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Abstract 

Background: The COVID-19 pandemic resulted in unprecedented increases in mortality in the U.S. and worldwide. 
To better understand the impact of the COVID-19 pandemic on mortality in the state of Minnesota, U.S.A., we charac-
terize the changes in the causes of death during 2020 (COVID-19 period), compared to 2018–2019 (baseline period), 
assessing for differences across ages, races, ethnicities, sexes, and geographic characteristics.

Methods: Longitudinal population-based study using Minnesota death certificate data, 2018–2020. Using Pois-
son regression models adjusted for age and sex, we calculated all-cause and cause-specific (by underlying causes of 
death) mortality rates per 100,000 Minnesotans, the demographics of the deceased, and years of life lost (YLL) using 
the Chiang’s life table method in 2020 relative to 2018–2019.

Results: We identified 89,910 deaths in 2018–2019 and 52,030 deaths in 2020. The mean daily mortality rate 
increased from 123.1 (SD 11.7) in 2018–2019 to 144.2 (SD 22.1) in 2020. COVID-19 comprised 9.9% of deaths in 2020. 
Other categories of causes of death with significant increases in 2020 compared to 2018–2019 included assault by 
firearms (RR 1.68, 95% CI 1.34–2.11), accidental poisonings (RR 1.49, 95% CI 1.37–1.61), malnutrition (RR 1.48, 95% CI 
1.17–1.87), alcoholic liver disease (RR, 95% CI 1.14–1.40), and cirrhosis and other chronic liver diseases (RR 1.28, 95% CI 
1.09–1.50). Mortality rates due to COVID-19 and non-COVID-19 causes were higher among racial and ethnic minority 
groups, older adults, and non-rural residents.

Conclusions: The COVID-19 pandemic was associated with a 17% increase in the death rate in Minnesota relative 
to 2018–2019, driven by both COVID-19 and non-COVID-19 causes. As the COVID-19 pandemic enters its third year, 
it is imperative to examine and address the factors contributing to excess mortality in the short-term and monitor for 
additional morbidity and mortality in the years to come.
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Background
In December 2019, the SARS-CoV-2 virus that causes 
COVID-19 disease emerged in Wuhan, China. It rapidly 
spread across the globe and was declared a global pan-
demic on March 11, 2020 by the World Health Organiza-
tion. By the end of 2020, COVID-19 was identified as the 
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third leading age-adjusted cause of death in the U.S. [1] 
During the same period, wide-spread societal responses 
to the pandemic dramatically changed human interac-
tions and movement as well as the access to and deliv-
ery of healthcare. This created the potential for other 
significant changes to mortality patterns that are not 
directly attributable to COVID-19 infection. Studies con-
ducted early in the pandemic consistently demonstrated 
an increase in deaths driven by both COVID-19 infec-
tion and other – related and unrelated – causes. How-
ever, those studies examined the early months of the 
pandemic, [2–5] used provisional and not finalized death 
certificate data, [1–8] focused on singular categories of 
causes of death, [2, 4, 6] assessed narrow age subgroups, 
[3] or were conducted in early geographic hotspots of 
COVID-19 infections [9]. We therefore sought to charac-
terize the changes in the causes of death during the first 
year of the pandemic compared to the two prior years, 
assessing for differences across ages, races, ethnicities, 
sexes, and rurality using finalized population death cer-
tificate data for the state of Minnesota, U.S.A.

Studies using provisional data have examined the 
impact of the COVID-19 pandemic on mortality, [2, 5–7, 
10, 11] demonstrating both high rates of mortality sec-
ondary to COVID-19 as well as substantial increases in 
overall mortality and deaths due to heart disease, Alzhei-
mer’s disease, diabetes, and unintentional injury. Other 
studies revealed disproportionate increases in both 
COVID-19 and all-cause mortality among racial and eth-
nic minority populations [3, 8, 9, 12]. However, there is 
limited granular data about the changes in all-cause and 
cause-specific mortality on the population level for the 
full first year of the pandemic and for subgroups of peo-
ple based on demographics. More granular data could 
identify populations at increased risk of death from spe-
cific etiologies and inform public health interventions 
both now and in the future.

To address these knowledge gaps, we analyzed all final-
ized death certificates filed in Minnesota between 2018 
and 2019 (pre-pandemic period) and in all of 2020 (first 
year of the pandemic) to characterize the changes in all-
cause and cause-specific mortality, and years of life lost, 
in the overall Minnesota population as well in subgroups 
by decedents’ age, sex, race/ethnicity, and geographic 
(rural versus non-rural) characteristics.

Methods
Study design and setting
This is a longitudinal analysis of Minnesota death cer-
tificate data, subset into two primary time periods: 
2018–2019 (pre-pandemic) and 2020 (pandemic). Study 
results are reported in accordance with Strengthening 
the Reporting of Observational Studies in Epidemiology 

(STROBE) guidelines for observational research studies 
[13].

Outcomes
Mortality rates per 100,000 people in Minnesota were 
calculated relative to annual population counts reported 
by the U.S. Census Bureau [14] and the Minnesota State 
Demographic Center [15]. Population counts for specific 
demographic subgroups were retrieved for 2019 using 
the IPUMS USA dataset, a publicly available source of 
American Community Survey microdata [16]. Demo-
graphic-specific populations for 2018 and 2020 were esti-
mated using the population proportions for 2019.

We used the underlying cause of death to categorize 
non-COVID-19 deaths. Any death listing COVID-19 as 
the underlying cause of death or one of four contribut-
ing causes of death was classified as a COVID-19 death. 
Causes of deaths were identified in the data using Inter-
national Classification of Diseases, 10th Revision (ICD-
10) codes and grouped using the 113 cause-of-death 
recode, a mutually exclusive and collectively exhaustive 
categorization of all causes of death [17]. The cause of 
death is considered finalized after it has undergone cod-
ing and official categorization based on ICD-10 codes 
using an established system of rules. Accidental poison-
ing deaths were identified using the underlying cause of 
death, then assessed for substances contributing to the 
poisoning using all text fields on the death certificate 
(e.g., all 5 causes of death, other significant factors, how 
injury occurred, etc.). Substances contributing to death 
were categorized as opioids, other drugs, and non-drugs 
(e.g., carbon monoxide, laundry detergent).

Independent variables
Decedent demographics were taken from the death cer-
tificate, including age, sex, race and ethnicity, education 
level, marital status, place of death, and place of resi-
dence. Counties of residency and death were categorized 
as rural or not rural as defined by the Office of Rural 
Health Policy, Health Resources and Services Adminis-
tration [18].

Statistical analysis
Causes of death during each time period were summa-
rized with frequency counts and mortality rates. Deaths 
were compared between time periods using rate ratios 
(RRs) and 95% confidence intervals (CI) calculated using 
the Miettinen-Nurminen procedure [19]. These analyses 
were conducted for the entire population and separately 
for women and men. P-values were calculated using 
Wald’s tests on the log-transform of the RR. To account 
for the number of comparisons being made, all p-values 
were corrected using the Benjamini-Hochberg correction 
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[20]. Statistical tests were two-sided and corrected p-val-
ues < 0.05 were considered significant, though with large 
sample sizes more attention should be paid to effect size 
than p-values.

For each cause of death, demographic-specific rates 
of death were compared between 2018-2019 and 2020 
using Poisson regression models accounting for age and 
sex, along with an interaction term for time period. An 
offset term for population per demographic group was 
included to ensure the Poisson model was measuring 
demographic-specific death rates. P-values are reported 
for the interaction [21] between the demographic group 
and time period to determine whether a statistically sig-
nificant change in death rates occurred for the group 
between 2018-2019 and 2020. Multivariable adjustment 
was only applied to the reported adjusted p-values; all 
reported RRs were based on the observed death rates 
for each demographic group and not adjusted for any 
other demographics. To ensure that sufficient informa-
tion was present to test for a change in deaths between 
time periods, regression models were fit only for demo-
graphic groups with at least 5 deaths in both 2018–2019 
and 2020.

For deaths due to COVID-19, the time period was not 
relevant because no COVID-19 deaths occurred during 
2018–2019. In this case, Poisson models were fit to com-
pare rates within levels of each demographic variable. 
Univariable models were fit for each demographic, along 
with a multivariable model adjusting for age and sex. 
These models were fit with an offset term for population 
as above. Statistical significance for each demographic 
variable was determined using likelihood ratio tests to 
assess whether death rates due to COVID-19 differed 
across the levels of a given demographic variable.

To calculate years of life lost (YLL), age- and sex-strat-
ified life expectancies were calculated using the Chiang’s 
life table method [22] based on our population and mor-
tality data for Minnesota. YLL were calculated for each 
Minnesota death between 2018 and 2020 as the differ-
ence between a person’s age at death and predicted life 
expectancy given the person’s age and sex. To determine 
the excess deaths potentially caused by the COVID-19 
pandemic, the YLL from 2020 were compared to the 
expected YLL in 2020 assuming the same rates of death 
as in 2018–2019 but projected onto the 2020 popula-
tion. Differences are reported both as excess YLL and the 
percent change. Additionally, the total YLL from non-
COVID-19 causes were compared to the projected YLL 
for 2020 to quantify the excess YLL brought about by the 
COVID-19 pandemic but not attributable to the infec-
tion itself.

All analyses were conducted using R version 3.6.2.

Results
We identified a total of 89,910 deaths in Minnesota in 
2018–2019 and 52,030 deaths in 2020. Deaths in 2018–
2019 totaled 1,003,220 YLL overall or 8920.8 YLL per 
100,000 person-years. Using this as the baseline rate for 
YLL in the population, we would expect 509,064 YLL in 
Minnesota for 2020. However, we observed 568,881 YLL 
for Minnesota during this time, an excess of 59,817 YLL 
and an 11.8% increase over the prior period (p < 0.001).

There were significant increases in the death rate per 
100,000 persons in all age groups 15 years and older, while 
mortality among children 4 years and younger decreased 
(Table  1). Deaths increased most among Hispanic Min-
nesotans (RR 1.55; 95% CI 1.41–1.70) and least among 
non-Hispanic White Minnesotans (RR 1.12; 95% CI 
1.11–1.14). Increases in death rates were similar among 
non-rural residents (RR 1.15; 95% CI 1.14–1.17) and rural 
residents (RR 1.11; 95% CI 1.09–1.13). The mean daily 
mortality rate increased from 123.1 (SD 11.7) in 2018–
2019 to 144.2 (SD 22.1) in 2020 (Wilcoxon test p < 0.001). 
The mean daily rate of non-COVID deaths in 2020 (128.1 
[SD 12.1]) was also higher than the total 2018–2019 daily 
death rate (Wilcoxon test p < 0.001). Mortality data strati-
fied by sex are presented in Supplemental Table  1, with 
similar trends in death rates across the sexes in 2020 as 
compared to 2018–2019, though men had consistently 
higher mortality rates than women in both time periods.

COVID-19 was a listed cause of 5155 deaths in 2020, 
comprising 9.9% of all deaths in 2020 in Minnesota 
(Table  2). This corresponds to 35,057 YLL from deaths 
attributed to COVID-19, leaving 533,824 YLL from non-
COVID causes (Table  3). When only considering the 
observed non-COVID YLL in 2020 to those predicted 
using 2018–2019 estimates, there was an excess of 4.9% 
or 24,760 additional YLL (p < 0.001).

Other categories of causes of death with significant 
increases in 2020 compared to 2018–2019 included 
assault by firearms (RR 1.68, 95% CI 1.34–2.11), acci-
dental poisonings (RR 1.49, 95% CI 1.37–1.61), alcoholic 
liver disease (RR, 95% CI 1.14–1.40), cirrhosis and other 
chronic liver diseases (RR 1.28, 95% CI 1.09–1.50), and 
malnutrition (RR 1.48, 95% CI 1.17–1.87) (Table  2). In 
contrast, deaths related to other chronic lower respira-
tory diseases (RR 0.94, 95% CI 0.89–0.98) and influenza 
diseases (RR 0.67, 95% CI 0.54–0.83) decreased in 2020. 
The corresponding YLL due to each of these causes of 
death are shown in Table  3. There were no significant 
changes in the other causes of death, including deaths 
from cancer, cardiovascular disease, cerebrovascular dis-
ease, dementia, kidney disease, motor vehicle collisions, 
or suicide, as outlined in Table 2.
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Cause‑specific mortality rates and demographics
The highest mortality rate for COVID-19 was among 
Minnesotans aged ≥85 years (2072.4 per 100,000), Amer-
ican Indians (105.8 per 100,000), rural residents (97.1 per 
100,000), and men (96.1 per 100,000) (Table  4). Deaths 
due to assault by firearms were increased in individuals 
15–34 and 45–64 years of age, with the greatest increase 
among those 45–64 years (RR 2.30, 95% CI 1.23–4.32) 
and women (RR 2.28, 95% CI 1.24–4.22) (Supplemental 
Table 2). There were also significant increases in deaths 
due to assault by firearms among Black Minnesotans (RR 
1.82, 95% CI 1.35–2.45), non-rural residents (RR 1.73, 
95% CI 1.35–2.20), and men (RR 1.60, 95% CI 1.25–2.04). 
When firearms-related deaths were stratified by sex (Sup-
plemental Table  3), we found that the majority of these 
deaths were among men, though women saw a larger 
increase in firearms-related mortality in 2020 relative to 
2018–2019.

Deaths due to accidental poisoning/overdose increased 
49% in 2020 relative to 2018–19 (RR 1.49, 95% CI 1.37–
1.61). Although the category includes all types of poi-
sonings, nearly all accidental poisonings included one or 

more drug (98.4% across the 3 years). The proportion of 
accidental poisoning deaths that included one or more 
opioids increased from 55.6% in 2018–2019 to 63.3% in 
2020 (RR 1.69, 95% CI 1.52–1.88). Accidental poisoning 
deaths increased substantially in nearly all demographic 
groups (Supplemental Table  4). The greatest increases 
occurred among racial and ethnic minority populations: 
non-Hispanic Black Minnesotans (RR 1.72, 95% CI 1.41–
2.11), Hispanic Minnesotans (RR 1.71, 95% CI 1.14–2.54), 
and non-Hispanic American Indian Minnesotans (RR 
1.68, 95% CI 1.29–2.20). People aged 15–64 experienced 
increased mortality from accidental poisoning, with the 
greatest increases in those aged 15–24 (RR 1.64, 95% CI 
1.28–2.09) and 25–34 (RR 1.64, 95% CI 1.40–1.92). Sex-
stratified analyses (Supplemental Table  5) revealed that 
men had higher rates of mortality from accidental poi-
soning than women in both time periods, though both 
sexes saw similar increases in 2020 relative to 2018–2019.

Deaths due to malnutrition were increased among 
residents aged 85 years and older (RR 1.76, 95% CI 1.27–
2.45), women (RR 1.64, 95% CI 1.23–2.19), White indi-
viduals (RR 1.44, 95% CI 1.13–1.83) and rural residents 

Table 1 Minnesota All-Cause Mortality, by Demographic Subgroup, 2018–2020

Shown are the crude (unadjusted) mortality rates and rate ratios (RR) for each demographic subgroup in 2018–2019 and 2020. 1 P-values adjusted using multivariable 
Poisson regression accounting for age and sex. *Indicates statistical significance at p < 0.05 after correcting for multiple comparisons using the Benjamini-Hochberg 
correction

2018–2019 2020 Rate Ratio

Group Deaths Total Deaths Per 100,000 Deaths Total Deaths Per 100,000 RR 95% CI Unadj. P‑Value Adj. P‑Value1

Age Group
 0–4 years 786 111.3 228 63.6 0.57 0.49–0.66 < 0.001* < 0.001*

 5–14 years 176 12.0 78 10.5 0.87 0.67–1.14 0.35 0.24

 15–24 years 812 57.5 468 65.3 1.14 1.01–1.27 0.03 * 0.05 *

 25–34 years 1438 92.1 956 120.7 1.31 1.21–1.42 < 0.001* < 0.001*

 35–44 years 1959 132.4 1251 166.6 1.26 1.17–1.35 < 0.001* < 0.001*

 45–64 years 14,182 502.9 7935 554.5 1.10 1.07–1.13 < 0.001* < 0.001*

 65–84 years 37,012 2337.8 22,033 2743.2 1.17 1.15–1.19 < 0.001* < 0.001*

  ≥ 85 years 33,545 15,121.1 18,972 16,859.8 1.11 1.10–1.14 < 0.001* < 0.001*

Sex
 Male 45,350 814.4 26,509 938.1 1.15 1.13–1.17 < 0.001* < 0.001*

 Female 44,558 784.9 25,521 885.9 1.13 1.11–1.15 < 0.001* < 0.001*

Race
 Hispanic 985 152.7 774 236.4 1.55 1.41–1.70 < 0.001* < 0.001*

 Non-Hispanic Ameri-
can Indian

1160 942.1 723 1158.7 1.23 1.12–1.35 < 0.001* < 0.001*

 Non-Hispanic Asian/
Pacific Islander

1559 251.8 1059 336.9 1.34 1.24–1.45 < 0.001* < 0.001*

 Non-Hispanic Black 3129 395.3 2096 521.5 1.32 1.25–1.39 < 0.001* < 0.001*

 Non-Hispanic White 82,850 951.7 47,222 1069.1 1.12 1.11–1.14 < 0.001* < 0.001*

County of Residency
 Non-Rural Resident 64,445 733.6 37,727 845.7 1.15 1.14–1.17 < 0.001* < 0.001*

 Rural Resident 25,465 1035.0 14,303 1148.36 1.11 1.09–1.13 < 0.001* < 0.001*
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(RR 2.50, 95% CI 1.55–4.04) (Supplemental Table  6). 
Their rates of death in 2020 were 60.4, 2.95, 2.6, and 3.1 
per 100,000, respectively. Sex-stratified analyses (Sup-
plemental Table  7) revealed that older (those aged 
≥85 years) and White women had higher rates of mor-
tality from malnutrition than similarly aged and White 
men in both time periods, and that the COVID-19-pe-
riod increase in malnutrition-related deaths was limited 
primarily to White women ≥85 years old living in rural 
areas.

Deaths due to alcoholic liver disease increased among 
residents aged 25–44 years and ≥ 85 years. The largest 
increases occurred among individuals aged 85 years and 
older (RR 15.77, 95% CI 1.97–126.10), men (RR 1.19, 
95% CI 1.04–1.35), White individuals (RR 1.26, 95% CI 
1.13–1.40), and non-rural residents (RR 1.29, 95% CI 
1.13–1.44) (Supplemental Table  8). Sex-stratified analy-
ses (Supplemental Table 9) found these deaths to be more 
frequent among men, with the exception of American 
Indian women, whose death rates due to alcoholic liver 

disease were higher than among men and any other racial 
or ethnic group. Increases in deaths due to alcoholic liver 
disease seen in 2020 relative to 2018–2019, however, 
were of the same or greater magnitude among women 
compared to men. Deaths due to cirrhosis and other 
chronic liver diseases increased the most among those 
aged 65–84 (RR 1.32, 95% CI 1.07–1.64), non-rural resi-
dents (RR 1.29, 95% CI 1.08–1.55), men (RR 1.40, 95% CI 
1.14–1.73), and White residents (RR 1.31, 95% CI 1.11–
1.55) (Supplemental Table  10). Sex-stratified analyses of 
deaths related to cirrhosis and other chronic liver disease 
are shown in Supplemental Table 11; however, due to rel-
atively low event rates, increases in these deaths reached 
statistical significance only among men aged 65–84 years, 
White men, and rural residents.

Discussion
Using complete death certificate data for the state of 
Minnesota between 2018 and 2020, we found signifi-
cant increases in death rates in all adult (≥25 years) age 

Table 2 Minnesota Causes of Death, 2018–2020

Shown are the crude (unadjusted) mortality rates for each demographic subgroup in 2018–2019 and 2020. Deaths are categorized based on the primary cause as 
reported on the death certificate, with the exception of COVID-19 deaths that were categorized as such if the primary or one of the first four contributing causes 
of death was classified as a COVID-19 death. *Indicates statistical significance at p < 0.05 after correcting for multiple comparisons using the Benjamini-Hochberg 
correction

2018–2019 (N = 89,910) 2020 (N = 52,030) Rate Ratio (RR)

Cause of Death Deaths Total Deaths Per 
100,000

Deaths Total Deaths Per 
100,000

RR 95% CI P‑Value

Malignant Neoplasms 20,111 178.83 10,040 175.94 0.98 0.96–1.01 0.28

Cardiovascular Diseases 18,983 168.80 9748 170.82 1.01 0.99–1.04 0.44

COVID-19 0 0 5155 90.34 – – –

Alzheimer’s Disease 4982 44.30 2551 44.70 1.01 0.96–1.06 0.79

Cerebrovascular Diseases 4584 40.76 2257 39.55 0.97 0.92–1.02 0.35

Chronic Lower Respiratory Diseases 4592 40.83 2179 38.18 0.94 0.89–0.98 0.03 *

Diabetes 2679 23.82 1462 25.62 1.08 1.01–1.15 0.06

Accidental Poisoning or Exposure to Noxious Substances 1313 11.68 990 17.35 1.49 1.37–1.61 < 0.001 *

Infectious Diseases 1542 13.71 837 14.67 1.07 0.98–1.16 0.23

Kidney Disease 1667 14.82 828 14.51 0.98 0.90–1.06 0.72

Parkinson’s Disease 1447 12.87 782 13.70 1.07 0.98–1.16 0.27

Suicide 1514 13.46 717 12.56 0.93 0.85–1.02 0.24

Alcoholic Liver Disease 963 8.56 617 10.81 1.26 1.14–1.40 < 0.001 *

Motor Vehicle Accident 866 7.70 466 8.17 1.06 0.95–1.19 0.43

Pneumonia/Other Acute Lower Respiratory Infections 879 7.82 424 7.43 0.95 0.85–1.07 0.49

Other Unintentional Injury 452 4.02 266 4.66 1.16 1.00–1.35 0.13

Cirrhosis/Other Chronic Liver Disease 402 3.57 261 4.57 1.28 1.09–1.50 0.006 *

Assault by Discharge of Firearms 163 1.45 139 2.44 1.68 1.34–2.11 < 0.001 *

Malnutrition 164 1.46 123 2.16 1.48 1.17–1.87 0.004 *

Influenza 322 2.86 109 1.91 0.67 0.54–0.83 0.001 *

Assault by Other Means 99 0.88 51 0.89 1.02 0.72–1.42 1.00

Legal Intervention 24 0.21 12 0.21 0.99 0.49–1.97 1.00

All Others 22,162 197.07 12,016 210.57 1.07 1.05–1.09 < 0.001 *
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groups in 2020 compared to 2018–2019. COVID-19 
was a contributing cause of death for nearly 10% of all 
deaths in 2020, and there were also significant increases 
in non-COVID-19 deaths due to assault by firearms, 
accidental poisonings, malnutrition, alcoholic liver dis-
ease, as well as cirrhosis and other chronic liver disease. 
These data underscore the importance of examining 
finalized death data that has been officially and system-
atically coded and categorized, as preliminary estimates 
published early during the pandemic found few excess 
deaths in Minnesota and nearly all (97%) of these excess 
deaths were  attributed to COVID-19 [11]. We did not 
find statistically significant increases in deaths due to 
other causes, including those hypothesized to be affected 
by pandemic-related changes in daily life and access to 
health care including cancer, cardiovascular disease, cer-
ebrovascular disease, dementia, kidney disease, motor 
vehicle collisions, and suicide.

Substantial increases in accidental poisoning/overdose 
deaths seen in Minnesota mirror national trends iden-
tified in other studies during COVID-19 [23]. Emerg-
ing evidence suggests multiple potential drivers of this 

change, including economic stress and financial uncer-
tainty, anxiety about a new infection affecting large 
segments of society, changes in the illicit drug supply 
observed at the national level [24] and described by peo-
ple who use drugs, [25] as well as interruptions in access 
to mental health and substance disorder treatment [26]. 
The largest increases in accidental poisoning/overdose 
deaths in Minnesota were seen among the groups expe-
riencing the highest burden of overdose deaths before the 
pandemic, including racial and ethnic minority popula-
tions, young and middle-aged adults, men, and residents 
in non-rural areas. A recent analysis of national opioid 
overdose mortality trends found that Minnesota has the 
largest disparity in opioid overdose death rates between 
American Indian and non-Hispanic White people among 
the ten states where such rates could be calculated [27]. 
Addressing this crisis must be a public health priority, 
including supporting the tribal nations’ work to address 
health, economic, and community well-being [28, 29]. 
Reducing overdose deaths requires a broad public health 
approach that addresses both the factors that lead to ini-
tiating drug use and the factors that increase the harms 

Table 3 Minnesota Years of Life Lost by Cause of Death, 2018–2020

2018–2019 (N = 89,910) 2020 (N = 52,030)

Cause of Death Deaths Total YLL YLL Per 100,000 Deaths Total YLL YLL Per 100,000 Percent Change

Malignant Neoplasms 20,111 261,359 2324.0 10,040 129,398 2267.5 −2.5%

Cardiovascular Diseases 18,983 145,411 1293.0 9748 77,055 1350.3 + 4.4%

Suicide 1514 55,930 497.3 717 25,239 442.3 −11.1%

Accidental Poisoning or Exposure to Nox-
ious Substances

1313 51,177 455.1 990 39,983 700.7 + 54.0%

Chronic Lower Respiratory Diseases 4592 40,430 359.5 2179 20,333 356.3 −0.9%

Diabetes 2679 32,384 288.0 1462 17,949 314.5 + 9.2%

Cerebrovascular Diseases 4584 31,540 280.5 2257 15,639 274.1 −2.3%

Motor Vehicle Accident 866 30,257 269.1 466 16,536 289.8 + 7.7%

Alcoholic Liver Disease 963 24,881 221.2 617 16,675 292.2 + 32.1%

Infectious Diseases 1542 19,924 177.2 837 10,574 185.3 + 4.6%

Kidney Disease 1667 12,492 111.1 828 6457 113.2 + 1.9%

Alzheimer’s Disease 4982 12,123 107.8 2551 5514 96.6 −10.4%

Other Unintentional Injury 452 8504 75.6 266 4627 81.1 + 7.3%

Assault by Discharge of Firearms 163 7915 70.4 139 6748 118.2 + 67.9%

Pneumonia/Other Acute Lower Respiratory 
Infections

879 7796 69.3 424 3330 58.4 −15.7%

Parkinson’s Disease 1447 7266 64.6 782 4226 74.1 + 14.7%

Cirrhosis/Other Chronic Liver Disease 402 6777 60.3 261 4730 82.9 + 37.5%

Assault by Other Means 99 4630 41.2 51 2386 41.8 + 1.5%

Influenza 322 3122 27.8 109 1742 30.5 + 9.7%

Malnutrition 164 1168 10.4 123 757 13.3 + 27.9%

Legal Intervention 24 1068 9.5 12 582 10.2 + 7.4%

COVID-19 0 0 0 5155 35,057 614.3 –

All Others 22,162 237,064 2108.0 12,016 123,344 2161.5 + 2.5%
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associated with it, including increasing access to treat-
ment and harm reduction services and reforming the 
criminal legal system’s approach to people who use drugs 
[30].

Prior to COVID-19, alcohol use contributed to 95,000 
deaths annually in the U.S., [31] with 5.3% of Americans 
12 years and older having alcohol use disorder [32]. Alco-
hol purchasing and consumption increased substantially 
in 2020, [33, 34] as the nation faced the stresses and 
uncertainties related to the pandemic, job loss, social iso-
lation, and social unrest. We therefore were not surprised 
to find that the rate of deaths from alcoholic liver disease 
increased 26.3% from 2018 to 2019 to 2020. Deaths from 
other chronic liver disease similarly increased by 28%, 
though the data are limited by our inability to precisely 
delineate the difference between these two categories of 
causes of death. Deaths increased significantly among 
all adults ≥25 years but were most pronounced among 
individuals ≥85 years and women, suggesting a need for 
increased vigilance and screening for alcohol use disor-
der and its complications in these populations, particu-
larly during times of isolation and stress. Most of these 
excess deaths likely represent decompensation of pre-
existing chronic alcohol use and associated liver disease, 
either due to continued or increased alcohol use, lack 

of treatment, or as a contributing factor to more severe 
COVID-19 illness or liver disease progression after 
COVID-19 illness [35, 36]. This early spike in deaths due 
to liver disease may presage long-term effects of increas-
ing alcohol use and alcohol use disorder within the pop-
ulation. We anticipate that excess deaths due to chronic 
liver disease, heart disease, and cancer will continue to 
become apparent over the years to come.

We found that malnutrition deaths increased among 
the elderly, and in White individuals, women, and rural 
residents resulting in a 28% increase in YLL due to mal-
nutrition in 2020 relative to 2018–2019. Sex-stratified 
analyses suggested that increases in malnutrition-related 
deaths were seen primarily in women 85 years and older, 
White women, and rural residents. To our knowledge, 
this has not been previously reported, though our find-
ings are limited by the lack of more explicit categoriza-
tion and etiologic information. Malnutrition has been 
shown to be related to environmental and social factors, 
and vulnerability to malnutrition increases with age. 
Depression and loneliness [37] are important risk fac-
tors for malnutrition among older adults. It is likely that 
increased social isolation due to the COVID-19 pan-
demic resulted in exacerbation of underlying risk factors 
for malnutrition, including loneliness and depression. 

Table 4 Minnesota Deaths from COVID-19, by Demographic Subgroup, 2020

Shown are the crude (unadjusted) mortality rates for each demographic subgroup in 2020. 1 P-value determined from univariable Poisson regression. 2 P-value 
determined from multivariable Poisson regression accounting for age and sex. *Indicates statistical significance at p < 0.05 after correcting for multiple comparisons 
using the Benjamini-Hochberg correction

Group Deaths Total Deaths Per 100,000 Unadj. P‑Value1 Adj. P‑Value2

Age Group < 0.001 * < 0.001 *

 0–4 years 0 0.0

 5–14 years 0 0.0

 15–24 years 3 0.4

 25–34 years 14 1.8

 35–44 years 40 5.3

 45–64 years 486 34.0

 65–84 years 2279 283.7

  ≥ 85 years 2332 2072.4

Sex < 0.001 * < 0.001 *

 Male 2715 96.1

 Female 2440 84.7

Race < 0.001 * < 0.001 *

 Hispanic 155 47.4

 Non-Hispanic American Indian 66 105.8

 Non-Hispanic Asian/Pacific Islander 195 62.0

 Non-Hispanic Black 258 64.2

 Non-Hispanic White 4464 101.1

County of Residency < 0.001 * < 0.001 *

 Non-Rural Resident 3946 88.5

 Rural Resident 1209 97.1
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Residents in rural areas may have been particularly vul-
nerable to isolation based on decreased proximity to 
neighbors and smaller communities. Older and White 
women are also more likely to live alone, [38, 39] under-
scoring the impact of isolation and lack of economic, 
logistical, and social support on self-care and sustenance.

Finally, we found increased deaths due to assault dis-
charge of firearms, though not by suicide, and no changes 
in the fatality rate by motor vehicle accidents. This is 
consistent with early data available through August 2020 
finding an increase in homicides and unintentional inju-
ries; no change in motor vehicle accidents; and a decrease 
in suicidality [4]. Deaths by discharge of firearms 
increased by 2.3-fold among individuals 45–64 years old; 
1.7-fold among non-rural residents (with  no significant 
increase among rural residents); and 2.6-fold among His-
panic, 1.8-fold among non-Hispanic Black, and 1.6-fold 
among non-Hispanic White individuals. These deaths 
mirror those attributed to other “deaths of despair,” [40] 
including accidental poisoning/overdose and alcoholic 
liver disease, underscoring the impact of the pandemic, 
the social justice movement, as well as economic and 
other stressors on preventable deaths and injuries. The 
lack of increase in deaths by suicide is consistent with 
prior studies but is surprising given the increased stress 
experienced during the pandemic and will need to be fur-
ther examined.

Importantly, we did not find significant increases in 
deaths due to many health conditions for which care may 
have been delayed or deferred as the result of COVID-
19 restrictions on elective care as well as patients’ poten-
tial hesitancy to seek preventive care. These conditions 
include cancer, cardiovascular disease, cerebrovascu-
lar disease, dementia, and kidney disease. Prior studies 
[2, 5–7, 10, 11] found mixed results with respect to the 
impact of the COVID-19 pandemic on these deaths but 
were limited to the early stages of the pandemic with 
incomplete ascertainment of deaths and their causes. 
This lack of increase in mortality secondary to chronic 
disease is reassuring given evidence that hospitalizations 
for the management of these conditions decreased, par-
ticularly early in the pandemic [41–43]. The reduction in 
hospitalizations raised concerns about delayed care and 
later impacts on mortality that are not seen here. Nev-
ertheless, it is possible that long-term sequelae of both 
delayed/deferred care and COVID-19 infection will 
result in increased mortality from chronic disease in 
future years, warranting close surveillance of mortality 
trends for years and decades to come.

Consistent with prior studies from early in the pan-
demic, [8, 44, 45] mortality rates due to COVID-19 and 
non-COVID-19 causes were higher among racial and 
ethnic minority groups, particularly among American 

Indians, compared to non-Hispanic White Minnesotans. 
These findings underscore the pervasive impacts of struc-
tural racism on individual and population health [46, 47]. 
Members of racial and ethnic minority groups are more 
likely to be employed in fields not amenable to remote 
work and with higher risk of COVID-19 exposure, [46, 
48] live in multigenerational households, and have less 
access to timely medical care [46, 49–51]. American 
Indian communities living in reservations have long 
experienced inadequate access to medical care secondary 
to underfunded and underresourced healthcare facilities 
[52, 53]. It is therefore critical not only to escalate efforts 
to address the structural causes of heightened infection 
risk and adverse health outcomes among racial and eth-
nic minority groups, but to also mitigate the effects of 
higher morbidity experienced by minority populations 
during the pandemic. This includes developing tailored, 
culturally appropriate, and accessible care models to sup-
port people experiencing long-term sequela of COVID-
19 infection as well as people with deteriorating chronic 
health conditions as the result of delayed care [54].

While this is the first analysis of complete population 
level data on COVID-19, all-cause, and cause-specific 
mortality in 2020, this study has important limitations. 
Our data are limited to residents of Minnesota and may 
not generalize to other populations. We are not able to 
directly compare the observed excess deaths in Minne-
sota to those of other states, as no finalized data for other 
states or the U.S. overall are available. Provisional esti-
mates published early in the pandemic, however, found 
a much higher proportion of deaths to be attributed 
directly to COVID-19, [3, 5, 10, 11] underscoring the 
delayed effects of COVID-19, the public health measures 
used to contain in, and decreased access to or utilization 
of healthcare services for acute and chronic health needs. 
As with all analyses of death certificates, there is risk for 
misclassification of the causes of death, including missed 
cases of COVID-19 and its complications.

Conclusions
The COVID-19 pandemic was associated with a 17% 
increase in the death rate in Minnesota relative to 
2018–2019, disproportionately affecting racial and eth-
nic minority populations and older adults. Deaths were 
driven by COVID-19 and non-COVID-19 causes, with 
most striking impacts on preventable deaths of despair 
caused by overdose, alcohol use, and malnutrition. As the 
COVID-19 pandemic enters its third year, it is imperative 
to examine and address the factors contributing to excess 
mortality in the short-term and monitor for additional 
morbidity and mortality in the years to come.
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