variable
and categorised as yes/no) was the main independent
variable, and we adjusted for all covariates included
in Model 2. The same analysis was also performed
with the two drug groups separately. Again, we esti-
mated the RRs four years after diagnosis, the analy-
ses were performed separately in the two cohorts,
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and we tested for interaction between the two cohorts
and the main independent variables using the same
strategies as in Model 2.

In all three models two-sided Wald tests were
used to test the overall association between each
independent variable and the risk of DP. Death,
anticipatory pension, and old age pension were con-
sidered competing events in all the analyses.

Results

A total of 3616 patients between 19 and 55 years of
age were diagnosed with haematological malignan-
cies for the first time between 2000 and 2007;
and hence initially the reference cohort consisted of
36 160 individuals.

A total of 29 (1%) patients were excluded as they
were emigrated and 393 (11%) because they were
already permanently work disabled at time of diag-
nosis. Furthermore, 37 (0.1%) individuals were
excluded from the reference cohort as they had a
history of a haematological malignancy, 716 (2%)
were excluded due to emigration and 2560 (7%)
because they were permanently work disabled at
diagnosis. Thus, a total of 3194 (88%) patients and
28 627 (79%) reference individuals were included in
the study (Figure 1).

3616
patients between 19 and 55 years
of age and diagnosed with a
haematological malignancy in

36 160
Gender- and age- matched
individuals

4220
reference individuals were
excluded because the patient they
were matched to was excluded

37
reference individuals had been
diagnosed with haematological
malignancies earlier

3276
patients were not part of the work
force in Denmark at inclusion
(2 096 on disability pension, 63 in light job, 48 on

volountary carly retirement, 353 in wage subsidised
employment, 716 emigrated)

2000-2007
422
patients were not part of the work
force in Denmark at inclusion
(322 on disability pension, 7 in light job, 4 on volountary
carly retirement, 62 in wage subsidised employment, 29
emigrated)
3194

patients were included in the
patient cohort

28 627
reference individuals were
included in the reference cohort

Figure 1. Flowchart of inclusion.
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In the end, at least four reference individual were
matched to each patient. The median age was 45
years ranging from 19 to 55 years and 41% were
women.

Subtypes of haematological malignancies

The 3194 patients were followed for a median of six
years [interquartile range (IQR): 2-8], and a total of
550 (17%) were granted DP during the follow-up
period. The highest proportion was found for patients
with multiple myeloma (44%), and the lowest for
patients with Hodgkin lymphoma (9%). The refer-
ence cohort was followed for a median of seven years
(IQR: 6-10), and in all, a total of 1511 (5%) were
granted DP during the follow-up period (Table I).
The cumulative incidence of DP by type of hae-
matological malignancy is illustrated in Figure 2. All
sub-groups had higher incidences of DP than the ref-
erence cohort. The highest incidence was found for
patients with multiple myeloma, and especially the first
three years after diagnosis there was a notable increase
in the incidence of DP for this subgroup of patients.
Table II presents the results of the multivariable
analyses of the risk of DP according to subtype of
haematological malignancy compared to the refer-
ence cohort (Model 1). Both two, four and six
years after diagnosis, haematological malignancy
subgroup was significantly associated with the risk
of DP (p<0.001), and RRs differed significantly
between the eight subgroups (p<<0.001). These
associations were strongest two years after diagno-
sis and became slightly weaker year by year, as the
risk of DP increased in the reference cohort with
increasing age. The relative risks were lowest for
patients with Hodgkin lymphoma and four years
after diagnosis this subgroup had a 2.5-fold higher
risk of receiving DP than the reference cohort
(adjusted RR 2.64, 95% CI 1.84-3.78). The highest
relative risk was found for patients with multiple

myeloma, and four years after diagnosis, the risk of
DP was 12-fold higher for this patient group com-
pared to the reference cohort (adjusted RR 12.53,
95% CI 10.57-14.85). At this time-point, the other
sub-groups of haematological malignancies had
three- to six-fold higher risks of DP compared to
the reference cohort.

Influence of clhinical, socioeconomic and
demographic factors

The influence of clinical, socioeconomic and demo-
graphic factors on the risk of DP in the patient cohort
and the reference cohort was investigated in Models
2 and 3, and the results of those analyses are pre-
sented in Tables IIT and IV.

Most of the associations were pointing in
the same direction for the two cohorts but were
stronger in the reference cohort compared to the
patient cohort. An overall interaction between the
two cohorts and the clinical, socioeconomic and
demographic factors was found (p <0.001). This
indicates that the haematological malignancy
modified the associations between the independent
variables and DP. P-values from tests of interaction
for each factor are presented in the last column in
Tables IIT and IV.

Socioeconomic and demographic factors. The socio-
economic and demographic factors seemed to be
equally distributed in the two cohorts. In both
cohorts gender was found to be associated with the
risk of DP, as the risk was higher for women than
men (adjusted RR 1.31, 95% 1.10-1.57 and 1.33,
95% 1.09-1.62). A negative association was found
between both income and educational level and the
risk of DP in the two cohorts. A positive association
was found between both age and the extent of sick
leave before diagnosis and receiving DP in the two
cohorts (Table III).

Table I. Reference and patient cohort outcome stratified by subtype of haematological malignancy.

Old-age or
No events?® Emigrated anticipatory pension Dead Disability pension
. /N blc blc blc blc blc
patients’ ~ references
Hodgkin lymphoma 591/5384 80%/90% 2%/3% 2%/2% 7%/1% 9%/4%
Diffuse large B-cell lymphoma 467/4176 56%/78% 1%/2% 8%/12% 20%/2% 15%/6%
Follicular lymphoma 364/3240 59%/78% 1%/1% 11%/13% 12%/2% 17%/6%
Multiple myeloma 270/2368 21%/69% 0%/1% 6%/21% 29%/2% 44%17%
Acute myeloid/lymphoid leukaemia 445/4007 36%1/83% 1%/3% 2%/8% 44%/1% 17%/5%
Chronic myeloid leukaemia 155/1409 65%/86% 1%/2% 1%/6% 16%/1% 17%/5%
Chronic lymphoid leukaemia 273/2404 53%/68% 1%/1% 13%/22% 16%/2% 17%/7%
Others 629/5639 54%/81% 1%/2% 8%/11% 22%/1% 15%/5%
In all 3194/28 627 55%/80% 1%/2% 6%/11% 21%/2% 17%/5%

aFollowed until end of follow-up period (February 26, 2012) without experiencing any of the events (death, old-age pension, anticipatory
pension, emigration, disability pension).

bProportion of patient cohort.

“Proportion of reference cohort (references are in the same subgroup of haematological malignancy as the patients they are matched to).
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Cumulative incidence of DP

T T T T T
0 1000 2000 3000 4000
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Hodgkin lymphoma
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Acute myeloid/lymphoid leukaemia

Chronic lymphoid leukaemia
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Diffuse large B-cell lymphoma
Multiple myeloma
Chronic myeloid leukaemia

Others

Figure 2. Cumulative incidence of DP according to type of haematological malignancy (death, old age pension and anticipatory pension

were considered as competing events).

Clinical factors. The proportion of individuals
with a presence of comorbidity according to the
Charlson Comorbidity Index was higher in the
patient cohort (11%) than the reference cohort
(6%). Furthermore, there was a positive associa-
tion between level of comorbidity and the risk
of DP in both cohorts. Individuals with a CCI
score =3 had a 1.5-fold higher risk of DP in
the patient cohort (adjusted RR 1.58, 95% CI
1.16-2.14), and a three-fold higher risk in the
reference cohort (adjusted RR 2.98, 95% CI
1.52-5.83) compared to those with a CCI score of
0 (Table III).

In the patient cohort, 18% were prescribed anxi-
olytics and/or antidepressants after diagnosis, com-
pared to 7% in the reference cohort (Table IV).
Moreover, we found an association between use of

antidepressants and/or anxiolytics and the risk of DP,
as patients who were prescribed these types of med-
ication after the diagnosis of haematological malig-
nancies were more likely to be granted DP compared
to those who were not (adjusted RR 1.29, 95% CI
1.07-1.55). This association was also found when
analysing the two drug groups separately and could
also be observed in the reference cohort (adjusted
HR 1.77, 95% CI 1.43-2.20).

Discussion

In this nationwide register-based cohort study we
found that patients with eight subtypes of haemato-
logical malignancies (Hodgkin lymphoma, diffuse
large B-cell lymphoma, follicular lymphoma, multi-
ple myeloma, acute myeloid/lymphoid leukaemia,

Table II. Age- and gender-adjusted relative cumulative risk of disability pension two, four and six years after diagnosis for subtypes of

haematological cancer compared to the reference cohort.

RRaZ years RRa4 years RRaf) years
Diagnosis N=3194 (%) (95% CI) (95% CI) (95% CI)
Hodgkin lymphoma 591 (18) 2.07 (1.14-3.78) 2.64 (1.84-3.78) 2.20 (1.60-3.03)
Diffuse large B-cell lymphoma 467 (15) 5.13 (3.54-7.45) 4.25 (3.24-5.58) 3.24 (2.52-4.16)
Follicular lymphoma 364 (11) 4.97 (3.36-7.36) 4.18 (3.14-5.57) 3.45 (2.67-4.47)
Multiple myeloma 270 (8) 22.10 (17.98-27.16) 12.53 (10.57-14.85) 8.93 (7.64-10.45)
Acute myeloid/lymphoid leukaemia 445 (14) 5.63 (3.83-8.28) 5.15 (3.96-6.71) 4.21 (3.33-5.34)
Chronic myeloid leukaemia 155 (5) 6.97 (3.79-12.81) 6.44 (4.33-9.59) 5.38 (3.81-7.59)
Chronic lymphoid leukaemia 273 (9) 3.49 (2.09-5.83) 3.22 (2.24-4.63) 3.01 (2.22-4.09)
Others 629 (20) 5.34 (3.93-7.26) 4.16 (3.30-5.24) 3.20 (2.58-3.96)

2Adjusted for age and gender. Wald test of equal RRs: p<0.001 for all three years. Wald test of overall association between subgroups and

risk of DP: p<<0.001 for all three years.
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Table III. The relative cumulative risk of disability pension four years after diagnosis
factors and stratified by patients/references.

according to clinical, demographic, socioeconomic

Patients References Difference
between
Clinical, patients
demographic, and
socioeconomic N=3194 RR_ ;. RR 2 N=28 RR_, 4 RR * references
factors (%) 95% CI) (95% CI) P 627 (%) 95% CI) 95% &JI) p pb/p¢
Diagnosis <0.001 0.40 <0.001/
<0.001
Hodgkin 591 (18) 1 1 5384 (19) 1 1
lymphoma
Diffuse large 467 (15) 1.91 (1.27-2.87) 1.59 (0.99-2.56) 4176 (15) 1.63 (1.26-2.12)  0.84 (0.59-1.19)
B-cell
lymphoma
Follicular 364 (11) 2.13 (1.40-3.24) 1.57 (0.97-2.55) 3240 (11) 1.46 (1.10-1.95) 0.56 (0.36-0.88)
lymphoma
Multiple 270 (8) 6.91 (4.87-9.82) 4.38 (2.84-6.75) 2368 (8) 1.80 (1.34-2.41) 0.88 (0.61-1.29)
myeloma
Acute myeloid/ 445 (14) 2.23 (1.50-3.33) 1.67 (1.03-2.68) 4007 (14) 1.07 (0.79-1.43)  0.85 (0.55-1.30)
lymphoid
leukaemia
Chronic myeloid 155 (5) 2.39 (1.45-3.96) 1.82 (0.89-3.69) 1409 (5) 1.17 (0.78-1.76)  0.73 (0.38-1.41)
leukaemia
Chronic 273 (9) 1.85 (1.16-2.95) 1.34 (0.81-2.23) 2404 (8) 1.88 (1.41-2.51) 0.82 (0.55-1.24)
lymphoid
leukaemia
Others 629 (20) 1.92 (1.31-2.84) 1.55 (1.01-2.39) 5639 (20) 1.55 (1.21-1.99)  0.89 (0.64-1.25)
Gender 0.003 0.006 0.94/0.78
Male 1884 (59) 1 1 16 998 (59) 1 1
Female 1310 (41) 1.40 (1.17-1.67) 1.31 (1.10-1.57) 11 629 (41) 1.13 (0.98-1.31) 1.33 (1.09-1.62)
Age <0.001 <0.001 0.006/0.25
19-35 years 741 (23)  0.50 (0.35-0.73) 0.46 (0.30-0.70) 6757 (24) 0.45 (0.33-0.62)  0.30 (0.17-0.53)
36-40 years 362 (11) 0.91 (0.62-1.33) 0.90 (0.60-1.34) 3378 (12) 0.85 (0.61-1.18)  0.74 (0.43-1.29)
41-45 years 480 (15) 1 1 4400 (15) 1 1
46-50 years 638 (20) 1.21 (0.89-1.65) 1.30 (0.96-1.75) 5671 (20) 1.55 (1.21-2.00) 1.96 (1.23-3.12)
51-55 years 973 (31) 1.70 (1.29-2.23) 1.57 (1.20-2.06) 8421 (29) 2.02 (1.60-2.54) 2.65 (1.65-4.28)
Etnicity 0.012 <0.001 0.007/0.005
Danish 2846 (89) 1 1 25 362 (89) 1 1
Western 119 (4) 0.57 (0.30-1.07) 0.62 (0.28-1.37) 959 (3) 0.97 (0.65-1.47) 0.92 (0.47-1.79)
Non-western 169 (5)  1.73 (1.29-2.31) 1.42 (1.11-1.80) 1437 (5) 4.02 (3.36-4.81)  2.52 (1.90-3.324
Missing 60 (2) - - 869 (3) - -
Education level 0.029 <0.001 0.15/0.011
Basic school/high 1049 (33) 1.21 (1.00-1.47) 1.13 (0.93-1.37) 8833 (31) 1.97 (1.67-2.32)  1.53 (1.20-1.96)
school
Vocational 1202 (38) 1 1 10 853 (38) 1 1
education
Longer 827 (26) 0.50 (0.38-0.66) 0.77 (0.58-1.02) 7683 (27) 0.62 (0.49-0.79)  0.86 (0.59-1.27)
education
Missing 116 (3) - - 1258 (4) - -
Household <0.001 <0.001 0.16/<0.001
income
Low (1 quartile) 807 (25) 1.47 (1.22-1.77) 1.64 (1.31-2.05) 6948 (24) 2.60 (2.23-3.02)  2.04 (1.63-2.57)
Medium (2-3 1587 (50) 1 1 13 921 (49) 1 1
quartile)
High (4 quartile) 742 (23) 0.64 (0.49-0.84) 0.62 (0.47-0.83) 7012 (24) 0.51 (0.40-0.66)  0.48 (0.32-0.72)
Missing 58 (2) - - 746 (3) - -
Cohabitation 0.087 0.84 0.20/<0.001
status
Living alone 859 (27) 1 1 6861 (24) 1 1
Cohabiting 2277 (71)  0.86 (0.71-1.05) 1.21 (0.97-1.51) 21 020 (73) 0.48 (0.42-0.56) 0.97 (0.76-1.26)
Missing 58 (2) - - 746 (3) - -
Children living 0.25 0.02 0.28/0.032
at home
No 1643 (51) 1 1 13 905 (48) 1 1
Yes 1493 (47) 0.81 (0.67-0.96) 0.88 (0.71-1.09) 13 976 (49) 0.60 (0.52-0.70)  0.73 (0.56-0.95)
Missing 58 (2) - - 746 (3) - -
Housing tenure 0.31 0.003 0.12/<0.001
Owner-occupied 2052 (64) 1 1 18 789 (66) 1 1
Rental 1025 (32) 0.75 (0.62-0.89) 0.90 (0.73-1.11) 8569 (30) 0.37 (0.32-0.42)  0.69 (0.55-0.88)
Missing 117 (4) - - 1269 (4) - -
(Continued)
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Table III. (Continued)
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Patients References Difference
between

Clinical, patients
demographic, and
socioeconomic N=3194 RR_ . RRadia N=28 RR_ 4o RR references
factors (%) (95% CI) (95% CI) p 627 (%) (95% CI) (95% 831) p pb/p¢
Sick leave <0.001 <0.001 0.21/0.001

second

year before

diagnosis
None 2720 (85) 1 1 28 780 (87) 1 1
3-7 weeks 305 (10) 1.02 (0.75-1.40) 0.88 (0.62-1.25) 2604 (9) 1.38 (1.08-1.75) 0.96 (0.67-1.38)
8-13 weeks 77 (2) 1.67 (1.07-2.61) 1.62 (1.18-2.22) 479 (2) 3.09 (2.16-4.41) 1.48 (0.74-2.95)
14-25 weeks 44 (1) 2.91 (1.95-4.36) 2.18 (1.50-3.16) 407 (1) 5.43 (4.07-7.25)  2.52 (1.73-3.68)
>26 weeks 48 (2) 3.00 (2.06-4.39) 1.96 (1.17-3.30) 357 (1) 12.12 (9.91-14.82) 4.02 (2.88-5.61)
Comorbidity 0.009 <0.001 0.065/

<0.001

0 2831 (89) 1 1 27 147 (94) 1 1
1-2 294 (9) 1.62 (1.26-2.08) 1.16 (0.89-1.51) 1389 (5) 4.24 (3.53-5.09) 1.69 (1.27-2.26)
>=3 69 (2)  2.22 (1.50-3.30) 1.58 (1.16-2.14) 91 (1) 10.59 (7.21-15.54) 2.98 (1.52-5.83)

2All variables in the table are mutually adjusted and missing values are not included in the analyses.
bWald test for interaction (model with interaction between all factors and patient/reference cohort).
cWald test for interaction (models with interaction between one factor at a time and patient/reference cohort).

chronic myeloid leukaemia, chronic lymphoid leu-
kaemia and others) had a higher risk of DP com-
pared to a reference cohort; However, the relative
risks differed considerably between the subtypes. The
highest relative risks were found for patients with
multiple myeloma, which might be explained by the
chronic and progressive nature of this disease. The
lowest relative risks were found for patients with
Hodgkin lymphoma, which in contrary, is a curable
disease. However, the proportion of death differed
widely between the subgroups, and this should be
taking into account when interpreting the results.
The highest proportion of death was found for
patients with acute myeloid/lymphoid leukaemia
where 44% patients died during the follow-up period.

This illustrates that although this subgroup did not
have the highest relative risks of DP, these diseases
have serious consequences for the patients. To the
best of our knowledge, this is the first major study
where the risk of DP has been estimated in clinically
relevant subgroups of patients with haematological
malignancies compared to a reference cohort. In
most previous studies on the risk of DP among
patients with cancer, haematological malignancies
have been pooled in groups relevant in term of biol-
ogy, but not by clinical relevance. Diseases such as
acute myeloid/lymphoid leukaemia, chronic myeloid
leukaemia, and chronic lymphoid leukaemia have,
for instance been pooled under the term “leukae-
mia”, even though the relative survival five years after

Table IV. The relative cumulative risk of disability pension four years after diagnosis according to use of antidepressants and/or anxiolytics

after diagnosis stratified on patients/references.

Patients References Difference

Use of between
antidepressants patients/
and/or N=3194 RR_, 4 RRadia N =28 627 RR_, 4 RRadia references
anxiolytics (%) (95% CI) 95% CI) p (%) (95% CI) 95% CI) p p°/p¢
Ancxiolytics 0.005 <0.001 0.006/0.10

No 2895 (91) 1 1 28 144 (98) 1 1

Yes 209 (9)  1.62 (1.29-2.05) 1.37 (1.10-1.70) 480 (2)  3.46 (2.58-4.65) 2.40 (1.72-3.35)
Antidepressants 0.016 <0.001 0.088/0.021

No 2811 (88) 1 1 26928 (94) 1 1

Yes 383 (12) 1.60 (1.29-1.97) 1.33 (1.05-1.67) 1699 (6) 3.53 (2.99-4.17) 1.77 (1.39-2.24)
Antidepressants 0.009 <0.001 0.029/0.007

and/or

anxiolytics

No 2612 (82) 1 1 26 584 (93) 1 1

Yes 582 (18) 1.54 (1.28-1.85) 1.29 (1.07-1.55) 2043 (7)  3.47 (2.97-4.05) 1.77 (1.43-2.20)

2Adjusted for age, gender, household income, family type, educational level, ethnicity, housing tenure, diagnosis and sick leave second year

before diagnosis.

bWald test for interaction (model with interaction between all factors and patient/reference cohort).
¢Wald test for interaction (models with interaction between one factor at a time and patient/reference cohort).
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diagnosis in these groups range from 19% to 71%
[19]. This present study, however, showed that the
risk of DP differed between many of the subgroups.
A recent study on return to work for patients diag-
nosed with haematological malignancies on long-
term sick leave showed similar results [8], and
together these two studies confirm a clear need of
distinguishing between different types of haemato-
logical malignancies when considering future labour
market participation.

A general pattern in this present study was that
except for gender there was a tendency that the hae-
matological malignancy modified the association
between the socioeconomic, demographic and clini-
cal factors and the risk of DP, and most of the factors
had a stronger impact on the risk of DP in the refer-
ence cohort compared to the patient cohort. Since
the reference cohort had stronger statistical power
than the patient cohort, comparisons of level of sig-
nificance for associations in the two cohorts must be
made with caution. However, the tests of interaction
also showed significant interaction between most of
the factors and the two cohorts. We do not know the
mechanisms behind this result, but it could maybe
indicate that the impact of the haematological malig-
nancy on the risk of DP was so predominant that it
diminished the effect of both presence of comorbid-
ity, history of long-term sick leave, socioeconomic
and demographic factors and needing treatment with
antidepressants or anxiolytics after diagnosis. Most
previous studies have not investigated these associa-
tions separately for both cancer patient cohorts and
reference cohorts, and therefore conclusions about
factors associated with the risk of DP for cancer
patients have only been based on results from patient
populations. This study adds new knowledge since it
shows that even though some factors are associated
with the risk of DP among patients diagnosed with
haematological malignancies these are even stronger
in the general population. Furthermore, the results
indicate that inclusion of reference cohorts in general
should be considered when performing studies on
labour market participation in patient cohorts.

We found that the proportion of patients with
comorbidity was higher in the patient cohort com-
pared with the reference cohort. The reason for this
is unclear, though a few cases may relate to the
increased risk of lymphomas in patients with diseases
of the immune system, and of leukaemias and lym-
phomas in patients treated with chemotherapy [20].
We also found the presence of comorbidity to be
positively associated with the risk of DP in both the
reference cohort and the patient cohort. Similar to
our study, an association between comorbidity and
risk of DP has been documented in studies on other
cancer groups [21-23].

We also found that patients treated with antide-
pressants or anxiolytics after the diagnosis of haema-
tological malignancies were more likely to be granted
DP compared to those who were not. To our knowl-
edge, the association between mental health status
following a haematological malignancy and the risk
of DP has only been investigated in a Norwegian
cross-sectional study from 1994. The study com-
prised 459 patients diagnosed with Hodgkin lym-
phoma 3-23 years before the study was conducted.
Symptoms of depression and anxiety were measured
using a validated self-reporting scale, and similar to
the results of our study, both high scores of anxiety
and depression were found to be associated with
higher risk of being granted DP [24]. We are aware
that use of antidepressants or anxiolytics can only be
regarded as a surrogate marker of mental health. We
had no clinical observations except the haematolog-
ical diagnosis, hence caution is necessary when com-
paring the findings to results based on self-reporting
or to studies where anxiety and/or depression has
been evaluated by other methods, i.e. evaluation by
health professionals, audit of patient records, or cen-
tral databases such as the NPR.

Strengths and limitations

One of the strengths of our study is the use of pop-
ulation-based registries with complete follow-up.
This enabled us to describe the risk of DP among
patients with haematological malignancies in a rela-
tively large unselected population. The design was
prospective allowing us to evaluate temporal associa-
tions, and all patients between 19 and 55 years of age
diagnosed between 2000 and 2007 were eligible for
inclusion. The fact that information on all variables
was obtained through registers reduced the risk for
recall and selection bias, and finally the risk of mea-
surement bias due to misclassification of the out-
come is modest, since we assume that DREAM has
a 100% coverage of granted DPs in Denmark [25].

However, the study also has some limitations.
First, the multivariable analyses were performed
under the assumption that except for the patient/ref-
erence cohort there was no interaction between any
other variables. It would have been relevant to per-
form analyses stratified on age groups and on diag-
nosis in order to investigate if the associations differed
according to these variables. However, due to the
limited number of individuals in each age group and
diagnosis sub-group, we were not able to make this
stratification.

Second, for some of the explanatory variables
there were missing values. The multivariable analyses
were performed as complete-case analyses, and
therefore cases with missing data were not included
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in the analyses. However, the amount of missing data
was modest, and we assume that they were missing
at random. Therefore we do not expect that this issue
has biased our estimates.

Third, the reference cohort was sampled, so that
individuals could not develop haematological malig-
nancies during the inclusion period. The reference
cohort was therefore potentially “more healthy” than
the patient cohort. Due to the low incidence of hae-
matological malignancies in the general population,
we do, however, expect this potential selection bias
to have little impact on our study.

Finally, we had no access to data on disease status
(complete or partial remission), which could also
have had an impact on labour market participation.
Unfortunately, this was also the case for type of treat-
ment, and even though treatment clearly is related to
the diagnosis, important associations may be over-
looked.

Similarly, we had no information on self-reported
symptoms of late effects like physical impairments,
fatigue, anxiety and depression, which in several
studies have been shown to be endemic among
patients with haematological malignancies [26].
Future studies might combine register-based data
sources with data from questionnaires in order to
explore the association between these factors and
labour market participation.

Conclusion

In conclusion, patients with all eight subtypes of hae-
matological malignancies had a higher risk of DP
compared to the reference cohort. The risk differed
between the subtypes of haematological malignan-
cies and the relative risk of DP was highest for
patients with multiple myeloma.

In the patient cohort we found that gender, age,
ethnicity, educational level, household income, his-
tory of long-term sick leave, comorbidity and need
of treatment with anxiolytics or antidepressants after
diagnosis were associated with risk of DP. However,
the haematological malignancy seemed to reduce the
influence of most of these factors, since they were
stronger in the reference cohort.

The results of this study imply that clinicians
should be aware that the risk of permanently
reduced work capacity differs between subtypes of
haematological cancer. This knowledge is impor-
tant in order to initiate early targeted rehabilitation
interventions aimed at preventing permanently
reduced work capacity and maintaining appropriate
labour market participation if possible. Further-
more, the results indicate that clinicians should
acknowledge that even though the patterns of risk
factors for DP in patients with haematological
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cancer are similar to those in the general popula-
tion they are not necessarily as dominant, and
therefore attention should also be paid to haema-
tological cancer patients who are not exposed to
risk factors that are generally known to be associ-
ated with a higher risk of DP.

Future studies should focus on which rehabilita-
tions interventions that are feasible and effective for
different cancer types and treatments taking age,
gender, comorbidity and socioeconomic factors into
account.
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