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BACKGROUND: The extent to which the COVID-19
pandemic has affected outcomes for patients with
unplanned hospitalizations is unclear.

OBJECTIVE: To examine changes in in-hospital
mortality for patients without COVID-19 during the
first 10 months of the pandemic (March 4, 2020 to
December 31, 2020).

DESIGN, SETTING, AND PARTICIPANTS: Observational
study of adults with unplanned hospitalizations at 51
hospitals across 6 Western states.

EXPOSURES: Unplanned hospitalizations occurring during
the spring COVID-19 surge (March 4 to May 13, 2020;
Period 1), an intervening period (May 14 to October 19,
2020; Period 2), and the fall COVID-19 surge (October 20
to December 31, 2020; Period 3) were compared with a
pre-COVID-19 baseline period from January 1, 2019, to
March 3, 2020.

ne of the most striking features of the early COVID-19
pandemic was the sudden and sharp reductions in
emergency department (ED) visits and hospitaliza-
tions throughout the United States.'* Several stud-
ies have documented lower rates of hospitalization for many
emergent, time-sensitive conditions, such as acute myocardial
infarction, stroke, and hyperglycemic crises, starting shortly after
community transmission of COVID-19 was recognized and social
distancing guidelines were implemented.>® In most cases, hospi-
tal volumes rebounded after an initial drop, stabilizing at some-
what lower levels than those expected from historic trends.”
The observed shifts in hospital use largely have been attribut-
ed to patients’ forgoing or delaying necessary care,”® which
underscores the indirect effects of the pandemic on patients
without COVID-19."" To date, the extent to which outcomes
for patients without COVID-19 have been adversely affected
is less well understood. Evidence suggests patients with acute
and chronic illnesses have experienced increased morbidity
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MAIN OUTCOMES AND MEASURES: We examined daily
hospital admissions and in-hospital mortality overall and in
30 conditions.

RESULTS: Unplanned hospitalizations declined steeply
during Periods 1 and 3 (by 47.5% and 25% compared
with baseline, respectively). Although volumes declined,
adjusted in-hospital mortality rose from 2.9% in the
pre-pandemic period to 3.5% in Period 1 (20.7% relative
increase), returning to baseline in Period 2, and rose again
to 3.4% in Period 3. Elevated mortality was seen for nearly
all conditions studied during the pandemic surge periods.

CONCLUSION: Pandemic COVID-19 surges were
associated with higher rates of in-hospital mortality among
patients without COVID-19, suggesting disruptions in

care patterns for patients with many common acute

and chronic illnesses. Journal of Hospital Medicine
2021;16:596-602. © 2021 Society of Hospital Medicine

and mortality since the onset of the pandemic. For example,
in northern California, abrupt declines in ED visits for cardiac
symptoms were coupled with higher rates of out-of-hospital
cardiac arrest.”? Moreover, states with higher rates of COVID-19
also reported increased deaths attributed to heart disease, di-
abetes, and other conditions.” To better understand these po-
tential indirect effects, this study used data from a large, multi-
state health care system to examine changes in hospital volume
and its relationship to in-hospital mortality for patients without
COVID-19 during the first 10 months of the pandemic.

METHODS

Setting and Participants

We examined unplanned hospitalizations from January 2019
to December 2020 at 51 community hospitals across 6 states
(Alaska, Washington, Montana, Oregon, California, and Tex-
as) in the Providence St. Joseph Health system. Hospitals
within the Providence system share a common standard
dataset for each encounter with a centralized cloud data
warehouse from which we extracted clinical and demograph-
ic data. No hospitals entered or left the system during the
study period. Hospitalizations were considered unplanned if
they had an “urgent” or “emergency” service type in the re-
cord; most originated in the ED. Hospitalizations for children
younger than 18 years and those with evidence of COVID-19
(International Classification of Disease, Tenth Revision, Clini-
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cal Modification U07.1, a positive COVID-19 polymerase chain
reaction test during the encounter, or an infection control-
assigned label of COVID-19) were excluded. The Providence
St. Joseph Health Institutional Review Board approved this study.

Measures

Trends in daily hospitalizations and their relationship to ad-
justed in-hospital mortality (percentage of patients who died
during their hospital admission) were examined over time. In
preliminary models using segmented regression, we identified
three distinct pandemic periods with different trends in dai-
ly hospitalizations: (1) a 10-week period corresponding to the
spring COVID-19 surge (March 4 to May 13, 2020; Period 1), (2)
an intervening period extending over the summer and early fall
(May 14 to October 19, 2020; Period 2), and (3) a second 10-week
period corresponding to the fall COVID-19 surge (October 20
to December 31, 2020; Period 3). In-hospital mortality for these
periods was compared with a baseline period (pre-COVID-19)
from January 1, 2019, to March 3, 2020. To further assess differ-
ences in mortality by clinical condition, hospitalizations were first
grouped by primary diagnosis using Clinical Classifications Soft-
ware Refined (CCSR) categories from the Agency for Healthcare
Research and Quality" and ranked by the number of observed
deaths and the percentage of patients who died while hospi-
talized in 2020. We selected common conditions that had >35
total deaths and an in-hospital mortality rate >1% for condition-
specific analyses, of which 30 met these criteria.

Analysis

Multivariate logistic regression was used to evaluate changes
in mortality for each of the pandemic periods compared with
baseline for the overall cohort and selected diagnosis groups.
Our main model adjusted for age, sex, race/ethnicity (White,
Black, Latinx, Asian or Pacific Islander, and other), primary pay-
or (commercial, Medicaid, Medicare, other, and self-pay), the
presence or absence of 31 chronic comorbidities in the medi-
cal record, primary admitting diagnosis grouped by CCSR cat-
egory (456 total diagnostic groups), and hospital fixed-effects
to account for clustering. Results are expressed as the average
marginal effects of each pandemic period on in-hospital mor-
tality (eg, adjusted percentage point change in mortality over
baseline). The number of excess deaths in each period was cal-
culated by multiplying the estimated percentage point change
in mortality for each period by the total number of hospitaliza-
tions. These excess deaths were subtracted from the number
of observed deaths to derive the number of deaths that would
be expected if pre-pandemic mortality rates persisted.

To further assess whether changes in adjusted mortality
could be attributed to a smaller, sicker population of patients
presenting to the hospital during the pandemic (meaning that
less acutely ill patients stayed home), we conducted two sensi-
tivity analyses. First, we tested whether substituting indicators
for Medicare Severity Diagnosis Groups (MS-DRG) in lieu of
CCSR categories had any impact on our results. MS-DRGs are
designed to account for a patient’s illness severity and expected
costs, whereas CCSR categories do not." MS-DRGs also bet-
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ter distinguish between surgical versus medical conditions. We
re-ran our main model using indicators for CCSR to control for
diagnostic mix, but further adjusted for severity using the DRG
weight for the primary diagnosis and Modified Early Warning
Score (MEWS) as continuous covariates. MEWS is a physiologic
scoring system that incorporates abnormal vital signs and data
related to mental status during the first 24 hours of a patient's
hospitalization into a risk-based score that has been shown to
predict hospital mortality and need for intensive care.'®'” These
sensitivity analyses were performed on a subset of inpatient
admissions because DRG data are not available for hospital-
izations billed as an observation stay, and only approximately
70% of hospitals in the sample contributed vital sign data to the
Providence data warehouse. All statistical analyses were con-
ducted with R, version 3.6.3 (R Foundation for Statistical Com-
puting) and SAS Enterprise Guide 7.1 (SAS Institute Inc).

RESULTS

The characteristics of our sample are described in Table 1. A
total of 61,300, 159,430, and 65,923 hospitalizations occurred
in each of the three pandemic periods, respectively, compared
with 503,190 hospitalizations in the pre-pandemic period. The
mean (SD) age of patients in the study was 63.2 (19.4) years;
most were women (52.4%), White (70.6%), and had Medicare as
their primary payor (53.7%). Less than half (42.7%) of hospital-
izations occurred in California, and just under one-quarter were
observation stays (23.2%). Patient characteristics were similar in
the pre-COVID-19 and COVID-19 pandemic periods.

Figure 1 shows trends in hospital volume and mortality. Over-
all daily hospitalizations declined abruptly from a mean of 1176
per day in the pre-pandemic period to 617 per day (47.5% rel-
ative decrease) during the first 3 weeks of Period 1. Mean daily
hospitalizations began to rise over the next 2 months (Period 1),
reaching steady state at <1000 hospitalizations per day (15% rel-
ative decrease from baseline) during Period 2. During Period
3, we observed a decline in mean daily hospitalizations, with
a low point of 882 per day on December 31, 2020 (25% rela-
tive decrease from baseline), corresponding to the end of our
study period. Although hospital volumes declined during both
COVID-19 surge periods, the percentage of patients who died
during their hospitalization increased. There was an initial spike
in in-hospital mortality that peaked approximately 1 month into
the pandemic (middle of Period 1), a return to levels at or slightly
below that before the pandemic by the beginning of Period 2,
and then a rise throughout the autumn COVID-19 surge in Pe-
riod 3, not yet peaking by the end of the study.

Adjusted in-hospital mortality for the three COVID-19 periods
compared with the pre-pandemic period is presented in Table 2.
The percentage of patients who died during their hospitalization
rose from 2.9% in the pre-pandemic period to 3.4% during Pe-
riod 1 (absolute difference, 0.6 percentage points; 95% Cl, 0.5-
0.7), corresponding to a 19.3% relative increase during the spring
COVID-19 surge. Among the subset of patients hospitalized with
1 of the 30 conditions selected for individual analysis, mortality in-
creased from 5.0% to 5.9% during the same time period (absolute
difference, 0.9 percentage points; 95% Cl, 0.8-1.1), corresponding
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TABLE 1. Characteristics of the Study Population

Total Pre-COVID?
N = 789,843 n=503,190
Age, mean (SD), y 63.2(19.4) 63.6(19.4)
Female, No. (%) 413,505 (52.4) 264,969 (52.7)
Race/ethnicity, N (%)
White 557,832 (70.6) 354,398 (70.4)
Latinx 105,119(13.3) 67,991 (13.5)
Asian/Pacific islander 40,870 (5.2) 26,727 (5.3)
Black 36,592 (4.6) 23,564 (4.7)
Others 49,430 (6.3) 30,510 (6.1)
Comorbidities, No. (%)°
0 67,669 (8.6) 43,734 (8.7)
1-2 163,651 (20.7) 103,666 (20.6)
>2 558,523 (70.7) 355,790 (70.7)
Region, No. (%)
Alaska 25,202 (3.2) 15,739 (3.1)
California 337,524 (42.7) 220,370 (43.8)
Oregon 110,433 (14.0) 68,078 (13.5)
Texas and New Mexico 40,468 (5.1) 27,112 (5.4)
Washington and Montana 276,216 (35.0) 171,891 (34.2)

Payor, No. (%)

Commercial 117,637 (15.1) 73,607 (14.8)
Medicaid 150,410 (19.3) 93,543 (18.8)
Medicare 419,135 (53.7) 270,599 (54.4)
Other 87,400 (11.2) 55,410 (11.1)
Self-Pay 6246 (0.8) 4271(0.9)
Observation status, No. (%) 182,896 (23.2) 117,035 (23.3)

High-mortality subgroup, No. (%)

379,813 (48.1)

242,120 (48.1)

DRG weight, mean (SD) 132(1.2) 1.33(1.25)
MEWS, mean (SD) 2.67(1.6) 2.65 (1.55)
Length of stay, survivors, median (IQR), d 3(2-5) 3(2-5)
Time to death, decedents, median, (IQR), d 5(2-10) 5(2-10)

COVID period 1° COVID period 2¢ COVID period 3¢
n=61,300 n=159,430 n=65,923
63.0(19.4) 62.5(19.4) 62.7 (19.0)

31,402 (51.2) 82,862 (52.0) 34,272 (52.0)
43,517 (71.0) 112,940 (70.8) 46,977 (71.0)
8138(13.3) 20,865 (13.1) 8125(12.0)
2955 (4.8) 7836 (4.9) 3352 (5.1)
2816 (4.6) 7146 (4.5) 3066 (4.7)
3874 (6.3) 10,643 (6.7) 4403 (6.7)
5029 (8.2) 13,325(8.4) 5581 (8.5)
12,278 (20.0) 33,936 (21.3) 13,771 (20.9)

43,993 (71.8)

112,169 (70.4)

46,571 (70.6)

2080 (3.4) 5309 (3.3) 2074 (3.2)
25,080 (40.9) 64,699 (40.6) 27,375 (42)
8954 (14.6) 23,393 (14.7) 10,008 (15)
3297 (5.4) 7723 (4.8) 2336 (3.5)
21,889 (35.7) 58,306 (36.6) 24,130 (37)
9412 (15.5) 24,514 (15.6) 10,104 (16.0)
12,366 (20.4) 31,601 (20.0) 12,900 (20.0)
31,461 (51.9) 82,480 (52.3) 34,595 (53.0)
6862 (11.3) 17,978 (11.4) 7150 (11.0)
513(0.9) 1112(0.7) 350(0.5)
13,254 (21.6) 37,451 (23.5) 15,156 (23.0)
30,331(49.5) 75,417 (47.3) 31,945 (48.5)
1.27(1.16) 1.28(1.2) 1.29(1.16)
2.78(1.61) 2.66 (1.55) 2.72(1.56)
3(2-5) 3(2-5) 3(2-5)
4(2-9) 5(2-10) 5(2-9)

Pre-COVID January 2019 to March 3, 2020.

5COVID Period 1: March 4, 2020 to May 13, 2020.

<COVID Period 2: May 14, 2020 to October 19, 2020.
4COVID Period 3: October 20, 2020 to December 31, 2020.

#High mortality subgroup includes the top 30 conditions with >35 deaths in 2020 and an in-hospital mortality >1%.
Abbreviations: DRG, Severity Diagnosis Groups; IQR, interquartile range; MEWS, Modified Early Warning Score.

to an 18.9% relative increase. In Period 2, in-hospital mortality was
similar to that noted pre-pandemic for the overall cohort and the
30 selected conditions. During Period 3, in-hospital mortal-
ity increased by a magnitude similar to that observed in Peri-
od 1 for all hospitalizations combined (absolute difference, 0.5
percentage points; 95% Cl, 0.0-0.6; corresponding to a 16.5%
relative increase) as well as the subgroup with 1 of the 30
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selected conditions (0.9 percentage points; 95% Cl, 0.8-1.0; cor-
responding to an 18% relative increase). Further adjustment for
severity by swapping CCSR categories with MS-DRG indicators
or inclusion of DRG weight and MEWS score as covariates in our
sensitivity analyses did not change our results.

Table 3 and the Appendix Figure describe changes in vol-
ume and adjusted in-hospital mortality for the 30 conditions
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FIG. Trends in Hospital Volume and Mortality During the COVID-19 Pandemic (14-week moving average)

selected for analysis. There was a decrease in the mean daily
admissions for all conditions studied. Among the 30 condi-
tions, 26 showed increased mortality during Period 1, but the
increase was only statistically significant for 16 of them. Among
the 10 most commonly admitted conditions (by number of dai-
ly hospital admissions during the baseline period), there was
a statistically significant relative increase in mortality for pa-
tients with sepsis (20.1%), heart failure (17.6%), ischemic stroke
(12.5%), device/graft/surgical complications (14.0%), cardiac
dysrhythmias (14.4%), pneumonia (24.5%), respiratory failure
(16.1%), and gastrointestinal hemorrhage (23.3%). In general,
mortality returned to baseline or improved during Period 2.
All 30 conditions showed increased mortality in Period 3. This
increase was significant for only 16 conditions, which were not
the same ones noted during Period 1. Of note, although there
was higher mortality for some cardiovascular conditions (heart
failure, cardiac dysrhythmias), mortality for myocardial infarc-
tion remained unchanged from baseline across all 3 periods.
In contrast, several solid cancer-related conditions showed
progressively worsening mortality throughout the study, with
7.7% higher mortality in Period 1, 10.3% higher mortality in
Period 2, and 16.5% higher mortality in Period 3, respectively,
compared with baseline. Although a similar pattern was ob-
served for acute renal failure and some neurologic conditions
(traumatic brain injury, seizure, other nervous system disor-
ders), mortality for drug poisonings and gastrointestinal bleeds
improved over time.

An Official Publication of the Society of Hospital Medicine

DISCUSSION

In this study of unplanned hospitalizations from 51 community
hospitals across 6 states in the US West, we found a significant
increase in mortality—at a rate of approximately 5 to 6 excess
deaths per 1000 hospitalizations—among patients admitted
during the pandemic with a variety of non-COVID-19 illness-
es and injuries. Higher in-hospital mortality was observed in
the spring (March to May) and fall (October to December) of
2020 when COVID-19 case counts surged and shelter-in-place
mandates were implemented. With the initial surge, higher
mortality rates were largely transient, and, for most conditions
evaluated, returned to baseline approximately 3 months after
the pandemic onset. For the fall surge, mortality rates had not
peaked by the end of the study period. Changes in mortality
were closely and inversely correlated with hospital volume for
non-COVID-19 illnesses during both surge periods.

Higher morbidity and mortality for patients without COVID-19
appears to be an unfortunate spillover effect that has been re-
ported in several studies. Recent work examining national surveil-
lance data suggest that up to one-third of excess deaths (deaths
higher than those expected for season) early in the pandemic
have occurred among patients without known COVID-19.13182
Specifically, these studies estimate that mortality rates in the
United States increased by 15% to 19% in the spring of 2020; of
the identified excess deaths, only 38% to 77% could be attribut-
ed to COVID-19, with the remainder attributed to cardiovascu-
lar disease, diabetes, and Alzheimer's disease, among others. In
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TABLE 2. Adjusted In-Hospital Mortality for Patients Hospitalized for Non-COVID Conditions

All conditions

Adjusted mortality Difference in mortality Observed
(95% Cl), % (95% CI) deaths
Pre-COVID* 2.9(2.9-2.9) Ref 14,444
COVID period 1¢ 3.4(3.3-35) 0.6 (0.5-0.7)¢ 2082
COVID period 2¢ 2.9(2.8-2.9) —0.01(-0.07 to 0.04) 4541
COVID period 3 3.4(3.3-3.5) 0.5(0.4-0.6) 2198

Highest mortality conditions?

Expected  Adjusted mortality Difference in mortality Observed  Expected
deaths® (95% Cl), % (95% Cl) deaths deaths®
Ref 5.0 (4.9-5.0) Ref 12,048 Ref
1740 5.9(5.7-6.1) 0.9(0.8-1.1) 1788 1504
4565 5.0 (4.9-5.1) 0.1(0.0-0.2) 3795 3753
1885 5.9 (5.7-6.0) 0.9(0.8-1.1) 1879 1590

*Highest mortality conditions include 30 conditions with at least 40 deaths and an inpatient mortality rate of at least 1% in the COVID era.

“Deaths expected had pre-COVID-19 mortality rates persisted throughout the pandemic.
“Pre-COVID January 2019 to March 3, 2020.

4COVID Period 1: March 4, 2020 to May 13, 2020.

cCOVID Period 2: May 14, 2020 to October 19, 2020.

‘COVID Period 3: October 20, 2020 to December 31, 2020.

dIndicates change in mortality over baseline is statistically significant to P < .05.

addition, reports from several European countries and China
examining population death data have found similar trends,??
as well as a recent study examining excess deaths in nursing
homes.?¢ Our results are largely consistent with these earli-
er studies in that we describe higher mortality in a sample of
patients hospitalized with a variety of common conditions that
otherwise are routinely treated in US hospitals. Reporting these
indirect casualties of COVID-19 is important to fully understand
the pandemic’s toll on patients and healthcare systems.

Our work builds on the current body of literature, highlight-
ing the consistent relationship between rising COVID-19 case
counts, hospital volume, and excess mortality over more than
one surge period. Although several studies have looked at trends
in hospital admissions or population mortality rates, few have ex-
amined the two outcomes together. The close correlation be-
tween daily hospital admissions and in-hospital mortality in this
study suggests that the pandemic changed how patients use
healthcare resources in ways that were important for their health
and outcomes. The higher mortality rate that we and others have
observed likely is related to patients’ delaying care because of
fear of contracting COVID-19. In one survey, more than 4 in 10
adults in the United States reported that they avoided medical
care during the early pandemic.’® Importantly, even a few days
delay for many conditions, such as heart failure or sepsis, can
result in precipitous declines in clinical status and outcomes.

It also is possible that we found increased rates of in-hospital
mortality simply because patients with more moderate illness
chose to stay home, resulting in a patient population enriched
with those more likely to die. We found mixed evidence in our
data that the observed increases in mortality could be attribut-
able to a smaller, sicker population. Some characteristics that
might be protective, such as a slightly younger mean age and
lower mean DRG weight, were more common among those
hospitalized during the pandemic. However, other characteris-
tics, such as a slightly higher MEWS score and a greater percent-
age of total hospitalizations in the higher mortality subgroup,
also were noted during the pandemic (Table 1). We do note,
however, that the differences in these severity-related charac-
teristics were small across the study periods. Further adjusting
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for these characteristics in our sensitivity analyses did not appre-
ciably change our main findings, suggesting that the mortality
increase could not be explained by changes in case-mix alone.

Other factors not dependent on patient behavior, such as
barriers to accessing timely ambulatory care and impacts in the
quality of care delivered, might have contributed. Shelter-in-
place orders, reduced in-person access to clinicians in the ambu-
latory setting, slow implementation of telehealth services (with
uncertainty about their equivalence to in-person exams), as well
as delays in diagnostic tests and outpatient procedures could
have played a role, especially during early months of the pan-
demic.? Significant changes to ambulatory health care delivery
might have left many patients with chronic illnesses or complex
medical needs with limited care options. Importantly, these care
interruptions might have had greater implications for some pa-
tients, such as those with cancer who rely on intensive, largely
outpatient-based treatment.? This, in part, could explain why
we found persistently increased mortality among patients hospi-
talized with cancer after the spring surge. Later into the pandem-
ic, however, most health systems had developed processes that
allowed clinicians to resume timely care of ambulatory patients.
Because of this, increases in mortality observed during the fall
surge likely stem from other factors, such as patient behavior.

It is possible that care delays or changes in the quality of care
delivered during the index hospitalization or pre-hospital set-
ting might have contributed to the observed increase in mor-
tality. This is particularly true for acute, time-sensitive conditions
such as sepsis and stroke. Extra time spent donning personal
protective equipment and/or new protocols instituted during
the pandemic likely impacted the speed of emergency medical
services transport, timeliness of ED evaluation, and delivery of
definitive therapy. Although most hospitals in this study were not
overwhelmed by the pandemic, the complexities associated with
caring for known and suspected COVID-19 patients alongside
those without the disease might have altered ideal care practic-
es and strained healthcare teams.® In addition, nearly all hospi-
talized patients during this period were deprived of in-person
advocacy by family members, who were not permitted to visit.

Important limitations with this study exist. First, the data
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TABLE 3. Changes in Daily Volume and Adjusted Mortality for 30 Selected Conditions

Mean daily hospitalizations In-hospital mortality, %
COVID Change, COVID Change, COVID Change, COVID Change, COVID Change, COVID Change,

Pre-COVID® period 1® % period 2 % period 3¢ %  Pre-COVID* period1® % period 2¢ % period 3¢ %
Septicemia 123.1 1006  -18.3¢ 1034  -16.1¢ 934 -29.6° 84 10.0 20.1¢ 8.2 -1.7 9.8 14.1°
Heart failure 52.4 384 -26.7¢ 40.8 —-22.0° 41.0 -29.6° 3.1 3.7 17.6¢ 33 5.0° 39 22.5
Acute myocardial infarction ~ 35.4 24.4 -31.0° 29.6 —-16.3¢ 28.5 —-28.2¢ 5.0 5.2 24 4.8 -4.2 5.2 4.0
Ischemic stroke 33.0 273 -17.2¢ 31.2 -5.3¢ 29.0 -14.5¢ 43 49 12.58 44 28 5.3 211
Device, graft, surgical 32.2 23.1 -28.3¢ 29.0 -9.8 27.7 -19.6° 25 2.9 14.0¢8 2.7 6.2 2.9 12.4
complications
Cardiac dysrhythmias 28.0 17.4 —38.0¢ 22,6 —19.3¢ 20.4 —43.9¢ 1.2 1.4 14.4¢ 13 5.6 15 204
Acute renal failure 23.1 17.2 —-25.6° 216 —6.2¢ 17.4 -33.3¢ 3.1 34 9.2 33 6.2 3.9 21.2
Pneumonia 224 18.2 -18.6° 11.5 —48.4¢ 1.2 -61.2 2.8 35 24.5¢ 3.1 10.8¢ 36 23.8
Respiratory failure 21.2 16.0 -24.3¢ 14.2 —-33.0° 12.8 -52.6° 11.0 12.8 16.1¢ 1.7 5.5¢ 13.9 221
Gastrointestinal hemor- 19.8 15.5 -22.1¢ 17.7 -10.9¢ 16.0 -24.7¢ 2.5 3.0 23.3¢ 2.8 15.9¢ 3.2 23.1
rhage
Intestinal obstruction 17.4 12.7 -26.8¢ 15.6 —-10.4¢ 14.8 -20.9¢ 1.5 1.8 20.5¢ 1.4 -5.1 1.7 14.4
and ileus
Fluid and electrolyte 17.3 12.6 -26.9° 16.1 -7.1¢ 12.6 -36.8° 1.4 1.8 27.3¢ 1.4 -1.6 1.7 14.7
disorders
Chronic obstructive pulmo- 17.1 9.5 —44.6° 79 —53.4¢ 14 -101.8¢ 13 1.6 21.8¢ 1.4 6.7 1.9 31.1
nary disease
Solid cancer-related 15.7 12.1 —23.3¢ 14.8 —6.2¢ 13.3 —20.4¢ 7.6 8.2 7.7 8.4 10.3¢ 8.9 16.5
conditions
Hip fracture 15.1 12.6 -16.3¢ 14.3 —5.1¢ 13.9 -9.1¢ 1.5 2.0 29.3¢ 1.6 24 1.7 7.1
Nervous system disorders 11.8 9.0 -23.8¢ 10.5 -10.9¢ 10.1 -19.6° 22 2.1 -2.8 2.0 -4.8 26 22.2
Epilepsy; convulsions 10.0 1.2 -27.9¢ 9.0 —9.4¢ 8.9 —15.0¢ 13 1.4 6.2 1.6 15.8 1.6 19.3
Pulmonary embolism 9.1 7.0 —23.5¢ 9.0 =11 8.7 —6.4 29 29 2.8 29 2.1 34 19.0
Chronic kidney disease 9.0 6.0 -33.0° 6.7 —-25.4¢ 7.0 -33.9¢ 2.9 34 18.8 34 17.0¢ 33 12.6
Cerebral hemorrhage 75 6.9 -7.5 6.8 9.6 6.7 -11.9¢ 18.3 18.4 0.4 17.4 -4.9 204 1.1
Traumatic brain injury 14 5.5 —24.9¢ 73 -1.7 6.3 —-20.1¢ 53 5.3 0.8 5.0 -4.2 6.6 24.7
Aspiration pneumonitis 73 438 —34.4° 5.2 —28.2¢ 4.9 —48.8° 8.6 8.5 -1.0 83 -36 9.4 9.7
Drug poisoning 6.2 5.8 —6.3 6.4 39 5.2 —17.4 35 4.8 37.9¢ 4.0 14.6° 36 3.8
Other liver diseases 6.1 45 -25.8¢ 6.7 10.4¢ 5.7 -83 6.2 79 26.6° 6.4 2.7 73 13.8
Gastrointestinal disorders 5.9 4.1 -29.3¢ 5.5 -5.6 44 —-35.5¢ 3.1 4.7 50.7¢ 2.8 -9.1 3.8 15.3
Hepatic failure 4.7 3.8 -20.2 4.2 -10.3¢ 3.7 -28.0° 8.2 9.1 10.2 8.2 0.2 1.1 314
Neurocognitive disorders 33 2.7 —16.4¢ 34 32 33 13 3.6 4.1 13.6 35 -38 3.7 2.0
Non-Hodgkin lymphoma 23 1.9 -18.1 23 -33 2.0 -16.8 7.5 79 5.6 8.2 9.7 9.8 29.6
Arterial dissections 2.0 1.7 -15.6 1.6 -18.6° 2.0 5.0 9.1 12.1 32.7 79 -129 9.6 4.1
Cardiac arrest 1.9 1.8 -5.4 1.7 -73 1.6 -17.5¢ 4.7 39.6 -5.0 44.2 6.0 45.4 9.2

*Pre-COVID January 2019 to March 3, 2020. Clinical conditions are sorted by the highest to lowest number of hospitalizations in the pre-COVID baseline period.
5COVID Period 1: March 4, 2020 to May 13, 2020.

<COVID Period 2: May 14, 2020 to October 19, 2020.

dCOVID Period 3: October 20, 2020 to December 31, 2020.

¢Change in mortality over baseline is statistically significant to P < .05.
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come only from hospitals in the western United States. Sec-
ond, some data elements such as triage scores or vital signs
were not available for the entire population, potentially limit-
ing some risk-adjustment. Third, we were unable to determine
the root cause of excess mortality based on our study design
and the coded variables available. It is unknown to what extent
undiagnosed COVID-19 played a role. Early in the pandem-
ic, many community hospitals did not have access to timely
COVID-19 testing, and some cases might have not been di-
agnosed.’’ However, we do not expect this to be a significant
concern in the later months of the pandemic, as testing be-
came more widespread and hospitals implemented surveil-
lance screening for COVID-19 for inpatients.

CONCLUSIONS

Our study indicates that the COVID-19 pandemic was associ-
ated with increased mortality among patients hospitalized for
a range of clinical conditions. Although higher observed mor-
tality rates were limited to periods of high COVID-19 activity,
future studies will need to tease out the extent to which these
findings relate to patient factors (ie, delayed presentation and
more severe disease) or systemic factors (reduction in access
or changes in quality of care). This is of key importance, and
appropriate solutions will need to be developed to mitigate
adverse impacts with this and future pandemics.

Disclosures: The authors reported no conflicts of interest.
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