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Summary
Background The emergence of SARS-CoV2 (COVID-19) had wide impacts to health and mortality and prompted
unprecedented containment efforts. The full impact of the COVID-19 pandemic and resulting responses on mental
health and substance abuse related mortality are unknown.

Methods We obtained records for deaths from suicide, alcohol related liver failure, and overdose from the Michigan
Department of Health and Human Services (MDHHS) for 2006 to 2020. We compared mortality within sex, age,
marital, racial and urban/rural groups using basic statistical methods. We compared standardized mean daily mor-
tality incidence before and after the onset of the pandemic using t-tests. We used an interrupted time series
approach, using generalized additive Poisson regression models with smoothed components for time to assess dif-
ferences in mortality trends before and after the onset of the pandemic within demographic groups.

Findings There were 19,365 suicides, 8,790 deaths from alcohol related liver failure, and 21,778 fatal drug overdoses.
Compared with 2019, suicides in 2020 declined by 17.6%, overdose mortality declined by 22.5%—while alcohol
deaths increased by 12.4%. Crude comparisons suggested that there were significant declines in suicides for white
people, people 18 to 65 and increases for rural decedents, overdoses increased for Black people, females and mar-
ried/widowed people, and alcohol mortality increased for nearly all groups. ITS models, however, suggested
increased suicide mortality for rural residents, significantly increased alcohol related mortality for people ≥65 and
increased overdose mortality in men.

Interpretation The onset of the pandemic was associated with mixed patterns of mortality between suicide, alcohol
and overdose deaths. Patterns varied within demographic groups, suggesting that impacts varied among different
groups, particularly racial and marital groups.

Funding This work was supported by the United States National Institute of Environmental Health Sciences [K99/
R00ES026198] and their Michigan Center on Lifestage Environmental Exposures and Disease [grant number
P30ES017885]; and the Institute for Global Biological Change at the University of Michigan.
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Introduction
In the United States SARS-CoV2 (COVID-19) had wide
ranging impacts on public health that may have affected
different groups of people in disparate ways. After the
emergence of COVID-19 many states and localities
implemented expansive stay at home orders and
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Research in context

Evidence before this study

Before starting this study, we searched PubMed, Web of
Science and Scopus for papers published in English
using the search terms ((COVID-19) OR (SARS-COV2) OR
(coronavirus)) AND ((suicide) OR (overdose) OR (liver
failure) OR (substance abuse) OR (self harm) OR (mental
health)) AND (time series). After further analysis we
resulted in 11 possible studies examining mortality pat-
terns before and after the onset of the COVID-19 pan-
demic. Most published articles at that time speculated
on possible patterns of mortality based on patterns
observed in previous crises. Using time series data, only
two studies indicated changes in patterns of suicide,
overdose and alcohol related liver failure mortality fol-
lowing the onset of the pandemic. These studies were
from Japan and Maryland. We were unable to find any
studies on mental health and substance abuse mortality
patterns in Michigan. However, the authors previously
published research showing a decline in emergency
admissions for self-harm and suicide attempts following
the onset of the pandemic.

Added value of this study

To our knowledge this is the first study to use state mor-
tality records to systematically assess changes in multi-
ple types of mental health and substance abuse
mortality after the onset of the COVID-19 pandemic in
the United States. The results of this study suggest that
patterns of suicide, overdose and alcohol related liver
failure all followed different trajectories following the
beginning of the pandemic. We have also demon-
strated that patterns differed by age groups, race and
urban/rural location of residence.

Implications of all the available evidence

The rapid increase in deaths from overdose and alcohol
related liver failure, the decline in suicide mortality and
the unique patterns of change among demographic
groups imply that the COVID-19 pandemic had wide
ranging psychiatric impacts that differed from previous
economic crises.
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distancing recommendations. While these measures
may have reduced case incidence, hospitalization, and
mortality1 there were concerns that disruptions in
employment, economic uncertainty, changing house-
hold roles, and physical isolation would influence sui-
cide and mental health related mortality. For example,
models predicted that pandemic-related economic pres-
sures and isolation would increase the incidence of sui-
cide worldwide.2 Mental health professionals also
worried that the pandemic would have an impact on
opioid abuse and access to treatment.2−5 Social distanc-
ing measures have been shown to have reduced
COVID-19 incidence and mortality in other regions.6
However, the effects of the COVID-19 pandemic on
mental health are not yet fully understood—and its
effects on the mental health of demographic and racial
sub-populations are also unknown.

Studies have shown that societal and economic
shocks can impact mental health related mortality. Pat-
terns of suicide mortality increased in 2009 following
the Great Recession of 2008.7 County level unemploy-
ment and rural economic deprivation have been associ-
ated with risks for alcohol related mortality8−10—
internet searches for information on problem drinking
rose during the Great Recession.11 Chronic unemploy-
ment has also been associated with a higher risk of over-
dose death.12−14 Depressed housing prices during the
Great Recession have been associated with increased
incidence of overdose.15 Suicide and overdose have a
common causality—both are thought to be influenced
by labor insecurities and shocks similar to those that
resulted from COVID-19 pandemic.16

Previous studies have shown racial and demo-
graphic disparities in mental health related deaths
occurring in the wake of economic and societal disrup-
tions. Typically, rates of suicide and premature death
from alcohol related liver failure are lower in Black and
Hispanic communities than in White communities in
the U.S.17,18 However, the foreclosure crisis of the
Great Recession was a substantial risk factor for
depression and thoughts of suicide for African Ameri-
cans.19 In recent years, suicide rates have been rising
for Black and Asian American populations—despite
declines for other groups.17,18 Similarly, opioid overdo-
ses have been increasing for Black and Hispanic Amer-
icans faster than other groups since the Great
Recession.20 The impacts of unemployment on suicide
differ across age groups.21 Increased alcohol abuse was
linked with suicides in men following the Great Reces-
sion,22 and suicides and alcohol abuse during that
time were found to vary along gender, racial, and socio-
economic lines.23

This study aims to advance our understanding of
what impact the COVID- 19 pandemic has had on
mental health related mortality using Michigan death
records from 2006 through 2020. Time series meth-
ods test whether temporal trends in suicide, alcohol
related liver failure, and overdoses differed between
the times before and after the emergence of the
COVID-19 pandemic. This research tests three main
hypotheses: (1) that patterns of mortality from mental
health related causes would change after the onset of
the pandemic, (2) that changes in mental health
related mortality would express unique patterns by
cause of death, and (3) that outcomes would differ by
racial and demographic groups. Identifying disparities
in mental health related mortality due to the COVID-
19 pandemic and the subsequent response will help
inform public health strategies that can proactively tar-
get specific groups.
www.thelancet.com Vol 10 Month June, 2022
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Methods

Mortality data
The Michigan Department of Health and Human Serv-
ices (MDHHS) records information on all deaths which
occur within state borders. Records include information
such as sex, age, race/ethnic group, and marital status.
MDHHS lists the residential address of the decedent,
even for those whose primary residence is outside the
state of Michigan. This study focused on three major
mental health related causes of death as recorded in
Michigan death records: suicide, drug overdoses, and
alcohol related liver failure. This study was approved by
the Institutional Review Boards of the University of
Michigan and the MDHHS.
Statistical methods
The announcement of confirmed COVID-19 cases and
the declaration of a State of Emergency by Michigan’s
governor on March 13, 202024 was considered the onset
of the COVID-19 pandemic in Michigan for the purposes
of this study. A dichotomous variable was created to sepa-
rate the data into groups of people who died before and
after the announcement of the declaration. We compared
demographic indicators including age, gender, race, and
marital status before and after the announcement
through descriptive and analytic methods.

Since the experience of the stay-at-home orders and
the COVID-19 pandemic likely differed between urban
and rural areas of the state, we tested for differences in
counts before and after the stay-at-home order between
urban and rural areas. We used the geolocated address
to locate each residence within the Urban/Rural desig-
nation from the U.S. Census.25 All urbanized areas and
urbanized clusters were considered “urban”, and all
other areas were considered “rural” for this research.

For continuous variables, we performed standard t-tests
for differences in means. We checked for normality and,
where appropriate, standardized continuous variables. We
performed Chi-Square tests for categorical variables.

We tested whether temporal trends of causes of
death—varied within age, sex, race, or urban rural
groups—differed before and after the onset of the pan-
demic in Michigan. We aggregated the data set to daily
counts of suicide deaths to allow us to explore temporal
patterns in suicide mortality. To compare mortality
from suicide, liver failure, and overdose by year between
2020 and previous years, cumulative yearly counts were
plotted against one another. To assess changes in mor-
tality patterns within specific race, sex, age, and urban
and rural groups, we compared mean standardized
mortality counts (per 100,000 people) before and after
COVID-19 through t-tests of means. A Bonferroni cor-
rection was applied to all p-values to account for the
numerous independent statistical tests being per-
formed.
www.thelancet.com Vol 10 Month June, 2022
We formally tested temporal patterns using an inter-
rupted time series (ITS) approach. An interrupted time
series (ITS) study uses a time series of a particular out-
come of interest to establish an underlying trend, which
is then ‘interrupted’ by an event or intervention at a
known point in time.26 ITS has been applied to a num-
ber of health and policy studies.27−29 For this research
we used a generalized additive Poisson regression
model including a smoothed (loess) predictor for time
and a predictor representing the time periods before
and after the announcement of the stay-at-home order.
We compared trends before and after the onset of the
COVID-19 crisis. To test whether there were differences
in mortality from suicide, liver failure, and overdoses
within demographic groups before and after the onset
of the COVID-19 pandemic, we included variables for
race, sex, age category, and urban and rural groups—
and included an interaction term with the before/after
term for the onset of the pandemic for each. All analyses
were conducted using R version 4.1.1.30
Role of the funding source
Data from the MDHHS was purchased using funds
from a grant from the United States National Institute
of Environmental Health Sciences [K99/
R00ES026198]. Salary support for PSL was provided
from the Institute for Global Biological Change (IGBC)
at the University of Michigan. RSB was supported by
the the United States National Institute of Environmen-
tal Health Sciences Michigan Center on Lifestage Envi-
ronmental Exposures and Disease [grant number
NIEHS P30ES017885].
Results
Between 2006-01-01 and 2020-12-21 there were 19,365
deaths from suicide, 8,790 deaths from alcohol related
liver failure, and 21,778 deaths from drug overdoses—
out of 1,399,714 total deaths within the State of Michi-
gan. The gender distribution of mental health related
mortality for each cause was heavily skewed towards
men. Nearly 80% of suicides were, 70% of alcohol
related liver failures deaths, and 65% of overdose deaths
were men. The mean age for suicide was 46 years,
55 years for alcohol related deaths, and 42 years for over-
dose deaths. Suicide was the most common mental
health related cause of death in children. The distribu-
tion of marital groups was similar between suicide and
alcohol deaths, but more than 42% of deaths from over-
doses were divorced. The distributions of racial groups
within cause of death varied. While Black decedents
were 14% of all deaths, roughly reflecting overall demo-
graphics in Michigan, only 8% of suicides and only 10%
of alcohol related deaths were of Black people. However,
more than 18% of deaths from overdoses were in Black
decedents. While 25% of decedents had residences in
3



All deaths Suicide Alcohol Overdose p
N = 1399714 N = 19365 N = 8790 N = 21778

Sex: <0.001 *

Male 700476 (50.0%) 15390 (79.5%) 6098 (69.4%) 14251 (65.4%)

Female 699198 (50.0%) 3975 (20.5%) 2692 (30.6%) 7527 (34.6%)

Age at death (mean) 72.9 (18.4) 46.3 (18.3) 55.3 (10.9) 42.9 (13.5) <0.001 *

Age categories: <0.001 *

0−17 25298 (1.81%) 984 (5.08%) 1 (0.01%) 254 (1.17%)

18−65 370906 (26.5%) 15435 (79.7%) 7385 (84.0%) 20596 (94.6%)

Over 65 1003478 (71.7%) 2946 (15.2%) 1404 (16.0%) 928 (4.26%)

Marital status: <0.001 *

Never married 312826 (22.4%) 6594 (34.2%) 2287 (26.2%) 6348 (29.4%)

Married/legally separated 495523 (35.5%) 4324 (22.4%) 1842 (21.1%) 2681 (12.4%)

Divorced 195530 (14.0%) 5784 (30.0%) 2725 (31.2%) 9255 (42.9%)

Widowed 390668 (28.0%) 2594 (13.4%) 1885 (21.6%) 3312 (15.3%)

Racial group: <0.001 *

White 1175400 (84.0%) 17219 (88.9%) 7533 (85.7%) 17155 (78.8%)

Black or African American 196023 (14.0%) 1527 (7.89%) 909 (10.3%) 3947 (18.1%)

Other 17483 (1.25%) 357 (1.84%) 195 (2.22%) 363 (1.67%)

Am. Indian/Alaskan Native 7826 (0.56%) 171 (0.88%) 151 (1.72%) 296 (1.36%)

Asian 2982 (0.21%) 91 (0.47%) 2 (0.02%) 17 (0.08%)

Urban/Rural: <0.001 *

Rural 341598 (25.0%) 5601 (29.3%) 2298 (26.9%) 3872 (18.1%)

Urban 1026634 (75.0%) 13502 (70.7%) 6256 (73.1%) 17528 (81.9%)

Table 1: Sample demographics for all deaths and within each cause of death: suicide, alcohol related liver failure and overdose.
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rural areas, 30% of suicide deaths and 18% of overdose
deaths were of rural residents (See Table 1). The mean
yearly number of deaths was 93,313 people with an over-
all increasing trend of mortality in Michigan. The yearly
average for each was 1,291 deaths from suicide, 586
deaths from alcohol related liver failure and 1,451 over-
dose deaths.

In Figure 1 we present yearly patterns of cumulative
mortality (from Jan 1 to Dec 31) for all deaths, suicide,
alcohol related liver failure and overdoses. Cumulative
patterns can provide insight into how temporal mortal-
ity trends in 2020 compared with previous years. Over-
all deaths rose following the onset of the pandemic,
reflecting the sudden rise in mortality during the first
wave of the pandemic. The period following the onset of
the pandemic had higher levels of mortality than any
previous year examined. Cumulative mortality from sui-
cide was high compared to previous years until the
onset of the pandemic when it began to decline. Alcohol
related deaths started high, but then increased rapidly
following the onset of the pandemic; cumulative alcohol
related deaths were higher than any year previous. The
pattern of overdose related deaths began on a somewhat
average trajectory compared the previous years, but
then followed an atypical pattern that rose several weeks
after the onset of the pandemic and slowed starting in
mid-summer.

For suicides and deaths from alcohol related liver
failure, there was no evidence to suggest that the
distribution of genders changed after the onset of the
pandemic. As a percentage, however, there were more
deaths in males from overdose after the onset of the
pandemic than before (After: 69.4% vs. Before: 65.2%,
p = 0.003). There was little evidence to suggest that the
distribution of age, both as a continuous and a catego-
rized data variable, changed for alcohol related mortal-
ity and overdose deaths after the start of the pandemic.
However, there was weak evidence to suggest that the
mean age of suicide victims rose after the onset of the
pandemic compared with before (After: 47.8 years vs.
Before: 46.5 years, p = 0.053). The categorized age vari-
able suggested that, for suicides, the share of all age
groups made up of people over 65 rose after the start
of the pandemic (After: 18.9% vs. Before: 15.4%,
p = 0.017).

The distribution of deaths within marital groups
changed significantly (at the p ≤ 0.0001 level) for all
three causes of death. Specifically, for all three causes of
death, the share represented by married persons declined
significantly from before to after the onset of the pan-
demic, from 23.3% to 6.07% for suicides, from 22.1% to
7.1% for alcohol related liver failure, and from 12.9% to
4.34% for overdoses. The share of deaths in divorced peo-
ple rose for suicides (29.3% to 40.4%) and overdoses
(42.1% to 57.1%). The share of deaths among widowers
rose for all three causes of death, from 13.3% to 19.6%
for suicides, from 20.6% to 34.7% for alcohol related
liver failure and from 15% to 21.9% for overdoses.
www.thelancet.com Vol 10 Month June, 2022



Figure 1. Cumulative mortality for all days in all years, 2006−2020. Bold, red line represents cumulative mortality in 2020. Cumula-
tive mortality plots presented for mortality from all causes: suicide, alcohol related liver failure, and drug overdose. Red vertical line
represents the date of the announcement of the State of Emergency order (March 13, 2020) and the beginning of the pandemic in
Michigan. Blue line represents the date of the first peak of COVID-19 deaths in Michigan (April 16, 2020).
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After exploratory analyses, we decided to keep only
Black and White decedents in the data set. Asians,
American Indian/Alaskan Native people and “Other”
comprised less than 4% of mental health related deaths
over the study period in Michigan and the numbers of
deaths following the on-set of the pandemic were too
small to allow reliable statistical comparisons. Using
only the two racial groups, we found that the percentage
of suicide and overdose decedents who were Black rose
after the onset of the pandemic. Black decedents made
up 8.05% of suicide deaths before and 10.1% of suicide
deaths after the onset of the pandemic (p = 0.036). For
overdose, Black decedents made up 18.3% before and
25.2% of suicide deaths after the onset of the pandemic
(p ≤ 0.001). The distribution of racial groups for alcohol
related liver failure was unchanged (10.7% to 11.1%
(p = 0.791)). For urban and rural decedents, we only
found significant changes for suicide mortality. The
share of deaths made up by rural residents rose from
29.4% to 32.8% (p = 0.034). See Table 2 for full results.
Mean standardized daily mortality pre and post
COVID-19
We compared the mean number of daily events per
100,000 for all three outcomes within each group of
www.thelancet.com Vol 10 Month June, 2022
interest. This provides insight into whether the number
of daily events increased or decreased following the
onset of the pandemic within each group independent
of all other groups. Daily suicide deaths declined for
both males (-20.64% (p = 0.04)) and females (-9.32%
(p = 0.01)). Daily suicide mortality incidence for White
people declined significantly, falling from 0.043 deaths
per 100,000 to 0.038 deaths per 100,000, a decline of
15% (p ≤ 0.001). For Black people there was a non-sig-
nificant increase of 10%. Suicides among married peo-
ple increased, from 0.109/100,000 deaths per day to
0.124/100,00 deaths per days, an increase of 14%.
There was no change in the rural suicides, but a signifi-
cant decrease in urban suicides of 14.21% (p ≤ 0.001).

Deaths from alcohol related liver failure significantly
increased within nearly all groups. Deaths among men
increased by 36% (p ≤ 0.001) and by 50% among women
(p ≤ 0.001). Deaths among White people increased by
43% (p ≤ 0.001) and by 56% among Black people
(p ≤ 0.001). Increases of 40% (p ≤ 0.001) and 78%
(p ≤ 0.001) were seen in 18−65 year-olds and over 65 s,
respectively. Rural deaths from alcohol related liver failure
increased by 85% while urban deaths increased by 47%
(p ≤ 0.001). The only decrease in the number of alcohol
related deaths was in people who had never married
(-38%; p ≤ 0.001). Married people, divorcees and widowed
5



Suicide Alcoholic Overdose

Before After p Before After p Before fter p
N = 18458 N = 907 N = 8117 N = 673 N = 20561 = 1217

Sex: 0.160 0.753 0.003 **

Male 14652 (79.4%) 738 (81.4%) 5627 (69.3%) 471 (70.0%) 13406 (65.2%) 845 (69.4%)

Female 3806 (20.6%) 169 (18.6%) 2490 (30.7%) 202 (30.0%) 7155 (34.8%) 372 (30.6%)

Age at death (mean) 46.5 (18.3) 47.8 (19.4) 0.053 55.3 (10.8) 55.5 (12.3) 0.774 43.0 (13.6) 43.5 (13.5) 0.191

Age categories: 0.017 * 0.076 0.073

0−17 884 (4.94%) 36 (4.17%) 1 (0.01%) 0 (0.00%) 237 (1.19%) 6 (0.51%)

18−65 14244 (79.7%) 664 (76.9%) 6561 (84.1%) 516 (80.6%) 18842 (94.5%) 103 (94.6%)

Over 65 2755 (15.4%) 163 (18.9%) 1240 (15.9%) 124 (19.4%) 857 (4.30%) 57 (4.89%)

Marital status: <0.001 *** <0.001 *** <0.001 ***

Never married 6087 (34.1%) 291 (34.0%) 2012 (25.9%) 183 (28.9%) 5936 (30.0%) 192 (16.7%)

Married or legally

separated

4147 (23.3%) 52 (6.07%) 1714 (22.1%) 45 (7.10%) 2548 (12.9%) 50 (4.34%)

Divorced 5225 (29.3%) 346 (40.4%) 2436 (31.4%) 186 (29.3%) 8331 (42.1%) 658 (57.1%)

Widowed 2370 (13.3%) 168 (19.6%) 1600 (20.6%) 220 (34.7%) 2958 (15.0%) 253 (21.9%)

Racial group: 0.036 * 0.791 <0.001 ***

White 16443 (91.9%) 776 (89.9%) 6964 (89.3%) 569 (88.9%) 16283 (81.7%) 872 (74.8%)

Black/African

American

1440 (8.05%) 87 (10.1%) 838 (10.7%) 71 (11.1%) 3653 (18.3%) 294 (25.2%)

Urban/Rural: 0.034 * 0.552 0.139

Rural 5177 (29.4%) 282 (32.8%) 2015 (26.6%) 177 (27.8%) 3544 (18.1%) 187 (16.3%)

Urban 12460 (70.6%) 578 (67.2%) 5556 (73.4%) 460 (72.2%) 16046 (81.9%) 959 (83.7%)

Table 2: Comparison the distribution of sex, age, marital status, race and urban/rural groups before and after the onset of the COVID-19 pandemic. p values for tegorical variables are based on
Chi-square tests. p va es for the single continuous variable of age are based on a Student’s T-test of means.
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people all rose by 48% (p ≤ 0.001), 52% (p ≤ 0.001), and
96% (p ≤ 0.001), respectively. The standardized mean
daily incidence of alcohol related deaths for widowed peo-
ple rose from 0.073 per 100,000 to 0.143 per 100,000
people, a change of 96.1% (p ≤ 0.001).

For overdose, significant changes were only seen in
race and marital groups. The mean daily incidence of
overdose mortality for White people dropped 11.86%,
from 0.046/100,000 before the pandemic to 0.041/
100,000 after. Similarly, while deaths from overdose fell
36% (p ≤ 0.001) for never married and by 45% (p = 0.02)
for divorced people, deaths rose by 19% for married
(p ≤ 0.001). The change (19%) in widowed people was
non-significant (p = 0.09). See Table 3 for full results.
Interrupted time series models
We used generalized additive models including
smoothed terms for time before and after the onset of
the pandemic, creating models for each demographic
group of three levels or less. For suicide, we found that
the pandemic was associated with an overall decline in
the daily number of suicides. We also found, however,
that there were significant changes in the daily patterns
of mortality for specific groups. Due to the relatively
small numbers of child suicides in our data set, we used
18−65 years old decedents as a reference group. The log
counts of daily suicide deaths in elderly people was sig-
nificantly elevated after the onset of the pandemic com-
pared with other groups. However, when accounting for
the baseline decrease in the log counts of suicide, there
was still a net decrease (log counts -0.37 + 0.18 = -0.19).
However, when comparing urban and rural suicides,
there is a significant and additional decrease in the log
counts of suicide after the onset of the pandemic com-
pared with before (-0.21; p = 0.43). No significant differ-
ences in the log counts of suicide between before and
after the pandemic were found for Black vs. white, or
among sex groups. See Table 4.

We removed children from the analysis as there was
only a single death from liver failure in the data set in a
person under 18 years of age. The interaction term for
demographic variables and the onset of the pandemic
was only significant for people over the age of 65 com-
pared with people 18−65. There was a significant
increase in the log counts of suicide incidence following
the onset of the pandemic (0.23; p = 0.018) compared
with people 18−65. Weak evidence (at the p = 0.10 level)
suggests that log counts of urban suicide incidence
declined for urban residents compared with rural resi-
dents (log counts -0.23 p = 0.075). See Table 5.

Models did not indicate a significant change in stan-
dardized daily counts of overdose mortality following
the onset of the pandemic in Michigan for age groups,
race, or for urban and rural residence. However, there
was evidence to suggest that incidence in males grew
www.thelancet.com Vol 10 Month June, 2022
more after the beginning of COVID-19 than in females
(log counts 0.17, p < 0.001). See Table 6.
Discussion
Using 15 years of mortality data from the State of Michi-
gan, this study specified the impact of the COVID-19
pandemic on temporal trends of mental health associ-
ated mortality including suicide, alcohol related liver
failure, and drug overdoses. We found significant sup-
port for our first hypothesis—that patterns of mortality
from mental health related causes would change after
the onset of the pandemic. Suicide rates changed and
—despite predictions to the contrary— began to decline
soon after the onset of the pandemic in Michigan and
remained low throughout the year. Alcohol-related liver
failure and drug overdose deaths increased, although
their temporal patterns were distinct. We found signifi-
cant differences between age groups, race groups, and
sex groups as well as between urban and rural residents
for the three types of mental health-related mortality.
For example, crude analyses suggested increases in sui-
cide mortality for married people and rural residents—
but significant declines for White decedents, among
both sexes, people 18−65 years of age, and never mar-
ried people. Standardized mortality incidence from alco-
hol related causes for all groups was significantly higher
for all groups. Finally, overdose mortality was signifi-
cantly higher for Black people, females, married and
widowed people—but it was significantly lower for
White people and unmarried people.

In our study we found evidence to suggest that trends
of some types of mental health mortality were influenced
by the COVID-19 pandemic. The pattern of suicides did
not increase compared to previous years—but the inci-
dence of alcohol related mortality rose to its highest level
in 15 years. Trends of overdose mortality followed an
atypical trend. These results suggest that the impacts of
the pandemic were very different from those of typical
economic shocks such as the Great Recession.31 These
unique patterns deserve special attention.

The mixed results of mortality among demographic
groups might reflect varied economic experiences of the
pandemic. Service industries—often staffed by ethnic
minorities in the US—were some of the first and hardest
hit occupations during the COVID-19 crisis due to social
distancing guidelines and a decreased capacity for remote
or virtual alternatives.32 Wage laborers often had to stop
work entirely, and the most serious economic impacts
might have been buffered by unemployment insurance
such as during the Great Recession.33 In the case of
“essential workers”—such as those in agricultural and
meat processing occupations—migrants or minorities
might have been forced to work under conditions that
put them at risk without access to sufficient worker pro-
tections.34 Future research might examine how COVID-
7



Pre COVID-19 COVID-19 p sig direction

Suicide

1 Female 0.016 (0.015, 0.017) 0.012 (0.01, 0.014) 0.01 *** # (-9.32%)

2 Male 0.06 (0.059, 0.061) 0.055 (0.051, 0.059) 0.04 * # (-20.64%)

3 Age group 0−17 0.009 (0.008, 0.01) 0.007 (0.005, 0.009) 0.43 # (-21.92%)

4 Age group 18−65 0.049 (0.048, 0.05) 0.042 (0.039, 0.045) 0.00 *** # (-13.65%)

5 Age group Over 65 0.033 (0.032, 0.034) 0.034 (0.029, 0.039) 0.99 " (2.85%)

6 Never married 0.014 (0.013, 0.015) 0.004 (0.003, 0.005) 0.02 *** # (-15.1%)

7 Married or legally separated 0.109 (0.105, 0.113) 0.124 (0.111, 0.137) 0.00 *** " (14.33%)

8 Divorced 0.043 (0.042, 0.044) 0.037 (0.033, 0.041) 0.12 # (-69.84%)

9 Widowed 0.102 (0.097, 0.107) 0.108 (0.093, 0.123) 0.99 " (5.85%)

10 White 0.042 (0.041, 0.043) 0.036 (0.033, 0.039) 0.00 *** # (-15.32%)

11 Black 0.021 (0.02, 0.022) 0.023 (0.018, 0.028) 0.99 " (10.3%)

12 Rural 0.06 (0.058, 0.062) 0.06 (0.053, 0.067) 0.99 # (-0.05%)

13 Urban 0.032 (0.031, 0.033) 0.027 (0.025, 0.029) 0.00 *** # (-14.21%)

Alcohol related liver failure

1 Female 0.011 (0.011, 0.011) 0.015 (0.013, 0.017) 0.00 *** " (50.67%)

2 Male 0.023 (0.022, 0.024) 0.035 (0.032, 0.038) 0.00 *** " (36.54%)

3 Age group 18−65 0.023 (0.022, 0.024) 0.033 (0.03, 0.036) 0.00 *** " (40.71%)

4 Age group Over 65 0.015 (0.014, 0.016) 0.027 (0.022, 0.032) 0.00 *** " (78.39%)

5 Never married 0.006 (0.006, 0.006) 0.004 (0.003, 0.005) 0.00 *** # (-38.22%)

6 Married or legally separated 0.043 (0.041, 0.045) 0.066 (0.057, 0.075) 0.00 *** " (48.51%)

7 Divorced 0.016 (0.015, 0.017) 0.023 (0.02, 0.026) 0.00 *** " (52.24%)

8 Widowed 0.073 (0.069, 0.077) 0.143 (0.124, 0.162) 0.00 *** " (96.51%)

9 White 0.018 (0.017, 0.019) 0.026 (0.024, 0.028) 0.00 *** " (43.47%)

10 Black 0.012 (0.011, 0.013) 0.019 (0.015, 0.023) 0.00 *** " (56.44%)

11 Rural 0.024 (0.023, 0.025) 0.038 (0.033, 0.043) 0.00 *** " (55.68%)

12 Urban 0.014 (0.014, 0.014) 0.022 (0.02, 0.024) 0.00 *** " (50.66%)

Overdose

1 Female 0.028 (0.025, 0.031) 0.032 (0.031, 0.033) 0.11 " (2.58%)

2 Male 0.064 (0.058, 0.07) 0.062 (0.061, 0.063) 0.99 # (-12.43%)

3 Age group 0−17 0.002 (0.002, 0.002) 0.002 (0.001, 0.003) 0.99 " (0.91%)

4 Age group 18−65 0.073 (0.072, 0.074) 0.07 (0.064, 0.076) 0.99 # (-3.48%)

5 Age group Over 65 0.012 (0.011, 0.013) 0.013 (0.01, 0.016) 0.99 " (11.03%)

6 Never married 0.01 (0.009, 0.011) 0.005 (0.004, 0.006) 0.00 *** # (-35.97%)

7 Married or legally separated 0.194 (0.188, 0.2) 0.232 (0.209, 0.255) 0.00 *** " (19.41%)

8 Divorced 0.041 (0.04, 0.042) 0.026 (0.022, 0.03) 0.02 ** # (-45.56%)

9 Widowed 0.142 (0.136, 0.148) 0.169 (0.149, 0.189) 0.09 " (19.44%)

10 White 0.046 (0.045, 0.047) 0.041 (0.037, 0.045) 0.04 * # (-11.86%)

11 Black 0.061 (0.058, 0.064) 0.08 (0.069, 0.091) 0.02 ** " (30.47%)

12 Rural 0.044 (0.042, 0.046) 0.043 (0.037, 0.049) 1.00 # (-0.62%)

13 Urban 0.046 (0.045, 0.047) 0.045 (0.041, 0.049) 1.00 # (-2.11%)

Table 3: Comparison of standardized mean daily incidence per 100,000 people (95% confidence intervals) of suicide, alcohol related liver
failure, and overdose by race (black vs. white), sex, age groups, and urban vs. rural residence pre-COVID-19 (January 2006 −March 2020)
and from the onset of the pandemic.
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19 risks to essential workers influenced mental health
and substance abuse risks during the pandemic.

The temporal patterns in suicide were consistent
with results from other state, national, and international
studies and reports which suggested that there was no
increase in suicide incidence following the onset of the
pandemic.35−39 Supporting our third hypothesis about
mental health outcomes differing among racial groups,
crude analyses in our study suggested a decline in sui-
cides among White people, which was consistent with
results from Maryland and Illinois.35,36 The decline in
suicides, however, could be temporary; one study from
Japan found that the trend in suicides rebounded to
pre-pandemic levels within months.38

A number of factors may have contributed to lower
rates of suicide during the COVID-19 pandemic. First,
www.thelancet.com Vol 10 Month June, 2022



Sex

A. parametric coefficients Estimate Std. Error t-value p sig.

(Intercept) -4.1496 0.0194 -213.7685 < 0.0001 ***

COVID-19 -0.4247 0.5947 -0.7142 0.4751

Male 1.3547 0.0216 62.5917 < 0.0001 ***

COVID-19:Male 0.1080 0.0829 1.3018 0.1930

B. smooth terms edf Ref.df F-value p-value sig.

s(Date of death):Pre-COVID-19 2.9851 4.0000 15.6288 < 0.0001 ***

s(Date of death):COVID-19 0.4242 4.0000 0.1842 0.1876

Age group

A. parametric coefficients Estimate Std. Error t-value p sig.

(Intercept) -3.0045 0.0157 -191.0820 < 0.0001 ***

COVID-19 -0.7755 1.1872 -0.6532 0.513

Age over 0−17 -1.6399 0.0385 -42.6512 < 0.0001 ***

Age over 65 -0.3796 0.0243 -15.6126 < 0.0001 ***

COVID-19:Age over 0−17 -0.1880 0.1563 -1.2028 0.230

COVID-19:Age over 65 0.1852 0.0871 2.1251 0.034 **

B. smooth terms edf Ref.df F-value p-value sig.

s(Date of death):Pre-COVID-19 3.0282 4.0000 16.7425 < 0.0001 ***

s(Date of death):COVID-19 0.6659 4.0000 0.4984 0.0836

Black vs. white

A. parametric coefficients Estimate Std. Error t-value p sig.

(Intercept) -3.1550 0.0836 -37.7467 < 0.0001 ***

COVID-19 -0.1241 0.3167 -0.3920 0.695

Black (vs. white) -0.7047 0.1453 -4.8483 < 0.0001 ***

COVID-19:Black (vs. white) 0.2475 0.5171 0.4788 0.6321

B. smooth terms edf Ref.df F-value p-value sig.

s(Date of death):Pre-COVID-19 0.0000 4.0000 0.0000 0.4313

s(Date of death):COVID-19 0.0000 4.0000 0.0000 0.6884

Urban vs. rural residence

A. parametric coefficients Estimate Std. Error t-value p sig.

(Intercept) -3.0057 0.0194 -155.1202 < 0.0001 ***

COVID-19 -0.5629 1.3045 -0.4315 0.6661

Urban -0.3218 0.0295 -10.9115 < 0.0001 ***

COVID-19:Urban -0.123147 0.1064 -2.0176 0.0437 *

B. smooth terms edf Ref.df F-value p sig.

s(Date of death):Pre-COVID-19 2.5583 4.0000 6.7215 < 0.0001 ***

s(Date of death):COVID-19 0.6025 4.0000 0.3787 0.1128

Table 4: Results of generalized additive models of standardized daily counts (per 100,000) of suicide deaths by age group, race, sex, and
urban/rural residence. Parameter estimates are given in differences in log counts.

Articles
actions taken on behalf of governmental and local agen-
cies may have attenuated the impacts of economic hard-
ship. For example, Federal stimulus payments which
targeted households impacted by the economic effects of
the pandemic might have helped provide a cushion for
some of the most disastrous economic impacts of the
pandemic. Prior work indicates that exposure to trau-
matic community-wide disasters alone do not always
increase the risk of suicide.40 In response to catastrophic
events or economic shocks, a robust public response
might play an important role in managing potential
impacts on suicide,41 particularly those targeted to at risk
groups.33 Future work might examine the role that
unemployment insurance and worker support programs
www.thelancet.com Vol 10 Month June, 2022
mitigated psychiatric impacts of the pandemic on finan-
cially unstable people and low-income households.

During the early stages of the pandemic nearly 30%
of Americans reported some kind of mental health
stressor—with Hispanic/Latinx people reporting the
highest number.42 18% of people surveyed indicated
that their mental health was worse after the onset of the
pandemic.43 However—despite these reports of declin-
ing mental health—emergency psychiatric visits
declined in Italy after the onset of the COVID-19 cri-
sis.44 Our results for suicide agreed with previous
research from our group showing that patterns of emer-
gency room visits found for suicide attempts and self-
harm in a hospital in Michigan did not increase.45
9



Sex

A. parametric coefficients Estimate Std. Error t-value p sig.

(Intercept) -4.5343 0.0238 -190.9029 < 0.0001 ***

COVID-19 0.2613 0.2784 0.9384 0.348

Male 0.7762 0.0285 27.2179 < 0.0001 ***

COVID-19:Male 0.0984 0.0888 1.1079 0.2679

B. smooth terms edf Ref.df F-value p sig.

s(Date of death):Pre-COVID-19 2.6422 4.0000 8.3709 < 0.0001 ***

s(Date of death):COVID-19 0.0724 4.0000 0.0195 0.299

Age group

A. parametric coefficients Estimate Std. Error t-value p sig.

(Intercept) -3.7563 0.0218 -172.2304 < 0.0001 ***

COVID-19 0.0651 0.7656 0.0850 0.932

Age Over 65 -0.4108 0.0341 -12.0565 < 0.0001 ***

COVID-19:Age Over 65 0.2379 0.1005 2.3682 0.018 **

B. smooth terms edf Ref.df F-value p sig.

s(Date of death):Pre-COVID-19 2.9502 4.0000 13.2861 < 0.0001 ***

s(Date of death):COVID-19 0.3118 4.0000 0.1132 0.228

Black vs. white

A. parametric coefficients Estimate Std. Error t-value p sig.

(Intercept) -4.0009 0.1276 -31.3582 < 0.0001 ***

COVID-19 0.3610 0.3943 0.9156 0.360

Black (vs. white) -0.3971 0.2013 -1.9731 0.048 *

COVID-19:Black (vs. white) 0.0865 0.6147 0.1408 0.888

B. smooth terms edf Ref.df F-value p sig.

s(Date of death):Pre-COVID-19 0.0000 4.0000 0.0000 0.522

s(Date of death):COVID-19 0.0000 4.0000 0.0000 0.745

Urban vs. rural residence

A. parametric coefficients Estimate Std. Error t-value p sig.

(Intercept) -3.9056 0.0301 -129.7212 < 0.0001 ***

COVID-19 0.6166 0.0834 7.3940 < 0.0001 ***

Urban -0.2484 0.0447 -5.5598 < 0.0001 ***

COVID-19:Urban -0.2331 0.1311 -1.7780 0.075

B. smooth terms edf Ref.df F-value p sig.

s(Date of death):Pre-COVID-19 3.3870 4.0000 16.1938 < 0.0001 ***

s(Date of death):COVID-19 0.104001 4.0000 0.0000 0.628

Table 5: Results of generalized additive models of standardized daily counts (per 100,000) of deaths from alcohol related liver failure by
age group, race, sex, and urban/rural residence. Parameter estimates are given in differences in log counts.
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While self-harm attempts and suicide mortality might
reflect the general mental health and wellbeing of a pop-
ulation, it has been shown that depression itself is not a
perfect predictor of suicide attempt.46 Thus, the suicide
patterns shown might be poorer indicators of mental
health risks than patterns of mortality from substance
abuse.

We found some support for our first hypothesis as it
related to changes in alcohol consumption after the
pandemic began. At the beginning of the pandemic in
2020 some researchers expressed concern over
increases in incidence of liver failure and mortality
because of increased alcohol consumption and
decreased access to clinical care for people with alcohol
use disorder (AUD), alcohol-associated liver disorder
(ALD), and possible hepatic injury from COVID-19
infections.47 Alcohol sales rose for nearly all months of
2020 compared with three year monthly averages,48

confirming the possibility of overall increased con-
sumption of alcohol. Inactivity and boredom have been
associated with increased alcohol consumption among
several demographic groups including older individu-
als,49 refugees,50 young people,51 and university stu-
dents.52 These studies suggest that the lack of
stimulating activities during the pandemic might have
increased alcohol consumption and thus increased
risks for liver related health problems, explaining the
patterns found in our results. We note that while we
found that incidence of mortality from alcohol related
liver failure increased for all groups in the crude
www.thelancet.com Vol 10 Month June, 2022



Sex

A. parametric coefficients Estimate Std. error t-value p-value sig.

(Intercept) -3,474 0,0145 -240,035 <0.0001 ***

COVID-19 -297,129 753,5728 -0,3943 0.693

Male 0,6638 0,0174 38,1814 <0.0001 ***

COVID-19:Male 0,1769 0,0669 2,6463 0.008 *

B. smooth terms edf Ref.df F-value p-value sig.

Date of death::Pre-COVID-19 3,935 4 278,5958 <0.0001 ***

Date of death: Covid-19 2,1426 4 67,7791 <0.0001 ***

Age group

A. parametric coefficients Estimate Std. error t-value p-value sig.

(Intercept) -2,6489 0,0142 -186,535 <0.0001 ***

COVID-19 -510,81 492,283 -1,0376 0.299

Age 0−17 -3,5346 0,0802 -44,0817 <0.0001 ***

Age Over 65 -1,8033 0,0358 -50,4246 <0.0001 ***

COVID-19:Age 0−17 -0,0964 0,3222 -0,2991 0.764

COVID-19:Age Over 65 0,0803 0,1308 0,6137 0.539

B. smooth terms edf Ref.df F-value p-value sig.

Date of death::Pre-COVID-19 3,8528 4 131,5889 <0.0001 ***

Date of death: Covid-19 2,02 4 28,3441 <0.0001 ***

Black vs. white

A. parametric coefficients Estimate Std. error t-value p-value sig.

(Intercept) -3,1008 0,0819 -37,8434 <0.0001 ***

COVID-19 4,476 7,6101 0,5882 0.556

Black (vs. white) 0,2759 0,1062 2,5991 0.009 **

COVID-19:Black (vs. white) 0,3827 0,3872 0,9885 0.322

B. smooth terms edf Ref.df F-value p-value sig.

Date of death::Pre-COVID-19 2,8497 4 41,6431 <0.0001 ***

Date of death: Covid-19 0,8068 4 4,1652 0.023 **

Urban vs. Rural residence

A. parametric coefficients Estimate Std. error t-value p-value sig.

(Intercept) -3,5283 0,0255 -138,62 <0.0001 ***

COVID-19 3,4816 7,784 0,4473 0.654

Urban 0,4513 0,0318 14,1886 <0.0001 ***

COVID-19:Urban -0,1127 0,1166 -0,9667 0.333

B. smooth terms edf Ref.df F-value p-value sig.

Date of death::Pre-COVID-19 3,7682 4 65,3174 <0.0001 ***

Date of death: COVID-19 0,9829 4 10,5962 <0.0001 ***

Table 6: Results of generalized additive models of standardized daily counts (per 100,000) of overdose deaths by age group, race, sex,
and urban/rural residence. Parameter estimates are given in differences in log counts.

Articles
analyses, ITS analyses indicated that deaths only sig-
nificantly increased for those over 65.

Consistent with our hypothesis, we observed an
increase in substance use related deaths due to alcohol
related liver disease and drug overdoses during the ear-
lier phase of the pandemic in Michigan. In our data, the
increase in drug overdoses began soon after the onset of
the COVID-19 pandemic and peaked in mid-summer.
The pattern of increase agrees with studies of overdose
mortality in other regions.53,54 There are distinct path-
ways by which the pandemic may influence substance
use-related mortality, despite the lack of increase in sui-
cide deaths. Unlike suicide, substance use can also serve
as a coping mechanism for psychosocial stressors.55
www.thelancet.com Vol 10 Month June, 2022
Joblessness among low wage earners is suspected to
play a role in higher rates of opioid overdoses during
the pandemic.53,56 In the past, economic downturns
were also associated with increased numbers of opioid
overdose deaths— particularly in white men under the
age of 45—and macro-economic conditions drive opioid
related deaths.15 Long-term unemployment is also a risk
factor for overdose-related deaths.56 The inability to
reach patients struggling from addiction and substance
abuse disorders has also been noted as a possible path-
way that might increase overdose deaths.57 More work
should be done to disentangle the complex factors that
determine overdose risk and mortality during sudden
and unforeseen events like the COVID-19 pandemic.
11
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While the patterns of mortality incidence in this
study could be attributed to exogenous societal and eco-
nomic factors, it is possible that endogenous factors of
COVID-19 infection also played a role. SARS-CoV-2 can
cross the blood brain barrier and increase the risk of
neurological and psychiatric outcomes,58 especially
among those with more severe forms of COVID-19 (e.
g., hospitalization, intubation).59 Patterns within demo-
graphic groups might represent disparate levels of infec-
tion. For example, Black and American Indian and
Alaska Native (AIAN) communities have experienced
higher COVID-19 infection and mortality rates than pre-
dominantly White communities.60 While we did not
have enough AIAN decedents to test the association of
AIAN with mental health related mortality before and
after the onset of the pandemic, some of the increase in
substance-abuse related mortality in Black decedents
might be explained by high levels of infection. Further
research should test whether “long covid” or lingering
cognitive and psychiatric impacts of acute COVID-19
infection influence mental health mortality risk. This
hypothesis could not be tested within our data since we
did not have information on COVID-19 infection status,
but it is worthy of further study.

This study has limitations—namely that misclassifi-
cation and recording errors on death certificates are
common problems in mortality studies.61,62 Incomplete
death certificates,63 attributing suicide deaths to other
causes,64−67 and racial biases in death reporting,67−70

including suicide and self-inflicted injury,71,72 is well
established and could be exasperated during the pan-
demic. Another limitation is the inability to validate
whether decedents who died because of alcohol related
liver failure or overdose suffered from a substance abuse
disorder. Studies of mortality could benefit from more
detailed patient histories. In the case of death records,
information on past substance abuse or psychiatric
problems are unavailable. Moreover, there could be mis-
classification of overdose death; some overdoses may
have actually been intentional poisonings. Other
research has found evidence for ambiguous intent or
misreporting in overdose deaths.73,74 Finally, there is
the general limitation the variables examined are not
sufficient to capture all of the factors that might influ-
ence mortality risk given a sudden shock like the
COVID-19 pandemic. While we believe that examining
temporal patterns of mortality among, for example,
racial groups, information on household income or
employment status might provide more detailed
insights.

This research suggests that sudden crises such as the
COVID-19 pandemic present unique risks for mental
health related mortality. Future work should explore
how sudden uncertainty due to a confluence of health;
economic, and societal factors impact individual mental
health. Research should focus on developing methods
to support those most likely to be impacted by crises
like the COVID-19 pandemic to minimize mental
health related mortality. For example, this research
found that while being married was protective against
all forms of mortality, being widowed or divorced signif-
icantly raised the risk for alcohol related liver failure
and overdose. Programs might be designed to provide
mental health and substance use support those who
have lost a partner in a context of stay-at-home orders
and pauses in regular work schedules. Work might be
also be done to target prescribing physicians, who need
to be aware of the risks of overdose among patients
within specific groups in the context of similar and sud-
den crises. Further, research should use newly found
insights—along with wide community engagement—to
create new models and modelling strategies of mortality
risk which account for the unique nature of pandemic
crises.
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