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a b s t r a c t

Background: The rapid spread of coronavirus disease 2019 in the United States led to a variety of mandates
intended to decrease population movement and “flatten the curve.” However, there is evidence some are
not able to stay-at-home due to certain disadvantages, thus remaining exposed to both coronavirus disease
2019 and trauma. We therefore sought to identify any unequal effects of the California stay-at-home orders
between races and insurance statuses in a multicenter study utilizing trauma volume data.
Methods: A posthoc multicenter retrospective analysis of trauma patients presenting to 11 centers in
Southern California between the dates of January 1, 2020, and June 30, 2020, and January 1, 2019, and
June 30, 2019, was performed. The number of trauma patients of each race/insurance status was tabu-
lated per day. We then calculated the changes in trauma volume related to stay-at-home orders for each
race/insurance status and compared the magnitude of these changes using statistical resampling.
Results: Compared to baseline, there was a 40.1% drop in total trauma volume, which occurred 20 days
after stay-at-home orders. During stay-at-home orders, the average daily trauma volume of patients with
Medicaid increased by 13.7 ± 5.3%, whereas the volume of those with Medicare, private insurance, and
no insurance decreased. The average daily trauma volume decreased for White, Black, Asian, and Latino
patients with the volume of Black and Latino patients dropping to a similar degree compared to White
patients.
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Conclusion: This retrospective multicenter study demonstrated that patients with Medicaid had a par-
adoxical increase in trauma volume during stay-at-home orders, suggesting that the most impoverished
groups remain disproportionately exposed to trauma during a pandemic, further exacerbating existing
health disparities.

© 2021 Elsevier Inc. All rights reserved.
Introduction

The coronavirus disease 2019 (COVID-19) pandemic spread
rapidly across the United States, leading to a variety of state-issued
actions intended to “flatten the curve.”1,2 Though differing in
duration and stringency, mandates requiring most citizens to stay
homewere issued and led to a decrease in populationmovement.3,4

Unfortunately, both the COVID-19 virus and subsequent re-
strictions impacted certain groups disproportionately.5-10 For
example, stay-at-home (SAH) orders may be less effective for
people with lower income as they are less likely to be able to work
from home.11,12 Similarly, people of color comprise a larger portion
of the essential workforce and are more likely to continue working
despite SAH orders.13,14 These disparities pose a significant threat to
the groups of people who are unable to stay “safer at home” and
subsequently have more exposure to the COVID-19 virus.15

In addition, people unable to SAH have increased exposure to
traumatic injury (ie, work-related, motor vehicle collision during
commute, etc), the third leading cause of death in the United
States.16 Therefore, trauma data represent a unique fund of infor-
mation that could identify groups with continued exposure to both
COVID-19 and trauma. Though some studies have detailed a large
decrease in total trauma volume resulting from SAH orders despite
increases in firearm-related penetrating trauma, none have
described any differences by race or socioeconomic status.17-21

Thus, we sought to describe the effects of the state of California’s
March 19, 2020, SAH orders on trauma volume for each race and
insurance status in a multicenter study across 7 counties in
Southern California.22 We hypothesized that Black and Latino pa-
tients, as well as uninsured and Medicaid patients, would have less
of a decline in trauma volume after SAH orders compared to other
races and insurance types.
Methods

A posthoc multicenter retrospective analysis of all trauma pa-
tients presenting to 11 American College of Surgeons (ACS) level I
and II trauma centers across Southern California was performed
between the dates of January 1, 2020, and June 30, 2020, and
January 1, 2019, and June 30, 2019.20 This study was approved by
the Institutional Review Board of the University of California, Irvine,
as well as all other participating institutions and was deemed
exempt from the need for consent. Included in this study were all
patients within each institution’s trauma registry, comprised of
both trauma activations and trauma consults where a trauma sur-
geon evaluated the patient after arrival. The primary outcomes
were race and insurance status. Race was self-reported and
included White, Black, Asian, Latino, and other. Insurance status
included Medicare, Medicaid, private, or uninsured.

First, the total number of trauma patients presenting across all
institutions per day was tabulated. To improve the signal-to-noise
in our data analysis, we applied a smoothing operation. We chose
a Gaussian kernel for smoothing for its favorable minimization of
truncation effects compared to a simple sliding window average.
The width of the Gaussian kernel function was chosen as small as
possible to respect the signal in the raw data while eliminating the
presentation of stochastic daily variations. The daily trauma data
for 2019 and 2020 was plotted with a Gaussian smoothing width of
3 days. The fewest number of patients presenting per day in 2020
was identified. This value was compared to a 60-day average from
January 1, 2020, to February 29, 2020, (2020 baseline) to calculate
the drop from baseline.

Next, the number of trauma patients of each race and insurance
status were tabulated per day. Gaussian smoothing was again
performed with the width of the smoothing set to a standard de-
viation of 7 days. A mean of 2020 baseline was calculated for each
group and the data was normalized using this value, allowing for
visual comparison. The normalized and smoothed data was plotted
by race and insurance status in separate plots. The furthest per-
centage drop below baseline was calculated for each group. The
amount of time spent below 75% of baseline for each groupwas also
identified to provide a temporal description of these changes.

We then sought to compare the change in trauma volume across
different insurance statuses and races. First, the baseline proportion
of trauma volume for each group was established using the 2020
baseline period. Then, the proportional change in average daily
trauma volume from the 2020 baseline to March 1, 2020, to June 1,
2020, the period when trauma volume appearedmost affected, was
calculated for each group. We estimated the uncertainties in these
quantities using statistical resampling. Ten thousand random trials
were simulated for each group by sampling with replacement on
daily visit values. Standard deviations were calculated using those
random samples. For each trial, the percentage change in average
daily trauma volume between periods was compared between each
group. A P value for a presumptive difference between groups was
then estimated by the number of trials wherein the values for 1
group exceeded that for the other.

Next, to further confirm proportional changes in trauma volume
during the SAH period, the 2020 SAH period was compared to the
same period in 2019. The proportion of each group between March
1, 2019, and June 1, 2019, was compared to the proportion between
March 1, 2020, and June 1, 2020, using a c2 analysis.

Finally, we evaluated for any disproportionate changes in
penetrating trauma rates for each insurance status and race. That is,
the penetrating trauma rates between January 1, 2020, to February
29, 2020, and March 1, 2020, to June 1, 2020, were compared for
each group using a c2 analysis. We also looked specifically at the
Medicaid population for any other significant changes in mecha-
nism of injury over time. Rates of ground level falls, falls from
height, pedestrians struck, motorcycle collisions, motor vehicle
collisions, assaults, sports injuries, gunshot wounds, and stab
wounds were compared between these 2 time periods using a c2

analysis. P values were 2-tailed. All analysis and figure creation
were performed using Python 3.8.
Results

Overall trauma volume

Between January 1, 2019, and June 30, 2019, 12,316 trauma pa-
tients were identified; 12,744 patients were identified between
January 1, 2020, and June 30, 2020. The 2020 baseline was 78.8



Fig. 1. Comparison of trauma volume from February through June in 2020 and 2019.
Total cases per day were accumulated across 11 participating sites. California stay-at-
home orders were initiated on March 19, 2020. The curves were subjected to a
smoothing function (see Methods).

Fig. 2. Comparison of trauma volume over time as a function of patient insurance. The
trauma volume numbers were normalized to a value of 1 for all insurance types over
an initial time period (20 days). The curves were subjected to a smoothing function
(see Methods). The horizontal line highlights the condition of 25% reduction from
initial volume.

Fig. 3. Changes in daily trauma volume between pre and post stay-at-home orders
(January 1, 2020, to February 29, 2020, versus March 1, 2020 to June 1, 2020) according
to insurance type. Positive values (downward pointing bars) indicate a drop in volume
during the stay-at-home period. The error bars indicate the uncertainty in the per-
centage drop expressed as a root mean square deviation from the observed value
across random statistical resampling simulations (see Methods).
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trauma activations per day. The lowest smoothed number of
trauma activations per day across all institutions was 47.2, repre-
senting a 40.1% drop from the 2020 baseline, and occurred on April
8, 2020, 20 days after SAH orders. The number of trauma activations
per day returned to 90% of baseline on April 29, 2020 (Fig 1).

Trauma volume by insurance status

Description over time
The daily volume of trauma patients with Medicaid dropped to

15.7% below baseline at its lowest and rebounded to above baseline
at the end of the study period. Medicare daily volume dropped to
34.5% below baseline and persisted below 75% of baseline for 22
days. Uninsured volume dropped to 54.6% below baseline and
stayed below 75% of baseline for 50 days. The volume of patients
with private insurance dropped to 54.4% below baseline and did not
return to 75% of baseline during the study period (Fig 2).

Comparison between time periods
From January 1, 2020, through February 29, 2020, to March 1,

2020, through June 1, 2020, the average daily trauma volume
decreased 11.7 ± 4.4% for Medicare patients, 39.1 ± 3.0% for private
insurance patients, and 21.8 ± 6.0% for patients without insurance.
The average daily trauma volume of Medicaid patients increased by
13.7 ± 5.3% (Fig 3).

From March 1, 2019, through June 1, 2019, to March 1, 2020,
through June 1, 2020, the proportion of trauma patients with
Medicare (19.1% vs 21.7%, P ¼ .004) and Medicaid (19.7% vs 35.2%, P
< .001) increased. The proportion of patients with private insurance
(40.7% vs 29.0%, P ¼ .001) decreased. The proportion of patients
with no insurance was similar between time periods (P ¼ .06)
(Table I).

Comparison between insurance statuses
From January 1, 2020eFebruary 29, 2020, to March 1,

2020eJune 1, 2020, the trauma volume of Medicaid patients
decreased significantly less when compared to patients with
Medicare, private insurance, and no insurance (all P < .05). The
volume of patients with private insurance decreased significantly
more compared to patients with Medicare and no insurance (all
P < .05). No other significant differences between groups were
found (Table II).
Trauma volume by race

Description over time
The daily volume of trauma patients of Black race dropped to

34.4% below baseline at its lowest and persisted below 75% of
baseline for 20 days. The daily volume of Latino patients dropped to



Table I
Comparison of proportional trauma volume by race and insurance statuses
between March 1, 2019, through June 1, 2019, and March 1, 2020 through
June 1, 2020

Characteristic 2019 (n ¼ 6687) 2020 (n ¼ 6014) P value

Insurance status
Medicare 1280 (19.1%) 1305 (21.7%) .004
Medicaid 1987 (29.7%) 2115 (35.2%) <.001
Private 2722 (40.7%) 1747 (29.0%) .001
Uninsured 484 (7.2%) 487 (8.1%) .069

Race
White 3258 (48.7%) 2780 (46.2%) .005
Black 537 (8.0%) 518 (8.6%) .235
Asian 340 (5.1%) 275 (4.6%) .180
Latino 1936 (29.0%) 2001 (33.3%) <.001
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31.8% below baseline and stayed below 75% of baseline for 21 days.
The daily volume ofWhite patients fell to 40.4% below baseline and
stayed below 75% of baseline for 32 days. The volume of Asian
patients fell to 53.0% below baseline at its lowest and stayed below
75% of baseline for 70 days (Fig 4).

Comparison between time periods
From January 1, 2020, through February 29, 2020, to March 1,

2020, through June 1, 2020, the average daily trauma volume
dropped 17.2 ± 3.0% for White patients, 11.1 ± 7.1% for Black pa-
tients, 35.5 ± 5.8% for Asian patients, and 16.2 ± 3.9% for Latino
patients (Fig 5).

From March 1, 2019, through June 1, 2019, to March 1, 2020,
through June 1, 2020, the proportion of Latino patients increased
(29.0% vs 33.3%, P < .001) and the proportion of White patients
decreased (48.7% vs 46.2%, P ¼ .005). The proportion of Black and
Asian patients was similar between time periods (all P > .05)
(Table I).

Comparison between races
The trauma volume for Asian patients showed a significantly

greater reduction when compared to that of White, Black, and
Latino patients (all P < .05). Other comparisons between groups
were not significant (Table III).

Penetrating trauma rates over time

By insurance status
From January 1, 2020, through February 29, 2020 to March 1,

2020, through June 1, 2020, penetrating trauma rates decreased
significantly for patients with Medicare (6.8% vs 2.8%, P < .001), but
increased for those with Medicaid (16.6% vs 21.1%, P ¼ .002).
Penetrating trauma rates were similar across both time periods for
patients with private and no insurance (all P > .05) (Table IV).

By race
From January 1, 2020, through February 29, 2020, to March 1,

2020, through June 1, 2020, penetrating trauma rates increased
significantly for both White (5.2% vs 8.3%, P < .001) and Latino
patients (13.9% vs 18.5%, P < .001). Penetrating trauma rates were
similar across both time periods for Black and Asian patients (all
P > .05) (Table IV).

Changes in traumatic mechanism over time for Medicaid patients

Among patients with Medicaid, from January 1, 2020, through
February 29, 2020, to March 1, 2020, through June 1, 2020, there
was a significant decrease in the rates of blunt trauma (83.4% vs
78.9%, P ¼ .002) and pedestrians struck (11.2% vs 8.2%, P ¼ .005) but
an increase in rates of penetrating trauma (16.6% vs 21.1%, P ¼ .002)
and gunshot wounds (5.3% vs 7.5%, P ¼ .015). The rates of all other
mechanisms were similar between the 2 time periods (all P > .05).
Comparing the racial compositions across insurance statuses

Of those presenting between March 1, 2020, and June 1, 2020,
the Medicaid population had a significantly higher percentage of
Black and Latino patients compared to the non-Medicaid popula-
tion (57.1% vs 33.6%, P < .001).
Discussion

The COVID-19 pandemic and subsequent restrictions on pop-
ulations have resulted in a number of reported racial and socio-
economic disparities.5-9,12-14 This posthoc analysis of a multicenter
study demonstrated the overall trauma volume decreased after
SAH orders, with the magnitude of the effect varying substantially
according to insurance status. The trauma volume of Medicaid
patients, and to a smaller degree Medicare and uninsured patients,
was less affected than those with private insurance who became
less involved in traumatic injuries, supporting our hypothesis. Black
and Latino patients experienced similar changes in trauma volume
compared toWhite patients, at least within the bounds of statistical
significance, contrary to our original hypothesis.

The COVID-19 SAH orders have had an unequally harsh impact
on the poor.11,12 This study on trauma patients further affirms this
as the trauma volume of patients with Medicaid, reserved for those
with low and very low incomes, was the least affected (ie, least
protected) by SAH.23 In fact, Medicaid patients were the only group
in this study to have an increase in daily trauma volume related to
SAH orders. This further supports location data demonstrating that
more impoverished people are less likely to benefit from SAH or-
ders in the United States.12 We believe this is most likely due to the
inability of lower income individuals to either work from home or
stop working for an extended period of time.11 Though we lack
occupational data needed to prove this conjecture, it is partially
supported by our Medicaid population having a significantly larger
percentage of Black and Latino patients, who make up a dispro-
portionately large amount of the essential workforce, compared to
our non-Medicaid population.13 Additionally, further analysis of the
changes in traumatic mechanism before and after SAH orders
within our Medicaid population showed no difference in rates of
motor vehicle collisions, which likely reflects continued commutes
to work during the SAH period. Also, important to note is that
Medicaid was the only insurance status with a significant increase
in penetrating trauma rates after SAH orders, suggesting that the
poorest segment of our population was most affected by the spikes
in violent crime.20,21 Interestingly, Medicare patients were the
second least affected by SAH orders. This may be related to the
mechanism of injury in this population being predominantly
ground level falls, which can occur at home and thus may not be
affected by SAH orders.24,25 In addition, this population is also more
likely to require ongoing medical care and thus may actually still be
leaving home. Surprising to the authors, by inference from the
trauma volume data, uninsured patients may represent the next
most able to stay at home. This could be due to the diversity of the
uninsured population, which spans self-employed patients
(including people who already work from home) of higher income
who choose not to purchase insurance to undocumented pa-
tients.26,27 Overall, our findings suggest that themost impoverished
groups remain exposed to not only COVID-19 but also traumatic
injury, potentially due to their inability to SAH.28,29 These economic



Table II
Comparison of changes in daily trauma volume from January 1, 2020, through February 29, to March 1, 2020,
through June 1, 2020, across insurance statuses

Medicare Medicaid Private Uninsured

Medicare 11.7% vs e13.7%
P < .001

11.7% vs 39.1%
P <.001

11.7% vs 21.8%
P ¼ .084

Medicaid e13.7% vs 39.1% P < .001 e13.7% vs 21.8% P < .001
Private 39.1% vs 21.8%

P ¼ .002
Uninsured

Displayed as average drop per insurance status in column vs average drop per insurance status in row.

Fig. 4. Comparison of trauma volume over time as a function of patient race. The
trauma volume numbers were normalized to a value of 1 for all races over an initial
time period (20 days). The curves were subjected to a smoothing function (see
Methods). The horizontal line highlights the condition of 25% reduction from initial
volume.

Fig. 5. Changes in daily trauma volume between pre and post stay-at-home orders
(January 1, 2020, to February 29, 2020 versus March 1, 2020 to June 1, 2020) according
to patient race. Positive values (downward pointing bars) indicate a drop in volume
during the stay-at-home period. The error bars indicate the uncertainty in the per-
centage drop expressed as a root mean square deviation from the observed value
across random statistical resampling simulations (see Methods).
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disparities should be acknowledged and addressed to allow for
equal protection of all socioeconomic groups during a pandemic.

The COVID-19 pandemic has also resulted in a number of health
and economic disparities across races.5-9,12,14 Although Black and
Latino patients appeared less protected by SAH orders than White
and Asian patients by somemetrics, their change in trauma volume
compared to White patients was not significant. This pushes
against the notion that people of color are more likely to disregard
SAH orders.30-32 The absence of a statistically significant finding by
race could be due to a variety of factors. Patterns of injury and
trauma care utilization are driven by a complex interplay of
epidemiological risk factors, access challenges, and care-seeking
behaviors, among others, and teasing these out are beyond the
scope of this study. Moreover, limitations of the study design may
have prevented us from detecting a difference when in fact one
truly exists. Regardless, pandemic-related racial disparities must be
urgently addressed via financial support, community outreach, and
other novel programs.

Predicting trauma volume accurately is important for hospital
staffing and resource allocation, especially during a pandemic that
has considerably stressed hospital systems.19,33 At the lowest point,
we identified a 40% decrease in total trauma volume, which is
similar to the 43% decrease described by Leichtle et al in a single
center study in Virginia.17 Interestingly, the lowest trauma volume
our region experienced was 20 days after SAH orders, perhaps
indicating that large-scale behavioral changes take a considerable
amount of time to take effect. The overall trauma volume
rebounded to near baseline 41 days after SAH orders were issued,
likely due to a combination of partial reopening and waning
compliance for the continued restrictions.22 Surprisingly, this
rebound occurred and was sustained as new COVID-19 cases were
increasing in California (Apr 29, 2020e2,000 cases/day, Jun 30,
2020e8,000 cases/day), indicating that disease burden in the re-
gion is less important than SAH orders with regards to predicting
trauma volume.34 We suggest that healthcare organizations and
trauma systems take into account the volume reduction and timing
of changes seen in this study when planning for future SAH orders.

There are a number of limitations to this study. First, this study
utilizedmultiple trauma registries, making it susceptible tomissing
information and misclassification, such as data on patients with
traumatic injuries who presented to nontrauma hospitals. It is also
unclear how different registries handled categorization of multi-
ethnic/racial patients. Second, although initial SAH orders applied



Table III
Comparison of changes in daily trauma volume from January 1, 2020, through
February 29, 2020, to March 1, 2020, through June 1, 2020 across races

White Black Asian Latino

White 17.2% vs 11.1%
P ¼ .207

17.2% vs 35.5%
P ¼ .004

17.2% vs 16.2%
P ¼ .419

Black 11.1% vs 35.5%
P ¼ .003

11.1% vs 16.2%
P ¼ .260

Asian 35.5% vs 16.2%
P ¼ .005

Latino

Displayed as average drop per race in column versus average drop per race in row.

Table IV
Comparison of penetrating trauma rates by insurance status and race between
January 1, 2020, through February 29, 2020, and March 1, 2020, through June 1,
2020

Characteristic 1/1/2020e2/29/2020 3/1/2020e6/1/2020 P value

Insurance status
Medicare 66/976 (6.8%) 36/1293 (2.8%) <.001
Medicaid 204/1228 (16.6%) 445/2113 (21.1%) .002
Private 160/1894 (8.4%) 163/1729 (9.4%) .301
Uninsured 67/416 (16.1%) 88/475 (18.5%) .342

Race
White 113/2166 (5.2%) 230/2780 (8.3%) <.001
Black 93/376 (24.7%) 111/518 (21.4%) .245
Asian 18/275 (6.5%) 19/275 (6.9%) .865
Latino 214/1541 (13.9%) 370/2001 (18.5%) <.001
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to the entire state, restrictions were partially lifted in different
counties to varying degrees in the following months due to differ-
ences in local infection rates. In addition, given the wide variations
in race and socioeconomic status across Southern California
counties, these lightened restrictions could have affected our re-
sults. Also, as mentioned previously, we evaluated outcomes with
respect to insurance status, which is not an adequate proxy for
socioeconomic status or class, and thus represents a heterogeneous
population.35 Future research, which controls for factors related to
socioeconomic status and/or class would help further elucidate the
exact causes for disparities observed in this study. We therefore
suggest that future trauma registry data include variables that more
accurately depict socioeconomic status, such as occupation, place of
residence, level of education, and household income, amongst
others.36

In conclusion, this retrospective multicenter study demon-
strated a paradoxical increase in the trauma volume of patients
with Medicaid during California SAH orders, suggesting they are
the least able to SAH. Evidently, the most impoverished groups
remain disproportionately exposed to trauma even during a
pandemic, further exacerbating existing health disparities. This
highlights the importance of addressing economic health dispar-
ities before and during a pandemic or other disaster.
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