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Abstract. Background: Studies on COVID-19 pandemic-associated changes in mortality following self-harm remain scarce and inconclusive.
Aims: To compare mortality risks in individuals who had self-harmed to those for individuals who had not, before and during the COVID-19
pandemic (Waves 1 and 2) in Wales, the United Kingdom, using population-based routinely collected data. Method: We linked whole population
health data to all-cause mortality following an episode of self-harm between April 2016 and March 2021. Propensity score matching, Cox
regression, and difference-in-differences were applied to compute changes in excess mortality (as ratios of hazard ratios, RHRs) before and
during the pandemic for individuals who self-harmed. Results: The difference in mortality for individuals who self-harmed compared to those
who did not widened during Wave 1 (RHR = 2.03, 95% CI: 1.04–4.03) and Wave 2 (RHR = 2.19, 95% CI: 1.12–4.29) from before the pandemic.
Stratification by sex and age group produced no significant subgroup differences although risk for younger than 65 years group were higher.
Limitations: Limitations include small sample size and incomplete data on cause-specific deaths during the pandemic. Conclusion: Our results
underscore continuous monitoring of mortality of individuals who self-harm and effective interventions to address any increases in mortality.

Keywords: COVID-19, death, electronic health records, mortality, self-harm

The impact of the COVID-19 pandemic on mortality has
been under close scrutiny (Beaney et al., 2020). While some
studies reported elevated COVID-19 mortality for at-risk
individuals, (e.g., those with mental health conditions;
Toubasi et al., 2021), others advocated evaluating total lives
lost to capture potential detrimental effects associated with
mitigations to curb its spread (VanderWeele, 2020). Mor-
tality for individuals who self-harmed was higher than for
the general population prior to the pandemic (Bergen et al.,
2012). Data on change in mortality during the pandemic for
this subpopulation are scarce. A recent study reported in-
creased mortality for individuals hospitalized for self-harm
during the pandemic in France (Jollant et al., 2021). How-
ever, the findings were limited by using only hospitalization
data covering the early months of the pandemic and did not
consider changes in mortality in the general population.
This study aimed to examine any changes in mortality

difference before and during the COVID-19 pandemic
for individuals who self-harmed compared to those who
did not.

Methods

Design and Study Population

This e-cohort study used anonymized individual-level
population-based routinely collected linkable data in
Wales, the United Kingdom, from April 2016 to March
2021, the study period (Figure E1a in Electronic Supple-
mentary Material 1 [ESM 1] and RECORD checklist in
ESM 2). Data sources were accessed through the Con-
trolling COVID-19 cohort within the Secure Anonymised
Information Linkage (SAIL) Databank, a multisourced
repository holding anonymized data for the ∼3.5 million
population of Wales (Lyons et al., 2020). SAIL’s Infor-
mation Governance Review Panel granted ethical approval
(Project 0911). Data sources are listed in Table E1 in ESM
1, and data linkage between SAIL data sources were
outlined in the methods document in ESM 3.
We included individuals who lived in Wales for at least

1 month within the study period (Figure E1b in ESM 1). We
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defined the self-harm group as individuals presenting to
healthcare services with self-harm during the study period
and the no self-harm group as those without self-harm
event based on available records. We defined the index
date as the date of first self-harm for the self-harm group
and a randomized date conditional on the distribution of
the index date of the self-harm group for the no self-harm
group (Figure E2 in ESM 1) and only considered individuals
aged 10 years or older at the index date.

Measures

Mortality data were extracted from the Office for National
Statistics death register and theWelsh Demographic Service
data set (Table E1 in ESM 1). ICD-10 codes were used to
group underlying causes of death into natural, unnatural
(including suicide as a separate category), and unknown
causes (John et al., 2018). Self-harm was identified from
primary care, emergency department, and hospital admis-
sions data using validated code lists (Marchant et al., 2020).
We defined periods as Pre-C19 (October 2019–March
2020), Wave 1 (April 2020–September 2020), and Wave 2
(October 2020–March 2021; Figure 1). We extracted other
covariates (e.g., sex and age) to analyze change in mortality
(complete list in Table E2 in ESM 1).

Statistical Analysis

Statistical analyses are outlined below with details in the
methods document in ESM 3.

We calculated crude monthly mortality rates in the self-
harm cohort. Due to data quality issues for cause-specific
mortality, we have only reported trends of crude mortality
rates for self-harm and no self-harm groups as descriptive
statistics. For all-cause mortality, we performed one-to-one
propensity score matching (PSM) on the self-harm cohort
with 6-month (beginning from April to October) time-
stratified Cox regression on the matched cohort to

compute hazard ratios (HRs) for mortality risk in the self-
harm group. We calculated the ratios of HRs (RHRs) by
difference-in-difference (DiD) to assess changes in HRs
between the Pre-C19 and Wave 1/2 to the counterfactual
period (Figure 1). RHRs >1 reflect an increased mortality
gap between the self-harm and no self-harm groups during
Wave 1 (or 2) compared to the respective changes in
mortality gap measured at the counterfactual period.
Stratified analyses were conducted by sex, age group, and
area deprivation. We conducted robustness checks and two
sensitivity analyses: one using incident self-harm pop-
ulation only and the other using the whole population
(unmatched) cohort. We also compared the proportion of
all-cause mortality for individuals who self-harmed during
the pandemic (Wave 1 and 2) with those who self-harmed in
the prepandemic period (Pre-C19) using the DiD approach.

Results

Among the 2,932,232 eligible individuals, we identified
45,422 and 2,558,599 individuals in the self-harm and no
self-harm groups with 2,244 and 83,529 deaths, respectively
(Table E3 and Figure E1B in ESM 1, see also Figure E3 in
ESM 1 for the monthly trend of self-harm within the study
period). We observed two peaks in monthly trends of crude
rates of all-cause and natural-cause mortality associated
with Wave 1 and Wave 2 for both self-harm and no self-
harm groups (Figure E4 in ESM 1). After April 2020, we
found a decreasing trend of unnatural-causes and suicide
mortality rates, at the same time as an increasing trend of
unknown-causes mortality rate. The decreases in mortality
for both unnatural causes and suicide during the pandemic
were more pronounced in the self-harm group.

After PSM (Table E3, Table E4, and Figure E5 in ESM 1,
Results in ESM 3), 43,368 individuals from the self-harm
group (95.5% of 45,422) were matched with the same
number from the no self-harmgroup.Monthly trends of crude
all-cause mortality rates showed peaks corresponding to

Figure 1. Monthly trends (in log
scale) of crude all-cause mortality
rates for self-harm and no self-
harm group from the matched
self-harm cohort between April
2016 and March 2021. Defined pe-
riods for this study: Pre-C19: Octo-
ber 2019–March 2020, Wave 1: April
2020–September 2020, Wave 2:
October 2020–March 2021, actual
COVID-19 period: 2019–2021, and
counterfactual period: 2017–2019.
Error bars: 95% CIs. pyar = person-
years at risk.
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Waves 1 and 2 for the self-harm group but not for the no self-
harm group (Figure 1). RHRs were significantly greater than
one forWave 1 (RHR= 2.03, 95%CI: 1.04–4.03, p = .042) and
Wave 2 (RHR = 2.19, 95% CI: 1.12–4.29, p = .023). Excluding
the COVID-19 infection variable from the model revealed
similar RHRs, and stratified analyses did not indicate sig-
nificant subgroup differences althoughRHRwas considerably
higher for younger than 65 years (RHR = 3.85) than the older
than 65 years (RHR = 1.75) age group in Wave 2 (Table E5,
Table E6, and Figure E6 in ESM1). RHRs from the robustness
check were close to unity whereas RHRs from the sensitivity
analysis that ascertained only the incident self-harm pop-
ulation to the self-harm group were still greater, but not
significantly different from one (Table E5 in ESM 1). Without
applying PSM (unmatched), RHRs were slightly reduced
compared to the main analysis but were still statistically
greater than one. The proportion of mortality for individuals
who self-harmed during Wave 1 and Wave 2 was not sig-
nificantly different from those who self-harmed in the pre-
pandemic period (Table E7a and Table E7b in ESM1 ).

Discussion

We, for the first time, observed a widening mortality gap
between individuals who self-harmed and the general
population over the COVID-19 pandemic between April
2020 and March 2021 in the United Kingdom. A French
analysis showed an elevated all-cause mortality for indi-
viduals hospitalized for self-harmduring the earlymonths of
the pandemic (Jollant et al., 2021). We employed PSM and
DiD to balance characteristics between the self-harm and
general population and account for baseline mortality risk
following self-harm before the pandemic. However, correct
model specification of propensity scores and no unmea-
sured confounding assumptions for PSM and DiD may not
be easily verified. The negative findings from the sensitivity
analysis using incident self-harm populationmay stem from
smaller sample size and difference in time since first ex-
posure to self-harm comparing incident to prevalent sam-
ples (Vandenbroucke&Pearce, 2015). Caution is required in
interpreting our findings as longer-term consequences as-
sociated with COVID-19 (e.g., possible economic downturn;
VanderWeele, 2020), were not captured. We found similar
trends in unnatural-causes and suicide mortality, with a
more pronounced reduction during the pandemic for in-
dividuals who self-harmed. Reduction of suicide rates
during the pandemic has been reported in other countries
(Pirkis et al., 2021). This decrease may be reflected in
subsequentmortality of thosewho self-harmed, a robust risk
factor for suicide. Increased unknown-cause mortality
during the pandemic may potentially be partially explained

by misclassification of suicide deaths (John et al., 2018) and
the increased death registration delays due to COVID-19 for
deaths, including suicides, which require coroners’ inquests
(Office for National Statistics, 2021). Small numbers of
deaths reduced statistical power and limited our ability to
perform stratified analyses.
Our findings of a widening mortality inequality between

individuals who self-harmed and the general population
during the COVID-19 pandemic are concerning. Our data
do not indicate elevated mortality following self-harm
event(s) that occurred during the pandemic. Rather, the
self-harm population might be more vulnerable to COVID-
19-related adversities (risk of infection and comorbidities,
reduced access to care). Timely policies, assessments, crisis
pathways, and interventions for at-risk individuals are
necessary to ensure those who self-harm receive effective
support and to reduce inequalities. We revealed a dis-
cernible, albeit nonstatistically significant increase of
mortality gap for individuals younger than 65 years com-
pared to 65 years or older. We argue for more targeted
interventions aimed at this working population and further
research to focus on the at-risk social groups. The decline in
self-harm-related contacts to health services during the
pandemic found in this study and others may indicate the
presence of unmet/unmanaged need that requires prompt
attention (DelPozo-Banos et al., 2022). The co-occurrence
of a wideningmortality gap for individuals who self-harmed
and the drop in self-harm-related contacts to health services
in the general population during the pandemic needs further
investigation. The dynamic nature of the pandemic requires
timely data for mitigating relevant risk factors. Large-scale
and long-term follow-up studies tomonitor the effects of the
pandemic on physical and mental health are warranted.

Electronic Supplementary Material

The electronic supplementary material is available with
the online version of the article at https://doi.org/10.
1027/0227-5910/a000882
ESM 1. Additional tables and figures
ESM 2. RECORD statements checklist
ESM 3.Detailed descriptions of statistical analysis and the
results of the propensity score matching procedure
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Bertolote, J. M., Borges, G., Brečić, P., Caine, E., Castelpietra, G.,
Chang, S., Colchester, D., Crompton, D., Curkovic, M., . . . Spittal,
M. J. (2021). Suicide trends in the early months of the COVID-19
pandemic: An interrupted time-series analysis of preliminary
data from 21 countries. The Lancet Psychiatry, 8(7), 579–588.
https://doi.org/10.1016/S2215-0366(21)00091-2

Toubasi, A. A., AbuAnzeh, R. B., Tawileh, H. B. A., Aldebei, R. H., &
Alryalat, S. A. S. (2021). A meta-analysis: The mortality and se-
verity of COVID-19 among patients with mental disorders. Psy-
chiatry Research, 299, Article 113856. https://doi.org/10.1016/j.
psychres.2021.113856

Vandenbroucke, J., & Pearce, N. (2015). Point: Incident exposures,
prevalent exposures, and causal inference: Does limiting studies
to persons who are followed from first exposure onward
damage epidemiology?. American Journal of Epidemiology,
182(10), 826–833. https://doi.org/10.1093/aje/kwv225

VanderWeele, T. J. (2020). Challenges estimating total lives lost in
COVID-19 decisions: Consideration of mortality related to un-
employment, social isolation, and depression. JAMA, 324(5),
445–446. https://doi.org/10.1001/jama.2020.12187

History
Received January 26, 2022
Revision received July 13, 2022
Accepted July 17, 2022
Published online October 13, 2022

Acknowledgments
This study makes use of anonymized data held in the Secure
Anonymised Information Linkage (SAIL) Databank. This work uses
data provided by patients and collected by the NHS as part of their
care and support. We acknowledge all data providers who make
anonymized data available for research. We acknowledge the
collaborative partnership that enabled acquisition and access to
the deidentified data, which led to this output. The collaboration
was led by the Swansea University Health Data Research UK team
under the direction of the Welsh Government Technical Advisory
Cell (TAC) and includes the following groups and organizations: the
SAIL Databank, Administrative Data Research (ADR) Wales, Digital
Health and Care Wales (DHCW), Public Health Wales, NHS Shared
Services Partnership (NWSSP), and the Welsh Ambulance Service
Trust (WAST).

Conflict of Interest
AJ chairs the National Advisory Group on Suicide Prevention to
Welsh Government. The remaining authors declare no conflicts of
interests.

Publication Ethics
All research conducted has been completed under the permission
and approval of the SAIL independent Information Governance
Review Panel (IGRP) Project No. 0911.

Authorship
All authors were responsible and accountable to all part of works
related to the study. AJ conceived the study. AJ, RAL, and AA
acquired funding. SCL, MDPB, YF, and AJ contributed to the design
of the study. SCL, MDPB, and YF prepared and analyzed the data.
SCL, MDPB, YF, and AJ produced the first draft. All authors in-
terpreted the data, contributed to writing and revised the man-
uscript, and gave the approval to the final version to be published.

Open Data
The data used in this study are available in the SAIL Databank at
Swansea University, Swansea, the United Kingdom, but as re-
strictions apply, they are not publicly available. All proposals to use
SAIL data are subject to review by an independent Information
Governance Review Panel (IGRP). Before any data can be ac-
cessed, approvalmust be given by the IGRP. The IGRP gives careful
consideration to each project to ensure proper and appropriate
use of SAIL data. When access has been granted, it is gained
through a privacy protecting safe haven and remote access sys-
tem referred to as the SAIL Gateway. SAIL has established an
application process to be followed by anyone who would like to
access data via SAIL at https://www.saildatabank.com/application-
process. Derived data supporting the findings of this study are
available from the corresponding author (AJ) on request.

Funding
This work was supported by the Welsh Government through Health
and Care ResearchWales (Grant awarded to the National Centre for
Mental Health, No. CA04; AJ, MDPB, and SCL) and by the Con-COV
team funded by the Medical Research Council (Grant No. MR/
V028367/1). This work was also supported by Health Data Re-
search UK, which receives its funding from HDR UK Ltd (HDR-9006)
funded by the UK Medical Research Council, Engineering and
Physical Sciences Research Council, Economic and Social Research
Council, Department of Health and Social Care (England), Chief

Crisis © 2022 The Author(s). Distributed as a Hogrefe OpenMind article under
the license CC BY 4.0 (https://creativecommons.org/licenses/by/4.0)

4 S. C. Lee et al., Excess Mortality During COVID-19 for Self-Harm Population

 h
ttp

s:
//e

co
nt

en
t.h

og
re

fe
.c

om
/d

oi
/p

df
/1

0.
10

27
/0

22
7-

59
10

/a
00

08
82

 -
 T

hu
rs

da
y,

 N
ov

em
be

r 
10

, 2
02

2 
7:

45
:3

1 
A

M
 -

 I
P 

A
dd

re
ss

:8
6.

17
5.

20
5.

13
1 

https://doi.org/10.1177/0141076820956802
https://doi.org/10.1016/S0140-6736(12)61141-6
https://doi.org/10.1016/S0140-6736(12)61141-6
https://doi.org/10.1371/journal.pone.0266967
https://doi.org/10.1371/journal.pone.0266967
https://doi.org/10.1016/j.schres.2018.04.009
https://doi.org/10.1016/j.lanepe.2021.100102
https://doi.org/10.1016/j.lanepe.2021.100102
https://doi.org/10.1136/bmjopen-2020-043010
https://doi.org/10.1136/bmjopen-2020-043010
https://doi.org/10.1136/archdischild-2019-317248
https://doi.org/10.1136/archdischild-2019-317248
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/suicidesintheunitedkingdom/2020registrations#registration-delays
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/suicidesintheunitedkingdom/2020registrations#registration-delays
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/suicidesintheunitedkingdom/2020registrations#registration-delays
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/suicidesintheunitedkingdom/2020registrations#registration-delays
https://doi.org/10.1016/S2215-0366(21)00091-2
https://doi.org/10.1016/j.psychres.2021.113856
https://doi.org/10.1016/j.psychres.2021.113856
https://doi.org/10.1093/aje/kwv225
https://doi.org/10.1001/jama.2020.12187
https://www.saildatabank.com/application-process
https://www.saildatabank.com/application-process


Scientist Office of the Scottish Government Health and Social Care
Directorates, Health and Social Care Research and Development
Division (Welsh Government), Public Health Agency (Northern Ire-
land), British Heart Foundation (BHF), and the Wellcome Trust. This
workwas supportedby theADRWales programmeofwork. TheADR
Wales programme of work is aligned to the priority themes as
identified in the Welsh Government’s national strategy: Prosperity
for All. ADR Wales brings together data science experts at Swansea
University Medical School, staff from the Wales Institute of Social
and Economic Research, Data, and Methods (WISERD) at Cardiff
University, and specialist teams within the Welsh Government to
develop new evidence which supports Prosperity for All by using the
SAIL Databank at Swansea University, to link and analyze anony-
mized data. ADRWales is part of the Economic and Social Research
Council (part of UK Research and Innovation) funded ADR UK (Grant
ES/S007393/1). This work was supported by the Wales COVID-19
Evidence Centre, funded by Health and Care Research Wales.

ORCID
Sze Chim Lee
 https://orcid.org/0000-0001-5822-6633
Yasmin Friedmann
 https://orcid.org/0000-0002-7416-9867
Ashley Akbari
 https://orcid.org/0000-0003-0814-0801
Ronan A. Lyons
 https://orcid.org/0000-0001-5225-000X
Ann John
 https://orcid.org/0000-0002-5657-6995

Ann John
Swansea University Medical School
3/F Data Science Building
Swansea University
Swansea SA2 8PP
UK
a.john@swansea.ac.uk

Sze Chim Lee, PhD, is a senior research data scientist at Swansea
University. His research focuses on suicide, self-harm, and mental
health of children and young people. He has been working on
linking various data sets and used multidisciplinary approaches to
probe biological, environmental, and psychosocial determinants of
mental health.

Marcos del Pozo Banos, PhD, is a senior lecturer at Swansea Uni-
versity. His research focuses on suicide and self-harm prevention,
children and young people’s mental health, and the use of machine
learning and routinely collected data for mental health research.

Yasmin Friedmann, PhD, is a senior research data scientist at
Swansea University. She works within the Adolescent Mental
Health Data Platform linking Welsh demographic, healthcare, and
education data sets to highlight associations of mental health and
educational outcomes for children and young people in Wales.

Ashley Akbari, MSc, is a senior research manager and data scientist
at Swansea University. He has experience leading and working on
various research programs and projects. Ashley delivers his own
research as well as supporting and collaborating across multidis-
ciplinary organizations to support the development, training, and
translation of research outcomes into policies.

Ronan Lyons, OBE, FMedSci, FLSW, MD, is a professor of Public
Health at Swansea University, Honorary Consultant with Public
Health Wales NHS Trust and Adjunct Professor at Monash Uni-
versity, Australia. He has extensive experience in medicine, public
health, and data science with leadership roles in UKRI-funded
research initiatives.

Ann John, MBBS, MRCGP, FFPH, FLSW, is a clinical professor of
Public Health and Psychiatry at Swansea University and Hon.
Consultant in Public Health, Public Health Wales NHS Trust. Her
research focuses on suicide and self-harmprevention and children
and young people’s mental health. She is a co-director of Data-
Mind and chairs the National Advisory Group to Welsh Government
on Suicide and Self-harm Prevention

Crisis© 2022 The Author(s). Distributed as a Hogrefe OpenMind article under
the license CC BY 4.0 (https://creativecommons.org/licenses/by/4.0)

S. C. Lee et al., Excess Mortality During COVID-19 for Self-Harm Population 5

 h
ttp

s:
//e

co
nt

en
t.h

og
re

fe
.c

om
/d

oi
/p

df
/1

0.
10

27
/0

22
7-

59
10

/a
00

08
82

 -
 T

hu
rs

da
y,

 N
ov

em
be

r 
10

, 2
02

2 
7:

45
:3

1 
A

M
 -

 I
P 

A
dd

re
ss

:8
6.

17
5.

20
5.

13
1 

mailto:a.john@swansea.ac.uk

	Widening Excess Mortality During the COVID-19 Pandemic in Individuals Who Self-Harmed
	Outline placeholder
	Design and Study Population
	Measures
	Statistical Analysis

	Results
	Discussion
	Electronic Supplementary Material
	References
	ReferencesBeaney, T., Clarke, J. M., Jain, V., Golestaneh, A. K., Lyons, G., Salman, D., & Majeed, A. (2020). Excess mortal ...




