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increased substance use, greater social isolation and
economic shocks like unemployment.7
The influence of infectious disease-related public
health emergencies like the COVID-19 pandemic
on suicide-related behaviour is not well established.8
Infection from coronaviruses like COVID-19 can
cause acute neurological symptoms,9 and there have
been emerging case reports of suicide or suicide
attempt that were attributed to COVID-19 infection
and COVID-19-related social impacts.10 11 There is
a precedent of elevated suicide-
related outcomes
following other disaster and crisis events that have
economic and social similarities to the COVID-19
pandemic. Increased suicide mortality at the population level was attributed to the USA foreclosure crisis and Great Recession in 2008–2009.12
Following Hurricane Katrina, people reported
more suicide ideation and planning—even when
accounting for differential exposure to hurricane-
related stressors (eg, displacement, life-threatening
experience),13 thus demonstrating how crisis events
can permeate throughout communities and have
widespread mental health impacts. Conversely,
community-wide disaster events are also correlated
with a decrease in suicide-related behaviour, particularly in cases where economic problems are not a
contributing factor.14–16 Some evidence suggests that
timing plays an important role in the link between
infectious disease-
related public health emergencies and suicidality. One study examined changes in
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size of most assemblages in the state to <250.20 By April 2020,
Michigan had the third highest number of COVID-19 cases and
deaths in the USA.21 The economic impact of the COVID-19
pandemic was also relatively high in Michigan, where unemployment rose to 22.7% in April—the second highest in the USA
after Nevada.22
This study aimed to determine the early impact of the
COVID-19 pandemic on emergency department (ED) encounters for suicide attempt and intentional self-harm at a regional
tertiary academic medical centre in Washtenaw County, Michigan. Washtenaw County is one of the wealthier and more
diverse counties in the state. Based on USA Census Bureau estimates for 2019,23 Washtenaw County’s population size was 367
601 persons with a median household income of $69 434, which
is in the 95th percentile of Michigan counties. Additionally,
74.1% were Caucasian, 12.3% were Black or African American
and 13.6% identified as another race or multiple races. During
the COVID-19 pandemic from March 2020 through June 2020,
Washtenaw County fell into the top 10 Michigan counties for
COVID-19 cases, ranking sixth in June.24 In April 2020, unemployment rose to 14.9% from 2.3% the previous month.25
Prior to the COVID-19 pandemic, suicide-related behaviour
in the USA was on the rise.26 This pre-existing trend, as well as
seasonality of suicide-related behaviour,27 must be accounted for
when considering the mental health impact of the COVID-19
pandemic. Therefore, we analysed the temporal patterns of ED
encounters at a regional tertiary academic medical centre in
Washtenaw County, Michigan; comparing patterns for suicide
attempt and intentional self-harm before and after the onset of
the COVID-19 pandemic. This quasiexperimental approach tests
our hypothesis that the COVID-19 pandemic ‘interrupted’ the
time series of ED encounters for suicide attempt and intentional
self-harm such that observed trends would differ from expected
trends had the COVID-19 pandemic not occurred.

METHODS
Sample

The University of Michigan Health System (UMHS) is a regional
tertiary academic medical centre that provides single-institution
electronic medical records for children and adults who had an
ED encounter. UMHS patient records include information on
patient demographics, date of ED encounter and reason for ED
encounter (recorded as International Classification of Diseases
10th Edition (ICD-10) codes).28
To investigate whether suicide-
related behaviour changed
after the onset of the COVID-19 pandemic, we examined total
daily counts of recorded ED encounters for suicide attempt and
intentional self-harm at UMHS facilities. The study time period
was 1 October 2015 through 31 October 2020. We limited the
data set to start on 1 October 2015 because the UMHS transitioned to using codes from ICD-10 from ICD-9 on that day. The
end point of the data was limited to the last day records were
available at the time of procurement from UMHS.

Measures

COVID-19 pandemic—A binary measure of ‘before’ and
‘after’ the onset of the COVID-19 pandemic in Michigan was
created to examine the impact of the COVID-19 pandemic on
daily counts of UMHS ED encounters for suicide attempt and
intentional self-harm. We defined the start of the COVID-19
pandemic as the day when the first confirmed cases of
COVID-19 were identified in Michigan (10 March 2020).19
Thus, we created a binary variable where days from Sunday, 1
2

October 2015 through Monday, 9 March 2020 were considered the time period before the COVID-19 pandemic, and we
considered the days from Tuesday, 10 March 2020 through
Saturday, 31 October 2020 the earlier phase of the COVID-19
pandemic.
Suicide attempt and intentional self-
harm—online supplemental table 1 presents the ICD-10 codes used in UMHS to
indicate ED encounters for suicide attempt and intentional
self-harm. ED encounters for late effects of self-inflected injury
(eg, X83.0XXS) were not included. In the time series analyses
described below, daily totals of ED encounters were natural log
transformed in order to calculate per cent change using effect
estimates and due to the skewed nature of the data. A number of
days had zero encounters for suicide-related behaviour (n=28).
To address zero truncation prior to log transformation, we added
one encounter to every day in the time series.

Approach

Analyses were conducted using R (ver 4.03). First, we conducted
a descriptive analysis, tabulating characteristics of all individuals
included in the data. We determined sample characteristics by
study time period using demographic information (age, gender,
race) and other details (eg, number of encounters per person)
extracted from the medical record. To visually assess trends over
time, we plotted the total number of daily ED encounters for
suicide attempt and intentional self-harm including a loess interpolation line for the time periods before and after the onset of
the COVID-19 pandemic. Preliminary analyses of data trends
also compared patient encounters in March to October for 2020
with the same months from prior years (2016–2019) to limit the
influence of seasonal variation. For this analysis, we excluded
2015 data since they were limited to encounters following
October and thus did not overlap with the time window of
interest.
Next, we used interrupted time series analysis to determine
the short-term impact of the COVID-19 pandemic on suicide
attempt and intentional self-
harm. Specifically, we used an
autoregressive integrated moving average (ARIMA) modelling
approach. ARIMA is a class of time series analysis that forecasts
time series data while accounting for trends within past versions
of itself.29 This approach involved using the baseline time series
(ie, UMHS encounters from 1 October 2015 to 9 March 2020)
to test for (1) non-stationarity using the augmented Dickey-Fuller
test and visual inspection; (2) white noise (ie, the time series is
purely random); and (3) autocorrelation using the partial autocorrelation function plot and Durbin-Watson statistic. Once non-
stationarity and autocorrelation were accounted for as needed,
we assessed model fit using the Akaike information criterion
estimator and ensuring that the residuals were white noise. An
automated process of model selection (using auto.arima from
the Automatic Time Series Forecasting package in R)30 identified
optimal ARIMA terms. Next, we compared the ARIMA model
forecast with observed daily encounters following the onset of
the COVID-19 pandemic to test the step effect (before COVID19=0, after COVID-19 onset=1) and the ramp effect (ie, day-
over-day change in encounters).
As a sensitivity analysis, we conducted a change point analysis.
A change point is a point in time where the statistical properties, such as the mean value, differ before and after this time.31
Change point analysis is commonly used to determine whether
exogenous factors or events impact a time series.32 While we
defined the onset of the COVID-19 pandemic as 10 March
2020 a priori, this sensitivity analysis uses the data to determine
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Table 1 Characteristics of emergency department (ED) patients for
suicide attempt and intentional self-harm, UMHS 2015–2020
Characteristics

n=3002*

Gender (%)
 Female

1861 (62.0)

 Male

1141 (38.0)

Age in years (mean, SD)

26.4 (14.9)

Age categories (%)
 Younger than 18

1319 (44.0)

 18–65

1623 (54.1)

 Older than 65

59 (2.0)

Marital status (%)
 Unmarried
 Married

2314 (89.2)

Figure 1 Time series plot for suicide attempt and intentional self-
harm emergency department (ED) encounters, 1 October 2015 to
31 October 2020. Loess interpolation curves for time periods before
and after the COVID-19 pandemic illustrate trend. Red vertical line
represents 10 March 2020, when the first cases of COVID-19 were
identified in Michigan.

279 (10.8)

Race (%)
 Caucasian

2330 (78.0)

 African-American

377 (12.6)

 Other

168 (5.6)

 Asian

112 (3.8)

Ethnicity (%)
 Non-Hispanic or Latino
 Hispanic or Latino
 Unknown
 Patient refused
Total ED encounters (median, SD)

2789 (93.5)
159 (5.3)
33 (1.1)
2 (0.1)
2.2 (2.4)

ED encounter frequency (%)
 One encounter

1204 (40.1)

 Two encounters

1198 (39.9)

 Three or more encounters

600 (20.0)

*Column totals for variables may differ due to missing information.
UMHS, University of Michigan Health System.

whether there is statistical evidence to suggest that a particular
date represents a change in the mean number of ED encounters.
As an exploratory analysis, we examined whether patient
demographics for suicide attempt and intentional self-
harm
changed in response to the COVID-19 pandemic. Univariate
logistic regression tested associations of patient demographic
factors (ie, age, gender, race, marital status and number of
ED encounters for suicide-related behaviour) with the binary
measure for after versus before the COVID-19 pandemic.

RESULTS

In total, there were 3002 individuals in our data (62.0% female;
78.0% Caucasian; mean age=26.4). The median number of
ED encounters for suicide attempt or intentional self-harm per
person was 2.2 (SD=2.4); 40.1% of patients had a single ED
encounter during our study period, 39.9% had two ED encounters and 20.0% had more than two ED encounters. See table 1.
Figure 1 presents the time series for UMHS encounters for
the study period. There were 10 753 total encounters for the
study period, 1438 encounters occurred after the COVID-19
pandemic onset. Visual inspection suggests that the daily number
of ED encounters began to decline overall following 10 March
2020.
The median number of daily ED encounters was lower
following the onset of the COVID-19 pandemic than before,
declining from eight ED encounters before the onset of the
COVID-19 pandemic to four in the period after (online

supplemental figure 1). Median number of ED encounters was
also lower for 2020 than all other years when restricting the data
to March to October for each year (online supplemental figure
2). Using this limited data set and using 2020 as the reference
year, a negative binomial model for the number of ED encounters indicated that the incidence rate ratio was 1.38 (95% CI
1.26 to 1.73) times higher in 2016 with similar findings for years
2017–2019 (online supplemental table 2).
While the baseline time series for patient encounters did not
have a seasonal component, non-
stationarity was confirmed
using the augmented Dickey-Fuller test. First-degree differencing
of the baseline time series achieved stationarity. The residuals of
an ARIMA(1,1,2) model of the full series indicated normality
and thus relieved us of having to aggregate the data to a coarser
time division (online supplemental figure 3).
Table 2 presents the maximum likelihood estimates for the step
effect and ramp effect models. An ARIMA(2,1,2) was produced
to test the step effect. There were 39.9% (95% CI 22.9% to
53.1%) fewer UMHS encounters than expected for suicide
attempt and intentional self-
harm following the COVID-19
pandemic onset in Michigan. An ARIMA(2,1,2) also tested the
ramp effect. Day over day, there was a 0.3% (95% CI 0.1% to
0.5%) decrease in UMHS encounters for suicide attempt and
intentional self-harm following the COVID-19 pandemic onset
in Michigan.
Results from the change point analyses indicate that the
average number of ED encounters remained consistent until 17
March 2020, with an average of 8.6 ED encounters for suicide-
related behaviour per day. After which, the average number of
ED encounters dropped to 5.5 per day (online supplemental
figure 4).
Table 3 presents the results from logistic regression analyses
that tested whether patient demographics changed before versus
after the COVID-19 pandemic.
Following identification of the first COVID-19 cases in Michigan (ie, 10 March 2020), the proportion of patient encounters
for suicide-
related behaviour increased among males versus
females (OR 1.16; 95% CI 1.04 to 1.31); those aged 18–65
years versus those <18 years (OR 1.41; 95% CI 1.25 to 1.58),
and among those with a history of three or more encounters for
suicide attempt or intentional self-harm (OR 1.18; 95% CI 1.02
to 1.37). The proportion of patient encounters decreased among
Asians versus Caucasians (OR 0.64; 95% CI 0.43 to 0.91), and
among married versus unmarried patients (OR 0.56; 95% CI
0.42 to 0.73).
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Table 2 Maximum likelihood estimation for ARIMA testing the short-
term effects of the COVID-19 pandemic on emergency department
encounters* for suicide attempt and intentional self-harm, UMHS
2015–2020†
β‡ (SE)

Parameter

P value

Step effect§
 Intercept

1.963 (0.052)

 AR lag 1

1.434 (0.079)

<0.001

 AR lag 2

−0.444 (0.073)

<0.001

 MA lag 1

−1.077 (0.084)

<0.001

 MA lag 2

0.110 (0.070)

0.12

−0.509 (0.127)

<0.001

 Intercept

1.954 (0.055)

<0.001

 AR lag 1

1.425 (0.074)

<0.001

 AR lag 2

−0.434 (0.070)

<0.001

 MA lag 1

−1.066 (0.080)

<0.001

 COVID-19 pandemic

<0.001

Ramp effect¶

 MA lag 2
 Time from onset of COVID-19
pandemic

0.103 (0.069)

0.13

−0.003 (0.001)

<0.001

*Natural log of total encounters per day.
†1 October 2015 to 31 October 2020; observation days n=1858.
‡Can be converted to percentage change using the equation (eβ−1)*100.
§ARIMA(2,1,2); AIC=3015.257.
¶ARIMA(2,1,2); AIC=3347.07.
AIC, Akaike information criterion; AR, autoregressive; ARIMA, autoregressive integrated
moving average; MA, moving average; UMHS, University of Michigan Health System.

Table 3

DISCUSSION
We used electronic medical records for ED encounters from a
regional tertiary academic medical centre to determine the short-
term impact of the COVID-19 pandemic on suicide-
related
behaviour in Washtenaw County, Michigan. Washtenaw County
is one of the wealthier and more diverse counties in Michigan.
Our results indicated that there were fewer ED encounters
for suicide-related behaviour during the first 7 months of the
COVID-19 pandemic than expected when compared to prior
years. This suggests that communities like Washtenaw County
experienced a decrease in suicide-
related behavior following
initial outbreak peaks and gubernatorial executive orders for
business closures and physical distancing.
Similar to our findings, decreases in suicide mortality have
been reported in association with the COVID-19 pandemic elsewhere. In Japan, suicide mortality was 20% lower in April 2020
than April 2019.16 Other preliminary evidence from Japan indicates a similar trend.33 The first case of COVID-19 appeared in
Japan on 16 January.34 When cases began to increase rapidly in
April, the government declared a state of emergency that encouraged working from home, social distancing practices and closures
of some businesses.35 Experts from Japan in suicide prevention
hypothesised that the observed decrease could be attributed to
fewer social stressors from academic settings and employment as
people refrained from leaving their households for non-essential
purposes.16 This could also be the case in Michigan, particularly in Washtenaw County, where median household income is
higher than the state as a whole and could have provided a buffer
against initial financial shocks. Additionally, legislative action on

Patient demographics for emergency department (ED) encounters after versus before the COVID-19 pandemic, UMHS 2015–2020
COVID-19 in Michigan
Days after
Days before
Total
n=10 753

1 October 2015 to 9 March 2020

10 March 2020 to 31 October
2020

n=9405

n=1348

OR (95% CI)*

Gender (%)
 Female

6837 (63.6)

6022 (64.0)

815 (60.5)

Reference

 Male

3916 (36.4)

3383 (36.0)

533 (39.5)

1.16 (1.04 to 1.31)

Age, mean (SD)

27.1 (14.8)

27.0 (14.9)

27.9 (14.3)

1.00 (1.00 to 1.01)

Age group (%)
 Younger than 18

4590 (42.7)

4107 (43.7)

483 (35.8)

 18–65

5996 (55.8)

5145 (54.7)

851 (63.1)

1.41 (1.25 to 1.58)

166 (1.5)

152 (1.6)

14 (1.0)

0.79 (0.43 to 1.33)

 Caucasian

8471 (79.0)

7383 (78.7)

1088 (81.3)

 African American

 Older than 65

Reference

Race (%)
Reference

1337 (12.5)

1185 (12.6)

152 (11.4)

0.87 (0.72 to 1.04)

 Other

537 (5.0)

471 (5.0)

66 (4.9)

0.95 (0.72 to 1.23)

 Asian

374 (3.5)

342 (3.7)

32 (2.4)

0.64 (0.43 to 0.91)

8305 (90.8)

7282 (90.3)

1023 (94.4)

839 (9.2)

778 (9.7)

61 (5.6)

 One encounter

2497 (23.2)

2201 (23.4)

296 (22.0)

Reference

 Two encounters

3695 (34.4)

3269 (34.8)

426 (31.6)

0.97 (0.83 to 1.14)

 Three or more encounters

4561 (42.4)

3935 (41.8)

626 (46.4)

1.18 (1.02 to 1.37)

Marital status (%)
 Unmarried
 Married

Reference
0.56 (0.42 to 0.73)

ED encounter frequency (%)

*Bivariate logistic regression tests change in patient demographic proportions after versus before the COVID-19 pandemic in Michigan.
UMHS, University of Michigan Health System.
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behalf of the USA federal government may have attenuated the
mental health impact of employment layoffs and furloughs. On
27 March 2020, the USA Congress passed the Coronavirus Aid,
Relief and Economic Security Act, which provided $2 trillion in
economic stimulus funds including expansion of unemployment
insurance benefits through 31 July 2020.36
Our findings are consistent with Durkheim’s theory of suicide,
which emphasises the importance of social integration—the
degree of shared values, beliefs and norms between individuals and their community—in preventing suicide.14 Durkheim
posits that community-wide disasters like war or the COVID-19
pandemic can lower suicide rates because these events cause
individuals to think less of themselves as individuals and more
of themselves as part of a community; thus redirecting thoughts
from personal well-being to the well-being of one’s community
as a whole. This theory has been applied to other evidence of
decreases in suicide-related behaviour following national disasters and crises including after the 11 September 2001 terrorist
attacks in the USA,15 and the 2011 Fukushima Daiichi nuclear
disaster.37
Results also suggest that ED encounters for suicide-related
behaviour did not decrease until 17 March 2020, whereas the
first cases of COVID-19 were identified a week earlier in Michigan on 10 March. This suggests that trends in suicide-related
behaviour were not affected until COVID-19 reached Michigan
even though the first identification of COVID-19 in the USA
occurred on 20 January 2020 in Washington.38 Additionally,
this finding may support the importance of social and economic
factors in determining suicide-related outcomes following crisis-
like events. For example, people may not have considered
the COVID-19 pandemic to personally impact them until the
first executive order took effect on 16 March, which closed
schools and limited the size of social gatherings in communities
state-wide.20
Finally, our exploratory findings suggest that the decrease in
suicide-related behaviour did not affect all subpopulations the
same. Following the COVID-19 pandemic, the decline in ED
encounters was lower among males, Caucasians, patients who
were unmarried and those with a greater history of suicide-
related ED encounters when compared to other groups. These
results are consistent with suicide risk factors. In the USA,
suicide mortality is higher among men, Caucasians, those who
are unmarried and those with a history of suicide attempt.39 We
also observed that the proportion of ED encounters for suicide-
related behaviour increased among those aged 18–65 relative
to those <18 following the onset of the COVID-19 pandemic.
Typically, rates of suicide are higher among youth than adults.39
The closure of schools due to COVID-19 may have decreased
exposure to psychological stressors in academic settings. Additionally, adolescents may have had fewer opportunities for
suicide-related behaviour or decreased access to means when
parents transitioned to remote work in the home due to the
COVID-19 pandemic. These findings may inform hypotheses in
future work on suicide following crisis-like events. It is possible
that proactively reaching out to known patients in mental health
services with a history of suicide-related behaviour could further
reduce suicide risk in this group immediately following a crisis-
like event.

Strengths and limitations

Using 6 years of data and a quasiexperimental approach, we
determined the change in suicide attempt and intentional self-
harm during the first 7 months of the COVID-19 pandemic in a

wealthy and diverse community. Data came from ED encounters
for suicide-related behaviour and we excluded encounters for late
effects of self-inflicted injury. A strength of these data compared
with suicide mortality records is the lack of lag time between
when a patient is treated and when their encounter is entered
into the medical record. While ED encounters for suicide-related
behaviour may not capture every instance of suicide attempt
within a community, the time series design provides a robust
measure of change in our data since it uses a past version of
itself as the control. This inherently accounts for underlying
trends, including access to mental health care. Within this time
period, Michigan ranked third for number of COVID-19 cases
in the USA. Our findings indicate that the earlier phase of the
COVID-19 pandemic was associated with a decrease in suicide-
related behaviour.
However, our study has limitations to be addressed in future
research. First, it is possible that suicide attempts had a higher
fatality rate during this time period such that individuals died
before they could receive emergency care. Second, since severity
of suicide-related behaviour was not provided within the medical
record, the decrease in ED encounters may be at least partially
attributable to changes in help-seeking behaviour. To explore this
further, we created a three-level variable for number of encounters within our data (ie, 1, 2 or >2) and compared how the
distribution of this variable differed before and after COVID-19
onset based on the assumption that those with more frequent
encounters may be less likely to have life-threatening injuries.
We also compared how the distribution of male versus female
ED encounters changed after COVID-19 onset since men who
attempt suicide tend to have a more serious intent of death than
women who attempt suicide.40 ED encounters decreased for all
groups. Before COVID-19 onset, those with three or more ED
encounters represented 41.8% of all encounters; this increased
to 46.4% after COVID-19 onset. Before COVID-19 onset,
first-time ED encounters made up 23.4% of all encounters, this
decreased to 22.0% after COVID-19 onset. The proportion
of ED encounters among those with three or more encounters increased relative to those with a single encounter (OR
1.18; 95% CI 1.02 to 1.37). This indicates that ED encounters
decreased less among those with three or more ED encounters
when compared to those with a single encounter. However, first-
time visits represented over 20% of the ED encounters following
onset of the COVID-19 pandemic. The proportion of male ED
encounters increased following the onset of the COVID-19
pandemic when compared with ED encounters among women
(OR 1.16; 95% CI 1.04 to 1.31). See table 3. This indicates that
there was a decrease in both help-seeking and public health need
for suicide-related behaviour, but further study is warranted.
Third, due to small sample size we could not quantify susceptibility by social or economic status. It is likely that the impact
of the COVID-19 pandemic was not equitable across communities and that certain groups were more vulnerable. Fourth,
exploratory analyses did not test whether there were changes in
method of suicide attempt or intentional self-harm after versus
before the COVID-19 pandemic because method was not specified in the medical record for 25.2% of encounters. Finally, we
drew data from the earlier phase of the COVID-19 pandemic
and it is possible that increases in suicide-related behaviour will
emerge over time.

CONCLUSIONS

In our study, fewer individuals sought emergency care for
suicide-
related behaviour during the earlier phase of the
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What is already known on this subject
►► Infectious disease-related public health emergencies like the

novel 2019 coronavirus SARS-CoV-2 (COVID-19) pandemic
influence a broad range of social, behavioural and economic
factors that can impact mental health and suicide risk.
However, few studies have examined the impact of the
COVID-19 pandemic on suicide-related behaviour.

What this study adds
►► Using emergency department records from October 2015

to October 2020 and interrupted time series analysis, this
study determined whether the earlier phase of the COVID-19
pandemic influenced suicide-related behaviour in a wealthy
and diverse Michigan community. During this time, Michigan
ranked third in the USA for COVID-19 cases. Results indicated
that emergency department encounters for suicide attempt
and intentional self-harm were 39.9% (95% CI 22.9%
to 53.1%) lower than expected. In conclusion, this study
suggests that the earlier phase of the COVID-19 pandemic
was associated with a decrease in suicide-related behaviour.
Findings are consistent with data from other regions and
prior work on community-wide disasters.

COVID-19 pandemic than expected when compared to prior
years. This suggests that initial outbreaks of COVID-19 and state
of emergency executive orders did not increase suicide-related
behaviour. Findings are consistent with prior work examining
related outcomes
the impact of national disasters on suicide-
and Durkheim’s theory of suicide and social integration. Since
data came from a regional tertiary academic medical centre in
Washtenaw County, Michigan, which is one of the wealthier and
more diverse counties in the state, future studies should replicate analyses in other communities. Given that suicide attempt
is one measure of mental health, additional research is needed
to determine the impact of the COVID-19 pandemic on suicide
mortality and other psychiatric conditions including anxiety,
depression and post-traumatic stress disorder. More work is also
needed to determine the long-term impacts of the COVID-19
pandemic on suicide-related behaviour and whether there are
high-risk groups.
Contributors RSB conceived the study, extracted and analysed the data,
interpreted the study findings and wrote the initial draft of the manuscript. PSL
analysed the data, interpreted the study findings, generated figures and tables and
assisted in writing the manuscript.
Funding RSB was supported by funding from the USA National Institute for
Environmental Health Sciences Michigan Center on Lifestage Environmental
Exposures and Disease (NIEHS P30ES017885). PSL was supported through a
postdoctoral research fellowship from the University of Michigan Institute for Global
Change Biology.
Competing interests None declared.
Patient consent for publication Not required.
Ethics approval Extraction and analysis of data for this study was deemed human
subjects research and approved by the University of Michigan Institutional Review
Board (protocol number: HUM00183178).
Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data came from electronic medical records that are
not publicly available.
6

Supplemental material This content has been supplied by the author(s). It
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.
This article is made freely available for use in accordance with BMJ’s website
terms and conditions for the duration of the covid-19 pandemic or until otherwise
determined by BMJ. You may use, download and print the article for any lawful,
non-commercial purpose (including text and data mining) provided that all copyright
notices and trade marks are retained.
ORCID iD
Rachel S Bergmans http://orcid.org/0000-0001-5740-6691

REFERENCES

1 Centers for Disease Control and Prevention. Provisional death counts for coronavirus
disease (COVID-19), 2020. Available: https://www.c dc.gov/n chs/nvss/v srr/covid19/
index.htm [Accessed 24 Apr 2020].
2 Galea S, Merchant RM, Lurie N. The mental health consequences of COVID-19 and
physical distancing: the need for prevention and early intervention. JAMA Intern Med
2020;180:817–8.
3 Sher L. Suicide research and prevention: we need new, innovative approaches. Acta
Psychiatr Scand 2019;140:3–4.
4 Stone DM, Simon TR, Fowler KA, et al. Vital Signs: Trends in State Suicide Rates United States, 1999-2016 and Circumstances Contributing to Suicide - 27 States,
2015. MMWR Morb Mortal Wkly Rep 2018;67:617–24.
5 Bostwick JM, Pabbati C, Geske JR, et al. Suicide attempt as a risk factor for completed
suicide: even more lethal than we knew. Am J Psychiatry 2016;173:1094–100.
6 Shepard DS, Gurewich D, Lwin AK, et al. Suicide and suicidal attempts in the United
States: costs and policy implications. Suicide Life Threat Behav 2016;46:352–62.
7 DeYoung M, Eastburg M, Edwards E. Preparing Michigan for the behavioral health
impact of COVID-19. Pine Rest Christian Mental Health Services, 2020.
8 Zortea TC, Brenna CTA, Joyce M, et al. The impact of infectious disease-related
public health emergencies on suicide, suicidal behavior, and suicidal thoughts. Crisis
2020:1–14.
9 Wu Y, Xu X, Chen Z, et al. Nervous system involvement after infection with COVID-19
and other coronaviruses. Brain Behav Immun 2020;87:18–22.
10 Mirza J, Ganguly A, Ostrovskaya A, et al. Command suicidal hallucination as initial
presentation of coronavirus disease 2019 (COVID-19): a case report. Psychosomatics
2020;61:561–4.
11 Mamun MA, Chandrima RM, Griffiths MD. Mother and son suicide PACT due to
COVID-19-Related online learning issues in Bangladesh: an unusual case report. Int J
Ment Health Addict 2020:1–4.
12 Houle JN, Light MT. The harder they fall? sex and race/ethnic specific suicide rates in
the U.S. foreclosure crisis. Soc Sci Med 2017;180:114–24.
13 Kessler RC, Galea S, Gruber MJ, et al. Trends in mental illness and suicidality after
Hurricane Katrina. Mol Psychiatry 2008;13:374–84.
14 Durkheim E. Le suicide: Étude de Sociologie. Alcan, 1897.
15 Claassen CA, Carmody T, Stewart SM, et al. Effect of 11 September 2001 terrorist
attacks in the USA on suicide in areas surrounding the crash sites. Br J Psychiatry
2010;196:359–64.
16 Blair G. Japan suicides decline as Covid-19 lockdown causes shift in stress factors. The
Guardian, 2020. Available: https://www.theguardian.com/world/2020/may/14/japan-
suicides-fall-sharply-as-covid-19-lockdown-c auses-shift-in-stress-f actors [Accessed 29
Jun 2020].
17 Huang C-C, Yen DH-T , Huang H-H, et al. Impact of severe acute respiratory syndrome
(SARS) outbreaks on the use of emergency department medical resources. J Chin Med
Assoc 2005;68:254–9.
18 National Center for Health Statistics.. Excess deaths associated with COVID-19, 2020.
Available: https://www.cdc.gov/nchs/n vss/vsrr/covid19/excess_d eaths.htm [Accessed
12 Nov 2020].
19 Whitmer G. Declaration of State of Emergency. Vol 2020-4, 2020. Available: http://
www.l egislature.mi.gov/documents/2 019-2020/executiveorder/pdf/2 020-EO-04.pdf
[Accessed 03 Jun 2020].
20 Whitmer G. Temporary Prohibition on large assemblages and events, temporary school
closures. Vol 2020-5, 2020. Available: http://www.legislature.m
 i.gov/documents/
2019-2020/executiveorder/pdf/2020-EO-05.p df [Accessed 25 Jun 2020].
21 WXYZ. 1,076 deaths, 21,504 cases of COVID-19 confirmed in Michigan, 2020.
Available: https://www.wxyz.com/news/coronavirus/1-076-deaths-21-504-cases-of-
covid-19-confirmed-in-michigan [Accessed 03 Jun 2020].
22 U.S. Bureau of Labor Statistics. State employment and unemployment: April 2020,
2020. https://www.bls.g ov/news.r elease/laus.n r0.htm

Bergmans RS, Larson PS. J Epidemiol Community Health 2021;0:1–7. doi:10.1136/jech-2020-215333

J Epidemiol Community Health: first published as 10.1136/jech-2020-215333 on 29 March 2021. Downloaded from http://jech.bmj.com/ on May 11, 2021 by guest. Protected by copyright.

Original research

23 Washtenaw County. Michigan; Michigan. U.S. census bureau, 2020. Available: https://
www.census.gov/q uickfacts/fact/t able/washtenawcountymichigan,MI/PST045219
[Accessed 08 Jun 2020].
24 State of Michigan. Cases by County by date, 2020. Available: https://www.
michigan.gov/coronavirus/0,9753,7-406-98163_98173-,00.html [Accessed 08 Jun
2020].
25 Michigan Department of Technology, Management & Budget. Employment and
Unemployment Statistics - Local Area Unemployment Statistics, 2020. Available:
https://milmi.org/D
 ataSearch/LAUS [Accessed 08 Jun 2020].
26 Reger MA, Stanley IH, Joiner TE. Suicide mortality and coronavirus disease 2019—A
perfect storm? JAMA Psychiatry 2020;77:1093.
27 Partonen T, Haukka J, Nevanlinna H. Analysis of the seasonal pattern in suicide. J
Affect Disord 2004;81:133–9.
28 World Health Organization. The ICD-10 classification of mental and behavioural
disorders: clinical descriptions and diagnostic guidelines, 2017.
29 John Brocklebank C C, David Dickey A A, Choi B. Sas for forecasting time series. 3rd
edn. SAS Institute, 2018.
30 Hyndman RJ, Khandakar Y. Automatic Time Series Forecasting: The forecast Package
for R. J Stat Softw 2008;27:1–22.
31 Eckley IA, Fearnhead P, Killick R. Analysis of changepoint models. In: Barber D,
Cemgil AT, Chiappa S, eds. Bayesian time-series models. Cambridge University Press,
2011: 203–24.

32 Kass-Hout TA, Xu Z, McMurray P, et al. Application of change point analysis to
daily influenza-like illness emergency department visits. J Am Med Inform Assoc
2012;19:1075–81.
33 Tanaka T, Okamoto S. Suicide during the COVID-19 pandemic in Japan. medRxiv
2020:2020.08.30.20184168.
34 World Health Organization. Novel Coronavirus - Japan (ex-China). Emergencies
preparedness, response: Disease Outbreak News, 2020. Available: https://www.who.
int/csr/don/1 6-january-2020-novel-coronavirus-japan-ex-china/en/ [Accessed 29 Jun
2020].
35 Normile D. Japan ends its COVID-19 state of emergency. Science, 2020. Available:
https://www.sciencemag.org/n ews/2020/05/japan-ends-its-covid-19-s tate-emergency
[Accessed 29 Jun 2020].
36 116th Unites States Congress. Coronavirus aid, relief, and economic security (cares)
act, 2020.
37 Ohto H, Maeda M, Yabe H, et al. Suicide rates in the aftermath of the 2011
earthquake in Japan. Lancet 2015;385:1727.
38 Holshue ML, DeBolt C, Lindquist S, et al. First case of 2019 novel coronavirus in the
United States. N Engl J Med 2020;382:929–36.
39 Steele IH, Thrower N, Noroian P, et al. Understanding Suicide Across the Lifespan:
A United States Perspective of Suicide Risk Factors, Assessment & Management. J
Forensic Sci 2018;63:162–71.
40 Freeman A, Mergl R, Kohls E, et al. A cross-national study on gender differences in
suicide intent. BMC Psychiatry 2017;17:234.

Bergmans RS, Larson PS. J Epidemiol Community Health 2021;0:1–7. doi:10.1136/jech-2020-215333

7

J Epidemiol Community Health: first published as 10.1136/jech-2020-215333 on 29 March 2021. Downloaded from http://jech.bmj.com/ on May 11, 2021 by guest. Protected by copyright.

Original research

