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Abstract: Background/Objective: The purpose of this study was to investigate the impact of the
COVID-19 pandemic on mortality rates in a community-dwelling spinal cord injury (SCI) population
in Ontario. Methods: Using health administrative databases, monthly mortality rates were evaluated
pre-pandemic, during the pandemic, and post-pandemic from March 2014 to May 2024. Data were
stratified by sex, injury etiology, and mental health status. Group differences were evaluated using
t-tests. Autoregressive integrated moving average (ARIMA) models evaluated the pandemic’s impact
on mortality rates. Results: A significant increase of 21.4% in mortality rates during the pandemic was
found for the SCI cohort. With the exception of the traumatic group, all subgroups also experienced a
significant increase in mortality rates (males: 13.9%, females: 31.9%, non-traumatic: 32.3%, mental
health diagnoses: 19.6%, and mental health diagnoses: 29.4%). During the pandemic, females had a
significantly higher mortality rate than males. The non-traumatic group had higher mortality rates
than the traumatic group at all time periods. Individuals with mental health diagnoses had higher
mortality rates than those without at the pre-pandemic and pandemic periods. Conclusions: The
variation in mortality rates across groups highlights inequitable access to medical care in the SCI
population, with further research and interventions needed.
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1. Introduction

The COVID-19 pandemic has resulted in unprecedented global mortality rates [1].
As of mid-2024, the World Health Organization (WHO) estimates over 7 million deaths
can be directly attributed to the COVID-19 virus [1]. Beyond direct viral infections, the
pandemic had a greater indirect impact on mortality rates, with over 18 million excess
deaths estimated globally between January 2020 and December 2021 [2]. Excess deaths
account for both the total number of deaths directly attributed to the virus, as well as
indirect impacts. Reasons for indirect impacts include shifts in healthcare access and
delivery, as well as social determinants of health [2,3]. A systematic review and meta-
analysis found in a regional analysis that North America had the second highest region
excess mortality (134.02 deaths per 100,000) globally [4]. Males (130.10 per 100,000) and
those over 60 years old (781.74 per 100,000) exhibited higher mortality rates during the
pandemic [4]. Research has not investigated the combined multimorbidity associated
with disability, medical comorbidities, and mental health factors on mortality rates among
individuals living in the community.

The pandemic has highlighted healthcare inequities among marginalized and vulnera-
ble populations, including individuals with disabilities [5-8]. A previous study conducted
from January 2020 to January 2021 in Ontario, Canada reported that adults with intellectual
and developmental disabilities were twice as likely to die following a COVID-19 infec-
tion compared to adults without intellectual and developmental disabilities [5]. Further,
a separate study evaluating 1279 COVID-19 hospital admissions in Ontario from January
2020 to November 2020 found, in an unadjusted model, that patients with a disability were
significantly more likely to die than those without a disability when infected with COVID-19.

Among persons with spinal cord injury (SCI), higher mortality rates have been identi-
fied among those infected with COVID-19 [9]. A study from the United States using the
Veterans Health Administration (VHA) National Spinal Cord Injury and Disorders Registry
from 15 January 2020 to 10 January 2021 found that individuals with SCI and a positive
COVID-19 test had a mortality rate of 12%, which is higher than the national average of
less than 1% [9]. Individuals with SCI may be at higher risk of severe outcomes from
COVID-19 due to compromised respiratory function [10]. Individuals with SCI often have
weakened or paralyzed chest muscles, reducing their ability to cough effectively and clear
secretions from the lungs, which increases their susceptibility to respiratory infections [10].
As such, the COVID-19 infection most likely would further diminish their ability to cope
with inflammation and fluid buildup, making recovery more difficult and increasing the
likelihood of fatal outcomes [10,11].

Beyond the COVID-19 virus, individuals with SCI who are dependent on others for
care likely faced unique challenges during the pandemic in accessing healthcare, main-
taining social distancing, and adhering to preventive measures [6,12]. A previous scoping
review investigating the impact of the pandemic on individuals with SCI found, in multiple
countries and healthcare systems, that those residing in the community experienced in-
creases in secondary health conditions and worse health outcomes, decreases in healthcare
utilization and access, and shifts in formal and informal caregiving support [6]. As such,
these factors and others may have also indirectly impacted rates of mortality in the SCI
population beyond the COVID-19 viral infection.

To date, no North American studies have investigated overall shifts in mortality rates
in the SCI population or other disability populations to evaluate excess deaths due to both
the direct and indirect effects of the pandemic. Understanding the impact of the COVID-19
pandemic on mortality rates within the SCI population is crucial for developing targeted
interventions and support systems. The purpose of this study was to investigate the impact
of the COVID-19 pandemic on mortality rates in an SCI population currently living in
the community.
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2. Methods

This was a cohort study using linked health administrative databases from the ICES in
Ontario, Canada’s largest province by population with over 14 million people [13]. Monthly
mortality rates were evaluated from March 2014 to May 2024. The pre-pandemic period
was defined as March 2014 to February 2020, the pandemic period as March 2020 to April
2023, and the post-pandemic period as May 2023 to May 2024 [14].

2.1. Data Source

Data for this study were obtained from the ICES, an independent, non-profit research
institute funded by an annual grant from the Ontario Ministry of Health. The data used
from this study were obtained from the ICES, which is an institute that provides secure
access to Ontario’s health administrative data. As a prescribed entity under Ontario’s
privacy legislation, the ICES is authorized to collect and use healthcare data for the purposes
of health system analysis, evaluation, and decision support. Secure access to these data is
governed by policies and procedures that are approved by the Information and Privacy
Commissioner of Ontario.

2.2. Cohorts

The SCI cohort for this study comprised individuals with traumatic and non-traumatic
injuries. Individuals with traumatic SCI (TSCI) were identified from the Discharge Abstract
Database (DAD) based on first admission and discharge from acute hospitalization between
1 April 2004, and 28 February 2014. Individuals with non-traumatic SCI (NTSCI) were
identified from the National Rehabilitation System (NRS) database based on first admission
and discharge from all facilities with designated adult inpatient rehabilitation beds between
1 April 2004, and 28 February 2014. Individuals were excluded from the cohort if they died
before the end of their index episode of care, if they were not previously discharged from
acute hospitalization or inpatient rehabilitation before 2004, or if they were not eligible
for public health insurance coverage through the Ontario Health Insurance Plan (OHIP).
Individuals were also excluded if they had a missing date of birth or sex variable.

2.3. Variables

The main outcome measure of interest was monthly mortality rates obtained from the
Registered Persons Database (RPDB) based on death date. Other patient characteristics
collected included socio-demographics (age, sex, and postal code). Postal codes were used
to identify rurality and neighbourhood income.

A history of mental health diagnosis/es was identified in the DAD and OHIP databases
based on flags in the multimorbidity macro for mood disorders and other mental health
conditions [15]. The presence of either or both conditions indicated that an individual had a
history of mental health conditions or a mental health diagnosis. The multimorbidity macro
was also used to calculate the number of health conditions. The number of medications
was obtained from the Ontario Drug Benefits Database (ODB). The study had a two-year
lookback period to identify comorbidity information prior to 1 March 2020, and a one year
look back to identify prescription drugs prior to 1 March 2020.

The Johns Hopkins ACG® System Version 10 was used to categorize individuals by
Resource Utilization Bands (RUBs). RUBs are indicators of expected health-related resource
utilization and vary from 0 to 5, with higher values associated with higher utilization levels.
For this study, proprietary software determined the number of RUBs with ACG® System
Aggregated Diagnosis Groups (ADGs) using hospitalization, emergency department (ED)
visits, and physician office visits based on diagnosis data from ICES databases.

2.4. Data Analysis

Descriptive statistics were conducted to summarize demographic, clinical, and injury
characteristics. Continuous variables were expressed as means and standard deviations,
and categorical variables were expressed as frequencies and percentages. Monthly mortality
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rates were calculated from March 2014 to October 2023. The mortality rate was expressed
as the number of deaths per 1000 individuals. Data were stratified by sex (male or female),
injury etiology (TSCI or NTSCI), and mental health status (yes or no) subgroups. Groups
were identified based on their status at the start of the observation period (March 2014).
t-tests were conducted to evaluate between-group differences during the pre-pandemic,
pandemic, and post-pandemic periods.

To evaluate the impact of the COVID-19 pandemic on mortality rates for the full
cohort and within subgroups, a time-series analysis was conducted using interventional
autoregressive integrated moving average (ARIMA) modelling. Interventional ARIMA
is a common technique used to better understand the impact of a significant event or
policy change on time series data while accounting for important components related
to trend, seasonality, and autocorrelation [16]. Two ramp functions were incorporated
into the models representing the pandemic period (March 2020 to April 2023) and the
post-pandemic period (May 2023 to May 2024), respectively. A p-value of less than 0.05
indicates a significant shift in mortality rates during those time periods. The model was
differenced in cases where the time series was not stationary (as indicated by the augmented
Dickey-Fuller test) and seasonal differencing was applied if there was any seasonality.
The optimal number of autoregressive or moving average terms was determined using
autocorrelation function (ACF) and partial autocorrelation function (PACF) plots, Akaike
information criterion and Schwarz-Bayesian criterion indicators, and Ljung-Box x? tests
for white noise.

3. Results

At the start of our observation period in February 2014, 5753 individuals with SCI
were included in our study. At the pandemic onset in March 2020, 4405 individuals were
still alive, and at the end of the pandemic in May 2023, 3715 individuals were alive. For full
cohort and demographic details, please see Table 1.

Table 1. Spinal cord injury cohort demographic and clinical information at the start of the pre-
pandemic, pandemic, and post-pandemic periods.

Pre-Pandemic (February 2014) Pandemic (March 2020) Post-Pandemic (May 2023)

Characteristics N = 5753 N = 4405 N =3715
n % n % n %
Sex
Female 2353 40.9 1795 40.7 1488 40.1
Male 3400 59.1 2610 59.3 2227 59.9
Age (Years)
Mean (Standard Deviation) 60.7 (18.4) 62.85 (18.0) 63.43 (17.6)
Median (Quintile 1-3) 63 (49-75) 65 (51-77) 65 (51-77)
Injury Etiology

Non-Traumatic 3868 67.2 2824 64.1 2270 61.1
Traumatic 1885 328 1581 359 1445 389

Time Since Injury (Years)

Mean (Standard Deviation) 4.1(2.8) 10.1 (2.8) 10.1 (2.8)
Median (Quintile 1-3) 4 (2-6) 10 (8-12) 10 (8-12)
Rurality
Rural 474 8.2 387 8.8 343 9.2
Urban 5197 90.3 3947 89.6 3302 88.9

Income Quintile

Quintile 1 (low) 1393 24.2 1067 24.2 930 25.0
Quintile 2 1218 21.2 1002 228 806 21.7
Quintile 3 1134 19.7 807 18.3 688 18.5
Quintile 4 951 16.5 737 16.7 612 16.5
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Table 1. Cont.

Pre-Pandemic (February 2014)

Pandemic (March 2020)

Post-Pandemic (May 2023)

Characteristics N = 5753 N = 4405 N =3715
Quintile 5 (high) 1038 18.0 767 174 656 177
Resource Utilization Bands (RUBs)
0to 1 (low) 141 2.4 307 7.0 347 9.3
2t03 1892 32.9 1908 433 1618 436
41t05 (high) 3720 64.7 2190 49.7 1750 47.1
Mental Health Diagnosis
Yes 1859 323 1218 27.7 1005 27.1
No 3894 67.7 3187 723 2710 72.9
Number of Health Conditions
0to2 1632 284 1086 247 948 255
3to4 1835 319 1376 312 1155 311
5+ 2286 39.7 1943 441 1612 434
3.1. Group Differences for Mortality Rates
No significant differences were found between males and females pre-pandemic and
post-pandemic in monthly mortality rates. During the pandemic, females had a significantly
higher monthly mortality rate than males (t (74) = 2.56, p = 0.012). The NTSCI group had
higher monthly mortality rates than the TSCI group during the pre-pandemic (t (142) = 9.35,
p <0.0001), pandemic (t (74) = 12.00, p < 0.0001), and post-pandemic (t (24) = 4.32, p = 0.0002)
periods. Those with mental health diagnoses had higher monthly mortality rates than
those without during the pre-pandemic (t (142) = 4.62, p < 0.0001) and pandemic periods
(t (74) = 2.78, p = 0.0068) (Table 2).
Table 2. Average monthly mortality rates per 1000 persons pre-pandemic, pandemic, and post-
pandemic for spinal cord injury population across full cohort, sex, injury etiology, and mental
health status.
Pre-Pandemic Pandemic Post-Pandemic
(March 2014-February 2020) (March 2020-April 2023) (May 2023-May 2024)
Cohort Average Star}da}rd t-Test Average Star}defrd t-Test Average Star}de}rd t-Test
eviation Results Deviation Results Deviation Results
All 3.70 092 449 0.96 418 1.46
Male 3.66 111 £(142) = 0.46, 417 112 £ (74) = 2.56, 4.09 1.97 £ (24) = 0.28,
Female 3.76 1.48 p=064 496 1.53 p=0012 432 2.20 p=078
Traumatic 244 117 2.35 111 222 1.54
t(142) = 9.35, t (74) = 12.00, t(24) =4.32,
Traﬁfrgﬁc 436 1.29 p < 0.0001 5.77 1.36 p <0.0001 5.46 222 p = 0.0002
Mental
Health 3.97 114 475 1.18 431 1.62
Diagnosis £(142) = 4.62, £ (74) = 2.78, £(24) =052,
No Mental p <0.0001 p =0.0068 p=0.61
Health 2.96 1.46 3.83 1.66 3.85 2.74
Diagnosis

3.2. ARIMA Results

For the full cohort, a significant increase in mortality rates of 21.4% was found from
the pre-pandemic period to the pandemic period (p < 0.0001) (Figure 1, Table 3). Significant
increases in mortality rates were also found for males (13.9%), females (31.9%), individuals
with NTSCI (32.3%), and those with mental health diagnoses (19.6%) and without mental
health diagnoses (29.4%) during the pandemic compared to the pre-pandemic period
(Figure 2, Table 3). No significant changes from the pre-pandemic to pandemic period
were found in the TSCI group. Only males experienced a decrease in mortality rates
post-pandemic compared to the pandemic period (p = 0.0462).
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Figure 1. Mortality rate for spinal cord injury population in Ontario, Canada. Monthly number of deaths per 1000 persons for full spinal cord injury cohort across

pandemic, and post-pandemic periods.
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Table 3. ARIMA model results comparing mortality rates pre-pandemic, pandemic, and post-
pandemic for spinal cord injury population across full cohort, sex, injury etiology, and mental
health status.

Pandemic Compared to Post-Pandemic Compared to
Pre-Pandemic Mortality Rates Pandemic Mortality Rates
Cohort
o ARIMA N ARIMA
% Change (p-Value) %o Change (p-Value)
All 214 <0.0001 —6.9 0.2787
Male 13.9 <0.0001 -1.9 0.0462
Female 319 0.0002 -129 0.5158
Traumatic -3.7 0.9119 —5.5 0.3771
Non-Traumatic 32.3 0.0001 —-5.4 0.3219
Mental Health 196 0.0009 93 0.9752
Diagnosis
No Mental
Health 294 0.0136 0.5 0.386
Diagnosis

4. Discussion

We found that the community-dwelling SCI population in Ontario experienced an
increase of 21.4% in mortality rates during the pandemic. Unfortunately, these results are
not surprising given the risk factors among persons with SCI, including a high number
of comorbidities, lower socioeconomic status, and high healthcare needs [6,12,17,18] in a
region with high COVID-19 prevalence [1]. It should be noted that the increase in deaths
found in this study is due to a combination of direct deaths caused by the COVID-19
infection and indirect factors due to the COVID-19 pandemic. Females had a significantly
higher mortality rate compared to males during the pandemic but not during the pre-
pandemic or post-pandemic periods. This may suggest that females were more impacted
by the pandemic. Pre-pandemic differences existed between injury etiology and mental
health status subgroups, and the pandemic did not seem to exacerbate these differences.
Apart from the TSCI group, all other subgroups experienced a significant increase in their
mortality rates during the pandemic.

When considering mortality rates, it is important to consider other outcomes and
factors that may have contributed to the observed rates, such as pre-pandemic health
status, healthcare needs, utilization, and delivery patterns. A previous study conducted
in Ontario investigating healthcare utilization patterns during the pandemic in the same
community-dwelling SCI cohort found differences in the TSCI and NTSCI population [12].
The study found that, compared to pre-pandemic levels, both TSCI and NTSCI groups
experienced a significant decrease in their emergency department visits (p = 0.0257 for TSCI
and p = 0.0016 for NTSCI), but only NTSCI experienced a significant reduction in hospital
admissions (p = 0.0088) at the pandemic onset [12]. This study also indicated individuals
with TSCI and NTSCI experienced an initial decrease in physician visits with the pandemic
onset; however, the rapid increase in their virtual visits compensated for the decrease in
their in-person healthcare [12]. A scoping review evaluating the healthcare experiences
of individuals with SCI during the pandemic globally found a high level of satisfaction
with using virtual care platforms, and high uptake of virtual care [6]. The approval and
rapid uptake of virtual care [6,12] as well as decreased levels of emergency department
visits and hospital admissions [12] may suggest adequate healthcare access for the SCI
population during the pandemic. Conversely, our finding of increased rates in mortality
suggests individuals may not have been recognized as having COVID-19 and/or may
not have received the care they needed during the pandemic. The differences in hospital
admission rates between TSCI and NTSCI may also be a factor in differences in mortality
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rates between the two groups during the pandemic. Shifts in emergency department visits
and hospital admission rates may be due to a reluctance to access care due to a fear of
exposure to the COVID-19 virus [6,12].

During the pandemic, the SCI population also experienced shifts in formal and infor-
mal caregiving support [6,18]. The scoping review evaluating the healthcare experiences
of individuals with SCI reported that individuals with SCI had difficulty maintaining
formal or paid caregiving services and relied more heavily on informal caregiving from
family [6]. A study investigating professional homecare services for individuals with SCI
in Ontario during the pandemic found an increase in nursing services for both individuals
with TSCI and NTSCI, but only those with TSCI experienced a decrease in personal support
services [18]. This may indicate that individuals with NTSCI had higher healthcare needs
during the pandemic, explaining the increase in mortality rates in this population during
the pandemic. However, maintaining personal support services during the pandemic may
have increased the risk of infection in the NTSCI group, which may have contributed to
increased rates of mortality as well. These shifts in healthcare utilization, care delivery,
and caregiving support may have contributed to the observed increase in mortality in the
SCI population, as well as explain the differences in mortality rate between the TSCI and
NTSCI groups due to comorbid conditions.

We found that both female and male individuals with SCI experienced an increase in
mortality rates, with females experiencing significantly higher rates during the pandemic.
These findings differ from previous research, which found that males in the general popu-
lation were more likely to experience worse health outcomes if infected with the COVID-19
virus, including an increased risk of mortality [19-21]. There are biological differences,
with males having a weaker immune response to COVID-19 infections [20,21]. Studies
have found that males also have higher rates of comorbidities, which leads to more severe
outcomes when infected with COVID-19 [19]. There are also lifestyle and behavioural
factors, with males exhibiting higher rates of smoking, delayed healthcare seeking, and
decreased hand hygiene practices, which may also contribute to increased mortality risk
among males when infected with COVID-19 [19-21]. However, our community-dwelling
SCI population may experience alternative factors, which may have contributed to the
increased mortality rates in females. For example, the females in our cohort may have had
higher healthcare needs and comorbidities compared to the general population. They may
have also experienced issues with accessing care or adequate caregiving support [6,12,18].
The findings from our study outline shifts in care and different needs in the SCI population
across sexes when compared to the general population. Future research should continue
to investigate sex and gender differences in the SCI population with regards to health-
care access, delivery, and outcomes, as well as caregiving support, during the pandemic
and afterwards.

Individuals with SCI, both with and without concurrent mental health diagnoses, expe-
rienced an increase in mortality rates during the pandemic compared to the pre-pandemic
period. However, those with mental health diagnoses had higher rates of mortality pre-
pandemic (3.97 deaths per 1000 persons vs. 2.96 deaths per 1000 persons) and during the
pandemic (4.75 deaths per 1000 persons vs. 3.83 deaths per 1000 persons). A scoping review
evaluating the impact of the pandemic on those with pre-existing mental health conditions
found that individuals with mental health conditions in the general population experienced
social isolation, loneliness, and reduced access to health services and treatments [22]. This
can lead to an exacerbation of their conditions, putting them at a greater risk of COVID-19
infection and severe outcomes, including mortality. A systematic review and meta-analysis
evaluating the impact of mental disorders on COVID-19 mortality and related outcomes
supported this conclusion, as it found an increased risk of hospitalization (OR: 2.24, 95% CI:
1.70-2.94) and COVID-19 mortality (OR: 2.00, 95% CI: 1.58-2.54) during the pandemic for
those with mental health conditions [23]. Our study found no differences in post-pandemic
mortality rates between those with and without mental health diagnoses. However, groups
were determined based on status at the start of the observation period in February 2014. It
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is possible that those without mental conditions at the start of the observation period may
have developed them as time progressed. As such, this may explain the lack of difference
between the two groups during the post-pandemic period.

Another key component to consider when evaluating mortality during the pandemic
is COVID-19 vaccine uptake. During the pandemic, Ontario prioritized the vaccination of
vulnerable populations [24,25]. As such, individuals with SCI were often categorized as a
priority group for the vaccine rollout [26]. However, it is unknown if COVID-19 vaccine
uptake by the SCI population aligns with recommendations. It is important for future
research to evaluate differences in vaccine uptake in the SCI subgroups as it may provide
insight into differences in pandemic mortality rates between sexes, mental health status,
and injury etiology.

Limitations

This study comprised the secondary use of health administrative data and hence was
limited by the extent and type of data available in the databases. We did not evaluate
the reasons for death. We chose to focus on the overall rates of morality, with the goal of
determining excess deaths due to the pandemic. We were unable to obtain information on
severity and level of injury for both the NTSCI and TSCI group; hence, future studies should
investigate this factor. This study focused on a fixed cohort of a community-dwelling SCI
population in Ontario. Furthermore, population subgroups (sex, injury etiology, and mental
health status) were identified in February 2014. As such, the generalizability of results to
other health systems and populations should be carried out with caution. The majority
of our cohort resides in an urban area; hence, the generalizability of our findings to those
who live in rural areas is limited, as individuals in rural areas may face greater or different
barriers to healthcare access. We conducted multiple t-tests without correction, increasing
the risk of a Type I error. However, we did not apply corrections for multiple comparisons
as our intention was to identify potential differences between groups that could warrant
further investigation for future studies.

5. Conclusions

Our study found that the COVID-19 pandemic significantly increased mortality rates
in the community SCI cohort. We also found varying mortality rates during the pre-
pandemic, pandemic, and post-pandemic periods in SCI subgroups. This highlights the
importance of continued investigation into the influence of sex, injury etiology, and mental
health status within the SCI population. We also found that females, individuals with
NTSCI, and those with mental health diagnoses experienced increased mortality rates
during different phases of the observation. As such, further research is needed to explore
the specific factors and interventions that contributed to these outcomes to ensure equitable
access to care and healthcare resources. Understanding these dynamics is crucial for
developing targeted strategies and policies that can improve health outcomes and support
for vulnerable populations within the SCI community.
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