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Abstract

IMPORTANCE Mortality is an important measure of the severity of a pandemic. This study aimed to
understand how mortality by age of hospitalized patients who were tested for SARS-CoV-2 has
changed over time.

OBJECTIVE To evaluate trends in in-hospital mortality among patients who tested positive for
SARS-CoV-2.

DESIGN, SETTING, AND PARTICIPANTS This retrospective cohort study included patients who
were hospitalized for at least 1 day at 1 of 209 US acute care hospitals of variable size, in urban and
rural areas, between March 1 and November 21, 2020. Eligible patients had a SARS-CoV-2 polymerase
chain reaction (PCR) or antigen test within 7 days of admission or during hospitalization, and a record
of discharge or in-hospital death.

EXPOSURE SARS-CoV-2 positivity.

MAIN OUTCOMES AND MEASURES SARS-CoV-2 infection was defined as a positive SARS-CoV-2
PCR or antigen test within 7 days before admission or during hospitalization. Mortality was extracted
from electronically available data.

RESULTS Among 503 409 admitted patients, 42 604 (8.5%) had SARS-CoV-2–positive tests. Of
those with SARS-CoV-2–positive tests, 21 592 (50.7%) were male patients. Hospital admissions
among patients with SARS-CoV-2–positive tests were highest in the group aged 65 years or older
(19 929 [46.8%]), followed by those aged 50 to 64 years (11 602 [27.2%]) and 18 to 49 years (10 619
[24.9%]). Hospital admissions among patients 18 to 49 years of age increased from 1099 of 5319
(20.7%) in April to 1266 of 4184 (30.3%) in June and 2156 of 7280 (29.6%) in July, briefly exceeding
those in the group 50 to 64 years of age (June: 1194 of 4184 [28.5%]; 2039 of 7280 [28.0%]).
Patients with SARS-CoV-2–positive tests had higher in-hospital mortality than patients with SARS-
CoV-2–negative tests (4705 [11.0%] vs 11 707 of 460 805 [2.5%]; P < .001). In-hospital mortality
rates increased with increasing age for both patients with SARS-CoV-2–negative tests and SARS-CoV-
2–positive tests. In patients with SARS-CoV-2–negative tests, mortality increased from 45 of 11 255
(0.4%) in those younger than 18 years to 4812 of 107 394 (4.5%) in those older than 75 years. In
patients with SARS-CoV-2–positive tests, mortality increased from 1 of 454 (0.2%) of those younger
than 18 years to 2149 of 10 287 (20.9%) in those older than 75 years. In-hospital mortality rates
among patients with SARS-CoV-2–negative tests were similar for male and female patients (6273 of
209 086 [3.0%] vs 5538 of 251 719 [2.2%]) but higher mortality was observed among male patients
with SARS-CoV-2–positive tests (2700 of 21 592 [12.5%]) compared with female patients with
SARS-CoV-2–positive tests (2016 of 21 012 [9.60%]). Overall, in-hospital mortality increased from
March to April (63 of 597 [10.6%] to 1047 of 5319 [19.7%]), then decreased significantly to November
(499 of 5350 [9.3%]; P = .04), with significant decreases in the oldest age groups (50-64 years: 197
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Abstract (continued)

of 1542 [12.8%] to 73 of 1341 [5.4%]; P = .02; 65-75 years: 269 of 1182 [22.8%] to 137 of 1332 [10.3%];
P = .006; >75 years: 535 of 1479 [36.2%] to 262 of 1505 [17.4%]; P = .03).

CONCLUSIONS AND RELEVANCE This nationally representative study supported the findings of
smaller, regional studies and found that in-hospital mortality declined across all age groups during the
period evaluated. Reductions were unlikely because of a higher proportion of younger patients with
lower in-hospital mortality in the later period.

JAMA Network Open. 2021;4(4):e216556. doi:10.1001/jamanetworkopen.2021.6556

Introduction

In-hospital mortality among patients with COVID-19 was high early in the pandemic and was reported
to range from 12% to 28% in early case series.1-3 These studies also described a linear association
between age and mortality.1,3,4 Since then, in-hospital mortality rates have decreased, likely
reflecting improvements in survival.2,5,6 However, it has been proposed that at least some of the
reduction in mortality rates in recent months can be attributed to the higher proportion of younger
patients, who have lower mortality rates, among those hospitalized with COVID-19.7 In this analysis,
in-hospital mortality rates for patients with SARS-CoV-2 infection were evaluated over time, and
factors associated with observed trends were examined.

Methods

We conducted a multicenter, retrospective cohort analysis of data from 209 acute care facilities in
the BD Insights Research Database (Becton, Dickinson and Company). The study data set was
approved as a limited, deidentified data set for retrospective analysis and was exempted from
patient consent by the New England institutional review board because it is a retrospective analysis
of deidentified data. This report follows the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline for cohort studies.8

The hospitals included in the analysis have a range of bed sizes and are located in urban and
rural areas throughout the United States. The database includes electronically captured laboratory
results, US Census data, pharmacy orders, and admission, discharge, and transfer (ADT) data feeds.9

Hospitals in this analysis are a subset of facilities that are similar in bed size, census division, urban/
rural designation, and teaching status to US hospitals included in the American Hospital
Association survey.10

Eligible patients were hospitalized for at least 1 day, had results reported from a SARS-CoV-2
polymerase chain reaction (PCR) or antigen test 7 days prior to admission or during hospitalization,
and a record of discharge or death in the hospital between March 1 and November 21, 2020. In this
database, in-hospital mortality was defined as a designation of death, mortality, or presence in
morgue in the ADT data feeds. We performed a validity check by randomly selecting 50 mortality
cases and evaluating them for encounter-level clinical signs of mortality (eg, uncorrected severe
metabolic acidosis determined by pH from arterial blood gases and uncorrected electrolyte changes
incompatible with life). SARS-CoV-2 infection was defined as a positive SARS-CoV-2 PCR or antigen
test 7 days prior to admission or during hospitalization.

Statistical Analysis
Frequencies were calculated for categorical variables. Means with SDs and medians with ranges were
calculated for continuous variables. We used the χ2 and 2-sample t test to compare categorical and
continuous variables, respectively. Linear regression was used to evaluate trends for mortality over
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time. All statistical analyses were performed using SAS software version 9.4 (SAS Institute). Statistical
significance was set at P < .05, and tests were 2-tailed.

Results

We identified 503 409 unique patients hospitalized between March 1 and November 21, 2020,
comprising 42 604 patients (8.5%) with laboratory-confirmed SARS-CoV-2–positive tests and
460 805 patients (91.5%) with SARS-CoV-2–negative tests. A minority of hospitalized patients were
younger than 18 years (11 709 [2.3%]) (Table).

Overall, the youngest age group (ie, <18 years) had the lowest proportion of patients with SARS-
CoV-2–positive tests (454 of 11 709 [3.9%]), and patients 50 to 64 years of age had the highest
proportion (11 602 of 119 673 [9.7%]) of patients with SARS-CoV-2–positive tests. Patients with SARS-
CoV-2–positive tests, compared with those with SARS-CoV-2–negative tests, were more likely to be
male (21 592 [50.7%] vs 209 086 [45.4%]; P < .001) and to have at least 1 underlying severe illness or
condition (33 248 [78.0%] vs 277 396 [60.2%]; P < .001). Among patients with SARS-CoV-2–
positive tests vs with SARS-CoV-2–negative tests, mean (SD) hospital length of stay was longer (8.5
[13.6] days vs 5.2 [8.0] days; P < .001), mean intensive care unit (ICU) length of stay was longer (8.3
[9.8] days vs 3.8 [5.5] days; P < .001), and ICU admission was more common (9586 [22.5%] vs 65 717
[14.3%]; P < .001) (Table).

Hospital Admission Trends by Age
Hospital admissions among patients with SARS-CoV-2–positive tests were highest in the group aged
65 years or older (19 929 [46.8%]), followed by those aged 50 to 64 years (11 602 [27.2%]) and 18
to 49 years (10 619 [24.9%]) (Figure 1). Hospital admissions in patients aged 18 to 49 years increased
from 1099 of 5319 (20.7%) in April to 1266 of 4184 (30.3%) in June and 2156 of 7280 (29.6%) in July
and exceeded rates in patients aged 50 to 64 years (June: 1194 of 4184 [28.5%]; 2039 of 7280
[28.0%]). The proportion of patients admitted with SARS-CoV-2–positive tests who were younger
than 18 years, while extremely low overall, also increased in June (Figure 1). These data indicate that
hospital admissions among younger persons increased briefly in June and July but declined again
thereafter.

Mortality Trends
Patients with SARS-CoV-2–positive tests were significantly more likely to experience in-hospital
mortality compared with those with SARS-CoV-2–negative tests (4705 [11.0%] vs 11 707 [2.5%];
P < .001) (Table; Figure 2). In-hospital mortality rates increased with increasing age in both patients
with SARS-CoV-2–negative tests and those with SARS-CoV-2–positive tests. In patients with SARS-
CoV-2–negative tests, mortality increased from 45 of 11 255 (0.4%) in those younger than 18 years to
4812 of 107 394 (4.5%) in those older than 75 years. In patients with SARS-CoV-2–positive tests,
mortality increased from 1 of 454 (0.2%) of those younger than 18 years to 2149 of 10 287 (20.9%)
in those older than 75 years (Table; Figure 2). While observed in-hospital mortality rates were similar
in male and female patients with SARS-CoV-2–negative tests (6273 of 209 086 [3.0%] vs 5538 of
251 719 [2.2%]), higher in-hospital mortality was observed among male patients with SARS-CoV-2–
positive tests compared with female patients with SARS-CoV-2–positive tests (2700 of 21 592
[12.5%] vs 2016 of 21 012 [9.6%]) (Figure 2). In the oldest age groups, in-hospital mortality rates were
significantly higher among patients with SARS-CoV-2–positive tests compared with patients with
SARS-CoV-2–negative tests (>75 years: 2149 of 10 287 [20.9%] vs 4812 of 107 394 [4.5%]; P < .001)
(Figure 2).

Study Period Trends
Figure 3 shows in-hospital mortality by month of admission for patients with SARS-CoV-2–negative
tests and in-hospital mortality by month of admission overall and by age group for patients with
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SARS-CoV-2–positive tests. In-hospital mortality among patients with SARS-CoV-2–negative tests
decreased slightly and then remained stable throughout the study period. In-hospital mortality
among patients with SARS-CoV-2–positive tests increased from March to April (63 of 597 [10.6%] to
1047 of 5319 [19.7%]) and then decreased significantly during the study period (1047 of 5319 [19.7%]

Figure 1. Age Group Composition of All Hospitalized Patients With SARS-CoV-2–Positive Tests
by Month of Admission
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Figure 2. In-Hospital Mortality Rates by Age and Sex for Patients With SARS-CoV-2–Positive
and SARS-CoV-2–Negative Tests
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Figure 3. In-Hospital Mortality Rates by Month of Admission Among Patients With SARS-CoV-2–Positive
and SARS-CoV-2–Negative Tests
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to 499 of 5350 [9.3%]; P = .04). Significant decreases in in-hospital mortality were also noted in the
oldest age groups, including patients aged 50 to 64 years (197 of 1542 [12.8%] to 73 of 1341 [5.4%];
P = .02), 65 to 75 years (269 of 1182 [22.8%] to 137 of 1332 [10.3%]; P = .006), and older than 75
years (535 of 1479 [36.2%] to 262 of 1505 [17.4%]; P = .03) (Figure 3).

Discussion

This large multicenter, geographically representative, retrospective cohort study found a significant
decrease in in-hospital mortality among patients with SARS-CoV-2–positive tests from March to
November. Mortality among patients with SARS-CoV-2–negative tests remained stable throughout
the study period after the initial peak that occurred from March to May. In-hospital mortality
decreases were not associated with a shift toward a higher proportion of younger (ie, 18 to 49 years
of age) hospitalized patients with SARS-CoV-2–positive tests, who tend to have lower in-hospital
mortality. While there was a slight shift in the proportion of hospitalized patients with SARS-CoV-2–
positive tests to younger age groups in June and July, the proportion in this age group returned to
levels seen earlier in the pandemic shortly afterward. In-hospital mortality decreased in all age
groups, including the oldest age groups, who accounted for the highest proportion of all hospitalized
patients with SARS-CoV-2–positive tests and had the highest in-hospital mortality rates. In-hospital
mortality decreased overall, from a monthly peak of 19.7% in April to 9.3% in November, with every
age group experiencing a decrease of approximately 50%. This large, national study is consistent
with recently published smaller studies demonstrating decreases in in-hospital mortality and
COVID-19 risk-adjusted mortality rates.2,11 Reasons for decreases in mortality since the start of the
pandemic may include increased clinical experience in caring for and ventilating patients and use of
prone positioning, systemic corticosteroids, and remdesivir.12-14

Strengths of this study include the extraordinarily large sample size, which included a diverse
population across multiple geographic regions, including a large number of pediatric patients.
Previously published studies have been conducted in single health systems in specific geographic
areas with fewer patients.6,15 Longitudinal data for pediatric patients in our study showed that this
age group had an increased proportion of all admissions with SARS-CoV-2–positive tests over time
compared with other age groups—a finding that should be confirmed in other studies. In-hospital
mortality among pediatric patients with SARS-CoV-2–positive tests was extremely rare (1 of 454
[0.2%]). Reasons for lower mortality among pediatric patients are likely multifactorial, ranging from
lack of high-risk comorbid chronic conditions to differences in T cell–mediated humoral immune
response in pediatric vs older populations.16-18 Most patients in our cohort were adults, and mortality
in patients with SARS-CoV-2–positive tests was associated with male sex and having at least 1
underlying medical condition, consistent with other studies.1,15

Limitations
Limitations of this study include testing type and access. For the time interval assessed, the
predominant diagnostic test for SARS-CoV-2 detection was PCR. Antigen testing was only readily
available later in the pandemic and as a point-of-care test. These results may have been
inconsistently captured in acute care emergency medical records. In addition, this study did not
assess any discordance in test results among the 2 testing assays; for example, if an antigen test was
positive and then a subsequent PCR test was negative for the same patient, the patient was
considered as having a positive test. Furthermore, each hospital admission was counted as a single
observation in the denominator. We did not link index hospital admissions and readmissions. We
evaluated mortality trends by month and assumed that readmission rates were equal over time;
therefore, the trends should not be affected. Additionally, the availability of diagnostic tests and
public policy lockdowns increased during the pandemic and may have affected earlier mortality
rates.19 We believe there was some ascertainment bias in the identification of mortality among
patients with SARS-CoV-2–positive tests and those with SARS-CoV-2–negative tests in the month of
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March when the pandemic was beginning. Mortality among patients with SARS-CoV-2–negative tests
declined from March to May and mortality among those with SARS-CoV-2–positive tests increased
from March to April (Figure 3). It is likely that this was because of testing practices and a shortage of
available SARS-CoV-2 diagnostics led to an initial inability to test all patients with suspected COVID-19
infections. Moreover, mortality was delineated in this database through ADT demarcations of
expiration or death, and the completeness of such data was dependent on the governing institutional
policies.

Conclusions

This nationally representative cohort study supported the findings of smaller, more geographically
focused studies and found decreases in in-hospital mortality across all age groups throughout the
pandemic period. Reductions in mortality rates did not appear to be associated with the age
distribution of hospitalized patients with SARS-CoV-2–positive tests and were likely because of new
therapies and improvements in the clinical management of patients with SARS-CoV-2 infection.
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