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ARTICLE INFO ABSTRACT
Article history: Background: Although the COVID-19 pandemic has persisted for more than two years with the evident
Received 17 October 2022 excess mortality from diabetes, few studies have investigated its temporal patterns. This study aims to
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estimate the excess deaths from diabetes in the United States (US) during the COVID-19 pandemic and
Accepted 23 January 2023

evaluate the excess deaths by spatiotemporal pattern, age groups, sex, and race/ethnicity.
Methods: Diabetes as one of multiple causes of death or an underlying cause of death were both considered

Ié‘gg}’gﬁ’g into analyses. The Poisson log-linear regression model was used to estimate weekly expected counts of
Pandemic waves deaths during the pandemic with adjustments for long-term trend and seasonality. Excess deaths were
Excess deaths measured by the difference between observed and expected death counts, including weekly average excess
Demographic analyses deaths, excess death rate, and excess risk. We calculated the excess estimates by pandemic wave, US state,
Temporal pattern and demographic characteristic.

Results: From March 2020 to March 2022, deaths that diabetes as one of multiple causes of death and an
underlying cause of death were about 47.6 % and 18.4 % higher than the expected. The excess deaths of
diabetes had evident temporal patterns with two large percentage increases observed during March 2020,
to June 2020, and June 2021 to November 2021. The regional heterogeneity and underlying age and racial/
ethnic disparities of the excess deaths were also clearly observed.
Conclusions: This study highlighted the increased risks of diabetes mortality, heterogeneous spatiotemporal
patterns, and associated demographic disparities during the pandemic. Practical actions are warranted to
monitor disease progression, and lessen health disparities in patients with diabetes during the COVID-19
pandemic.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health
Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/li-
censes/by-nc-nd/4.0/).

Introduction

Diabetes mellitus is a metabolic disease that needs continuing
management, close monitoring, and medication. It is one of the
leading causes of mortality, with more than one million deaths

* Corresponding authors. worldwide per year [1]. In the United States (US), death rate of
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undetected COVID-19 cases from patients with diabetes, varied re-
strictions imposed by the pandemic and reductions in healthcare
delivery for acute emergencies or chronic disease management
during the pandemic [5-7]. Timely monitoring of excess deaths from
diabetes during the COVID-19 pandemic is necessary to adjust public
health strategies to address the large and growing burden of dia-
betes.

Since 2020, the continuingly mutated SARS-CoV-2 has caused
multiple pandemic waves in the US, which might lead to temporal
disparity in excess mortality from diabetes. Across different pan-
demic waves, number of COVID-19 cases and deaths vary widely [8].
Population vaccination rates and strict restrictions imposed by the
government (e.g., stay-at-home orders) are constantly changing as
well. The negative impact of different pandemic waves on the people
of diabetes may therefore differ, resulting in temporal disparity in
excess mortality from diabetes. To our knowledge, this is the first
study evaluating the temporal pattern of excess mortality from
diabetes by COVID-19 pandemic waves. Furthermore, comparisons
of excess mortality from diabetes by population subgroups and
states allow for a complete assessment of the differential impact of
the pandemic on diabetes mortality in different subgroups.

In this study we aimed to estimate the excess deaths from dia-
betes between March 2020 and March 2022 in the US, investigate
the pattern of these deaths across multiple pandemic waves, and
evaluate the deaths by age, sex, race/ethnicity, and state.

Methods

We obtained weekly death data between January 2018 and July
2022 from the Wide-ranging Online Data for Epidemiologic Research
database (WONDER) of the Centers for Disease Control and
Prevention (CDC) [9]. Since diabetes are usually associated with
other medical conditions and disabilities (i.e., ischemic heart dis-
ease, renal or visual impairment etc.,) and sometimes was not be
listed as the primary cause of death [10], we considered two kinds of
death data in our analysis: 1) deaths associated with diabetes when
diabetes was listed as one of multiple causes on the death certificate,
and 2) deaths that diabetes was listed as the single underlying cause
of death. Those deaths from diabetes were coded as E10-E14 ac-
cording to the tenth revision of the International Classification of
Diseases. The coding procedure for the underlying or multiple causes
of death can be found in National Vital Statistics System from CDC
[11,12]. Death counts across US states and by age, sex, and race/
ethnicity were also retrieved. Considering the potential reporting lag
bias, we excluded the most recent data after March 2022. Census
data by states between 2015 and 2020 were obtained from the US
Census Bureau [13]. Population information in 2021 and 2022 was
projected according to the baseline population from 2015 to 2020.
Because the data used was de-identified and publicly available, this
study was exempted from institutional review board approval.

The weekly number of excess deaths was calculated by the ob-
served deaths subtracting the expected deaths. The death sequence
of diabetes from January 2018 to February 2020 was fitted with the
Poisson log-linear regression model and controlled for time-varying
patterns. Then, the fitted model was adopted to project the expected
deaths from March 2020 to March 2022 [14]. The quasi-Poisson fa-
mily was adopted in the model prediction since the overdispersion
feature of the data was detected. The time-varying pattern included
temporal trend and seasonality components. The temporal trend
was controlled with a linear term for the calendar year (2018-2020
in the model fitting, 2020-2022 in the prediction). The seasonality
was parameterized using a natural spline function for epidemiolo-
gical weeks (from week 1 to week 52). Nine candidate models
(natural spline function with the degree of freedom from 4 to 12)
were tested through the maximum likelihood approach. The natural
spline function with degree of freedom of 9 was used in the analyses
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based on the lowest Akaike information criterion (AIC) score. The
subgroup data was fitted its own Poisson regression model with the
same degree of freedom for the natural spline function. For the
overall and subgroup estimates, we calculated the following esti-
mates with 95 % confidence interval (CI) measured by mean esti-
mate+ 1.96 standard error (SE): excess death number (observed
death counts subtracted expected death counts), excess death
number per week (weekly average excess death number within
specific periods), excess death rates (excess death number per mil-
lion persons) and excess risk (the ratio between excess death
number and expected death number x 100 %), respectively. Subgroup
analyses were performed by age (20-64 years, 65-84 years, > 85
years), sex (male and female), race/ethnicity (non-Hispanic White,
non-Hispanic Black, non-Hispanic Asian, and Hispanic), pandemic
years (March 2020 - February 2021 vs March 2021 - March 2022),
and pandemic waves. The pandemic waves were identified ac-
cording to the COVID mortality surveillance data from CDC, where
showed five COVID-19 death waves by the end of March 2022 [8].
Thus, the pandemic waves from Wave I to V were defined as follows:
March 12020 to June 6 2020 (Wave I), June 7 2020 to October 3 2020
(Wave II), October 4 2020 to June 26 2021 (Wave III), June 27 2021 to
November 27 2021 (Wave V), and November 28 2021 to March 26
2022 (Wave V).

Sensitivity analyses were operated to verify the robustness of
fitting for seasonal effect of baseline curve. First, the nature splines
with degrees of freedom of 6 and 12 (degree of freedom of 9 was
used in the main analysis) were utilized in the model. Second, the p-
spline with degree of freedom of 6 was used (degrees of freedom
from 4 to 16 were tested, and 6 was then chosen according to the
lowest AIC value). This study followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) re-
porting guidelines. All analyses were done with R statistical software
(version 3.6.1).

Results

Between March 2020, and March 2022, there were a 47.6 % (95 %
Cl, 41.7-53.1) increase in deaths associated with diabetes that dia-
betes was shown as one of multiple causes of death on the death
certificate. The increased percentage projected to 270,591 (95 % CI,
237, 294-302,016) excess deaths in the US. Among the excess death
number, there were 35,093, 36,185, 98,263, 55,857, and 45,193
deaths occurred in Waves I to V, separately (Table 1). For the deaths
that diabetes was shown as the underlying causes of death, there
were a 18.4 % (95 % CI 15.1 %-21.7 %) increase, which projected to
33,603 (95 % CI, 27,514-39,508) excess deaths. Among them, there
were 4653, 5153, 10,907, 7269, and 5621 deaths occurred in Waves I
to V, separately (Table 2).

The increased deaths associated with diabetes were more pro-
nounced in Wave [ (March 1, 2020, to June 6, 2020) and Wave IV
(June 27,2021 to November 27, 2021) with excess risks of 49.6 % (95
% Cl, 44.7-54.3 %) in Wave I and 51.0 % (95 % CI, 44.5-57.0 %) in Wave
IV, respectively. Wave III (October 4 2020 to June 26 2021) and Wave
IV (June 27, 2021 to November 27, 2021) showed larger excess death
rates than other waves (Table 1 and Fig. 1). The excess risks from
March 2021 to March 2022 was slightly attenuated than that of
March 2020 to February 2021 (excess risk, 50.7 % [95 % CI, 45.6-55.5
%] and 44.6 % [95 % CI, 38.0-50.8 %]) (Table 1). The excess death
estimates that diabetes was the underlying cause of death showed
consistent temporal patterns, while the magnitude of excess death
rate and excess risk were about one-eighth to one-third than the
estimates associated with diabetes by the multiple causes of death
among the whole US population (Table 2 and Fig. S1-S3). The results
were similar in the sensitivity analyses of robustness.

The excess deaths associated with diabetes disproportionately
affected people of various races/ethnicities. The excess risks were
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Table 2

Journal of Infection and Public Health 16 (2023) 483-489

Excess mortality of diabetes in the United States from March 2020, to March 2022, when diabetes was the underlying cause of death.

Subgroups Observed death number  Excess death number Excess death number per Excess death rates per million Excess risk %

(95 % CI) week persons (95 % CI)

(95 % CI) (95 % CI)

Overall® 216,071 33,603 (27,514, 39,508) 311 (255, 366) 102.9 (84.3,121.0) 18.4 (15.1, 21.7)
Age groups
Age 20-64 62,717 11,788 (9376, 14,088) 109 (87, 130) 61.3 (48.8, 73.3) 23.1 (184, 27.7)
Age 65-84 112,229 15,501 (12,164, 18,727) 144 (113, 173) 338.9 (265.9, 409.4) 16.0 (12.6, 19.4)
Age 85 + 39,336 4858 (3226, 6411) 45 (30, 59) 733.6 (487.2, 968.2) 14.1 (9.4, 18.6)
Sex
Female 93,689 15,675 (12,809, 18,441) 145 (119, 171) 94.6 (773, 111.3) 20.1 (16.4, 23.6)
Male 122,382 17,918 (14,070, 21,626) 166 (130, 200) 111.4 (87.5, 134.5) 17.2 (13.5, 20.7)
Race/ethnicity
NH-White 136,302 15,298 (11,581, 18,900) 142 (107, 175) 78.0 (59.0, 96.3) 12.6 (9.6, 15.6)
NH-Black 40,351 9837 (7893, 11,660) 91 (73, 108) 246.0 (1974, 291.5) 32.2(25.9,38.2)
NH-Asian 7758 1880 (1289, 2423) 17 (12, 22) 103.4 (70.9, 133.2) 32.0 (21.9, 41.2)
Hispanic 25,762 5905 (4545, 7192) 55 (42, 67) 99.5 (76.6, 121.2) 29.7 (22.9, 36.2)
Pandemic year
Mar 2020 - Feb 2021 104,657 16,972 (14,438,19,439) 326 (278, 374) 52.0 (44.2, 59.5) 19.4 (16.5, 22.2)
Mar 2021 - Mar 2022 111,414 16,631 (13,076, 20,069) 297 (234, 358) 50.9 (40.0, 61.5) 17.5 (13.8, 21.2)
Pandemic waves”
Wave [ 27,715 4653 (4013, 5277) 332 (287, 377) 14.2 (12.3,16.2) 20.2 (174, 22.9)
Wave II 31,827 5153 (4395, 5890) 303 (259, 346) 15.8 (13.5, 18.0) 19.3 (16.5, 22.1)
Wave III 76,840 10,907 (8769, 12,982) 287 (231, 342) 33.4(26.9, 39.8) 16.5 (13.3,19.7)
Wave IV 42,751 7269 (5963, 8531) 330 (271, 388) 22.3(18.3, 26.1) 20.5 (16.8, 24.0)
Wave V 36,938 5621 (4374, 6828) 331 (257, 402) 17.2 (13.4, 20.9) 17.9 (14.0, 21.8)

Abbreviation: CI, confidence interval.

2 Excess estimates in this table were measured according to the single underlying cause of death shown on the death certificate.

b Wave I was from Week 10 March 1, 2020, to Week 23 June 6 2020, Wave Il was from Week 24 June 7 2020 to Week 40 October 3 2020, Wave IIl was from Week 41 October 4
2020 to Week 25 June 26 2021, Wave IV was from Week 26 June 27 2021 to Week 47 November 27 2021, and Wave V was from Week 48 November 28 2021 to Week 12 March 26
2022, according to the daily surveillance of COVID-19 deaths in the US reported to CDC (shown at https://covid.cdc.gov/covid-data-tracker/#trends_dailydeaths).

about 2-4 times higher in Hispanic, non-Hispanic Black, and non-
Hispanic Asian people than non-Hispanic White people (129.1 % [95
% Cl, 116.8-140.1 %] in Hispanic, 74.4 % [95 % CI, 65.6-82.4 %] in Black,
74.5 % [95 % CI, 64.3-83.8 %] in Asian, and 31.1 % [95 % CI, 26.2-35.7
%] in White people) (Table 1). The elderly and males had higher
excess death rates than others (7571.8 per million persons [95 % CI,
6413.0 - 8664.2] in people aged 85 and above, and 961.8 per million
persons [95 % CI, 840.5 - 1075.9] in males). Of note, there was a
surge in mortality in people aged between 20 and 64 years, as in-
dicated by the highest excess risk of death (51.5 % [95 % CI, 44.3-58.1
%]). The excess estimates of diabetes by demographic subgroup
when diabetes was the underlying cause of death was shown in
Table 2. The state-level estimates of excess deaths, excess death rates
and excess risk across different pandemic periods were shown in
Table S1-5S4 for diabetes as the multiple causes of death, and Table
S5-S8 for diabetes as the underlying cause of death. Although some
states in the east (i.e., New York, New Jersey, Connecticut, Louisiana,
Rhode Island, etc.) severely suffered from the excess deaths asso-
ciated with diabetes at the early pandemic stage, they were atte-
nuated later. On the contrary, some states (i.e., Arkansas, Kansas,
Montana, etc.) showed worsen diabetes-associated excess deaths
over time. The rest states showed mild fluctuation of excess risks
associated with diabetes over time.

Discussion

We observed that substantial excess deaths of diabetes existed
throughout the COVID-19 pandemic, in most U.S. states, and the
temporal patterns were along with the COVID-19 mortality trajec-
tory. Given the large sample available, we were able to demonstrate
disparities in the risks of excess deaths across subgroups defined by
demographic features, including age, sex, and race/ethnicity.
Additionally, the temporal patterns of excess deaths associated with
diabetes showed regional heterogeneity.

The finding of increase in diabetes mortality during the COVID-19
pandemic is consistent with a nationwide study in the UK, which
indicated that at the early stage of the pandemic in 2020, the
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mortality rate in patients with diabetes increased by 0.19 (95 % CI,
0.14 - 0.23) in England and by 0.13 (95 % CI, 0.08 - 0.16) in other UK
nations [15]. Herein, we add to the evidence by showing the long-
term trajectory of excess diabetes mortality throughout the COVID-
19 pandemic in the US, and disparities in mortality across age, sex,
and racial/ethnic groups. Compared with several studies that esti-
mated excess deaths when diabetes was the underlying causes of
death, we also estimated excess deaths wherein diabetes was one of
multiple causes of death, which could avoid underestimation when
patients with diabetes died and their underlying cause of death was
assigned to other causes, such as cardiovascular diseases, cancer, etc
[10,16]. The deaths classified by multiple causes of death also in-
cluded individuals with co-occurrence of diabetes and COVID-19. As
reported by the US CDC, for about 95 % deaths when COVID-19 was
listed on the death certificate, their underlying cause of death was
most likely to be coded to COVID-19 [17]. In turn, if diabetes was
selected as the underlying causes, it's unlikely those patients had
detected COVID-19 infections. Thus, the estimates by using the un-
derlying causes of death might represent an indirect impact of
COVID-19 on patients with diabetes or misclassified COVID-19
deaths. Whereas the estimates by using diabetes as one of multiple
causes of deaths could show the overall impact of the COVID-19
pandemic on patients with diabetes, included those infected with
COVID-19 and those not.

There are several potential explanations for our findings.
Previous evidence found there were many direct associations be-
tween the metabolic and endocrine systems and COVID-19 adverse
outcomes. Patients with metabolic dysfunction showed a higher risk
of COVID-19 infection and death. Whereas infection with SARS-CoV-
2 might induce new-onset diabetes or exacerbate metabolic dis-
orders [18]. Taken together, the COVID-19 infections resulted in
substantial deaths co-occurring with diabetes. For the indirect im-
pact of COVID-19, the pandemic induced frequent disruptions and
severe delay of most routine care for many non-COVID-19-related
conditions [15,19]. Reductions in routine care delivery, diabetes care
in particular, might contribute to higher non-COVID-19-related
mortality in people with diabetes [20]. The reduction in HbAlc
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Fig. 1. Excess death rates of diabetes per million in the United States from March 2020 to March 2022, when diabetes was one of the multiple causes of death. Weekly number of
excess deaths by A) age group (20-64 years, 65-84 years and 85 + years); B) sex (male and female); C) race/ethnicity (non-Hispanic White, non-Hispanic Black, non-Hispanic
Asian, and Hispanic); D) excess death rates per million across US states by the COVID-19 death waves.

testing is another crucial risk factor of the excess death, because the
absence of HbA1c data may pose challenges for physicians making
appropriate treatment decisions [15]. Plausible explanations of ex-
cess deaths associated with diabetes also include the enormous ef-
fect of COVID-19 on social determinants of health (e.g. income, jobs
and food security) and psychological distress.

No previous study has investigated the temporal pattern of ex-
cess deaths due to diabetes by COVID-19 pandemic waves. We found
the temporal patterns of excess estimates by the underlying cause of
death and multiple causes of deaths were similar and they were also
synchronous with the temporal variation of COVID-19 mortality in
the US [8]. This study observed two sharp increases in excess mor-
tality associated with diabetes in Waves I and IV, and two large
excess mortality waves in Waves IIl and IV. The temporal pattern
could be explained that considerable proportion of diabetes-related
deaths were attributed to COVID-19 because individuals with dia-
betes were vulnerable to COVID-19 infections, thus the temporal
trend of excess diabetes associated deaths were partly and pro-
portionally in line with that of COVID-19 deaths. In addition, the
healthcare systems were unprepared for the sudden outbreaks
during the initial wave and set strict restriction for pandemic con-
trol, which might lead to patients with other illness hard to access
the emergency healthcare services [21]. With the development of
the ongoing pandemic, the overwhelmed healthcare systems lead to
interruptions on routine service delivery for chronic diseases such as
diabetes. Part of patients might fail to maintain glycemic control
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levels in absence of the professional guidance and experience de-
terioration in diabetes progression [18,22]. The large excess mor-
tality increases in subsequent waves might be associated with
substantial COVID-19 incidences which led to the sustained inter-
ruption of healthcare services. Since the initial wave, many expert
concerns, guidelines, and modified treatment procedures have been
raised to combat the pandemic and minimized the indirect impact to
other chronic illness [23-25]. Thus, despite the infection rates of
COVID-19 in the later pandemic waves were much higher than the
initial wave, the excess diabetes mortality did not increase pro-
portionally and there was slightly lower excess mortality in the
second pandemic year.

Our results of racial/ethnic disparities in excess deaths of dia-
betes were consistent of early studies which demonstrated similar
disparities in non-COVID-19 excess deaths [26,27]. Those studies
showed that the excess deaths in the early stage of the pandemic
were two to four times higher in the non-white ethnic group,
compared with the white ethnic group. Our study extends findings
from prior work by providing a systematic overview of diabetes-
specific deaths throughout the COVID-19 pandemic. The relative
higher risk of deaths among racial/ethnic minorities during the
pandemic could be attributed to disadvantaged socioeconomic po-
sition, more occupational exposures to COVID-19, living in more
densely populated communities, and less access to health care fa-
cilities and private transportation.
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We also captured the disproportionate excess deaths associated
with diabetes among different age groups. Although older people
suffered from substantial excess mortality burden of diabetes, the
steepest rise in the excess death risk was seen in people aged be-
tween 20 and 64. Our findings are consistent with recent nationwide
studies in England, suggesting a higher excess death risk in younger
diabetics compared with older diabetics [5,28,29]. Young adults are
less likely to meet the target of blood glucose control, having poorer
adherence to diabetes management, and more likely to delay med-
ical care during the pandemic than the elderly.

The potential regional heterogeneity in excess death due to dia-
betes is generally in line with previous studies in the early stage of
COVID-19 pandemic [3]. The regional difference could be explained
by different age, sex, race/ethnical structures, socioeconomic char-
acteristics, healthcare coverage, access to health care services
[30-33]. Our study provided additional information on the time-
varying regional patterns. The excess mortalities showed attenuated,
worsen, or mildly variations over time in different states. The tem-
poral disparities may be explained by the differences in scale and
timing of the pandemic in each wave, dominant SARS-CoV-2 strains
with different virulent profile, the progress of COVID-19 vaccination
across regions, state-specific non-pharmaceutical interventions, ef-
ficiency of movement restrictions, and different magnitudes of the
interruption of healthcare delivery [34-37].

Several studies showed some demographic, lifestyle-related and
clinical risk factors for COVID-19 deaths were also associated with
non-COVID-19 deaths [38,39]. While COVID-19 may multiply some
risks, such as older age, male sex, ethnicity, deprivation, obesity,
uncontrolled diabetes, etc. In addition, the long-term effects of post-
COVID-19 sequelae may also contribute to increased mortality
burden among patients with diabetes. A US veterans reported in-
creased risks (hazard ratio, HR 1.4) and excess burdens of incident
diabetes at 12 months (13.5 per 1000 persons) among COVID-19
survivors [40]. Such risks and burdens were higher in older people
than adults younger than 65 years (HR 1.4), higher in Black people
than White people (HR 1.6), higher in those with cardiovascular
conditions than those without (HR 1.9). However, our estimates were
limited by using aggregated death count data that could not explore
associations of increased mortality risks with any baseline condi-
tions or risk factors among patients with diabetes. Further studies
with individual clinical data are warranted to quantify risk factors
associated with adverse diabetic outcomes attributed to COVID-19
infection, progressed underlying condition, and long-term sequelae
during the pandemic.

This study had some limitations, including using provisional data
to ascertain diabetes mortality and the inability to generalize study
findings to those states with insufficient data. Second, a regional
comparison of excess mortality could be biased since the age-
structure across states could be different. However, a comparison by
excess risk could fix the problem since it showed relative ratios
between excess deaths and expected deaths within states. Although
the precision of comparison on absolute estimates across states
might be limited without age standardization, the findings are still
important for stakeholders to prioritize efforts for diabetes man-
agement during the COVID-19 pandemic. Third, the weekly death
data from WONDER was limited to a short reference period of two
years which might not sufficiently capture a long-term variation. We
compared the temporal trends with alternative dataset from
National Center for Health Statistics (NCHS), CDC [17], which pro-
vided national weekly death counts of diabetes classified by the
underlying cause of death. We also did a sensitivity analysis with
NCHS dataset from 2017 to 2022. The results suggested the temporal
patterns of excess deaths from our main estimates were generally
robust.
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Conclusions

This study highlighted the increased diabetes mortality, spatio-
temporal pattern, and associated demographic disparities during the
pandemic. Our results should motivate pertinent stakeholders to
monitor the progression of diabetes for patients. Racial/ethnic dis-
parities in excess deaths of diabetes demonstrated the necessity to
address the health inequalities. More attention should be given to
vulnerable populations to minimize unexpected deaths during the
pandemic. Since we may live with COVID-19 for a longer period,
sustainable and effective policies should be developed to maintain
qualified and timely diabetes management and tailored to decrease
health disparities, especially in areas most severely affected by the
COVID-19 pandemic.
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