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Abstract

Background

Heart failure (HF) and cancer are common diseases among the elderly population. Many
chronic diseases, including diabetes mellitus (DM), share risk factors and increase the inci-
dence of HF and cancer. The aim of this study was to investigate if there was an association
between HF and the prevalence of haematologic- and solid malignancies.

Methods

The study population was comprised of almost one million adults living in southern Sweden
in 2015. All participants were divided into seven age groups from 20 and onwards, and 10
percentiles according to their socioeconomic status (SES). All data concerning diagnoses
from each consultation in both primary- and secondary health care were collected during 18
months. The prevalence of haematologic and solid malignancies was measured separately
for men and women, age groups, SES and multimorbidity levels. Multivariable logistic regres-
sion was used to determine the associations between HF and the probability of having hae-
matologic- and solid malignancies in more complex models including stratifying variables.

Results

People with HF had a higher prevalence of haematologic- and solid malignancies than the
general population, but a lower prevalence of solid malignancies than the multimorbid popu-
lation. The people with HF had an increased OR for haematologic malignancies, 1.69 (95%
CI1.51-1.90), and solid malignancies, OR 1.21 (95% CI 1.16—1.26), when adjusted for gen-
der and age. In more complex multivariate models, multimorbidity explained the increased
OR for haematologic- and solid malignancies in people with HF. Increasing socioeconomic
deprivation was associated with a decreased risk for solid malignancies, with the lowest risk
in the most socioeconomically deprived CNI-percentile.

Conclusions

HF was shown to be associated with malignancies, especially haematologic malignancies.
Multimorbidity, however, was an even more important factor for both haematologic- and
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solid malignancies than HF in our study, but not socioeconomic deprivation. Further
research on the interactions between the chronic conditions in people with HF is warranted
to examine the strength of association between HF and malignancies.

Introduction

HF and cancer are common diseases among the elderly population. Many chronic diseases,
including DM, share risk factors such as sedentary lifestyle, genetics, obesity and tobacco
smoking, which are also known risk factors for HF and cancer [1-3]. HF is mostly a complica-
tion or end stage of other cardiovascular diseases (CVD) and is strongly associated with multi-
morbidity. Results from our previous study of this population have shown that almost all
(99.07%) adult people with HF had multimorbidity [4]. Furthermore, patients in the most
socioeconomically deprived percentile were affected by HF many years earlier than patients in
the more socioeconomically affluent percentiles [4]. People with HF due to ischaemic heart
disease have been reported to have a higher incidence of cancer compared to HF due to other
aetiologies [5]. Chronic diseases such as hypertension and DM have also been shown to be
associated with an increased risk for cancer [6,7].

Cancer and CVD are both associated with a high mortality rate. Around 15% of the global
death burden is due to cancer and 30% is a result of CVD [8]. Both HF and cancer have been
linked to increased chronic inflammation and oxidative stress, which play central roles in the
pathophysiology of both diseases [2]. Several studies have provided evidence that the progres-
sion of either HF or cancer is linked to enhanced tissue inflammation [9,10]. In addition, it has
been speculated that radiation, epigenetic mechanisms and regenerative signalling are all
potential links to both HF and cancer [11]. RAAS activation—a common response to HF—has
been shown to be strongly associated with an increase in tumour angiogenesis, angiogenetic
factor expression, invasiveness and metastasis leading to a poor prognosis [12]. Treatment of
HF with angiotensin receptor blockers (ARBs) or ACE inhibitors (ACEi) has been hypothe-
sised to reduce the risk for cancer based on data derived from both the SOLVD and CHARM
studies [13]. A Danish study enrolling 9,307 people with HF (predominantly with left ventricu-
lar ejection fraction < 45%) showed a higher incidence rate of malignancies compared to the
general population [14].

DM, which is a common comorbidity in people with HF, represents a risk factor for can-
cer, particularly hepatocellular, hepatobiliary, pancreas, breast, ovarian, endometrial, and
gastrointestinal cancers [15]. Between 8% and 18% of individuals with diagnosed cancer
also have DM as a comorbidity [15]. Moreover, there is evidence showing that DM is associ-
ated with higher cancer mortality [16,17]. Although the links between DM and cancer are
not yet completely understood, biological mechanisms such as increased bioactivity of insu-
lin-like growth factor 1, chronic inflammation, oxidative stress, dysregulations of sex hor-
mones, direct effects of excess glucose and insulin signalling are most likely involved
[18-21].

In this study, we aimed to investigate if there was an association between HF and the preva-
lence of haematologic- and solid malignancies. DM, as a common comorbidity in people with
HF, was also analysed to study its impact on the association between HF and the probability of
having haematologic- and solid malignancies.
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Materials and methods
Setting and study population

Scania is the southernmost county of Sweden and had approximately 1.3 million inhabitants
in 2015 [22]. The biggest city in Scania is Malmd, which had about 320,000 inhabitants during
the study period, and is ranked as the third largest city in Sweden [22]. About a third of the res-
idents in Malmo were born abroad with most countries in the world being represented [23],
whilst approximately 25% of the whole study population were born abroad [24]. Almost half of
the inhabitants (48.40%) in Malmé were under 35 years of age in 2015 [25].

This is a cross-sectional study, which included all inhabitants from the age of 20 and older
living in Scania during the last week of 2015. This age cut-off was chosen because children and
younger people tend to have subtypes of HF with other aetiologies than those found in older
adults. The study population was divided into seven age groups, ranging from 20 to 80. The
age group 20 included all individuals from 20 to 29 years, and the age group 50 included all
individuals from 50 to 59 years, and so on. The age group 80 included all individuals aged 80
and older. The general population was comprised of all the participants in our study.

Data source and measurements

Most residents in Sweden are listed at a primary health care centre (PHC). A total of 152 PHCs
were in operation during 2015 in Scania, with an average of 8587 listed patients (95% CI 7971-
9293) at each PHC. The data we used in this study were retrieved from the Scania County
Council health care register that contains anonymised registry information from 981,383
(about a tenth of the Swedish population) inhabitants, including age, gender, socioeconomic
status and diagnostic data. This database has a good quality because all patient data are
included from both private and public health care, which is also a part of the Swedish
national patient register. During a period of 18 months (July 2014—December 2015), we col-
lected all data concerning diagnoses from each consultation in both primary- and secondary
health care. Diagnoses were recorded according to the International Statistical Classification of
Diseases and Related Health Problems version 10 (ICD 10) (Appendix Table 1 in S1
Appendix).

Socioeconomics

We used the term Care Need Index (CNI) [26] to divide the PHCs into 10 percentiles depend-
ing on their socioeconomic status. CNI is based on different measures of a group, which in
this case was the patients listed at different PHCs in Scania. CNI 1 was assigned to those
patients listed at PHCs that belonged to the most socioeconomically affluent percentile, and
CNI 10 was assigned to those patients listed at PHCs that belonged to the most socioeconomi-
cally deprived percentile [26].

Multimorbidity

Multimorbidity is defined as the simultaneous coexistence of two or more chronic conditions
in the same person [27]. To measure multimorbidity, we used a method to identify chronic
conditions developed by A Calderon-Larrafiaga et al. at the Aging Research Centre in Stock-
holm [27]. They analysed the full list of ICD-10 codes on a four-digit level to define if a diagno-
sis is chronic or not in an elderly population. To determine if a condition is chronic or not the
following key features were identified and discussed concerning their pertinence and suitabil-
ity in older populations: duration, course, reversibility, treatment, and consequences. They
were then grouped into 60 chronic disease categories [27]. We applied their definition and list
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of chronic conditions to estimate multimorbidity in our study population. Multimorbidity was
then calculated by counting the number of chronic conditions in each patient. To study the
degree of multimorbidity, the patients were further divided into groups MMO (less than two
chronic conditions), MM1 (two to four chronic conditions), MM2 (five to nine chronic condi-
tions) and MM3 (10 chronic conditions or more).

Statistical analyses

The study population was divided into HF-, DM patients and the general population with and
without haematologic- respective solid malignancies, which were further stratified according
to gender, age and multimorbidity level. We used frequencies, percentages and cross-tabula-
tions for descriptive analysis and Chi-square-test to calculate the p-values. A p-value < 0.05
was considered to be statistically significant. A p-value between 0.01 and 0.05 was considered
to be a low level of significance; between 0.001 and 0.01 as a middle level of significance;

and < 0.001 as a high level of significance. Multivariate logistic regression of increasing com-
plexity (Models A—E) was used to analyse the associations between HF and the probability of
having haematologic-respective solid malignancies. The different variables in Model A—E are
listed in Appendix Table 2 in S1 Appendix. All statistical analyses were performed with
STATA version 17.0 (Stata Corporation, Texas, USA).

Ethics

Data in the present study are based on anonymised information provided by the Scania
County Council. They provided anonymised information for research purposes once the
study had been approved by the Ethics Committee at Lund University. We confirm that all
analyses of the human data were performed in accordance with relevant guidelines and regula-
tions as stated in the Declaration of Helsinki.

The study participants were not involved in the recruitment to the study by themselves.
Due to the requirement concerning anonymised data, each individual could not be asked for
consent to participate; active refusal of participation was instead applied. This was done by
publishing information about the planned study in the Swedish local newspaper “Sydsvens-
kan”. The advertisement outlined the study and contained information on how to contact the
research manager (first author) to opt out of the study. The regional Ethical Review Board at
Lund University approved the study (application no. 2018/778), which deemed the informed
consent process as unnecessary, since the study results are published anonymised on a group
level, and cannot be traced to every study participant.

Results

The total prevalence of HF in the study population was 2.06%, of whom 28.04% also had DM.
A total of 0.39% of the study population had haematologic malignancies and 4.97% had solid
malignancies (Table 1). The prevalence of haematologic malignancies in people with HF was
1.73% and for solid malignancies, it was 16.60%. The total prevalence of DM was 6.50% in the
study population, but the prevalence of haematologic- (0.83%) and solid malignancies
(10.47%) was lower compared to the people with HF (Table 1). The people with HF having
2-9 chronic conditions had a higher prevalence of haematologic malignancies compared to
the general population, but not the people with HF having 10 comorbidities or more. People
with HF had a lower prevalence of solid malignancies than the general population with multi-
morbidity of all levels (Table 1).

People with HF had an increased OR for haematologic malignancies, OR 1.69 (95% CI
1.51-1.90), and solid malignancies, OR 1.21 (95% CI 1.16-1.26) when adjusted for age and
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Table 1. Prevalence of haematologic- and solid malignancies in the general population compared to patients with heart failure or diabetes mellitus.

General population Haematologic malignancies Solid malignancies
Heart failure Diabetes General | Heart failure Diabetes General Heart failure Diabetes
mellitus population mellitus population mellitus
N % N % N % N % N % N % N % N % N
Gender
men 482355 | 2.19 | 10563 | 7.57 | 36516 | 0.43 | 2055 | 1.92 203 0.94 345 5.13 | 24757 | 19.41 2051 11.60 | 4236
women 499028 | 1.93 | 9630 5.45 | 27210 | 0.36 | 1802 | 1.52 146 0.67 181 4.61 | 23018 | 13.51 1301 8.95 2436
p-value™® NS < 0.001 < 0.001 < 0.001
Age (years)
20-29 180876 | 0.03 56 0.76 | 1373 | 0 0 0 0 0 0 0.45 | 818 0 0 0.51 7
30-39 170080 | 0.06 | 106 1.28 | 2175 | 0.09 | 152 | 0.94 1 0.23 5 0.80 | 1367 1.89 2 1.47 32
40-49 175095 | 0.22 | 382 3.02 | 5288 | 0.15| 268 | 1.05 4 0.26 14 1.59 | 2783 3.14 12 2.29 121
50-59 152432 | 0.69 | 1048 6.94 | 10586 | 0.29 | 445 | 1.43 15 0.46 49 3.56 | 5422 5.92 62 4.28 453
60-69 149540 | 2.13 | 3184 | 12.52 | 18718 | 0.68 | 1021 | 1.79 57 0.74 138 8.67 | 12961 | 11.78 375 9.41 1762
70-79 98599 6.02 | 5938 | 17.28 | 17037 | 1.15 | 1136 | 1.92 114 1.20 204 15.00 | 14793 | 17.75 1054 16.06 | 2736
>80 54761 | 17.31 | 9479 | 15.61 | 8549 | 1.33 | 728 | 1.67 158 1.36 116 17.59 | 9631 | 19.49 1847 18.26 1561
p-value* < 0.001 < 0.001 < 0.001 < 0.001
Multimorbidity level **
0-1 604221 | 0.03 | 188 0.53 | 3190 | 0.07 | 451 | O 0 0 0 1.03 | 6218 0 0 0 0
2-4 260764 | 1.49 | 3875 9.51 | 24788 | 0.58 | 1502 | 0.75 29 0.33 82 7.73 | 20165 | 6.37 247 4.84 1199
5-9 105241 | 11.16 | 11748 | 28.95 | 30463 | 1.52 | 1603 | 1.73 203 1.02 312 17.49 | 18410 | 17.08 2007 13.85 4218
> 10 11156 | 39.28 | 4382 | 47.37 | 5285 | 2.70 | 301 | 2.67 117 2.50 132 26.73 | 2982 | 25.06 1098 23.75 1255
p-value* < 0.001 < 0.001 < 0.001 < 0.001

*p-value of proportion of haematologic- and solid malignancies according to heart failure or diabetes mellitus.
**Multimorbidity level = number of chronic conditions.
N = total number of individuals; NS = Not significant, P > 0.05.

https://doi.org/10.1371/journal.pone.0292853.t001

gender (Model B, Tables 2 and 3). These ORs decreased slightly when further adjusted for
DM. DM had no significance for the probability of having haematologic malignancies, but an
increased probability for solid malignancies, OR 1.07 (95% CI 1.04-1.10), when adjusted for
HF, age and gender (Model C, Tables 2 and 3). The ORs of HF and DM did not change signifi-
cantly when further adjusted for SES. Increasing socioeconomic deprivation was associated
with a decreased risk for solid malignancies. The most socioeconomically deprived CNI per-
centile had a 35% lower risk for solid malignancies than the most socioeconomically privileged
CNI-percentile (Model D, Tables 2 and 3). When multimorbidity was added in Model E, the
ORs of HF and DM disappeared for both haematologic- and solid malignancies (Model E,
Tables 2 and 3).

The ORs for haematologic malignancies exceeded the ORs for solid malignancies in the
multimorbid patients of all levels (Model E, Tables 2 and 3). The probability for both haemato-
logic- and solid malignancies increased with advancing age, but multimorbidity had a higher
significance for the probability of haematologic malignancies than all age groups (Model E,
Table 2). Meanwhile, only the multimorbid patients with 10 chronic conditions or more,
including HF and DM, had a higher significance for the probability of solid malignancies than
all age groups (Model E, Table 3). Men had a higher OR for both haematologic- and solid
malignancies than women, which increased further when adjusted for multimorbidity (Tables
2 and 3).
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Table 2. Odds ratios (OR) and 95% confidence intervals (CI) for haematologic malignancies in different categories.

Model A Model B Model C Model D Model E
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Gender
men 1.31 (1.23-1.40) 1.30 (1.22-1.38) 1.30 (1.22-1.38) 1.30 (1.21-1.38) 1.45 (1.36-1.54)
women 1 1 1 1 1
Age (years)
20-29 1 1 1 1 1
30-39 1.51 (1.18-1.93) 1.51(1.18-1.93) 1.51(1.18-1.93) 1.50 (1.17-1.92) 1.32 (1.03-1.69)
40-49 2.59 (2.07-3.23) 2.58 (2.06-3.23) 2.58 (2.06-3.23) 2.54(2.03-3.18) 1.86 (1.49-2.33)
50-59 4,94 (4.00-6.11) 4.92 (3.98-6.08) 491 (3.97-6.06) 4.85(3.93-5.99) 2.66 (2.14-3.29)
60-69 11.64 (9.54-14.21) 11.47 (9.39-14.00) 11.41 (9.34-13.93) 11.22 (9.18-13.71) 4.46 (3.63-5.47)
70-79 19.86 (16.28-24.21) 19.04 (15.61-23.23) 18.91 (15.49-23.08) 18.59 (15.23-22.71) 5.38 (4.37-6.62)
>80 23.61 (19.26-28.93) 21.04 (17.13-25.85) 20.93 (17.03-25.72) 20.69 (16.83-25.43) 5.07 (4.09-6.28)
Heart failure 1.69 (1.51-1.90) 1.68 (1.50-1.89) 1.69 (1.50-1.90) 0.94 (0.83-1.06)
(

Diabetes mellitus

1.04 (0.95-1.15)

1.05 (0.95-1.15)

0.56 (0.51-0.61)

Socioeconomic percentile

1 (highest)

1

1

2 0.97 (0.85-1.10) 1.01 (0.89-1.15)
3 0.99 (0.87-1.13) 1.00 (0.88-1.14)
4 0.91 (0.79-1.04) 0.91 (0.79-1.04)
5 0.93 (0.81-1.08) 0.95 (0.82-1.09)
6 0.88 (0.77-1.00) 0.91 (0.80-1.04)
7 0.94 (0.82-1.08) 0.99 (0.86-1.13)
3 0.93 (0.82-1.06) 0.97 (0.85-1.10)
9 0.82 (0.72-0.95) 0.89 (0.78-1.03)
10 (lowest) 0.86 (0.74-1.00) 0.94 (0.80-1.09)
Multimorbidity level*

0-1 1

2-4 5.44 (4.87-6.07)
5-9 11.95 (10.62-13.46)
>10 21.41 (18.10-25.33)

*Multimorbidity level = number of chronic conditions.

https://doi.org/10.1371/journal.pone.0292853.t002

Discussion

The total prevalence of HF was 2.06% and for DM it was 6.50% in the study population. Both
conditions had a higher prevalence of haematologic- and solid malignancies than the general
population, but a lower prevalence of solid malignancies than the multimorbid population.
Although the total prevalence of DM was approximately three times higher than HF, the DM
patients had a lower prevalence of both haematologic- and solid malignancies than the people
with HF. In spite of the high prevalence of DM in people with HF (28.04%), they had only
slightly decreased ORs when further adjusted for DM. When multimorbidity was adjusted
together with HF and DM, the ORs of HF and DM disappeared for both haematologic- and
solid malignancies. These results highlight the strong association between multimorbidity and
malignancies contributed by both HF and DM in our study. Nevertheless, only these two con-
ditions together did not explain the increased probability for haematologic- or solid malignan-
cies in the MM1 group as the ORs were 5.44 (95% CI 4.87-6.07) and 4.78 (95% CI 4.64-4.93),
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Table 3. Odds ratios (OR) and 95% confidence intervals (CI) for solid malignancies in different categories.

Model A

Model B

Model C

Model D

Model E

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

Gender

men

1.28 (1.26-1.31)

1.28 (1.25-1.30)

1.27 (1.25-1.30)

1.27 (1.25-1.30)

1.42 (1.39-1.45)

women

1

1

1

1

1

Age (years)

20-29

1

1

1

1

1

30-39

1.78 (1.63-1.94)

1.78 (1.63-1.94)

1.78 (1.63-1.94)

1.76 (1.61-1.92)

1.58 (1.44-1.72)

40-49

3.55 (3.28-3.84)

3.55 (3.28-3.84)

3.54 (3.28-3.83)

3.43 (3.18-3.71)

2.64 (2.44-2.86)

50-59

8.12 (7.54-8.74)

8.11 (7.53-8.73)

8.07 (7.50-8.69)

7.85 (7.29-8.45)

4.73 (4.39-5.10)

60-69

20.96 (19.52-22.50)

20.86 (19.43-22.40)

20.69 (19.27-22.22)

19.93 (18.56-21.40)

9.20 (8.55-9.89)

70-79

39.23 (36.55-42.11)

38.75 (36.10-41.60)

38.31 (35.69-41.14)

36.85 (34.31-9.57)

12.91 (12.00-13.88)

>80

48.18 (45.29-52.32)

47.01 (43.72-50.56)

46.58 (43.31-50.09)

45.20 (42.03-48.62)

13.48 (12.51-14.53)

Heart failure

1.21 (1.16-1.26)

1.20 (1.15-1.24)

1.20 (1.16-1.25)

0.69 (0.66-0.72)

Diabetes mellitus

1.07 (1.04-1.10)

1.08 (1.05-1.11)

0.58 (0.57-0.60)

Socioeconomic percentile

1 (highest)

1

1

2 0.94 (0.91-0.97) 0.98 (0.94-1.01)
3 0.85 (0.82-0.89) 0.86 (0.82-0.89)
4 0.86 (0.83-0.90) 0.86 (0.83-0.90)
5 0.85 (0.81-0.89) 0.86 (0.82-0.90)
6 0.83 (0.80-0.86) 0.85 (0.81-0.88)
7 0.88 (0.84-0.91) 0.91 (0.88-0.95)
3 0.86 (0.83-0.90) 0.89 (0.85-0.92)
9 0.77 (0.74-0.81) 0.83 (0.80-0.87)
10 (lowest) 0.65 (0.62-0.69) 0.70 (0.67-0.74)
Multimorbidity level*

0-1 1

2-4 4.78 (4.64-4.93)
5-9 9.13 (8.83-9.44)
>10 16.04 (15.18-16.95)

https:/doi.org/10.1371/journal.pone.0292853.t003

respectively. These findings indicate that both HF and DM contributed to the increased proba-
bility of haematologic and solid malignancies but, in combination with other chronic condi-
tions, might be even stronger risk factors.

People with HF had a higher probability for haematologic than solid malignancies when

adjusted for age and gender, thus suggesting a stronger association between HF and haemato-
logic malignancies than solid malignancies. Even multimorbidity of all levels, including HF
and DM, had higher ORs for haematologic than solid malignancies, indicating that multimor-
bidity was a more important factor for haematologic malignancies in our study. The more
socioeconomically deprived CNI percentiles had a significantly lower risk for solid malignan-
cies than the most socioeconomic privileged CNI-percentile. These findings could be
explained by a lower adherence to screening guidelines in the socioeconomically deprived

population resulting in a later diagnosis [28,29].
When stratifying for multimorbidity levels, only the people with HF having 2-9 chronic

conditions had a higher prevalence of haematologic malignancies compared to the general
population, but not the people with HF having 10 comorbidities or more. A previous study
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reported a lower prevalence of people with HF having10 chronic conditions or more than
those belonging to the MM2 group [4], who presumably developed fewer malignancies due to
their high mortality rate.

The multimorbid patients, including HF and DM, had a higher OR for haematologic malig-
nancies than all age groups. For solid malignancies, only the multimorbid patients with 10
chronic conditions or more had a higher OR than all age groups. These findings indicate that
multimorbidity was a more important factor for haematologic malignancies independent of
age, meanwhile multimorbidity with 10 chronic conditions or more, including HF and DM,
was a more important factor for solid malignancies independent of age.

People with HF are characterised by reduced overall perfusion and chronic inflammation,
which could contribute to cancer development [2]. On the other hand, some specific muta-
tions in haematologic malignancies could also cause HF development [30]. Another plausible
explanation is HF in these patients may constitute a complication of cancer treatment [31,32].
A retrospective study revealed that the probability of incurring doxorubicin-induced HF was
related to the total dose of doxorubicin administered: the higher the cumulative amount of
administered drug, the more increased risk for HF. An increase in drug-related HF was also
observed with advancing patient age, independent of performance status, gender, race, and
tumour type [32].

A meta-analysis including around four million DM patients and 10,516 leukaemia patients
reported a 3.48-fold relative risk of leukaemia within the first year of type 2 DM diagnosis than
the population with normal glucose values. The incidence of leukaemia was also significantly
increased in patients with type 2 DM for 1-10 years. After 10 years of the DM diagnosis, the
relative risk of leukaemia declined to the level of the general population among these patients
[33]. These findings could be explained by a normalisation of fasting serum glucose levels in
the DM patients by anti-diabetic treatment many years after diagnosis, which prevents the
development of hyperglycaemia-induced leukaemia [34]. A comprehensive meta-analysis
regarding type 2 DM and the risk of developing cancer has shown that the presence of DM is
associated with a 10% increase in the relative risk (RR) of developing cancer (RR, 1.10; 95% CI
1.04-1.17) [20], and the hazard ratio for cancer incidence was 1.76, (95% CI 1.71-1.81,

P < 0.001), for people with HF [35]. These results are comparable with the DM patients in our
study, who had no significance for haematologic malignancies, but an increased probability
for solid malignancies, although less than the people with HF.

In a prospective cohort study, which included almost 300,000 participants from seven Euro-
pean countries, middle-aged and free of cancer, CVD, and DM [1]. Cox regression was used to
calculate hazard ratios of developing multimorbidity in relation to body mass index (BMI),
smoking status, physical activity, alcohol intake, adherence to the Mediterranean diet, and
their combination as a healthy lifestyle index score. During a median follow-up of 11 years,
1.11% of the participants developed multimorbidity including cancer and cardiometabolic dis-
eases [1]. A healthy lifestyle was inversely associated with multimorbidity. After a diagnosis of
DM, the 10-year risks of multimorbidity were 30% for men and 18% for women with healthy
lifestyles. For unhealthy lifestyles, the figures were 40% for men and 25% for women, respec-
tively. After a diagnosis of CVD, the 10-year risks of multimorbidity were slightly lower than
the DM patients but were comparatively higher than the cancer patients [1]. The importance
of these common risk factors for lifestyle-related multimorbidity could, in part, explain the
results of our study.

Another cross-sectional study reported a prevalence of 9% having any type of cancer and
38% multimorbidity [36]. Respiratory conditions and arthritis were statistically significantly
associated with having all-site cancer, with OR 1.3 (95% CI 1.1-1.6) and OR 1.5 (95% CI 1.2-
1.8), respectively. Multimorbidity was statistically significantly associated with having all-site
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cancer (OR 1.4, 95% CI 1.2-1.7), cervical cancer (OR 2.6, 95% CI 1.2-5.4), and bladder cancer
(OR 2.8, 95% CI 1.0-7.6) [36]. These results suggest that various cancer types are differently
associated with various chronic conditions, and most likely composition of multimorbidity,
which could explain the substantial increase of OR with advancing multimorbidity level in our
study.

The estimated cancer deaths are expected to overcome those for ischaemic heart disease,
with a 2.08-fold increase (1.76-fold for the increase in ischaemic heart disease) by the year
2060. Thus, cancer will become the leading cause of mortality globally immediately after 2030
[37]. Prevention of cancer is therefore a pressing issue. Our study revealed new factors associ-
ated withmalignancies, but the pathophysiology in these patient groups is still elusive and has
to be explored in further studies.

Strengths and limitations

We have analysed the difference in the prevalence of haematologic- and solid malignancies
between the general population and patients with two common chronic diseases. The differ-
ence in prevalence between the general population and these patient groups had a high level of
statistical significance in all age groups and multimorbidity levels. We used multivariable logis-
tic regression to compare the ORs of different variables in relation to each other to determine
their significance for haematologic- and solid malignancies. Our findings have similarities
with corresponding studies in other countries, which improves the validity and credibility of
this study. The study population was heterogeneous comprising adults from many nationali-
ties, which reduces the probability of consanguinity and its consequences for health.

We had no data on the hereditary forms of common solid malignancies, like breast cancer,
colorectal cancer and prostate cancer. Data on heredity in our study could even influence the
variables gender, age, HF, DM and multimorbidity level, but not socioeconomic status. We
had no data on the subtypes of HF, which have different impacts on the complications and
outcomes for these patients. The data on comorbidities in the people with HF were lacking as
well, which might have stronger associations with haematologic- or solid malignancies than
HF. Many haematologic- and solid malignancies affect individuals under 20 years of age more
frequently than elderly individuals, which could influence our statistics radically if they were
included. Some malignancies are asymptomatic or cause non-specific symptoms during the
first year, which usually result in a diagnosis delay. According to current diagnosis rules, only
the cancer patients receiving treatments were assigned the diagnosis categories C or D. Thus,
cancer patients without current treatments might be underdiagnosed, for example, those with
low malignancy or end-stage cancer. The treatments of the examined people with HF and DM
could be suboptimal and result in a worse outcome and earlier complications. This was a
cross-sectional study, which could have divergent results than a cohort study. Our results are
largely based on administrative data and the strength of the association between HF and malig-
nancies remains unclear.

Conclusions

HF was shown to be associated with malignancies, especially haematologic malignancies. DM
explained only a small part of the increased probability for solid malignancies in the people
with HF, but contributed to the increased probability for haematologic- and solid malignancies
in the multimorbid population together with HF. Multimorbidity was a more important factor
for both haematologic- and solid malignancies than HF in our study, but not socioeconomic
deprivation. We hypothesise that interactions between chronic conditions are stronger risk
factors for malignancies than individual diseases in people with multimorbidity. As most
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people with HF have multimorbidity, further research is warranted to examine the strength of
the association between HF and malignancies.
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