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In this retrospective observational study in a US national
sample of 501 671 adults hospitalized with coronavirus
disease 2019, adjusted in-hospital mortality decreased from
12% in February 2021 to 9% in April 2021. However,
adjusted in-hospital mortality increased to 16% in September
and October 2021. Adjusted intensive care unit admission
fluctuated between 20% and 27% in 2021.
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We previously reported monthly crude and adjusted in-
hospital mortality among confirmed coronavirus disease 2019
(COVID-19) inpatients from April 2020 through February
2021 using a geographically diverse all-payer hospital adminis-
trative database (Premier PINC AI Healthcare Database
[PHD]) that accounts for about 20%–25% of total inpatient en-
counters in the United States (US) [1]. Our findings showed
that adjusted in-hospital mortality was lowest in June 2020
(11.9%); it peaked twice and was significantly higher in most
of the months afterward through February 2021. Since
December 2020, 3 COVID-19 vaccines were authorized in
the US for adults; in-hospital mortality among inpatients was
expected to be lower in 2021 than 2020 considering the efficacy
of vaccines against severe acute respiratory syndrome corona-
virus 2 infection requiring intensive care unit (ICU) admission
[2]. However, vaccine hesitancy was prevalent [3] and the
Alpha, Delta, and Omicron variants emerged in 2021, compli-
cating the effect of vaccines on mortality [4].

Therefore, we assessed the in-hospital mortality among
COVID-19 inpatients from January to December 2021 in this
study and reviewed monthly changes in ICU admission.

METHODS

Study Design, Data Source, and Study Population

We performed a retrospective cross-sectional study using the
PHD COVID-19 special release (PHD-SR) [5, 6] a standalone
version of PHD from 1 January 2019, to the most current
data available to accommodate urgent COVID-19 research
needs. The PHD-SR is currently used by the National
Institutes of Health and the Centers for Disease Control and
Prevention for COVID-19–related studies [7–9].
All data were deidentified per US Title 45 Code of Federal

Regulations (CFR) 164.502(d), through the “Expert
Determination” method and compliant with the Health
Insurance Portability and Accountability Act. Based on US
Title 45CFR, Part 46, the studywas exempted from institutional
review board approval. The study followed the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guidelines [10].
All adult inpatient discharges between 1 January 2021 and 31

December 2021 with a principal/secondary discharge diagnosis
of COVID-19 (International Classification of Diseases, Tenth
Revision, Clinical Modification [ICD-10-CM] code U07.1)
were analyzed [11]. We only included visits from hospitals
with continuous data submission during the study period.

Outcome Measures and Patient, Hospital, and Visit Characteristics

Because,1% of overall mortality occurred during 30-day follow-
up, this analysis focused on in-hospital mortality and ICU admis-
sion during the first (“index”) COVID-19–related hospitalization.
For sensitivity analysis, we also examined (1) “in-hospital mortal-
ity+ discharged to hospice” during index hospitalization, and (2)
in-hospital mortality only among patients with principal dis-
charge diagnosis of COVID-19 during index hospitalization.
Patient demographic and clinical characteristics included

age, sex, self-reported race and ethnicity, primary insurance
payer, and comorbidities. Hospital characteristics included ur-
banicity of population served (ie, urban or rural), teaching sta-
tus, US census region (ie, Midwest, Northeast, South, or West),
and bed size. Two separate fields for race and ethnicity were
combined into 1 race/ethnicity field and categorized as
Hispanic, White, Black, or other/unknown.
Comorbidities, including hypertension, history of smoking,

morbid obesity, and individual comorbid conditions included
in the Charlson-Deyo Comorbidity Index (CCI) [12] were
identified using ICD-10-CM discharge diagnosis codes
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Table 1. Baseline Patient and Hospital Characteristics of Adult Coronavirus Disease 2019 Inpatients Discharged Between January and December 2021

Characteristic

Overall 1 Jan–30 Jun 2021 1 Jul–31 Dec 2021

P Value(N= 501671) (n=236 736) (n=264935)

Patient characteristic

Age group, y

18–44 100 157 (20.0) 39 347 (16.6) 60 810 (23.0) ,.01

45–54 73 502 (14.7) 31 507 (13.3) 41 995 (15.9)

55–64 103 937 (20.7) 48 800 (20.6) 55 137 (20.8)

65–74 104 190 (20.8) 52 485 (22.2) 51 705 (19.5)

75–84 78 691 (15.7) 41 970 (17.7) 36 721 (13.9)

≥85 41 194 (8.2) 22 627 (9.6) 18 567 (7.0)

Age, y

Mean (SD) 60.6 (17.8) 62.6 (17.5) 58.8 (17.9) ,.01

Median (Q1, Q3) 62 (49, 74) 64 (51, 76) 60 (46, 72)

Sex

Male 255 859 (51.0) 121219 (51.2) 134640 (50.8) .01

Female 245 793 (49.0) 115505 (48.8) 130288 (49.2)

Unknown 19 (0.0) 12 (0.0) 7 (0.0)

Race/Ethnicitya

White 305 576 (60.9) 135987 (57.4) 169589 (64.0) ,.01

Black 78 757 (15.7) 40 154 (17.0) 38 603 (14.6)

Hispanic 75 310 (15.0) 38 169 (16.1) 37 141 (14.0)

Other/Unknown 42028 (8.4) 22 426 (9.5) 19 602 (7.4)

Primary payer

Medicare 236 421 (47.1) 121781 (51.4) 114640 (43.3) ,.01

Medicaid 76 384 (15.2) 34 099 (14.4) 42 285 (16.0)

Private insurance 144 962 (28.9) 63 322 (26.7) 81 640 (30.8)

Uninsured 17 825 (3.6) 6670 (2.8) 11 155 (4.2)

Other/Unknown 26079 (5.2) 10 864 (4.6) 15 215 (5.7)

Charlson-Deyo comorbidities

Myocardial infarction 49 014 (9.8) 24 337 (10.3) 24 677 (9.3) ,.01

Congestive heart failure 79 603 (15.9) 42 039 (17.8) 37 564 (14.2) ,.01

Peripheral vascular disease 21 258 (4.2) 10 837 (4.6) 10 421 (3.9) ,.01

Cerebrovascular disease 29 747 (5.9) 15 633 (6.6) 14 114 (5.3) ,.01

Dementia 38 147 (7.6) 21 776 (9.2) 16 371 (6.2) ,.01

Chronic pulmonary disease 117 173 (23.4) 57 476 (24.3) 59 697 (22.5) ,.01

Rheumatic disease 11 840 (2.4) 5811 (2.5) 6029 (2.3) ,.01

Peptic ulcer disease 5257 (1.0) 2797 (1.2) 2460 (0.9) ,.01

Mild liver disease 5678 (1.1) 2875 (1.2) 2803 (1.1) ,.01

Moderate or severe liver disease 5363 (1.1) 2820 (1.2) 2543 (1.0) ,.01

Diabetes mellitus 188 695 (37.6) 96 807 (40.9) 91 888 (34.7) ,.01

Hemiplegia 5290 (1.1) 2726 (1.2) 2564 (1.0) ,.01

Moderate or severe renal disease 62 476 (12.5) 33 805 (14.3) 28 671 (10.8) ,.01

Any malignancy 24 797 (4.9) 12 784 (5.4) 12 013 (4.5) ,.01

Metastatic solid tumor 6610 (1.3) 3480 (1.5) 3130 (1.2) ,.01

HIV disease 1375 (0.3) 715 (0.3) 660 (0.2) ,.01

CCI score, category

0 169 173 (33.7) 69 791 (29.5) 99 382 (37.5) ,.01

1–3 246 951 (49.2) 120733 (51.0) 126218 (47.6)

≥4 85 547 (17.1) 46 212 (19.5) 39 335 (14.8)

CCI score

Mean (SD) 1.8 (2.1) 1.9 (2.1) 1.6 (2.0) ,.01

Median (Q1, Q3) 1 (0, 3) 1 (0, 3) 1 (0, 2)

Other comorbidities

Hypertension 319 043 (63.6) 161127 (68.1) 157916 (59.6) ,.01

Morbid obesity 123 965 (24.7) 56 608 (23.9) 67 357 (25.4) ,.01

History of smoking 59 349 (11.8) 23 549 (9.9) 35 800 (13.5) ,.01

Hospital characteristics
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(Supplementary Table 1) during index hospitalization or any
prior visit to the same hospital within 180 days. Weighted
CCI score was grouped into 3 categories: 0, 1–3, and ≥4.

Statistical Analysis

Unadjusted in-hospital mortality and ICU admission were cal-
culated as the proportion of hospitalized patients who died or
were admitted to the ICU, respectively, during index hospital-
ization for each month. Adjusted odds of in-hospital mortality
and ICU admission by month were assessed using multivari-
able logistic regression models with mortality/ICU admission
as outcome and discharge month as predictor (the lowest
points of mortality [July] and ICU admission [August] were
used as reference month for each model). A priori covariates
included patient and hospital characteristics. Final model co-
variates were selected using a backward selection method,
with a significance level of P, .10 for covariates to stay in
the model and robust standard errors to adjust for clustering
of patients within hospitals. Based on the variance inflation fac-
tor, covariate multicollinearity was not present in the final
models. Last, covariate-adjusted in-hospital mortality and
ICU admission were estimated using recycled prediction meth-
od to calculate predicted margins [1, 13].

All analyses were performed using R version 3.6.3 (R
Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Among a total of 501 671 patients from 579 hospitals (repre-
senting 42 states and the District of Columbia), mean age was

60.6 years, 51.0% were male, and 60.9% were White
(Table 1). Common comorbidities were hypertension
(63.6%), diabetes mellitus (37.6%), morbid obesity (24.7%),
and chronic pulmonary disease (23.4%). Most patients
(48.8%) were hospitalized in the South (reflective of hospitals
included in PHD) and in urban hospitals (86.4%). Patients hos-
pitalized in later months (1 July–31 December) were more like-
ly than those hospitalized in earlier months (1 January–30
June) to be younger (mean age, 58.8 vs 62.6 years, respectively),
to be White (64.0% vs 57.4%), and to have morbid obesity
(25.4% vs 23.9%) and history of smoking (13.5% vs 9.9%) (all
P, .001). However, patients hospitalized during later months
were healthier and less likely to have any of the CCI comorbid-
ities than those in earlier months (all P, .01).

In-Hospital Mortality Over Time

Trends in mortality were similar before and after adjusting for
significant patient, hospital, and clinical characteristics
(Figure 1A, Supplementary Table 2). From the initial high of
12.2% in January 2021, adjusted in-hospital mortality declined
to 9.1% in April 2021. It inclined to 11.0% in May and stayed at
9.5%–9.9% in June and July 2021. However, adjusted mortality
was .12% throughout the latter 5 months of 2021, peaking at
15.7% and 16.1% in September and October, respectively.
Relative to July 2021 (the month with the lowest unadjusted
mortality), the odds of mortality were significantly higher in
January, February, May, and all months from August through
December of 2021 (all P, 0.01). Trends in adjusted in-hospital
mortality+ discharged to hospice followed a similar pattern
(Supplementary Table 3). When we limited our observation

Table 1. Continued

Characteristic

Overall 1 Jan–30 Jun 2021 1 Jul–31 Dec 2021

P Value(N= 501671) (n=236 736) (n=264935)

Hospital size, No. of beds

1–299 204 112 (40.7) 91 787 (38.8) 112325 (42.4) ,.01

300–499 152 869 (30.5) 72 868 (30.8) 80 001 (30.2)

≥500 143 824 (28.7) 71 662 (30.3) 72 162 (27.2)

Unknown 866 (0.2) 419 (0.2) 447 (0.2)

Teaching status

Teaching 221 465 (44.1) 11 1269 (47.0) 110196 (41.6) ,.01

Nonteaching 280 206 (55.9) 12 5467 (53.0) 154739 (58.4)

Urbanicity of served population

Urban 433 493 (86.4) 20 9103 (88.3) 224390 (84.7) ,.01

Rural 68 178 (13.6) 27 633 (11.7) 40 545 (15.3)

Census region of hospital

Midwest 106 029 (21.1) 45 051 (19.0) 60 978 (23.0) ,.01

Northeast 66 764 (13.3) 42 378 (17.9) 24 386 (9.2)

South 244 869 (48.8) 112225 (47.4) 132644 (50.1)

West 84 009 (16.7) 37 082 (15.7) 46 927 (17.7)

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: CCI, Charlson-Deyo Comorbidity Index; HIV, human immunodeficiency virus; Q1, quartile 1; Q3, quartile 3; SD, standard deviation.
aIf the patient self-reportedHispanic ethnicity, the patientwas categorized asHispanic. Patientswith ethnicity as “not Hispanic” or “unknown”were categorized using race, asWhite, Black, or
other/unknown (ie “White” is White with unknown or non-Hispanic ethnicity).
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to patients with principal diagnosis of COVID-19 (n= 324
821), adjusted in-hospital mortality decreased slightly for
each month (1%–2%), but a similar trend was observed
(Supplementary Table 4). Adjusted age group–specific monthly
in-hospital mortality trends followed a similar pattern with the
overall in-hospital mortality trend - with smaller gaps observed

in older (65–74, 75–84, and ≥85 years) age groups (Figure 1B,
Supplementary Table 5).

ICU Admission Over Time

Trends in ICU admission were very similar before and after ad-
justing for significant patient and hospital characteristics

Figure 1. Monthly trends of in-hospital mortality during index hospitalization among hospitalized adult coronavirus disease 2019 patients discharged between January and
December 2021. A, Adjusted (for month, sex, age group, race/ethnicity, hospital size, hospital teaching status, hospital region, Charlson-Deyo Comorbidity Index score cat-
egory, morbid obesity, hypertension, moderate or severe renal disease, and diabetes mellitus) and unadjusted in-hospital mortality for overall patients. B, Adjusted age
group–specific in-hospital mortality (adjusted for month, sex, race/ethnicity, hospital size, hospital teaching status, hospital region, Charlson-Deyo Comorbidity Index score
category, morbid obesity, hypertension, moderate or severe renal disease, and diabetes mellitus).
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(Figure 2, Supplementary Table 6). Relative to August 2021 (the
month with the lowest unadjusted ICU admission), the adjust-
ed odds of ICU admission were 11% to 60% higher in all
months of 2021 except January and April (all P, .01). After
the initial decline in April (to 19.8%), adjusted probability of
ICU admission peaked twice in June (27.5%) and October
(27.1%).

DISCUSSION

Using a national database, this study provides
covariate-adjusted monthly trends of in-hospital mortality
and ICU admission of COVID-19 adult inpatients during
January–December 2021. The lowest adjusted mortality in
2021 (9.1%) was lower than that of 2020 (11.9%), possibly
due to the introduction of vaccines and improvement in disease
management. This is consistent with the analytic model by
Vilches et al [14] suggesting that the US COVID-19 vaccination
program was associated with decreased hospitalizations and
deaths by the more transmissible and lethal Alpha variant dur-
ing the first 6 months of 2021. However, during the latter 5
months of 2021, adjusted mortality remained high and well
above 12%. Even with the wide availability of vaccines, the ma-
jority of hospitalized COVID-19 patients were unvaccinated

and mortality among them was high, especially when the
more lethal Delta variant became prevalent [15]. In addition,
the clear parallel trend between different age groups in 2020
was attenuated in 2021 for the older age groups (≥65 years),
especially during the last 4 months. However, in these age
groups, the positive relationship between age and mortality
was less prominent than that in younger age groups in 2020
as well.
We would like to note that during the month with lowest

hospitalization (June), the adjusted probability of ICU admis-
sion was the highest at 27.5%. We do not think this means
that a higher proportion of patients needed an ICU admission
compared to other months—on the contrary, this may be due
to increased ICU availability andmore patients being able to re-
ceive an appropriate level of treatment. Both adjusted mortality
and ICU admission were high between September and
November (14%–16% and 22%–25%, respectively).
This study has several limitations. We were not able to

identify the exact variant and vaccination status for each pa-
tient, and we defined COVID-19 and other clinical conditions
using ICD-10-CM diagnosis/procedure codes. Baseline severity
of illness is challenging to infer from administrative data,
and such differences among patients may have impacted the
results.

Figure 2. Monthly trends of adjusted intensive care unit (ICU) admission and total number of inpatient discharges and deaths among hospitalized adult coronavirus disease
2019 (COVID-19) inpatients between January and December 2021. Lighter gray bar indicates total number of hospital adult inpatient discharges with primary or secondary
discharge diagnosis of COVID-19 each month. Darker gray bar indicates number of deaths occurring during index hospitalization each month. Adjusted for month, sex, age
group, race/ethnicity, hospital size, hospital teaching status, hospital region, Charlson-Deyo Comorbidity Index score category, morbid obesity, hypertension, moderate or
severe renal disease, and diabetes mellitus.
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In 2021, we showed no further decline in mortality despite
more time and experience in treating COVID-19. It remains
unclear whether the greater mortality risk in later months
was the effect of the more lethal Delta variant, a greater propor-
tion of unvaccinated patients being hospitalized, the detrimen-
tal effects of caseload surges [9], or a combination of these and
other unmeasured factors. With the emergence of Omicron
variants, continued monitoring of COVID-19 mortality is
warranted.
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