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Abstract

Background Whilst multi-morbidity is known to be a concern in people with cancer, very little is known about the
risk of cancer in multi-morbid patients. This study aims to investigate the risk of being diagnosed with lung, colorectal,
breast and prostate cancer associated with multi-morbidity.

Methods We investigated the association between multi-morbidity and subsequent risk of cancer diagnosis in UK
Biobank. Cox models were used to estimate the relative risks of each cancer of interest in multi-morbid participants,
using the Cambridge Multimorbidity Score. The extent to which reverse causation, residual confounding and ascer-
tainment bias may have impacted on the findings was robustly investigated.

Results Of the 436,990 participants included in the study who were cancer-free at baseline, 21.6% (99,965) were
multi-morbid (> 2 diseases). Over a median follow-up time of 10.9 [IOR 10.0-11.7] years, 9,019 prostate, 7,994 breast,
5,241 colorectal, and 3,591 lung cancers were diagnosed. After exclusion of the first year of follow-up, there was no
clear association between multi-morbidity and risk of colorectal, prostate or breast cancer diagnosis. Those with >4
diseases at recruitment had double the risk of a subsequent lung cancer diagnosis compared to those with no
diseases (HR 2.00 [95% Cl 1.70-2.35] p for trend < 0.001). These findings were robust to sensitivity analyses aimed at
reducing the impact of reverse causation, residual confounding from known cancer risk factors and ascertainment
bias.

Conclusions Individuals with multi-morbidity are at an increased risk of lung cancer diagnosis. While this association

did not appear to be due to common sources of bias in observational studies, further research is needed to under-
stand what underlies this association.
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Background

As the population ages, the incidence of both cancer and
multi-morbidity (the coexistence of two or more chronic
diseases) is increasing. Studies have shown that the
majority of cancer patients have at least one other disease
at cancer diagnosis, with 50%—90% being multi-morbid
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research has been undertaken to investigate the relation-
ship between multi-morbidity and the risk of being
diagnosed with cancer. It is important to understand if
multi-morbidity affects the risk of cancer diagnosis, as
this will assist primary-care practitioners in supporting
multi-morbid patients to better understand their risk
and encourage cancer screening and monitoring for can-
cer symptoms, where appropriate [10]. Understanding
this relationship will also support future health resource
planning.

Multi-morbidity could impact cancer diagnosis
through a number of pathways. Increased health care
utilisation of multi-morbid patients [11] could result in
an apparent increased risk if more frequent use of health
care provides more opportunities to diagnose cancer.
Conversely, multi-morbid patients may be less likely to
attend cancer screening programmes [5], or may be more
likely to have their cancer symptoms attributed to previ-
ously diagnosed diseases [6], and hence be less likely to be
diagnosed with cancer, or diagnosed at a later date [10]. It
is possible that patients are more likely to be diagnosed
with disease as a consequence of diagnostic tests for can-
cer, and so associations between multi-morbidity and
cancer may be due, at least in part, to a form of reverse
causation bias [12]. It is also possible that multi-morbid-
ity may be associated with cancer risk due to shared risk
factors (i.e. confounding), for example obesity [13] and
smoking [14]. On the other hand, multi-morbidity could
be causally associated with cancer risk through biological
pathways such as increased inflammation [15]. Given the
number of potential routes that multi-morbidity could
impact cancer diagnosis, it is important to robustly inves-
tigate how potential biases may impact on any observed
association.

Prior research of the association between multi-mor-
bidity and subsequent cancer diagnosis is limited. One
previous study reported an increased risk of bladder and
cervical cancer, but not other cancers, in multi-morbid
individuals [3]. Others have found no association with
colorectal cancer [16] or breast cancer [17].

The Cambridge Multi-morbidity Score (CMS) [18] was
developed as a simple tool to help healthcare planners
respond to the needs of patients with multiple health
conditions, and to aid research into multi-morbidity [18].
The CMS was selected for this study as it was developed
using a UK. general population dataset (CPRD), and
hence contains health conditions that are of high impor-
tance within the UK. health service and to individual
patients. As such, they should be well captured in both
medical (i.e. primary care) and self-reported health data
[18].

The current study uses UK Biobank (UKB), a large
prospective UK cohort, to investigate the association
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between multi-morbidity and the four most common
cancers in the UK (colorectal, breast, lung and prostate)
and to determine the extent to which any association
might be explained by ascertainment bias, shared risk
factors or reverse causation bias.

Methods

Participants

UKB is a large, prospective cohort study in
which ~ 500,000 volunteers underwent a comprehensive
baseline assessment between 2006—2010, providing in-
depth data on socio-demographics, lifestyle and health,
and a range of physical measures. Participants consented
to linkage to their electronic health records for longitudi-
nal follow-up of health outcomes. Full details of the UKB
cohort are given elsewhere [19].

Linkages have been undertaken to national cancer (data
available from 1979 onwards) and death (2006 onwards)
registries, hospital inpatient data (1997 onwards) and,
for~45% of the cohort, primary-care records (1938
—-2017).

UKB received ethics approval from the National Infor-
mation Governance Board for Health and Social Care
and the National Health Service North West Multicentre
Research Ethics Committee (21/N'W/0157).

In the current analysis, only UKB participants with
no evidence of pre-existing cancer were included in the
study.

Multi-morbidity ascertainment

The CMS [18] is a weighted multi-morbidity score, which
is formed of 37 different conditions selected for their sub-
stantial impact on patients, based on expert opinion [18].
For the purposes of this study, four of these conditions
were excluded from the assessment of multi-morbidity,
including cancer (since this was the outcome of inter-
est), vision/ hearing loss and painful conditions (as not
well defined in UKB), and learning difficulties (owing to
its low prevalence due to the consenting procedures for
UKB). The remaining 33 conditions were used to deter-
mine the CMS in this study.

At recruitment, all UKB participants were asked via a
touch-screen questionnaire "Has a doctor ever told you
that you have had any serious medical conditions or dis-
abilities?” and underwent a detailed nurse-led inter-
view, where a full medical history was collected. This
self-reported health data collected at recruitment was
used to determine the CMS as the exposure for the main
analysis. In sensitivity analyses aimed at assessing poten-
tial ascertainment bias, the main analyses were repeated
used linked primary care data (in the subset of~45%
participants for whom these data were available) to iden-
tify health conditions included in the CMS that were
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recorded prior to recruitment (that is, an “ever diag-
nosed” definition was used).

Multi-morbidity at recruitment was defined in multiple
ways, as follows: i) >2 diseases, ii) weighted CMS (using
published weights [18]) categorised into fourths (with
those with no diseases as a separate category), and iii) a
categorical variable representing number of conditions
(0, 1, 2, 3 and >4). This latter measure of disease count
was used as the primary exposure of interest owing to its
ease of interpretation.

Code lists for disease definitions are available at https://
doi.org/10.5281/zenodo.7334984.

Cancer ascertainment

The cancer registry data was used to identify cases during
the follow-up period. Participants with a cancer diagno-
sis prior to recruitment (excluding non-melanoma skin
cancer) were considered prevalent cases and excluded
from the analysis. The first incident cancer diagnosis
(excluding non-melanoma skin cancer) was identified
for remaining participants. The four most commonly
diagnosed cancers in UKB were selected as outcomes of
interest because of their high public health impact and
large numbers of incident cases. Prostate cancer was
defined as ICD-10 code C61, breast cancer as C50, lung
cancer as C33-34 and colorectal cancer as C18-20.

Co-variates

Date of birth was estimated from month and year of
birth. Townsend deprivation score (an area-based score
denoting socio-economic deprivation of a participant’s
residence at recruitment) was categorised into fifths.
Region was defined as London; South East; South West;
East Midlands; West Midlands; North East; North West;
Yorkshire and the Humber; Scotland East; Scotland
West; Wales. Ethnicity was characterised as white and
non-white.

Body mass index (BMI) was categorised as<25;
25-30;>30 kg/m? Smoking was categorised as never;
former; < 10 cigarettes daily; > 10 cigarettes daily; current
smoker with unknown number of cigarettes daily. Alco-
hol consumption was categorised as never; special occa-
sions only; 1-3 times per month; 1-2 times per week;
3—4 times per week; daily or almost daily. Menopausal
hormonal therapy (MHT) use was categorised as never
or ever users (women only).

Self-reported screening behaviour was categorised as
never or ever attended breast or bowel cancer screening
and prostate specific antigen (PSA) testing. To further
assess the extent to which overall health care utilisation
might influence the association between multi-morbidity
and cancer diagnosis, the following data were extracted
from the primary-care records at recruitment: rapid
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referral for cancer diagnostics (yes or no), number of
consultations (i.e. number of times a participant had
attended their primary-care clinician; categorised as
fifths), number of spirometry measurements, number of
blood pressure measurements, and number of PSA tests
(each categorised as 1, 2, 3, 4,>5).

Analyses

Individuals contributed person-years to the analysis from
their date of recruitment (2006—2010) until the earliest
of: date of first cancer diagnosis (excluding non-mela-
noma skin cancer), loss to follow up (e.g. withdrawal from
study or leaving the U.K.), death, or end of follow up. End
of follow up was defined as the date for which cancer reg-
istry data were considered complete (England and Wales
29" February 2020; Scotland 31% January 2021).

Distribution of multi-morbidity measures according
to various characteristics were calculated and summa-
rised as median and interquartile range (IQR), mean and
standard deviation (SD) or proportions.

Cox proportional hazards models, with attained age
as the underlying time variable, were used to investigate
the association between the multi-morbidity metrics
at recruitment and subsequent cancer diagnosis dur-
ing the follow-up period. Initial investigations com-
pared these associations across follow-up intervals (<1,
1-5,>5 years) and heterogeneity was assessed using like-
lihood ratio (LR) tests. All subsequent analyses focused
on associations of multi-morbidity with cancer risk in the
period 1 or more years after the recording of morbidity
data (i.e. excluding the first year of follow-up) to mini-
mise the impact of reverse causation.

Initial models were adjusted for year of birth, region,
socio-economic status and ethnicity. Proportionality was
checked by examining Schoenfeld’s residuals. To investi-
gate the possibility of residual confounding (i.e. to deter-
mine if any association might be partly explained by the
presence of shared risk factors), the models were further
adjusted for BMI, alcohol consumption, smoking and
MHT use. The change in LRy’statistics associated with
multi-morbidity were estimated before and after adjust-
ment for these confounders [20]. For the purposes of this
study, a reduction in the LRx? of more than two-thirds
after adjustment for all potential confounders was taken
to indicate that the adjusted association could plausibly
be due to residual confounding (caused by imperfect
adjustment for the confounder(s) under study). Given
the particularly strong association between smoking and
lung cancer and other conditions included in the CMS,
analyses of multi-morbidity with lung cancer was also
restricted to never smokers to further investigate the
possibility of residual confounding. To assess if ascertain-
ment bias might have influenced the association, breast,
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colorectal, and prostate cancer models were adjusted for
self-reported routine screening behaviour.

In participants for whom primary care informa-
tion were available the mean number of consultations,
spirometry measurements, blood pressure measure-
ments and PSA tests (men only) were calculated strati-
fied by the number of diseases, in those without a cancer
diagnosis. The association of multi-morbidity with can-
cer diagnosis among those with primary-care data was
then further adjusted for the number of consultations (as
a proxy of health care utilisation) — and for prostate can-
cer, the number of PSA tests — to determine the extent
to which healthcare usage might explain the associations.

Where significant associations of multi-morbidity with
cancer diagnosis were identified, associations between
individual diseases within the CMS and cancer risk
were investigated using the same methodology as for the
multi-morbidity metrics. Multiple testing was adjusted
for using the false discovery rate [21].

Results

Of the 502,411 participants in UKB, 34,161 (6.9%) had a
prevalent cancer and were excluded from analysis. Over
a median follow up time of 10.9 years (IQR 10.0 — 11.7))
9,019 prostate, 7,994 breast, 5,241 colorectal, and 3,591
lung cancers were identified.

The most common self-reported diseases within the
CMS were hypertension (26.5%), asthma (11.6%), and
thyroid disease (5.7%) (Supplementary Table 1). Just over
a fifth of participants were multi-morbid (>2 diseases:
99,965; 21.6%), with 45.8% (214,229) self-reporting none
of the 33 conditions included in the CMS (Table 1).
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Multi-morbid participants were older, lived in more
socio-economically deprived areas, had a higher BMI,
were more likely to smoke, less likely to drink alcohol
and, among women, more likely to have ever used MHT
(Table 1).

To assess the possibility of reverse causation, an initial
time-stratified analysis was undertaken, which showed
an increased risk of number of diseases with colorectal,
breast and lung cancer in the first 12 months of follow-
up that was either partially or completely attenuated with
longer follow up (Supplementary Fig. 1; Supplementary
Tables 2 and 3).

In subsequent analyses, which examined the relation-
ship between multi-morbidity at baseline and risk of each
type of cancer only in the follow-up period 1 or more
years after baseline (in those who were still alive and at
risk of a first cancer at this point),, there was no associa-
tion between multi-morbidity and colorectal, breast or
prostate cancer (Fig. 1; Supplementary Table 4). Addi-
tional adjustment for self-reported screening behaviour
(used as a proxy for healthcare seeking behaviour) did
not affect the results (data not shown).

Participants with >4 diseases had a 2.5-fold increased
risk of lung cancer compared to those with no diseases,
which was only partially attenuated after further adjust-
ment for BMI, alcohol consumption, smoking and MHT
use (HR 2.00 [95% CI 1.70 — 2.35] p for trend<0.001)
(Fig. 1; Supplementary Table 4). The LRy between the
minimally and fully adjusted models was reduced by
37%, indicating that residual confounding is unlikely to
fully explain the association identified (Supplementary
Table 5). The analysis restricted to the 255,850 partici-
pants that reported having never smoked (of which there

Table 1 Distribution of co-variates by self-reported number of diseases, restricted to those with at least 12 months follow up

Co-variate Number of Diseases

0 1 2 3 >4
Age (median (IQR)) 55 (48—61) 58 (51—63) 60 (53—65) 61 (55—65) 61 (55—65)
Sex (n=463,990)

Female 114,486 (46.34%) 81,459 (32.97%) 34,488 (13.96%) 11,639 (4.71%) 4979 (2.02%)
Ethnicity (n=460,923)

White 199,338 (45.8%) 143,097 (32.9%) 62,400 (14.3%) 21,238 (4.9%) 9059 (2.1%)
SES (median (IQR)) -23(-3.7—0.2) -2.2 (-3.7—0.5) -1.97 (-(35—1.0) -15(-33—1.7) -0.7 (-3.0—2.7)
BMI (median (IQR)) 25.9(23.6—287) 27.0 (244—30.2) 28.0(25.2—31.6) 28.9(25.8—328) 30.2 (26.7—34.5)
Smoking (n=462,344)

Current 21,981 (45.1%) 15,382 (31.6%) 7160 (14.7%) 2792 (5.7%) 1437 (2.9%)
Alcohol (n=462,127)

Daily 43,979 (46.8%) 31,708 (33.7%) 12,853 (13.7%) 3948 (4.2%) 1477 (1.6%)
MHT (n=247,051)

Ever 35,295 (38.0%) 32,636 (35.2%) 15,987 (17.2%) 6045 (6.5%) 2883 (3.1%)
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Minimally adjusted
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Fully Adjusted
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Fig. 1 Association between disease count and risk of cancer diagnosis. Diamond: Adjusted for sex, region, year of recruitment, ethnicity year of
birth and townsend score, age as underlying time variable Square: Further adjusted for BMI, smoking, alcohol consumption and HRT use (except

Prostate cancer)

were 479 incident lung cancers) showed a similar trend,
with those with>4 diseases having almost double the
risk of lung cancer compared to those with no diseases
(1.97 [11.8 — 3.27] p for trend 0.03; Table 2).

Associations of the other multi-morbidity indices with
risk of cancer diagnosis were broadly similar. For brev-
ity, only the findings with respect to disease count are
included in the main text. Full details of results for other
multi-morbidity indices are given in Supplementary
Table 4.

There was little difference in the association between
multi-morbidity and risk of cancer diagnosis when strati-
fied by 1-<5 years and>5 years follow-up, with no evi-
dence of heterogeneity for any outcome (Supplementary
Fig. 1, Supplementary Tables 2 and 3).

Overall, 203,916 (43.9%) had a primary-care record
at recruitment, of which there were 4,096 incident
prostate, 3,364 breast, 2,224 colorectal and 1,573 lung
cancers diagnosed at least 12 months after recruit-
ment. In contrast with self-reported conditions at
recruitment, the most common diseases ascertained

from primary-care data in the CMS were psoriasis
and eczema (16.8%), anxiety (12.6%), and depres-
sion (14.4%). A third of participants were multi-
morbid (33.2%; n=67,755), while 38.0% (77,443) did
not have any of the CMS diseases recorded in their
primary-care record (Supplementary Table 1). The
distribution of covariates by number of diseases was
similar to that seen for the self-reported derived dis-
eases (Supplementary Table 6). Given that the num-
ber of consultations, blood pressure measurements,
spirometry measurements and PSA tests derived from
the primary-care data (Fig. 2) were all positively cor-
related with increasing disease count, thus indicating
that multi-morbidity could lead to increased opportu-
nity for cancer diagnosis, analyses of multi-morbidity
and risk of cancer diagnosis were further adjusted for
number of consultations (owing to the significant cor-
relation with the other measures of healthcare utilisa-
tion; pairwise correlation coefficient significance all
p<0.001), rapid referral for cancer diagnostic inves-
tigations and, for prostate cancer only, PSA testing.
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A Spirometry measurements
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B Blood pressure measurements
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Fig.2 A mean number of spirometry measurements recorded at recruitment in primary-care records, by number of diseases and cancer
diagnosed; B mean number of blood pressure measurements recorded at recruitment in primary-care records, by number of diseases and cancer
diagnosed; € mean number of consultations recorded at recruitment in primary-care records, by number of diseases and cancer diagnosed; D

mean number of prostate specific antigen tests (men only)

When analyses of multi-morbidity were conducted in
this subset of participants with primary care data, with
additional adjustment for markers of healthcare utili-
sation,, similar patterns of associations were observed
regardless of whether multi-morbidity was based on
primary care data or self-report. In particular, multi-
morbidity was not associated with colorectal cancer
or breast cancer but was positively associated with
lung cancer (Table 2), suggesting that ascertainment
bias does not fully explain this association. However,
multi-morbidity was inversely associated with prostate
cancer with those with >4 diseases having a 19% lower
risk compared to those with no diseases (0.81 [0.70—
0.93] p for trend < 0.001) (Table 2).

Following correction for multiple testing, self-
reported alcohol problems, asthma, chronic obstruc-
tive pulmonary disease (COPD), coronary artery
disease, constipation, diabetes, hypertension, inflam-
matory bowel disease, peptic ulcer disease, peripheral
vascular disease, substance misuse and stroke or tran-
sient ischemic attack were all associated with incident
lung cancer (Supplementary Table 7).

Discussion

This large prospective study has shown that self-reported
multi-morbidity, when measured as a score, count or
binary variable, is associated with an increased risk of
lung cancer diagnosis, but not with risk of diagnosis of
colorectal, breast or prostate cancer. This association
remained relatively unaffected in sensitivity analyses
aimed at minimising the impact of potential reverse cau-
sation, ascertainment bias and residual confounding. The
risk of lung cancer diagnosis was associated with 12 of
the 33 individual conditions considered in assessment
of multi-morbidity and so no specific disease appeared
to underlie this association. However, a number of the
diseases (e.g. asthma, COPD, diabetes, coronary artery
disease, hypertension) are associated with increased
inflammation [22-26], and so there may be an inflamma-
tory (local or systemic) element to the identified associa-
tion, but this needs to be investigated further.

Interpretation of results
As it is common for a number of conditions to be diag-
nosed on the cancer diagnostic pathway [12], and it is
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also possible that patients with more diseases are more
likely to be investigated for cancer, it is important to
consider the effects of reverse causation on these find-
ings (i.e. that the disease is more likely to be diagnosed
because of tests being undertaken as part of the cancer
diagnosis, or that an undiagnosed cancer causes the dis-
ease, which is diagnosed prior to the cancer). Indeed,
there was a notably greater increase in the risk of 3 of
the 4 cancers considered here in the first year of follow
up, compared with later periods, suggesting this is likely.
However, there were no obvious changes in cancer risk
across subsequent follow-up periods, indicating that any
effect of reverse causation was largely confined to the
first year of follow-up.

Given the known contribution of certain modifiable
lifestyle factors, such as obesity and smoking, to many of
the diseases included in the CMS and some of the can-
cer outcomes, it is important to investigate if shared risk
factors explain any observed associations. In this study,
adjustment for potential shared risk factors suggests that
residual confounding from these factors are unlikely to
explain the associations. Further, the association between
multi-morbidity and lung cancer was unaffected when
limited to self-reported never-smokers, suggesting
that this association is not fully explained by smoking.
Although it is possible that passive smoking might have
contributed to the increased risk, it is highly unlikely to
explain all of the increased risk, given the magnitude of
the association.

The association with lung cancer was also evident when
using primary-care data to ascertain multi-morbidity,
despite the differences in the distributions of diseases
between the two data sources, and there was no single
condition that appeared to underlie this association. Fur-
thermore, additional adjustment for metrics of health
care utilisation (to account for the possibility that multi-
morbid participants may be more likely to be investigated
for symptoms simply due to attending a health care pro-
vider more frequently) did not materially affect the asso-
ciation with lung cancer, indicating that it is unlikely to
be explained by ascertainment bias. Further research on
stage of lung cancer would be useful to confirm this is the
case.

Whilst no association was identified between multi-
morbidity and prostate cancer using the self-reported
health data, an inverse association was observed when
using the primary-care data. Although this could be due
to ascertainment bias (particularly given the higher prev-
alence of PSA testing in the UKB cohort compared with
the general UK population [27, 28]), the difference in
mean number of PSA tests was less than 1 between those
with no diseases and those with >4 diseases, so PSA test-
ing is unlikely to fully explain the apparent reduction in
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prostate cancer risk. Further, the inclusion of PSA test-
ing as a covariate did not change the risk estimate materi-
ally. Instead, it is possible that prostate cancer might be
diagnosed earlier in those with fewer diseases (as those
with multi-morbidity may delay getting symptoms inves-
tigated, or the symptoms may be attributed to an already
diagnosed disease, such as prostate disorder), leading to
an apparent lower risk in prostate cancer in those with
more diseases. However, data on cancer stage is required
to investigate this further.

Previous research

Previous research into multi-morbidity as a risk factor for
cancer has been limited, with most research focussing on
the association with survival following cancer diagnoses
[29, 30], the prevalence and/or risk of multi-morbidity in
cancer patients [2, 31], or the impact of multi-morbidity
on living with cancer (including treatment options) [9,
32]. A cross sectional study in the UK found that almost
half of cancer patients have at least 2 morbidities (from a
list of 11) at cancer diagnosis [4], which was particularly
apparent for those with gallbladder, liver, lung, myeloma
and renal cancer when compared to those with colorectal
cancer [4]. A US cross-sectional study identified an asso-
ciation between multi-morbidity (defined as>2 diseases
from a list of 6) and all site, bladder and cervical cancer,
but no association with colon, lung, breast or prostate
cancer [3]. However, different methodology (includ-
ing diseases included and a lack of data on when dis-
eases were diagnosed in relation to cancer) may explain
the differences in results seen in the current study. A
recent prospective study, also using UKB data, identi-
fied no association between multi-morbidity (defined
as > 2 diseases from a list of 43) and colorectal cancer risk
[16]. Another recent UKB study identified no associa-
tion between multi-morbidity, defined as disease count
or as disease clusters, and breast cancer risk [17]. Both
of these studies are consistent with our findings despite
differences in cohort selection and the diseases included
in the multi-morbidity definition. As the results seen
in our study appear to be robust to reverse causation,
residual confounding and ascertainment bias, it is pos-
sible there is an aetiological role for multi-morbidity in
lung cancer risk. Both asthma [33] and COPD [34] have
previously been identified as risk factors for lung cancer,
and both of these conditions (in addition to several oth-
ers) were found to be associated with an increased risk
in our study, and so it is possible that these diseases are
important contributors to the association. It is also pos-
sible that multi-morbidity results in a general increase in
systemic inflammation [15], which could predispose to
further disease.
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Strengths and limitations of the study

This study has many strengths, including the large sam-
ple, prospective analyses and use of a validated score. As
far as we are aware, this is the first study to use a multi-
morbidity score (the CMS [18]) to define multi-morbid-
ity for the investigation of cancer risk. This score was
originally developed using UK primary-care data, and
the disease list was determined using a combination of
prevalence, impact on health care usage and impact on
the patient [35]. Additionally, results were compared to
those generated from primary-care records for a subset
of the cohort, and despite the different distribution of
some of the health conditions, the association for lung
cancer remained consistent. However, there are some
limitations to the study. The main analyses were under-
taken using self-reported data (as not all participants
had primary-care data available) but whilst it is possible
that individuals may not always accurately report their
morbidity status, this is of less of a concern for sympto-
matic diseases or those that result in a lifestyle change
[36], as can be seen when comparing the prevalence of
diseases from the self-reported and primary-care data in
this study. Secondary-care data are available in UKB, but
was not used here as some of the diseases included in the
CMS are not well captured in hospital in-patient records,
and so could be under ascertained. The use of self-
reported data meant that changes in multi-morbidity
over time could not be taken into account in the analysis.
Further, the use of composite scores or disease counts
may not be that informative in terms of understanding
which diseases or disease patterns and associations are
underling any increased risk identified. Misclassifica-
tion of smoking status cannot be ruled out (as it was
self-reported), however adjustments for smoking did
not substantially change the point estimate for lung can-
cer diagnosis risk, and the association was still evident
in those who reported never smoking Finally, owing to
the voluntary nature of the study, UKB participants are
not representative of the general population [28, 37, 38].
As such, it is not appropriate to generalise prevalence
estimates of the individual diseases reported here to the
general population, although there is no reason to expect
that the observed association of multi-morbidity with
lung cancer would not be generalizable to the wider pop-
ulation. As an observational analysis, causality cannot be
determined from these results, and there is the possibil-
ity that unmeasured confounders, or other biases, could
have contributed to the associations identified.

Conclusions, impact and further research

This study has highlighted an increased risk of lung
cancer diagnosis in those with multi-morbidity, which
does not appear to be explained fully by reverse
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causality, residual confounding or ascertainment bias.
This provides evidence to clinicians that their multi-
morbid patients may be at increased risk of lung can-
cer, and provides evidence for health resource planners
given the increasing prevalence of multi-morbidity in
the UK. However, what cannot be identified from the
use of a score is which diseases or combinations of dis-
eases might explain this association. Further research
is required to assess whether there are any particular
groups of multi-morbid patients that are at increased
risk of lung cancer, any particular pre-existing mor-
bidities that increase the risk of lung cancer diagnosis,
and to elucidate the drivers of such associations. While
the reasons for the increase in lung cancer risk among
multi-morbid individuals are not yet clear, clinicians,
health care planners and patients should be aware of
the increased risk identified.
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