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Summary
Background We aimed to compare the risk of incident depression, anxiety, non-fatal self-harm and completed suicide
in survivors from a wide range of cancers versus cancer-free individuals.

Methods We used electronic health records from the United Kingdom Clinical Practice Research Datalink linked to
cancer registry data, hospital admissions data and death records between 1998 and 2021. Adult survivors of the 20
most common cancers were matched (age, sex, general practice) 1:10 to cancer-free individuals. Cox regression
models, adjusted for shared risk factors, were used to estimate associations between cancer survivorship and
mental health outcomes.

Findings 853,177 adults with cancer diagnosed in 1998–2018 were matched to 8,106,643 cancer-free individuals.
Survivors of all 20 cancer types under study had a higher risk of experiencing a new episode of anxiety and
depression during follow-up compared with cancer-free individuals; there was also evidence of raised risks of
non-fatal self-harm in 17/20 cancers and completed suicide in 8/20 cancers. Effect sizes were greatest in
cancers with poorer 5-year survival: hazard ratios (HRs) for anxiety and depression of 1.1–1.2 were seen for
malignant melanoma survivors, while HRs for both outcomes were >2.5 for lung and oesophageal cancer
survivors. HRs were highest in the first year from cancer diagnosis, reducing over time since diagnosis.
However, 5-year cancer survivors still experienced elevated risks of a subsequent new episode of anxiety or
depression, in 18/20 cancers.

Interpretation Survivors of the 20 most common cancers were at increased risk of experiencing depression and
anxiety, and these increased risks persisted in medium-to long-term cancer survivors. Substantially raised risks of
non-fatal self-harm and completed suicide were also seen for several types of cancer. The risks of all mental
health outcomes were generally higher in survivors of cancers with poorer prognosis. Our findings suggest a need
for improved psychological support for all patients with cancer.
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Research in context

Evidence before this study
We searched Ovid MEDLINE(R) for epidemiological studies,
reviews and guidelines published in English up to June 24,
2024, using search terms for each mental health outcome
(depression, anxiety, non-fatal self-harm or suicide) and
cancer, and searched reference lists of relevant articles. We
identified articles that provided estimates comparing risks of
mental health outcomes between adult survivors of one or
more site-specific cancers and controls without a history of
cancer. Several cohort and cross-sectional studies have shown
that the prevalence of anxiety and depression is generally
higher among people with a history of cancer than in the
general population, but estimates vary widely due to a
number of factors, such as the type and stage of cancer.
Whilst studies tend to show the highest risk is in the year
following diagnosis, the longer term impact of cancer on
depression and anxiety has received less attention; few
studies have examined the risk of depression and anxiety
among cancer survivors >5 years post diagnosis and findings
are mixed. Non-fatal self-harm following cancer has been
poorly investigated; we found one cross-sectional survey from
South Korea investigating the risk of non-fatal self-harm
(defined as suicide attempts) after cancer, which reported no
association. A comprehensive systematic review and meta-
analysis of 28 studies on suicide mortality after cancer,
published up to 2021 (among over 22 million patients), found
significantly increased risk of suicide in cancer survivors
compared with the general population, with risk strongly

related to cancer type, cancer stage and time since diagnosis;
three further studies published since the review concurred
with these findings.

Added value of this study
Our study is one of the largest and most comprehensive to
date to compare risks for several mental health outcomes
between adult survivors of multiple site-specific cancers and
cancer-free comparators, with a consistent methodological
approach that allowed us to reveal detailed patterns of risk.
We found that survivors of most site-specific cancers had
increased risk of depression, anxiety and non-fatal self-harm,
but patterns of risk varied by cancer type. There remained an
increased risk of experiencing new episodes of anxiety and
depression for many cancer types even >5 years after
diagnosis. Survivors of some cancer types were at greater risk
of suicide. The risks of adverse mental health outcomes were
generally higher for people with poorer-prognosis cancer
types, and later stage at diagnosis cancers.

Implications of all the available evidence
The available evidence to date suggests raised risks of mental
health problems among survivors of a wide range of cancers,
not only immediately after cancer diagnosis, but also among
those surviving more than 5 years from cancer diagnosis.
Impacts might be minimised through raising awareness
among patients and clinicians, and through appropriate
prevention and management strategies.
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Introduction
Around 1 in 2 individuals diagnosed with cancer in the
United Kingdom live for over 10 years from their diag-
nosis,1 and survival rates continue to improve. A cancer
diagnosis and its treatment can lead to severe psycho-
logical distress and/or mental health problems through
multiple mechanisms. Cancer survivors may experience
distress due to adverse physical consequences of cancer
and its treatments, changes to work and family life after
their diagnosis, fear of recurrence,2 or direct neuropsy-
chiatric effect (e.g., cancers involving the brain). Cancer
survivors have highlighted short and long-term psy-
chological impacts of cancer as a research priority.3

Despite the potential impact of cancer on subsequent
mental health, evidence on the epidemiology of mental
health outcomes in cancer survivors is limited. Research
to date has mostly focused on short-term risks in the
period immediately after cancer diagnosis, with a recent
review finding a lack of high-quality research on longer-
term risks, a lack of data on all but the most common
cancers, and little evidence on younger cancer survi-
vors.4 Studies to date have also tended to focus on data
from hospital or other treatment settings rather than
community and general practice settings, which are
likely to be the first point of contact for many mental
health problems during survivorship.5 Although suicide
risk has been shown to be elevated in cancer survivors,
we have little understanding of how prior mental health
history affects post-cancer suicide risk, due to a lack of
data in previous studies.6

To address these limitations in the evidence base, we
used real-world data from UK electronic health records
(EHRs) to investigate early-, medium- and long-term
risks of anxiety, depression, non-fatal self-harm (NFSH)
and completed suicide in cancer survivors, compared to
cancer-free comparators.
Methods
Study design and data source
We conducted a matched population-based cohort study,
including survivors from the 20 most common cancers
in the UK (representing 90% of all cancer diagnoses7)
and cancer-free individuals from the same data source.
We used the UK Clinical Practice Research Datalink
(CPRD), which contains anonymised medical records
from consenting general practices that use Vision
(GOLD)8 and EMIS Web (Aurum)9 software systems.
www.thelancet.com Vol 76 October, 2024
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Over the last ten years, there has been a reduction in
general practices (GPs) in England using Vision, in
favour of EMIS; data quality is however similar across
databases.10 They cover >20% of the UK population and
are broadly representative of the UK population in
respect of age, sex, and ethnicity.11,12 The data include
information on demographics, lifestyle-factors, symp-
toms, diagnoses and prescriptions and CPRD carry out
completeness and consistency checks to ensure data
quality. We also used linked data on hospital admissions
from Hospital Episode Statistics Admitted Patient Care
(HES APC), cancer registrations from National Cancer
Registration and Analysis Service (NCRAS), death reg-
istrations from the Office for National Statistics (ONS),
and patient-linked postcode-based Index of Multiple
Deprivation (IMD) data. HES data sources are collected
for clinical purposes however by 2011 96% of primary
diagnoses were shown to be accurate.13 Mortality and
cancer data are considered to be of high quality,
completeness and coding accuracy.14,15 These linkages
were only available for practices in England, which
restricted the geographical coverage of our study.

Study population
We identified individuals with an incident diagnosis of
one of the 20 most common cancers from NCRAS,
namely: oral cavity, oesophageal, stomach, colorectal,
liver, pancreatic, lung, malignant melanoma, breast
(female), cervical, uterine, ovarian, prostate, kidney,
bladder, central nervous system (CNS), thyroid, non-
Hodgkin lymphoma (NHL), multiple myeloma and
leukaemia. Eligible cancer survivors were diagnosed
between 2nd January 1998–31st December 2018, aged
≥ 18, and had no history of other cancers (besides non-
melanoma skin cancer (NMSC)). We also required the
cancer diagnosis to be ≥ 1-year after the start of
research-quality follow-up in GOLD (determined by
CPRD on the basis of practice and patient-level data
quality checks) and one year after registration in
Aurum,11,12 to ensure there was sufficient follow-up for
baseline characteristics to be recorded and to ensure that
the observed cancer diagnosis code reflected incident
diagnosis. Cancer survivors were eligible to be cancer-
free comparators prior to the date of their cancer diag-
nosis (“index date”), at which point their follow-up
within the control group was censored.

Matching was done without replacement and cancer
survivors diagnosed earliest in calendar time were
matched first (greedy matching approach), to avoid
time-related biases. For each cancer survivor, we
randomly selected up to 10 cancer-free comparators
from the overall unexposed population, matched at in-
dex date on birth year ( ± 3 years, with closer matches
given preference), sex and GP practice; comparators had
to be under follow-up and have no cancer history
(besides NMSC) on their index date (i.e., on the diag-
nosis date of the matched cancer case). The matching
www.thelancet.com Vol 76 October, 2024
ratio of 1:10 was chosen as a compromise between
maximising precision and minimising exclusions of
some patients due to running out of available matches.
Similar to cancer survivors, cancer-free comparators
were required to have ≥1-year continuous registration
prior to index date.

Exclusion criteria
Practices contributing to both CPRD GOLD and CPRD
Aurum were removed from the CPRD GOLD popula-
tion. We excluded individuals with: history of severe
mental illness at index date (schizophrenia, other psy-
chotic disorders and bipolar disorders); missing smok-
ing status (<5% of cancer cases had missing smoking
status); or unknown IMD (<0.1%). For each mental
health outcome, people experiencing that outcome in
the year before index date were excluded to ensure in-
dividuals were not likely to be experiencing an ongoing
outcome episode at the start of follow-up, and that out-
comes observed during follow-up were new episodes.
We did not exclude people with an earlier history of
mental illness (i.e. >1 year before index date) as they
were considered a key group of interest, with potential
vulnerability to cancer-related stressors.

Study measures
Outcomes: We identified depression, anxiety and NFSH
(with or without suicidal intent) following cancer diag-
nosis using the clinical coding systems utilized in the
various databases; specifically, Read codes in CPRD
GOLD; SNOMED CT (UK edition), Read codes and local
EMIS web codes in CPRD Aurum; and ICD-10 codes in
HES APC. Completed suicides were identified using
relevant ICD-9 and ICD-10 codes listed as causes of
death in ONS death registration data. We identified
antidepressant and anti-anxiety medication pre-
scriptions in each year following index date (defined as
having ≥1 day prescription in that year). Full details on
these definitions are in Supplementary Methods S1.

Covariates: Age, sex, GP practice, IMD deprivation
and ethnicity were defined at index date. The most
recent records prior to index date were used to define
smoking, problematic alcohol use, body mass index
(BMI) categories, and history of depression, anxiety, or
NFSH. Cancer stage at diagnosis (from NCRAS) was
defined as early and late stage. Full definitions of cova-
riates are in Supplementary Methods S2 and code lists
are here [https://github.com/beyondcancer/BC_mental_
health_after_cancer/tree/main/codelists].

Statistical analysis
We described patient characteristics overall and by
cancer type at index date. We described number of
events observed, person-years at risk and outcome rates,
for each cancer type and outcome. The association be-
tween cancer type and each outcome was quantified
using Cox regression models stratified on matched set,
3
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with time since index date as the underlying time-scale.
Follow-up began at index date and ended at the earliest
of: an observed outcome, death, transfer out of the
practice, end of data collection from practice, second
primary cancer diagnosis (from NCRAS) and study end
(29th March 2021, end of HES and ONS data coverage).
Follow-up within matched sets continued as long as at
least one cancer survivor and one cancer-free compar-
ator remained under follow-up. “Crude” hazard ratios
(HRs) (i.e. accounting for matching factors only) were
first computed, then we adjusted for smoking, patient-
level IMD (using twentiles of IMD) and problematic
alcohol use, to explore the role of shared risk factors (see
Supplementary Methods S3 for depiction of assumed
causal relationships). BMI and ethnicity had substantial
missingness (10.1% and 28.8% respectively in compar-
ators), so were excluded from our main models; this
complete case analysis approach relies on the assump-
tion that missingness of these variables is independent
of the outcome, given the covariates.16 By censoring the
competing risk of death, our analysis focussed on the
cause-specific hazard.17 All hypothesis tests were two-
sided at significance level of 0.05.

To explore the hypothesis that cancers with poorer
survival probabilities might have stronger associations
with mental health outcomes, we displayed our fully
adjusted HRs for mental health outcomes against 5-year
predicted net survival for each cancer type, using pub-
lished survival statistics from 2010 to 201118 where
available; for cancer types not described, specifically
thyroid, liver and oral cavity cancers, we used survival
statistics published elsewhere.19

We created adjusted cumulative incidence curves to
reflect the observed cumulative incidence of mental
health outcomes in cancer survivors and the expected
cumulative incidence in the absence of cancer history,
stratified by prior history of mental illness (as the ab-
solute incidence of mental health outcomes was highest
in those with a history of mental illness). This was done
by first fitting a Royston-Parmar model among cancer
survivors and controls (separately by cancer site) with
the covariates from the fully adjusted Cox model, and
with the baseline hazard modelled using a spline with
four degrees of freedom.20 The survival function was
predicted from this model for every cancer survivor and
averaged to produce cumulative incidence curves
among those with and without a history of mental
illness.21 To produce the standardised comparison
curves representing expected cumulative incidence in
the absence of cancer, the survival functions were pre-
dicted and averaged again but with cancer survivorship
status set to 0. The curves were therefore standardised to
the covariate distribution of the cancer survivor group.

Interaction terms were added to our adjusted Cox
models to explore effect modification by age (18–49;
50–59 and ≥60 years), calendar year of diagnosis
(1998–2002 and 2003–2018, prior to and after the
introduction of Cancer Care Reviews [a conversation
between a patient recently diagnosed with cancer and
primary care practitioner soon after a cancer diag-
nosis]22), ethnicity (White and non-White), sex, history of
the outcome, patient-level deprivation (low [IMD 1, 2 or
3] and high [IMD 4 or 5]) and region (North, East, West,
South or London). We investigated whether early or late-
stage cancer at diagnosis was associated with a greater
risk of mental health outcomes, restricting the analysis
to 2012 onwards, when cancer stage data are deemed
reliable enough for research.23,24 We examined whether
associations between cancer survivorship and mental
health outcome varied by length of follow-up (which
implicitly checks the proportional hazards assumption)
by re-estimating HRs in our adjusted Cox models with
follow-up censored at 1, 2, 5, and 10 years. This method
of starting follow-up from zero is preferable to calcu-
lating time-stratified hazard ratios.25

We then explored the association between cancer
survivorship and risk of experiencing a new episode of
anxiety, depression or NFSH, or a completed suicide, in
medium to long-term cancer survivors. For this inves-
tigation, we re-ran the main analysis, starting follow-up
at 1, 3, 5 and 10 years after index date among those still
alive and under follow-up. In each of these analyses,
only those who experienced that outcome in the year
before the new start of follow-up were excluded; as in
the main analysis, this was to ensure that individuals
were not likely to be experiencing an ongoing outcome
episode at the start of follow-up, and that outcomes
observed during follow-up would reflect a new episode
of the disease [see Supplementary Methods S4 for a
diagram of the cohorts for each of these analyses].

Finally, we explored ongoing burden of adverse
mental health by examining medication use over time.
For each year following study entry we calculated the
proportion of cancer survivors and cancer-free compar-
ators using antidepressants and anti-anxiety medica-
tions in that year; this was done for each cancer type,
standardised for age and sex (using the age and sex
distribution of all cancers and years combined as the
standard).

Sensitivity analyses
We tested how robust our findings were in multiple
sensitivity analyses: (i) additionally adjusting for
ethnicity derived from the primary care record among
those with complete data; (ii) additionally adjusting for
ethnicity derived from the primary care record, with
missingness included as a category (iii) additionally
adjusting for ethnicity derived from the primary or
secondary care record among those with complete data
(iv) additionally adjusting for BMI category among those
with complete data; (v) additionally adjusting for BMI
category, with missingness included as a category (vi)
excluding those with the outcome ever before index
date; (vii) using a more specific outcome definition
www.thelancet.com Vol 76 October, 2024
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Cancer survivors Cancer-free comparators

Total 853,177 (100.0) 8,106,643 (100.0)

Total person-years included* (millions) 3.75 56.05

Age (years)

18–39 26,981 (3.2) 256,853 (3.2)

40–59 179,630 (21.1) 1,725,342 (21.3)

60–79 463,867 (54.4) 4,474,536 (55.2)

≥80 182,699 (21.4) 1,649,911 (20.4)

Sex

Male 424,868 (49.8) 3,984,352 (49.1)

Female 428,309 (50.2) 4,122,291 (50.9)

Index of multiple deprivation

1 (least deprived) 192,650 (22.6) 1,872,635 (23.1)

2 186,785 (21.9) 1,808,131 (22.3)

3 169,203 (19.8) 1,620,870 (20.0)

4 158,890 (18.6) 1,481,680 (18.3)

5 (most deprived) 145,649 (17.1) 1,323,327 (16.3)

Ethnicity

White 336,600 (39.5) 4,051,306 (50.0)

South Asian 11,087 (1.3) 171,560 (2.1)

Black 10,643 (1.2) 113,692 (1.4)

Other 2833 (0.3) 40,227 (0.5)

Mixed 1957 (0.2) 23,510 (0.3)

Missing 490,057 (57.4) 3,706,348 (45.7)

Calendar year

1998–2000 53,550 (6.3) 481,149 (5.9)

2001–2005 179,972 (21.1) 1,686,055 (20.8)

2006–2010 229,041 (26.8) 2,197,890 (27.1)

2011–2015 244,345 (28.6) 2,343,749 (28.9)

2016–2018 146,269 (17.1) 1,397,800 (17.2)

Consultations in year prior to index date

0 44,307 (5.2) 992,324 (12.2)

1–3 80,169 (9.4) 1,561,401 (19.3)

4–9 235,162 (27.6) 2,490,157 (30.7)

≥10 493,537 (57.8) 3,062,684 (37.8)

Smoking status

Non-smoker 255,430 (29.9) 2,716,334 (33.5)

Current smoker 147,829 (17.3) 1,440,090 (17.8)

Ex-smoker 449,918 (52.7) 3,950,219 (48.7)

Problematic alcohol use

No 826,130 (96.8) 7,888,084 (97.3)

Yes 27,047 (3.2) 218,559 (2.7)

BMI category

Underweight 21,650 (2.5) 137,648 (1.7)

Normal weight 292,165 (34.2) 2,597,784 (32.0)

Overweight 297,474 (34.9) 2,817,968 (34.8)

Obese 185,845 (21.8) 1,738,127 (21.4)

Missing 56,043 (6.6) 815,116 (10.1)

History of mental illness ever

Anxiety 201,726 (23.6) 1,804,264 (22.3)

Depression 242,339 (28.4) 2,167,794 (26.7)

Non-fatal self-harm 21,113 (2.5) 179,316 (2.2)

Table 1: Baseline characteristics of individuals with cancer and their matched general population
cancer-free comparators.

Articles
(depression and anxiety only) which excluded symptom,
monitoring or checklist codes; (viii) limiting the
comparator group to recent consulters (≥1 face-to-face
consultation for any reason in the year before index
date) to reduce the potential for ascertainment bias; (ix)
additionally adjusting for history of mental illness
(depression, anxiety or NFSH) before index date and (x)
censoring follow-up on 31st January 2020 (onset of
COVID-19 pandemic, when primary care contacts for
mental health conditions reduced26).

We decided not to formally adjust for multiple
comparisons due to difficulties in defining appropriately
objective groupings of hypotheses for adjustment, and a
risk that adjustments would be over-conservative and
based on unrealistic assumptions.27

Statistical analyses were done in Stata SE, version 17.

Ethics statement
The study protocol was approved by CPRD’s Research
Data Governance group (Ref: 20_000268) and the Lon-
don School of Hygiene and Tropical Medicine’s
Research Ethics Committee (Ref: 28,518). Individual
participant consent is not required.

Role of the funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report.

Results
Cohort description
853,177 adults with incident cancer diagnosed between
1998 and 2018 were matched to 8,106,643 cancer-free
individuals (Supplementary Results S1).

Median follow-up of cancer survivors from index date
was 4.4 years (IQR 0.6–6.7). Demographic and lifestyle-
related factors were similar between people with and
without cancer (Table 1) and between CPRD GOLD and
Aurum databases (Supplementary Results S2). Cancer
survivors had more missing data on ethnicity (38.6%
versus 28.8%), but fewer missing data on BMI (6.6%
versus 10.1%) compared to cancer-free comparators. See
Supplementary Results S3 for cohort descriptions by
cancer type.

Cancer survivorship and mental health outcomes
Crude incidence rates of depression, anxiety, NFSH and
completed suicide in cancer survivors and cancer-free
comparators are shown in Fig. 1a along with esti-
mated HRs comparing the groups (for numbers
included in each analysis see Supplementary Results S4,
and for incidence rates stratified by baseline character-
istics, see Supplementary Results S5). HRs comparing
risk of each outcome in cancer survivors to cancer-free
comparators in “crude” (implicitly adjusted for the
www.thelancet.com Vol 76 October, 2024 5
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Fig. 1: a: Absolute and relative risks of new episodes of (A) Anxiety (B) Depression (C) Non-fatal self-harm and (D) Completed suicide in
the years following cancer diagnosis compared with cancer-free comparators. Black triangles = Stratified by age, gender and GP practice
matched sets; Black squares = Additionally adjusted for shared risk factors. (*) too few events for estimation. HR = Hazard ratio, CI = Confidence
interval. IT Incidence rate per 1000 patient years. GPC = general population controls, CS = cancer survivors. Fully adjusted models also included
IMD 20 deciles, smoking status and alcohol problems. #To protect confidentiality, number of outcomes and incidence rates are not presented
where cell counts are less than 5. b: Relative risks of new episodes of (A) Anxiety (B) Depression (C) Non-fatal self-harm and (D)
Completed Suicide in the years following cancer diagnosis compared to cancer-free comparators, plotted against five-year survival. Black
squares = Stratified by age, gender and general practice matched sets and additionally adjusted for shared risk factors. HR = Hazard ratio, CI =
Confidence interval. P-trends: Anxiety P < 0.001, Depression P < 0.001, Non-fatal self-harm P < 0.001, Completed suicide P < 0.329. *5-year
survival statistics for each cancer type from Cancer Research UK Summary Survival statistics from 2010 to 2011 and for cancer categories not in
these data (specifically thyroid, liver and oral), survival statistics published elsewhere by Cancer Research UK were used.
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Fig. 1: Continued.
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matching factors) and fully adjusted models were largely
similar. Compared to cancer-free comparators, after
fully adjusting for confounders, we found evidence of
increased risk of depression and anxiety in survivors
from all 20 cancer types; adjusted HRs for anxiety
ranged from 1.18 (1.13–1.22) in malignant melanoma
survivors to 2.94 (2.83–3.05) in lung cancer survivors;
adjusted HRs for depression had a similar range (from
1.12, 1.08–1.16 in malignant melanoma survivors to
2.98, 2.75–3.24 in pancreas cancer survivors). The risk
of NFSH was increased in survivors of 17/20 cancers.
Confidence intervals were wide in the analysis of
completed suicide due to relatively small numbers
of events, but we found evidence of an increased risk of
completed suicide in 8/20 cancers.

The raised risks of all mental health outcomes were
consistently highest for cancers with poorer 5-year sur-
vival, such as pancreas and lung cancer, and we
observed a pattern of decreasing HRs as 5-year survival
probability increased, with a significant linear trend for
anxiety, depression and NFSH (Fig. 1b).

The raised risks of anxiety, depression and NFSH/
completed suicide (combined due to few events) were
generally higher in those with late-stage than early-stage
cancer at diagnosis (Fig. 2), however, confidence in-
tervals were wide for NFSH/completed suicide. We also
found larger increased risks for males compared to fe-
males in 6/20 cancers for anxiety and 10/20 cancers for
depression, larger increased risk for non-White White
ethnicity in 7/20 cancers for anxiety and 8/20 cancers
for depression, larger increased risks for <50 years in
www.thelancet.com Vol 76 October, 2024
3/20 cancers for anxiety and 4/20 cancers for depression
and larger increased risks after 2003 compared to before
2003 for some cancers (Supplementary Results S6).
There was no clear evidence of effect modification for
the outcomes NFSH and completed suicide; for suicide,
too few events for many cancers meant only results for
the four most common cancers are presented. For
anxiety and depression, the estimated HRs were largest
when only the first year of follow-up from index date
was included, and weakened as increasing amounts of
follow-up were added (Supplementary Results S7).

Fig. 3 shows the standardised cumulative risks of
anxiety, depression, NFSH and completed suicide in
cancer survivors versus expected cumulative risks in
the absence of cancer history, stratified by history of
mental illness. Consistent with the previous analysis,
the cumulative incidence of new mental illness epi-
sodes in cancer survivors diverged from the expected
risks in the first 1–2 years after index date. Differences
remain stable in later years. The largest cumulative
incidences were observed for depression: among those
with no prior history of mental illness, 10.9% of cancer
survivors were estimated to have experienced an
episode of depression by 5 years, compared with an
expected cumulative incidence of 7.2%; larger cumu-
lative incidences were seen for those with a prior his-
tory (27.8% in cancer survivors compared with 19.0%
expected, at 5 years). Cumulative incidences of anxiety
were slightly lower but showed similar patterns; much
lower cumulative incidences were observed for NFSH
and suicide.
7
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Fig. 2: Relative risks of (A) Anxiety (B) Depression (C) Non-fatal self-harm and completed suicide in the years following cancer diagnosis
compared with cancer-free comparators, with cancer survivors categorised as early or late-stage cancer at diagnosis. Data from 2012
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Fig. 3: Cumulative risk of experiencing a new mental health outcome episode in the years following diagnosis of one of the 20 cancers
combined, compared with expected risk, by history of mental illness (depression, anxiety or non-fatal self-harm). Solid red line = cancer
survivors, history of mental illness. Solid blue line: Cancer suvivors, no history of mental illness. Dashed red line = Expected cumulative incidence,
history of mental illness. Dashed blue line = Expected cumulative incidence, no history of mental illness. Note: the scale on the y-axes differ for each
outcome. The survival function was predicted from a Royston-Parmar model among cancer survivors and controls (separately by cancer site) for every
participant in the cancer survivor group and averaged to produce cumulative incidence curves among those with and without a history of mental
illness. To produce the standardised comparison curves representing expected cumulative incidence in the absence of cancer, the survival functions
were predicted and averaged again but with cancer survivorship status set to 0. The curves were therefore standardised to the covariate distribution of
the cancer survivor group. The confidence intervals for depression and anxiety were very narrow, therefore are difficult to detect on this graph.

Articles
We observed sustained increased risks of new
mental health episodes when starting follow-up in me-
dium to long-term cancer survivors, and excluding
people who had experienced the outcome in the previ-
ous year (Fig. 4), though risks gradually decreased over
survival time. Estimates varied by cancer type and
outcome. For those surviving ≥5 years from cancer
diagnosis, there remained an increased risk of a new
episode of depression after this time point for 17/20
cancer types, a new episode of anxiety for 14/20 cancer
types and a new episode of NFSH for 7/20 cancers.
onwards. Black squares = Early-stage cancer. Grey squares = Late-stage ca
age and gender matched sets and adjusted for IMD 20 deciles, smoking s
CNS cancers grade 1 and 2, or for leukaemia stage A and B) and late stage
for leukaemia, or stage III for myeloma [myeloma has no stage IV]).

www.thelancet.com Vol 76 October, 2024
Five-year leukaemia survivors had evidence of a
continuing increased risk of completed suicide but for
most cancers, analysis of this outcome lacked precision.

Use of antianxiety (Fig. 5a) and antidepressants
(Fig. 5b) medications were consistently higher in cancer
survivors compared to cancer-free comparators throughout
the ten years following cancer diagnosis for most cancers.

Sensitivity analyses
Our sensitivity analyses resulted in no meaningful
changes in the HRs. All analyses still showed an
ncer. HR = hazard ratio, CI = confidence interval. All HRs stratified by
tatus and alcohol problems. Early stage includes Stage I and II (or for
includes Stage III and IV (or grade 3 and 4 for CNS cancers, or Stage C
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Fig. 4: Adjusted relative risk of mental health outcomes in medium to long-term cancer survivors compared with comparators, starting
follow-up at 1, 3, 5 and 10 years following cancer diagnosis. Blue line = Depression. Black line = Anxiety. Red line = Non-fatal self-harm.
Green line = Completed suicide. Right hand column is HRs and 95%CIs. All HRs stratified by age and gender matched sets and adjusted for IMD
20 deciles, smoking status and alcohol problem.
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increased risk of depression and anxiety across all
cancer types. The increased risk of non-fatal self-harm
was attenuated and no longer statistically significant
for cervical cancer after adjusting for ethnicity in
CPRD (though the results was similar to the main
analysis when adjusting for ethnicity in CPRD/HES
and ethnicity in CPRD with missing data included as a
missing category). The increased risk of suicide was no
longer observed for oral cavity after adjusting for BMI
(though was observed when adjusting for BMI where
missing data were included as a missing category), for
oesophageal after restricting to recent consulters and
for stomach, colorectal, kidney and bladder cancer as
well as leukaemia, after adjusting for ethnicity in
CPRD (though the results was similar to the main
analysis when adjusting for ethnicity in CPRD/HES)
(Supplementary Results S8).
Discussion
In this comprehensive assessment of the risk of mental
health outcomes in cancer survivors in England, survi-
vors from the 20 most common cancers in the UK with
no evidence of active mental illness in the year prior to
cancer diagnosis were at increased risk of experiencing a
new episode of depression and anxiety during follow-up,
compared with cancer-free individuals. Importantly, in
those surviving to 5-years from cancer diagnosis, sur-
vivors of 17/20 cancer types remained at higher risk of
experiencing a new depression episode after this time
point, and survivors of 14/20 cancer types were at
increased risk of a new anxiety episode, suggesting a
sustained mental health burden. Correspondingly, sur-
vivors of most types of cancer had higher antidepressant
and anti-anxiety medication use than cancer-free com-
parators throughout at least 10 years of follow-up after
cancer diagnosis. Compared to cancer-free individuals,
there was evidence of raised risks of NFSH in 17/20
cancer and completed suicide in 8/20 cancers; five-year
survivors of several site-specific cancer types remained
at increased risk of NFSH and for leukaemia survivors,
suicide. Raised risks of mental health outcomes were
more pronounced among people diagnosed with poorer-
prognosis cancers.

Our study benefits from access to large numbers of
individuals, enabling us to investigate associations in
www.thelancet.com Vol 76 October, 2024
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Fig. 5: Proportion of those with and without cancer using (A) anxiety medications and (B) antidepressants in the year since study entry,
standardised for age and sex. Orange bars: Cancer survivors. Red bars: Controls. Error bars: 95% CI.
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unprecedented detail. The use of consistent methodol-
ogy across a wide range of cancers and outcomes gives
confidence that the observed patterns of risk reflect real
phenomena, rather than methodological artefacts. A
major strength is that NCRAS data has very high validity
(positive predictive value and sensitivity) for identifying
cancer23 with accurate dating, and staging information.
This study contains one of the first population-based
analyses of mental health outcomes by cancer stage at
diagnosis, a key prognostic factor. Finally, as primary
care is the first point of contact for anyone experiencing
mental health episodes, our study captures mental
health outcomes in all those seeking support.

Our study also has some limitations. We estimated
associations between multiple cancer types and mental
health outcomes, increasing the risk of false positive
associations; therefore, individual effect estimates with
wide CIs and close to the null should be interpreted
cautiously.

Some data were not available or not of sufficient
quality to use in this study. For example, whilst we
have some records of psychological therapy, some
people may self-refer for these treatments in the UK,
whilst others may seek private treatment due to the
long wait times. As such, we chose not to assess use of
psychotherapy over time, as we did with prescriptions
of antidepressants and anti-anxiety medications.
Finally, the electronic health records data used in this
study rarely records social and socioeconomic factors
that can be important determinants of both mental
health and cancer. For example, there is little or no
data on finance, employment, and education. Marital
status and living arrangements are recorded for some
individuals, however there is a great deal of missing-
ness (∼70% in those over 65 years28) therefore the data
were not of sufficient quality to include. As such there
may be some residual confounding by social factors.
However, we were able to adjust for socioeconomic
status, and this made little difference to the results,
suggesting any residual confounding is likely to be
minimal.

One of our key findings is that the risk of mental
health issues persists many years from diagnosis.
However this analysis required us to start follow-up
many years from diagnosis; as such it is be based on
individuals diagnosed earlier in calendar time and will
include a greater proportion of follow-up from later in
calendar time (because follow-up cannot be included till
after years of registration). This adds two important
caveats to this part of our results: (i) if cancer experi-
ences and treatments have changed over time, then
generalisibility of our results for “long-term survivors”
to more contemporary cancer survivor populations
should be cautious; and (ii) the comparability of our
results that started from different points in survivorship
may be affected by changes over calendar time in the
diagnosis/capture of mental health issues.
Cancer survivors may get diagnosed with mental
health outcomes more frequently than cancer-free
comparators due to increased contact with health ser-
vices, creating a detection bias. Furthermore, it is a
national priority to provide cancer survivors with well-
being support29 and from 2003 GPs were incentivised to
conduct wellbeing reviews within six months of diag-
nosis. However, these reviews have not been imple-
mented systematically,30 observed associations persisted
beyond six months after diagnosis, prescriptions for
mental health were also higher in the cancer cohort and
associations were seen prior to 2003, suggesting detec-
tion bias is not driving these findings.

Misclassification of mental health outcomes may
have resulted from incomplete information being
registered in the primary care record. Studies in breast
cancer survivors using EHRs report lower prevalence of
anxiety/depression than studies using patient-reported
outcomes.31 Survivors may be accessing cancer-specific
mental health support through the voluntary sector.32

A UK-based study, among 608 breast cancer survivors
and cancer-free women found many self-reporting anx-
iety and depression in postal questionnaires had no
corresponding evidence in EHRs.33 However, this study
did not report any meaningful differences between
breast cancer survivors and controls, so whilst we may
underestimate the absolute risks of anxiety/depression
after cancer, the relative effect estimates are likely to be
unbiased.

Identifying distinct episodes of mental illness is also
challenging using EHRs, as episodes will rarely be
recorded as resolved. We addressed this by requiring no
record of the outcome in the 365 days before start of
follow-up, however, we cannot be certain a mental
health outcome reflects a new episode. Further, whilst
we attempted to capture any history of mental illness by
using data prior to patients entering CPRD (e.g. trans-
ferred in from non-CPRD GPs) or before the data was
deemed of sufficient quality for research, there may be
variable capture of mental health prior to individuals
start of follow-up. This may have led to misclassification
of history of mental health, though it is unlikely to be
differential according to cancer status.

We allowed cancer survivors to be in the eligible pool
of cancer free individuals up to their cancer diagnosis.
Whilst this ensures the control pool is fully represen-
tative of the cancer free population and avoids time-
related biases that may arise from excluding in-
dividuals on the basis of a future cancer diagnosis, it
may lead to slight overestimates in mental health issues
in the cancer free population, if cancer survivors expe-
rience more mental health problems in the year prior to
their diagnosis. This may have led to slightly under-
estimated association between cancer and subsequent
mental health. However, less than 1% of the control
pool went on to be diagnosed with cancer, therefore any
impact is likely to be minimal.
www.thelancet.com Vol 76 October, 2024
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Finally, there were some missing data for two po-
tential confounders, BMI and ethnicity. However, when
these variables were included in a complete case anal-
ysis, the results were broadly similar. Whilst we
considered using multiple imputation to account for
these missing data, the data fields are very likely to be
missing not at random (for example people are more
likely to have their BMI recorded in primary care if it is
outside the healthy range) therefore the assumptions
required for multiple imputation do not hold.

Our findings of increased risk of depression and
anxiety after cancer are in line with previous work,
though estimates to date vary considerably by type and
stage of cancer.4 Our study confirms the risk of
depression and anxiety is higher in poorer survival
cancers and those with late-stage cancer at diagnosis.
Few studies have investigated mental health in longer-
term cancer survivors using EHRs. Qualitative work
highlights the issue of post-treatment mental distress,
when survivors have reduced interaction with healthcare
providers, whilst adjusting to life after a significant
diagnosis.34 A systematic review reported that symptoms
of anxiety, but not depression, were higher in cancer
survivors (all cancer types) compared to healthy controls
at ≥2 years from cancer diagnosis.35 Our findings may
differ as we analysed cancer types separately, rather than
combining cancers which may obscure some real asso-
ciations. Furthermore, we used cancer-free general
population comparators, whereas some studies in the
systematic review used controls with other illnesses.

The risk of NFSH among cancer survivors compared
to healthy controls has not been widely investigated.
Population-based studies among cancer survivors have
found a high incidence of NFSH after cancer, with
younger aged survivors having the highest risk of
NFSH.36–38 Our study clearly demonstrated the risk of
NFSH is higher in many cancer-types, compared to
cancer-free individuals.

We showed the risk of completed suicide was highest
in cancers with poorer survival and during the first year
after diagnosis, in line with previous evidence.6 There
was evidence of raised suicide risk in 8/20 cancers,
however due to limited power we cannot exclude the
possibility of associations with the other cancers. Our
study suggested the risk of suicide in leukaemia survi-
vors remained increased for those alive at 5 years post-
cancer diagnosis; whilst the confidence intervals were
wide, this may reflect leukaemia being harder to cure,
and requiring multiple rounds of longer-term
treatment.

This study highlights a need for psychological sup-
port for cancer survivors, both in the first year from
diagnosis and in subsequent years. Targeted support
could be considered for cancer survivors at greatest risk
of adverse mental health outcomes, such as those with
poorer survival or a history of mental illness. A better
understanding of specific points in the cancer journey
www.thelancet.com Vol 76 October, 2024
when patients are at the highest risk of developing
mental health issues could help inform when interven-
tion is most needed. Finally, further research to un-
derstand the drivers of mental health issues would help
target prevention strategies. Cancer itself and its treat-
ments can have varied side effects, including chronic
pain, lymphedema, sexual dysfunction, poor mobility,
financial instability or lack or employment, all of which
could profoundly affect the lives of survivors, potentially
leading to mental health issues.39

In conclusion, survivors of all types of cancer were at
increased risk of depression and anxiety, and the risk of
new episodes persisted among long-term cancer survi-
vors (those surviving 5 years after cancer diagnosis) for
many cancer types. Survivors of most cancer types are at
increased risk of NFSH, and completed suicide risk is
doubled in survivors of some cancers. Survivors of
cancers with poorer prognosis generally had a greater
risk of developing mental health outcomes.
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