BM) Open

BMJ Open is committed to open peer review. As part of this commitment we make the peer review
history of every article we publish publicly available.

When an article is published we post the peer reviewers’ comments and the authors’ responses online.
We also post the versions of the paper that were used during peer review. These are the versions that
the peer review comments apply to.

The versions of the paper that follow are the versions that were submitted during the peer review
process. They are not the versions of record or the final published versions. They should not be cited or
distributed as the published version of this manuscript.

BMJ Open is an open access journal and the full, final, typeset and author-corrected version of record of
the manuscript is available on our site with no access controls, subscription charges or pay-per-view fees
(http://bmjopen.bmj.com).

If you have any questions on BMJ Open’s open peer review process please email
info.bmjopen@bmj.com

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollqig soushy 1e GZoz ‘€T sunr uo /wod fwg uadolwa//:diy woly papeojumoq ¥zZ0zZ Yd4eN 62 U0 ¥6€//0-£202-uadolwag/9eTT 0T Se paysiignd isiiy :uado (NG


http://bmjopen.bmj.com/
info.bmjopen@bmj.com
http://bmjopen.bmj.com/

BMJ Open

BM) Open

Is pre-pandemic hospital quality associated with hospitals

1 4

ability to respond to the COVID-19 pandemic?

Journal:

BMJ Open

Manuscript ID

bmjopen-2023-077394

Article Type:

Original research

Date Submitted by the
Author:

03-Jul-2023

Complete List of Authors:

Peter, Doris; Yale New Haven Health System, Center for Outcomes
Research and Evaluation

Li, Shu-xia; Yale New Haven Health System, Center for Outcomes
Research and Evaluation; Yale School of Medicine, Department of
Internal Medicine

Wang, Yongfei; Yale New Haven Health System, Center for Outcomes
Research and Evaluation; Yale School of Medicine, Department of
Internal Medicine

Zhang, Jing; Yale New Haven Health System, Center for Outcomes
Research and Evaluation; Yale School of Medicine, Department of
Internal Medicine

Grady, Jacqueline; Yale New Haven Health System, Center for Outcomes
Research and Evaluation

McDowell, Kerry; Yale New Haven Health System, Center for Outcomes
Research and Evaluation

Norton, Erica; Yale New Haven Health System, Center for Outcomes
Research and Evaluation

Lin, Zhenqiu; Yale New Haven Health System, Center for Outcomes
Research and Evaluation; Yale School of Medicine, Department of
Internal Medicine

Bernheim, Susannah; Centers for Medicare and Medicaid Services, The
Center for Medicare and Medicaid Innovation

Venkatesh, Arjun; Yale New Haven Health System, Center for Outcomes
Research and Evaluation; Yale School of Medicine, Department of
Emergency Medicine

Fleisher, Lee A.; Centers for Medicare and Medicaid Services, The Center
for Clinical Standards and Quality

Schreiber, Michelle; Centers for Medicare and Medicaid Services, The
Center for Clinical Standards and Quality

Suter, Lisa; Yale New Haven Health System, Center for Outcomes
Research and Evaluation; Yale School of Medicine, Department of
Internal Medicine

Triche, Elizabeth ; Yale New Haven Health System, Center for Outcomes
Research and Evaluation

Keywords:

COVID-19, Hospitals, Quality in health care < HEALTH SERVICES
ADMINISTRATION & MANAGEMENT, Health policy < HEALTH SERVICES
ADMINISTRATION & MANAGEMENT

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘saiIfojouyoal Jejiwis pue ‘Buiuresy | ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdoo Aq paloaloid

* (s3gv) Jnauadns juswaublasug
| 8p anbiydeiBoiqig 8ausby 1e Gzoz ‘€T aunr uo jwod fwg uadolwa//:dny woly papeojumoqd "¥20z Y21 62 UO ¥6€//0-€20Z-uadolwag/9eTT 0T Se paysiignd sy :uadO CING


http://bmjopen.bmj.com/

BMJ Open

Page 1 of 40

BMJ Open: first published as 10.1136/bmjopen-2023-077394 on 29 March 2024. Downloaded from http://bmjopen.bmj.com/ on June 13, 2025 at Agence Bibliographique de |
Enseignement Superieur (ABES) .
Protected by copyright, including for uses related to text and data mining, Al training, and similar technologies.

JNE™

L

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

— NN TN ONOWORN


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

BM)

I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance
with the terms applicable for US Federal Government officers or employees acting as part of their official
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative
Commons licence — details of these licences and which Creative Commons licence will apply to this Work are set
out in our licence referred to above.

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, | confirm this Work has not been
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate
material already published. | confirm all authors consent to publication of this Work and authorise the granting
of this licence.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 2 of 40

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inaladns juswaublaosug

e


https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/
http://bmjopen.bmj.com/

Page 3 of 40 BMJ Open

v}
g
| o)
% 3
i Is pre-pandemic hospital quality associated with hospitals’ ability to =
5 respond to the COVID-19 pandemic? z
6 S
7 Examining associations between risk-adjusted mortality for patients hospitalized with )
8 COVID-19 and pre-COVID hospital quality. g
’ %
o =
= o
1 Doris Peter, PhD?'; Shu-Xia Li, PhD"?; Yongfei Wang, MS'?; Jing Zhang, MBA, MPhil, MS"?; % =
g Jacqueline Grady, MS"; Kerry McDowell, MS, MPhil'; Erica Norton, BS'; Zhengiu Lin, PhD"?; % §
14 Susannah Bernheim, MD#; Arjun Venkatesh, MD'3; Lee A. Fleisher, MD5; Michelle Schreiber, o 3
15 MD?; Lisa G. Suter, MD":2 Elizabeth Triche, PhD' E ?‘?D
o ]
o Affiliations: R
18 The Yale Center for Outcomes Research and Evaluation, Yale New Haven Health Services E E
19 Corporation, New Haven, CT 5 3
20 2Department of Internal Medicine, Yale School of Medicine, New Haven, CT c §
21 3Department of Emergency Medicine, Yale School of Medicine, New Haven, CT S 9
22 4The Center for Medicare & Medicaid Innovation, The Centers for Medicare and Medicaid (gh N
23 Services, Baltimore, MD c =z
24 *The Center for Clinical Standards and Quality, The Centers for Medicare and Medicaid L
25 Services, Baltimore, MD 28=
2 sc8
LSO
27 Corresponding Author 8% g
28 Doris Peter 82¢
;g 195 Church Street, 5t floor 2 2
3 New Haven, CT 06510 288
32 doris.peter@yale.edu oD %
33 914-263-6726 ﬁgg
34 Sm=
35 sLg
36 8 ) %
37 Funding Statement This work was supported by The Centers for Medicare and Medicaid § 3
38 Services (CMS), contract number HHSM-75FCMC18D0042. o %
39 = 3
40 Competing interests: SL, YW, JZ, JG, KD, EN, ZL, AKV, LGS and ET receive salary support 2 _%
H from the Centers for Medicare and Medicaid Services to develop, implement and maintain 2 3
g hospital performance outcome measures, including the methodology for the Overall Hospital ‘é 2
Star Ratings, that are publicly reported. SB, MS, and LAF are employed by CMS. DP is a = 3
44 2 o
45 subcontractor to Yale/CORE. = S
O @

46 =)
47 Patient and public involvement: Patients and/or the public were not involved in the design, 3 E
48 conduct, or reporting, or dissemination plans of this research. & g
49 7 g
g? Data availability statement P
52 Raw claims data used to calculate hospital-level risk-standardized mortality rates are not %
53 publicly available, but researchers can request this data from CMS through a data vendor @
54 (ResDAC); Star Ratings data, hospital characteristics file (CMS Place of Service) and COVID 2
55 utilization files are publicly available. E
58 1 E
59 a
®

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


mailto:demetri.goutos@yale.edu
http://bmjopen.bmj.com/

Page 4 of 40

BMJ Open

BMJ Open: first published as 10.1136/bmjopen-2023-077394 on 29 March 2024. Downloaded from http://bmjopen.bmj.com/ on June 13, 2025 at Agence Bibliographique de |
Enseignement Superieur (ABES) .
Protected by copyright, including for uses related to text and data mining, Al training, and similar technologies.

€

s

<

x

i

(]

£

K7}

© i)

o >

™ 2

P 3

m e

e ©

c 3

@ =

w)

£ L

7] €

S S

° €

2 g

) N2

c (0]

< Q

o

3] 2

8 b5
S

o 3

5 =

© =

r 1

» >

< o c

Z © °

A - ) =

c c 2

o) — S

- T v

whd u S

(1] -— —_

& O o

o c Q

O) .

& O 2
1’4 c
'
- -
S T
- 3

-

T [e]
c O
Q2 -
S
S O
o =

O~ N MNMITNONDNANO—ANMNITINONODNODO—ANMNITNONDANOD—ANMITNONDNO—NMITLINONDON O

— AN NI ONOODNNrEe—r—r——r——c——c— A ANANANANANANNANANNMmMMO MmN N NN TS TTFTST TSI NDNONDWONDWOMWOMWLLWLMWLMWL DN O


http://bmjopen.bmj.com/

Page 5 of 40 BMJ Open

Abstract

Objectives

oNOYTULT D WN =

9 The extent to which care quality influenced outcomes for hospitalized COVID-19 is
11 unknown. Our objective was to determine if pre-pandemic hospital quality is associated

13 with mortality among Medicare patients hospitalized with COVID-19.

17 Design

19 This is a retrospective observational study. We calculated hospital-level risk-
standardized in-hospital and 30-day mortality rates (RSMRs) for patients hospitalized
24 with COVID-19, and correlation coefficients between RSMRs and pre-COVID hospital

26 quality, overall and stratified by hospital characteristics

30 Setting

32 Short-term acute-care hospitals in the United States.
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36 Participants
38 Hospitalized Medicare Beneficiaries (Fee-For-Service and Medicare Advantage) age 65
40 and older hospitalized with COVID-19, discharged between April 1, 2020-September 30,

2021.

46 Intervention/Exposure

N
O
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Pre-COVID hospital quality.

52 Outcomes

>4 Risk-standardized COVID-19 in-hospital and 30-day mortality rates (RSMRs).
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Results

In-hospital (n=4,256) risk-standardized mortality rates (RSMRs) for Medicare patients
hospitalized with COVID-19 (April 2020-September 2021) ranged from 4.5% to 59.9%
(median,18.2%; interquartile range [IQR]: 14.7%-23.7%); 30-day RSMRs ranged from
12.9% to0 56.2% (IQR: 24.6%-30.6%). COVID-19 RSMRs were negatively correlated
with Star Rating summary scores (in-hospital RSMR correlation coefficient: -0.41,
p<0.0001; 30-day RSMR: -0.38, p<0.0001). Correlations with in-hospital RSMRs were
strongest for Patient Experience (-0.39, p<0.0001) and Timely and Effective Care (-
0.30, p<0.0001) group scores; 30-day RSMRs were strongest for Patient Experience (-

0.34, p<0.0001) and Mortality (-0.33, p<0.0001) groups. Patients admitted to 1-star

hospitals had higher odds of mortality [in-hospital OR=1.87, 95% (CI 1.83 -1.91); 30-day

OR=1.46, 95% (Cl 1.43-1.48)] compared with 5-star hospitals. If all hospitals performed

like an average 5-star hospital, we estimate 38,000 fewer COVID-related deaths would

have occurred within 30 days of admission between April 2020-September 2021.

Conclusions

Hospitals with better pre-pandemic quality may have care structures and processes that

allowed for better care delivery during the COVID-19 pandemic. Understanding the
relationship between pre-COVID hospital quality and COVID-19 outcomes will allow

policymakers and hospitals to better prepare for future public health emergencies.

Strengths and Limitations

e This study provides data on risk-standardized COVID-19 outcomes from more

than a million Medicare beneficiaries and hospital quality for more than four

4
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thousand hospitals across the United States and uses a comprehensive and

publicly reported measure of hospital quality to assess pre-COVID hospital

oNOYTULT D WN =

readiness/resilience.

10 e This study is based on an analysis of claims data and therefore is subject to the
13 limitations of the proper coding of principal and secondary diagnoses.

15 e Because of limitations in data availability, we could not include assess the impact

17 of COVID-19 vaccination on the results.
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Introduction

Prior to the COVID-19 pandemic, and despite struggles to respond to an earlier flu
epidemic, hospitals likely did not prioritize preparation for a future pandemic [1]. This
lack of adequate preparation likely contributed in part to the death of more than a million
people in the United States alone. As the World Health Organization (WHO) and the
United States, and Europe consider the risk of future pandemics [2] it is important to
understand how to identify hospitals in need of better preparedness for future public

health emergencies.

During normal operations, high-quality hospitals can deliver evidence-based, timely,
patient-centered, and equitable care when adequately staffed with high-quality workers
who can support good communication [3]. High-quality hospitals have better patient
outcomes, including lower risk-standardized mortality rates, for specific conditions (such
as pneumonia and heart failure) and specific procedures (such as heart surgery), and
evidence shows that care quality for one condition is associated with care quality for
other conditions [4]. Therefore, during normal operations, structures and processes of
care may transfer across teams and patients, however we do not know if this is true

during a major stressor such as a pandemic.

During a pandemic, resilient hospitals may be able to continue to deliver high quality
care despite the stressor. Research suggests that some of the same characteristics
associated with high quality during normal operations, such as communication and
adherence to evidence-based processes, are also associated with readiness/resilience

[5-7]. We therefore hypothesized that pre-pandemic hospital quality could be a marker

6
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z of hospital readiness/resilience, and that hospitals with higher quality prior to the Z
5 . . . =
6 pandemic would be more likely to be able to respond to the pandemic and translate the ’é
7 7
8 same structures and processes across care teams and patients, resulting in better §
? B
1(1) patient outcomes. To test this hypothesis, we first developed a measure of hospital 2 5
3 b
:g response to the pandemic (ability to deliver high quality care as measured by patient é §
14 g 32
15 outcomes), by calculating hospital-level risk-standardized COVID-19 mortality rates E %
7 2 3
17 among patients hospitalized with COVID-19 (COVID-19 RSMRs). We then explored the g §
18 =5
;g relationship between a marker of pre-COVID hospital quality (the hospital summary § é
o H
21 S

22 score used to calculate CMS’s Overall Hospital Star Rating — hereafter “Star Rating ‘; ,%
©
23 - oz
24 summary score” —and its components) and COVID-19 RSMRs. We stratified the L
25 -8
2
;? association between pre-COVID hospital quality and COVID outcomes by hospital §‘§ §
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;g characteristics and explored the relationship between COVID outcomes and hospital ;a%
X c —

30 ~5 9
31 COVID burden. 228
32 o< =
33 e
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55 METHODS UE
36 &; g
37 Data Sources = 2
38 2 T
39 g =}
40 o . . . @ g
41 We used administrative claims data from the Center for Medicare and Medicaid .
42 > 3
43 Services (CMS) that included patients diagnosed with COVID-19 who were admitted to 3 §
44 2 o
22 hospitals in the United States and its territories between April 1, 2020, and September g 3
47 3 o
48 30, 2021. We used the CMS Provider of Services files to obtain hospital characteristics S 3
49 3
50 [8]. To examine the impact of the level of hospital “COVID burden” on these results, we ' gi
51 a
gg used hospital-reported data provided to the public by The U.S. Department of Health 3
@
p and Human Services (HHS) [9]. 3
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Study Cohort

We examined all Medicare Fee-for-Service (FFS), and Medicare Advantage (MA)
hospital-submitted inpatient admission claims with a principal or secondary (present on
admission) discharge diagnosis of COVID-19 (ICD-10 code UQ7.1) for patients
discharged from an acute care or Critical Access Hospital (CAH) between April 1, 2020,

to September 30, 2021.

Measures of Pre-COVID Hospital Quality and COVID burden

To characterize pre-COVID hospital quality, we used the Star Rating summary score
(April 2021 release) used to calculate CMS’ Overall Hospital Quality Star Rating on
Care Compare, which summarizes existing hospital quality information by assigning
hospitals 1-5 stars based on their performance in measures within groups (Appendix,
Figure 1A). Version 4.0 categorizes measures into 5 groups — Mortality (7 measures),
Readmission (11), Safety of Care (8), Patient Experience (8), and Timely and Effective
Care (14) [10,11]. Summary scores are calculated using a weighted average of group
scores and Star Rating categories are assigned based on hospitals’ summary scores.
All quality measures included in this analysis used performance data prior to 2020
(Appendix, Table 1A). Hospitals with insufficient data for a star rating are not included in
the analyses of associations. We calculated hospital COVID-19 burden as the weekly
average number of laboratory-confirmed COVID-19 hospitalizations for all adult patients

(not limited to Medicare patients) divided by the number of hospital beds.

8
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v}

S

1 o
2 3
z Outcome Assessment S
5 =
? We calculated hospital-level risk-standardized mortality rates for COVID-19 patients §
g (Risk-Standardized Mortality Rates [RSMRs]; in-hospital and within 30-days from the §
10 0 e
1 date of admission) using hierarchical logistic regression models [12-15]. The models % E
12 S 9
12 adjust for components of the Charlson Comorbidity Index, including age (Appendix, § §
< T

12 Table 2A) [16]. The commonly used Charlson Comorbidity Index calculates a risk score § ?‘%
S 0N

17 2 S
18 for each patient using 19 International Classification of Diseases (ICD) diagnosis codes % E
20 from administrative data. Hospital RSMRs are the ratio of a hospital’s “predicted” to S §
21 s 3
«Q >

;g “‘expected” mortality, multiplied by national observed mortality rate. The approach 3 B
c <

24 @ m )
25 simultaneously models data at patient and hospital levels to account for the variation in % 25
26 e
27 mortality within and between hospitals [17]. o2 E
28 585
29 555
30 Statistical Analyses =50

]

31 2a-a
32 oc 3
33 We calculated volume-weighted Pearson correlations to evaluate associations between E:”:gg
34 3 m=
22 hospital-level RSMRs and pre-COVID quality (Star Rating summary and group scores), ggﬁ
> 5

;73 and stratified correlations by hospital characteristics. We calculated these associations )
2 T

39 2 S
40 for each hospital with a Star Rating summary score, and for each hospital with a group a g
41 g %
42 score (see Figure 1, Table 3, and Table 4 for the number of hospitals in each category). ; %
43 3 9
j‘; For sensitivity analyses, we limited our sample to hospitals with 225 COVID-19 patients 5 ¢
@ =]

46 S 2
47 and re-calculated results after removing hospitals with the 20 highest and lowest 30-day a3 @
48 8 g
49 RSMRs (based on the distribution of outliers) to explore the impact of COVID-19 on & ?,
50 >
g; RSMR outliers. In addition, we repeated the analyses limiting the data period to the E
@

gi early pandemic (from March 2020 to September 2020) to assess if associations g
55 S
56 between Star Rating summary scores and COVID-19 mortality rates differed earlier in E
57 =
58 9 o
59 a
°

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

the pandemic. We then examined correlations between COVID-19 RSMRs and the Star
Rating summary score and each of its components (group scores), as well as between
COVID-19 RSMRs and COVID burden, calculated as the weekly average number of
laboratory-confirmed COVID-19 hospitalizations for all patients (not limited to Medicare
patients) divided by the number of hospital beds. To estimate the number of deaths that
might be attributable to care in a lower-quality hospital, we applied the mean COVID-19
RSMR for hospitals within the 5-star ratings category to the total number of patients
admitted to the hospital with COVID-19 between April 1, 2020, and September 30,
2021, and subtracted that value from the total (observed) number of patients admitted

with COVID-19 who died within 30-days.

To examine the impact of COVID-19 hospitalization volume we examined results for
hospitals with at least 25 COVID-19 patients. As a sensitivity analysis to determine the
impact of outliers on the observed associations, we re-calculated correlation coefficients
(among all hospitals) after removing hospitals with the 20 highest and 20 lowest 30-day
COVID-19 RSMRs, and the 20 highest and 20 lowest Star Rating summary scores. To
examine the adequacy of risk adjustment using the CCI, we calculated the c-statistic for

both in-hospital and 30-day mortality models.

All analyses used SAS Enterprise Guide and SAS 9.4 and were performed by two

authors (SXL and YW).

10
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RESULTS

Variation in hospital-level COVID-19 RSMRs and Stratification by
Hospital Characteristics

oNOYTULT D WN =

10 Between April 1, 2020, and September 30, 2021, 1,229,071 Medicare Beneficiaries
12 were with a diagnosis of COVID-19 were admitted to 4,343 U.S hospitals. Among those
admitted patients, 230,358 (18.7%) died in the hospital, and 338,358 patients (27.5%)

17 died within 30 days of admission. Patient characteristics are shown in Table 1.

20 At the hospital level, we found striking variation in risk-standardized mortality rates

22 (RSMRs). Among the 4,343 hospitals with at least one COVID-19 patient, in-hospital
24 RSMRs ranged from 4.5% to 59.9%; the median in-hospital RSMR was 18.2%

57 (interquartile range [IQR]: 14.7%-23.7%). 30-day RSMRs also varied widely, from

29 12.9% to0 56.2% (IQR: 24.6%-30.6%). Results were similar for hospitals with at least 25

cases.

34 In-hospital RSMRs differed by hospital characteristic. Mean in-hospital RSMRs were
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37 significantly (p<.0001) higher in the following: urban hospitals (vs. rural), hospitals with
39 more (vs. fewer) beds, teaching hospitals (vs. non-teaching hospitals), hospitals not
41 designated as CAHSs (vs. CAHs) and for-profit (vs. non-profit or government owned)

44 hospitals (Table 2). Differences in mean in-hospital mortality rates between hospitals in

46 different nurse-to-bed ratios were small. Differences in 30-day RSMRs by hospital

characteristic were also small but statistically significant except for urban vs. rural where
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51 the difference was not significant (Table 2). Results were similar for hospitals with at

least 25 cases.
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To determine if the level of COVID-19 burden might explain these results, we examined
the association between hospital-level COVID burden calculated using weekly hospital-
reported COVID-19 utilization data (see Methods), and COVID-19 RSMRs. We found,
however, only a weak relationship: the Pearson correlation coefficient was -0.04,

(p=0.01) for in-hospital RSMRs, and -0.03 (p=0.03) for 30-day RSMRs.

Association between pre-COVID-19 hospital quality and hospital-level
COVID-19 RSMRs

We examined how COVID-19 RSMRs differed by pre-COVID-19 hospital quality as
defined by Star Rating category (1-star through 5-star). When hospitals were stratified
by Star Rating category we found that in-hospital and 30-day RSMRs were
systematically lower (better) with each increase in Star Rating category: For example,
mean in-hospital RSMRs were 28.1% for 1-star hospitals (N=201) vs. 18.0% for 5-star
hospitals (N=409); mean 30-day RSMRs were 32.1% for 1-star hospitals vs. 24.5% for

5-star hospitals (Table 2). Patients admitted to 1-star hospitals had higher odds of in-

hospital (OR=1.87, 95% CI 1.54 to 1.62) and 30-day mortality (OR=1.46, 95% CI 1.31 to
1.39), compared with patients admitted to 5-star hospitals, after adjusting for the

Charlson comorbidity index which includes age (see Appendix Table 2A).

We then calculated Pearson correlation coefficients between pre-COVID Star Rating
performance (summary scores and the five individual measure group scores) and
COVID-19 RSMRs with April 2020 through September 2021 data, near the peak of the
Delta variant wave in the United States. Star Rating summary scores among 4,256

hospitals in our analysis were moderately inversely correlated with in-hospital (-0.41,

12
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p<0.0001) and 30-day (-0.38, p<0.0001) RSMRs (Figure 1). For in-hospital RSMRs, the

Patient Experience and Timely and Effective Care group scores showed the strongest

oNOYTULT D WN =

associations (-0.39, p<0.001; -30, p<0.0001, respectively). For 30-day RSMRs, Patient
10 Experience and Mortality group scores showed the strongest associations (-0.34,
p<0.0001; -0.33, p<0.001, respectively). When we limited our analyses of the

15 associations between Star Rating summary scores and RSMRs in the early pandemic
17 period (March 2020 through September 2020), the relationship between 30-day RSMRs
and Star Rating Mortality group scores was weaker (Pearson correlation coefficient, -

22 0.12, p<0.0001) compared with the 18 month period of this study (Pearson correlation

24 coefficient -0.34, p<0.0001) (data not shown).

27 In stratified analyses by hospital characteristics, stronger correlations were seen
29 between 30-day hospital RSMRs and the Star Rating summary score and its
32 component group scores for: larger vs. smaller bed-size hospitals (-0.43 for hospitals

34 with 400+ beds vs. -0.22 for hospitals with 1-99 beds), hospitals with academic affiliation
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36 vs. without (-0.46 vs. -0.32), hospitals in urban vs. rural locations (-0.41 vs. -0.21,
respectively), government and not-for-profit hospitals vs. for-profit (-0.59 and -0.45 vs. -
41 0.11, respectively), and non-CAH vs CAH (-0.39 vs. -0.13, respectively); differences by
43 nurse-to-bed ratio categories were small (Table 3). Differences by hospital characteristic
for in-hospital RSMRs were generally smaller compared with observations for 30-day

48 RSMRs (Table 4).
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52 To examine the impact of COVID-19 hospitalization volume we examined results for

54 hospitals with at least 25 COVID-19 patients; we found that among the 3,405 hospitals
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that met these criteria, results were similar (data not shown) to results with hospitals
with at least one COVID-19 hospitalization. As a sensitivity analysis to determine the
impact of outliers on the observed associations, we re-calculated correlation coefficients
(among all hospitals) after removing hospitals with the 20 highest and 20 lowest 30-day
COVID-19 RSMRs, and the 20 highest and 20 lowest Star Rating summary scores and
found the correlation was similar (-0.40, p<0.0001, n=4,196 hospitals). Finally, c-
statistics for the in-hospital and 30-day mortality models were 0.609 and 0.663,

respectively, demonstrating adequate risk adjustment for the purposes of this study.

DISCUSSION

Using data from a representative sample of more than 1.2 million COVID-19-associated
hospitalizations of Medicare Beneficiaries across more than 4,300 hospitals, risk-
standardized 30-day mortality rates were associated with pre-COVID-19 hospital
quality. Associations were stronger in quality domains associated with communication
and the use of processes. A potential explanation for the observed association between
pre-COVID-19 hospital quality and COVID-19 outcomes is that hospitals may have
been able to transfer those effective care structures and processes used during normal
operations to the care of patients with COVID-19 during the pandemic. Pre-COVID-19
hospital quality also reflects, at least in part, a hospital’s readiness/resilience to respond
to stressors and provide high-quality care under stress. In our study, differences in
hospital readiness, as measured by pre-COVID-19 hospital quality, had serious
consequences; on average, a patient admitted to a lower-quality (1-star hospital) was
87% and 46% more likely to die in the hospital and within 30 days, respectively,
compared with a patient admitted to a higher quality (5-star) hospital (absolute

14
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differences of 11 percentage points for in-hospital and 7.6 percentage points for 30-day

mortality).

oNOYTULT D WN =

9 This study has some important strength and limitations. The strengths of this study
include that it represents COVID-19 outcomes from more than a million Medicare

14 beneficiaries and hospital quality for more than four thousand hospitals across the

16 United States. In addition, we calculated risk-standardized mortality rates to assess

18 patient outcomes. Our study also used a comprehensive and publicly reported measure
21 of hospital quality to assess pre-COVID hospital readiness/resilience. We also

23 examined, as a potential confounder, hospital-level COVID-19 burden.

This study has the limitations of any observational study, including that no direct causal
29 relationship can be attributed to the associations between hospital quality and mortality
31 rates for patients hospitalized with COVID-19. In addition, RSMRs were adjusted for

33 age and comorbidities, we did not include a time variable in the risk model, although we
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did examine associations during the early and later part of the pandemic and did not

38 see marked differences except for the association with the pre-COVID-19 Mortality

40 group score and COVID-19 RSMRs. Because hospital-level COVID-19 burden became
available starting in August 2020, we were not able to include it in the risk model.

45 Therefore, while the results do not directly assess the confounding effect of COVID-19

47 burden on the associations between pre-COVID hospital quality and COVID-19 RSMRs,
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we did examine the associations between hospital-level COVID burden with both the
5o outcome (COVID-19 RSMRs) and the exposure (pre-COVID Star Rating). Because

54 burden was not substantially related to either the exposure or outcome, we expect this

58 15

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

variable would not be an important confounder in the associations. In addition, we were
not able to explore the relationship between these observations and a patient’s
vaccination status, due to lack of reliable patient-level data within claims; ICD-10
vaccination status code became effective April 1, 2022. Finally, COVID-19 mortality
rates were calculated with Medicare Advantage and Medicare FFS claims for patients
aged 65 and older; most of the measures in Star Rating are based on Medicare FFS

patients.

Our results are, in part, consistent with and extend upon the findings of other work
examining drivers of mortality rates in patients admitted to ICUs at 70 hospitals between
March and June of 2020. Study authors found that at the patient level, while most of the
variation in mortality (70%) was explained by the physiology of the patient at ICU
admission, demographics (primarily age) and comorbidities, hospital quality (among
other hospital factors) was also a contributing factor [23]. The findings from our work
expand this observation by examining hospital-level associations with quality not limited
to the ICU, to all patients diagnosed with COVID-19 over an 18-month period for more

than a million patients at over four thousand hospitals.

Our findings suggest that quality domains such as communication (represented by the
Patient Experience group score), and quality domains tied more closely to processes
and checklists (reflected within the Timely & Effective Care and Mortality group scores)
are associated with better outcomes in patients hospitalized with COVID-19. During
regular operations, the development of, and adherence to, evidence-based care

processes that are tied to better outcomes is a hallmark of high quality-hospitals [18-21],

16
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Another potential explanation for our findings could be that hospitals with better quality
during normal operations also have more care quality-independent resources (e.g.,
financial resources) and those hospitals may have been able to pivot those resources to
provide better care for patients with COVID-19, or to better care for their staff through
purchase of supplies such as PPE. If this were true, one might predict that if resources
were limited, hospital performance would decline as the level of COVID-19 burden
increased. However, there is mixed evidence (from this work, and others) for the
relationship between hospital-level COVID-19 mortality and measures of hospital and/or
community level COVID-19 burden and differences between the association early vs.
later in the pandemic [24-29]. In our study we found only a weak association between
hospital-level mortality in patients hospitalized with COVID-19 and hospital-level COVID
burden, defined by the total number of hospitalized patients with COVID divided by the
number of hospital beds. Taken together, the evidence suggests that the capacities of
hospitals to manage large patient loads may not have been a defining characteristic or
may have been important mainly in the very early months of the pandemic. Future
studies using additional measures (such as processes of care), additional data sources,
including data from electronic health records and financial records, and data from
multiple time points during and before the pandemic may help tease out the underlying
drivers of the associations between pre-pandemic quality and outcomes for patients

hospitalized with COVID-19.

CONCLUSION

Across a national sample of hospitals, we found that pre-pandemic hospital quality is
associated with COVID-19 hospitalization outcomes suggesting that hospital quality on

18
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Table 1: Patient characteristics (humber and frequency of Charlson comorbidity

index variables)

Characteristic Number Percent
All 1,229,071 100.00
Age (mean, std) 77.8 (8) -
Myocardial Infarction 150,083 12.21
Congestive Heart Failure 7,913 0.64
Peripheral Vascular Disease 95,170 7.74
Cerebrovascular Disease 85,694 6.97
Dementia 250,869 20.41
Chronic Pulmonary Disease 1,270 0.10
Connective Tissue Disease-Rheumatic Disease 42,123 3.43
Peptic Ulcer Disease 10,457 0.85
Mild Liver Disease 38,593 3.14
Diabetes without complications 375,261 30.53
Diabetes with complications 261,863 21.31
Paraplegia and Hemiplegia 16,228 1.32
Renal Disease 365,593 29.75
Cancer 68,182 5.55
Moderate or Severe Liver Disease 7,877 0.64
Metastatic Carcinoma 18,038 1.47
AIDS/HIV 1,130 0.09
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Table 2. Mean Risk-Adjusted COVID-19 RSMRs by Hospital Characteristics (for
hospitals with >=1 COVID admission) between April 1, 2020, and September 30,

BMJ Open

2021.
Hospital Number Mean SD (%) Mean | SD (%)
Characteristic of In- 30-Day
Hospitals | Hospital RSMR
RSMR
(%)
All Hospitals 4,343 19.7 7.3 27.8 4.9
Hospitals in Rural
Area
Rural 1,765 17.4 5.6 27.7 4.5
Urban 2,555 21.3 7.8 27.9 5.2
Bed Size
1to 99 2,078 16.7 5.4 27.3 4.3
100 to 199 792 21.0 79 28.4 5.5
200 to 299 502 22.8 7.3 28.5 5.1
300 to 399 364 23.6 8.1 28.7 55
400+ 584 23.6 7.0 27.6 5.4
Teaching Status
Teaching 1,180 22.2 7.5 27.7 5.3
Non-teaching 3,139 18.8 6.9 27.8 4.8
Critical Access Status
Critical Access 1,256 16.2 4.3 271 3.6
Not Critical Access 3,064 21.2 7.7 28.1 54
Nurse-to-Bed Ratio
<1 1,914 19.5 7.4 28.3 4.9
1to <2 1,858 20.1 7.3 27.7 5.0
2+ 548 19.0 6.4 26.6 4.6
Ownership
Government 981 19.1 6.7 28.0 4.7
Not-For-Profit 2,648 19.5 7.0 27.2 4.8
For-Profit 690 21.5 8.5 29.8 5.2
Star Rating Category
1-Star 201 29.1 8.8 321 5.5
2-Star 685 24.3 7.2 29.6 4.9
3-Star 1,002 22.8 6.5 28.5 4.8
4-Star 979 20.7 6.3 26.7 4.7
5-Star 449 18.0 5.8 24.5 4.9
24
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Figure 1: Volume-Weighted Correlations between pre-COVID Hospital Quality Star
Rating Summary Scores and In-hospital and 30-day Risk-Standardized COVID-19
1 Mortality Rates (RSMRs)

13 Weighted correlations between adjusted COVID mortality and Star Ratings Group Scores

1 4 Standardized Standardized
Patient Patient Timelyand Timely and
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Blue bars represent correlation coefficients for in-hospital COVID-19 RSMRs and orange bars represent correlations
33 for 30-day RSMRs.
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35 All p-values are <0.0001.
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Table 3: Hospital Characteristics and Correlation Between Star Rating Summary Scores

BMJ Open

gzoz-uadolwa/og

0-day COVID-19

1sasn o) 6u!pn|oug1qﬁu/{doo Ag pa1o

\‘
w
RSMRs 3
3
=
72
g >
. 2. Standardized
Overall Mortality Readmission Safety %%Ent Timely and
Group Group Group Expérience -
Group Score = Effective Care
Score Score Score Group Score
e Group Score
=S5
288
=28
All Hospitals -0.38 -0.33 -0.17 -0.03 RG34 -0.11
(4,256) (3,934) (4,182) (3,401) ém 98) (4,202)
Rural -0.21 -0.29 -0.08 0.04 20.%6 -0.07
(1,738) (1,568) (1,685) (1,067) 3(9@) (1,711)
Urban -0.41 -0.33 -0.19 -0.05 =+0.38 -0.13
(2,517) (2,366) (2,497) (2,334) &,233) (2,490)
Beds: 1-99 -0.22 -0.24 -0.11 0.05 a 0%3 -0.11
(2,028) (1,758) (1,958) (1,205) &1,031) (1,987)
Beds: 100-199 -0.32 -0.31 -0.09 -0.02 =0.25 -0.19
(786) (757) (783) (767) 3742) (777)
Beds: 200-299 -0.40 -0.29 -0.21 -0.04 50.34 -0.15
(498) (485) (498) (492) A485) (498)
Beds: 300-399 -0.44 -0.22 -0.27 -0.18 g‘-o.%s -0.12
(364) (357) (364) (360) 2358) (362)
Beds: 400+ -0.43 -0.40 -0.15 -0.03 <0.4D -0.09
(579) (577) (579) (577) A57) (577)
Teaching Hospitals -0.46 -0.35 -0.22 -0.10 -0.83 -0.11
(1,166) (1,124) (1,162) (1,100) (1,081) (1,160)
Non-Teaching Hospitals -0.32 -0.29 -0.13 0.01 -0.27 -0.14
(3,089) (2,810) (3,020) (2,301) (2,1%7) (3,041)
Critical Access Hospital -0.13 -0.13 -0.08 0.03 -0.25 -0.09
(1,231) (1,031) (1,174) (412) (405 (1,199)
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o
i

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 28 of 40


http://bmjopen.bmj.com/

Page 29 of 40

oNOYTULT D WN =

7 &
BMJ Open 8
g 2
8 B
2 %
S B
Not a Critical Access Hospital -0.39 -0.33 -0.17 -0.04 0.8 -0.11
(3,024) (2,903) (3,008) (2,989) 8_2,79&3) (3,002)
Nurse-to-Bed Ratio <1 -0.35 -0.36 -0.10 -0.01 20.29 -0.16
(1,872) (1,659) (1,815) (1,334) & ,188) (1,836)
Nurse-to-Bed Ratio 1 to <2 -0.39 -0.31 -0.21 -0.04 $0.86 -0.11
(1,847) (1,772) (1,836) (1,575) Glr5§6) (1,832)
Nurse-to-Bed Ratio 2+ -0.34 -0.29 -0.13 -0.05 w@ 27 -0.10
(536) (503) (531) (484) a8y ) (533)
Ownership: Government -0.48 -0.44 -0.27 -0.15 ©Q 32 -0.18
(957) (840) (499) (499) 4299) (934)
Ownership: Not-for-Profit -0.38 -0.32 -0.16 -0.04 h34 -0.12
(2,625) (2,472) (2,120) (2,120) (;Ziﬁl 0) (2,599)
Ownership: For-Profit -0.12 -0.18 0.07 0.07 3@:%2 -0.14
(673) (622) (579) (579) ¥579) (668)
** Footnote: Values represent Pearson correlation coefficients between Star Rating summary and group%@ﬁes and hospital-level 30-
day COVID-19 RSMR SHha
S~—0T

* p-value not significant (>0.05)
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Figure 1A. CMS Overall Hospital Star Rating Methodology
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Table 1 A. Dates of data for measures in Overall Hospital Quality Star Rating on Care Compare

for the April 2021 update
Mortality

Measure

Dates

MORT-30-AMI: 30-day death rate for heart attack patients

July 1, 2016 - June 30, 2019

MORT-30-CABG: Death rate for coronary artery bypass graft

surgery patients

July 1, 2016 - June 30, 2019

MORT-30-COPD: Death rate for chronic obstructive

pulmonary disease (COPD) patients

July 1, 2016 - June 30, 2019

MORT-30-HF: 30-day death rate for heart failure patients

July 1, 2016 - June 30, 2019

MORT-30-PN: 30-day death rate for pneumonia patients

July 1, 2016 - June 30, 2019

MORT-30-STK: Death rate for stroke patients

July 1, 2016 - June 30, 2019

PSI-4-SURG-COMP: Death rate among surgical inpatients

with serious treatable complications

July 1, 2017 - June 30, 2019

Safety of Care

Measure

Dates

HAI-1: Central-line associated bloodstream infection

(CLABSI)

January 1, 2019 - December 31, 2019

HAI-2: Catheter-associated urinary tract infection (CAUTI)

January 1, 2019 - December 31, 2019

HAI-3: Surgical site infection from colon surgery (SSI: Colon)

January 1, 2019 - December 31, 2019

2
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Measure Dates

HAI-4: Surgical site infection from abdominal hysterectomy
January 1, 2019 - December 31, 2019

oNOYTULT D WN =

9 (SSI-abdominal hysterectomy)

HAI-5: Methicillin-resistant staphylococcus aureus (or MRSA)
January 1, 2019 - December 31, 2019
14 blood infections (Antibiotic-resistant blood infections)

HAI-6: Clostridium difficile (or C. diff.) infections (Intestinal
January 1, 2019 - December 31, 2019
19 infections)

COMP-HIP-KNEE: Rate of complications for hip and knee
April 1, 2016 - March 31, 2019
24 replacement patients

PSI-90: Patient Safety and Adverse Events Composite July 1, 2017 - June 30, 2019
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Readmission

Measure

Dates

READM-30-CABG: Rate of unplanned readmission after

coronary artery bypass graft (CABG) surgery

July 1, 2016 - June 30, 2019

READM-30-COPD: Rate of unplanned readmission for

chronic obstructive pulmonary disease patients

July 1, 2016 - June 30, 2019

READM-30-Hip-Knee: 30-day rate of readmission for hip and

knee replacement patients

July 1, 2016 - June 30, 2019

READM-30-HOSP-WIDE: Rate of readmission after discharge

from hospital

July 1, 2018 - June 30, 2019

EDAC-30-AMI: Acute myocardial infarction excess days in

acute care (EDAC)

July 1, 2016 - June 30, 2019

EDAC-30-HF: Heart failure excess day sin acute care (EDAC)

July 1, 2016 - June 30, 2019

EDAC-30-PN: Pneumonia excess day sin acute care (EDAC)

July 1, 2016 - June 30, 2019

OP-32: Facility 7-day risk standardized hospital visit rate

after outpatient colonoscopy

January 1, 2017 - December 31, 2019

OP-35 ADM: Admissions visits for patients receiving

outpatient chemotherapy

January 1, 2019 - December 31, 2019

OP-35 ED: Emergency department (ED) visits for patients

receiving outpatient chemotherapy

January 1, 2019 - December 31, 2019

OP-36: Hospital visits after hospital outpatient surgery

January 1, 2019 - December 31, 2019

4
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Patient Experience

Measure

Dates

H-COMP-1: Communication with nurses

January 1, 2019 - December 31, 2019

H-COMP-2: Communication with doctors

January 1, 2019 - December 31, 2019

H-COMP-3: Responsiveness of hospital staff

January 1, 2019 - December 31, 2019

H-COMP-5: Communication about medicines

January 1, 2019 - December 31, 2019

H-COMP-6: Discharge information

January 1, 2019 - December 31, 2019

H-COMP-7: Care transition

January 1, 2019 - December 31, 2019

H-CLEAN-HSP Cleanliness of hospital environment (Q8) + H-

QUIET-HSP Quietness of hospital environment (Q9) / 2

January 1, 2019 - December 31, 2019

H-HSP-RATING Hospital rating (Q21) + H-RECMND:

Willingness to recommend hospital (Q22) / 2

January 1, 2019 - December 31, 2019

Timely and Effective Care

Measure

Dates

IMM-3: Percent of healthcare workers vaccinated against

Influenza

October 1, 2019 - March 31, 2020

OP-10: Outpatient PA scans of the abdomen that were

“combination” (double) scans

July 1, 2018 - June 30, 2019

OP-13: Medicare patients who got cardiac imaging stress
tests to screen for surgical risk before low-risk outpatient

surgery

July 1, 2018 - June 30, 2019

5
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Measure

Dates

OP-18b: Average time patients spent in the emergency

department before being sent home

January 1, 2019 - December 31, 2019

OP-22: Percentage of patients who left the emergency

department before being seen

January 1, 2019 - December 31, 2019

OP-23: Percentage of patients who came to the emergency
department with stroke symptoms who received brain scan

results within 45 minutes of arrival

January 1, 2019 - December 31, 2019

OP-29: Appropriate follow-up interval for normal

colonoscopy in average risk patients

January 1, 2019 - December 31, 2019

OP-33: External beam radiotherapy for bone metastases

January 1, 2019 - December 31, 2019

OP-3b: Average number of minutes before outpatients with
chest pain or possible heart attack who needed specialized

care were transferred to another hospital

January 1, 2019 - December 31, 2019

OP-8: Outpatients with low back pain who had an MRI
without trying recommended treatments first, such as

physical therapy

July 1, 2018 - June 30, 2019

PC-01: Percent of newborns whose deliveries were
scheduled too early (1-3 weeks early), when a scheduled

delivery was not medically necessary

January 1, 2019 - December 31, 2019

SEP-1: Percentage of patients who received appropriate care

for severe sepsis and septic shock

January 1, 2019 - December 31, 2019
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Table 2 A. Components of the Charlson Risk Adjustment methodology?!
Description

All

oNOYTULT D WN =

9 Age

Unknown: #, %

14 Mean, Standard Deviation

16 Minimum, Maximum

18 1st Percentile, 99th Percentile

1st Quartile, 3rd Quartile

23 Median, Quartile Range

25 Myocardial Infarction (Yes/No)

Congestive Heart Failure (Yes/No)

30 Peripheral Vascular Disease (Yes/No)

32 Cerebrovascular Disease (Yes/No)

34 Dementia (Yes/No)
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Chronic Pulmonary Disease (Yes/No)

39 Connective Tissue Disease-Rheumatic Disease (Yes/No)

41 Peptic Ulcer Disease (Yes/No)

43 Mild Liver Disease (Yes/No)

46 Diabetes without complications (Yes/No)

48 Diabetes with complications (Yes/No)

N
©
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50 Paraplegia and Hemiplegia (Yes/No)

Renal Disease (Yes/No)

55 Cancer (Yes/No)

7
60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Moderate or Severe Liver Disease (Yes/No)

Metastatic Carcinoma (Yes/No)

AIDS/HIV (Yes/No)

References (Appendix)

1. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic

comorbidity in longitudinal studies: development and validation. J Chronic Dis 1987;40:373-383.
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Abstract

Objectives

oNOYTULT D WN =

9 The extent to which care quality influenced outcomes for hospitalized COVID-19 is
11 unknown. Our objective was to determine if pre-pandemic hospital quality is associated

13 with mortality among Medicare patients hospitalized with COVID-19.

17 Design

19 This is a retrospective observational study. We calculated hospital-level risk-
standardized in-hospital and 30-day mortality rates (RSMRs) for patients hospitalized
24 with COVID-19, and correlation coefficients between RSMRs and pre-COVID hospital

26 quality, overall and stratified by hospital characteristics

30 Setting

32 Short-term acute-care hospitals and Critical Access Hospitals in the United States.
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36 Participants
38 Hospitalized Medicare Beneficiaries (Fee-For-Service and Medicare Advantage) age 65
40 and older hospitalized with COVID-19, discharged between April 1, 2020-September 30,

2021.

46 Intervention/Exposure

N
O
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Pre-COVID hospital quality.

52 Outcomes

>4 Risk-standardized COVID-19 in-hospital and 30-day mortality rates (RSMRs).

58 3
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Results

In-hospital (n=4,256) risk-standardized mortality rates (RSMRs) for Medicare patients
hospitalized with COVID-19 (April 2020-September 2021) ranged from 4.5% to 59.9%
(median,18.2%; interquartile range [IQR]: 14.7%-23.7%); 30-day RSMRs ranged from
12.9% to0 56.2% (IQR: 24.6%-30.6%). COVID-19 RSMRs were negatively correlated
with Star Rating summary scores (in-hospital correlation coefficient: -0.41, p<0.0001;
30-day: -0.38, p<0.0001). Correlations with in-hospital RSMRs were strongest for
Patient Experience (-0.39, p<0.0001) and Timely and Effective Care (-0.30, p<0.0001)
group scores; 30-day RSMRs were strongest for Patient Experience (-0.34, p<0.0001)
and Mortality (-0.33, p<0.0001) groups. Patients admitted to 1-star hospitals had higher
odds of mortality [in-hospital OR=1.87, 95% (CI 1.83 -1.91); 30-day OR=1.46, 95% (ClI
1.43-1.48)] compared with 5-star hospitals. If all hospitals performed like an average 5-
star hospital, we estimate 38,000 fewer COVID-related deaths would have occurred

between April 2020-September 2021.

Conclusions

Hospitals with better pre-pandemic quality may have care structures and processes that
allowed for better care delivery during the COVID-19 pandemic. Understanding the
relationship between pre-COVID hospital quality and COVID-19 outcomes will allow

policymakers and hospitals to better prepare for future public health emergencies.

Strengths and Limitations

e Our study includes data for more than a million patients and four thousand

hospitals.

4
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e Our study compared hospital quality before the pandemic with risk-standardized

COVID outcomes.

oNOYTULT D WN =

e Sensitivity analyses did not refute the results of our study.
e Claims data are limited by proper coding practices.

13 e Claims data could not be used to assess the impact of vaccination.
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Introduction

Prior to the COVID-19 pandemic, and despite struggles to respond to an earlier flu
epidemic, hospitals likely did not prioritize preparation for a future pandemic [1]. This
lack of adequate preparation likely contributed in part to the death of more than a million
people in the United States alone. As the World Health Organization (WHO) and the
United States, and Europe consider the risk of future pandemics [2] it is important to
understand how to identify hospitals in need of better preparedness for future public

health emergencies.

During normal operations, high-quality hospitals can deliver evidence-based, timely,
patient-centered, and equitable care when adequately staffed with high-quality workers
who can support good communication [3]. High-quality hospitals have better patient
outcomes, including lower risk-standardized mortality rates, for specific conditions (such
as pneumonia and heart failure) and specific procedures (such as heart surgery), and
evidence shows that care quality for one condition is associated with care quality for
other conditions [4]. Therefore, during normal operations, structures and processes of
care may transfer across teams and patients, however we do not know if this is true
during a major stressor such as a pandemic. During a pandemic, resilient hospitals may
be able to continue to deliver high quality care despite the stressor. Research suggests
that some of the same characteristics associated with high quality during normal
operations, such as communication and adherence to evidence-based processes, are
also associated with readiness/resilience [5-7]. We therefore hypothesized that pre-
pandemic hospital quality could be a marker of hospital readiness/resilience, and that
hospitals with higher quality prior to the pandemic would be more likely to be able to

6
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Z teams and patients, resulting in better patient outcomes. To test this hypothesis, we first ’é
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METHODS

Data Sources

We used administrative claims data from the Center for Medicare and Medicaid
Services (CMS) that included patients diagnosed with COVID-19 who were admitted to
hospitals in the United States and its territories between April 1, 2020, and September
30, 2021. We used the CMS Provider of Services files to obtain hospital characteristics
[11], including the urban/rural definition that is based on the US Office of Budget and
Management (OMB) definition that designates urban counties as Metropolitan (a county
containing a core urban area of 50,000 or more population) and Micropolitan (a county
containing a core urban core of at least 10,000 (but less than 50,000) population.
“‘Rural” encompasses all population, housing, and territory not included within an urban
area [12,13]. To examine the impact of the level of hospital “COVID burden” on these
results, we used hospital-reported data provided to the public by The U.S. Department

of Health and Human Services (HHS) [14].

Study Cohort

We examined all Medicare Fee-for-Service (FFS), and Medicare Advantage (MA)
hospital-submitted inpatient admission claims with a principal or secondary (present on
admission) discharge diagnosis of COVID-19 (ICD-10 code UQ7.1) for patients
discharged from an acute care or Critical Access Hospital (CAH) between April 1, 2020,

to September 30, 2021.

8
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Measures of Pre-COVID Hospital Quality and COVID burden

To characterize pre-COVID hospital quality, we used the Star Rating summary score

oNOYTULT D WN =

9 (April 2021 release) used to calculate CMS’ Overall Hospital Quality Star Rating on
Care Compare, which summarizes existing hospital quality information by assigning

14 hospitals 1-5 stars based on their performance in measures within groups (Appendix,

16 Figure 1A). Version 4.0 categorizes measures into 5 groups — Mortality (7 measures),
18 Readmission (11), Safety of Care (8), Patient Experience (8), and Timely and Effective
21 Care (14) [15,16]. Summary scores are calculated using a weighted average of group
23 scores and Star Rating categories are assigned based on hospitals’ summary scores.
25 All quality measures included in this analysis used performance data prior to 2020
(Appendix, Table 1A). Hospitals with insufficient data for a star rating are not included in
30 the analyses of associations. We calculated hospital COVID-19 burden as the weekly
32 average number of laboratory-confirmed COVID-19 hospitalizations for all adult patients

(not limited to Medicare patients) divided by the number of hospital beds.
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38 Outcome Assessment

41 We calculated hospital-level risk-standardized mortality rates for COVID-19 patients
43 (Risk-Standardized Mortality Rates [RSMRs]; in-hospital and within 30-days from the
date of admission) using hierarchical logistic regression models [17-20]. The models

48 adjust for components of the Charlson Comorbidity Index, including age (Appendix,
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50 Table 2A) [21]. The commonly used Charlson Comorbidity Index calculates a risk score
for each patient using 19 International Classification of Diseases (ICD) diagnosis codes

55 from administrative data. Hospital RSMRs are the ratio of a hospital’s “predicted” to
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“‘expected” mortality, multiplied by national observed mortality rate. The approach
simultaneously models data at patient and hospital levels to account for the variation in

mortality within and between hospitals [22].

Statistical Analyses

We calculated volume-weighted Pearson correlations to evaluate associations between
hospital-level RSMRs and pre-COVID quality (Star Rating summary and group scores),
and stratified correlations by hospital characteristics. We calculated these associations
for each hospital with a Star Rating summary score, and for each hospital with a group
score (see Results section for the number of hospitals in each category). For sensitivity
analyses, we limited our sample to hospitals with 225 COVID-19 patients and re-
calculated results after removing hospitals with the 20 highest and lowest 30-day
RSMRs (based on the distribution of outliers) to explore the impact of COVID-19 on
RSMR outliers. In addition, we repeated the analyses limiting the data period to the
early pandemic (from March 2020 to September 2020) to assess if associations
between Star Rating summary scores and COVID-19 mortality rates differed earlier in
the pandemic. We then examined correlations between COVID-19 RSMRs and the Star
Rating summary score and each of its components (group scores), as well as between
COVID-19 RSMRs and COVID burden, calculated as the weekly average number of
laboratory-confirmed COVID-19 hospitalizations for all patients (not limited to Medicare
patients) divided by the number of hospital beds. To estimate the number of deaths that
might be attributable to care in a lower-quality hospital, we applied the mean COVID-19
RSMR for hospitals within the 5-star ratings category to the total number of patients

admitted to the hospital with COVID-19 between April 1, 2020, and September 30,

10
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2021, and subtracted that value from the total (observed) number of patients admitted

with COVID-19 who died within 30-days.

oNOYTULT D WN =

9 CMS assigns a star rating to hospitals that report 3, 4, or 5 measure groups (hospitals
1 are peer-grouped prior to k-means clustering, and then are assigned a star rating — see
13 Appendix) [23]. To examine the impact of the number of group scores hospitals reported
to CMS and our observations, we re-calculated correlation coefficients after stratifying
18 hospitals by their number of reported group scores (3, 4, or 5 measure groups). To

20 examine the impact of COVID-19 hospitalization volume we examined results for
hospitals with at least 25 COVID-19 patients. As a sensitivity analysis to determine the
25 impact of outliers on the observed associations, we re-calculated correlation coefficients
27 (among all hospitals) after removing hospitals with the 20 highest and 20 lowest 30-day
29 COVID-19 RSMRs, and the 20 highest and 20 lowest Star Rating summary scores. To
32 examine the adequacy of risk adjustment using the CCI, we calculated the c-statistic for

34 both in-hospital and 30-day mortality models.
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40 All analyses used SAS Enterprise Guide and SAS 9.4 and were performed by two

42 authors (SXL and YW).
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RESULTS

Variation in hospital-level COVID-19 RSMRs and Stratification by

Hospital Characteristics

Between April 1, 2020, and September 30, 2021, 1,229,071 Medicare Beneficiaries
were with a diagnosis of COVID-19 were admitted to 4,343 U.S hospitals. Among those

admitted patients, 230,358 (18.7%) died in the hospital, and 338,358 patients (27.5%)

died within 30 days of admission. Patient characteristics are shown in Table 1.

Table 1: Patient characteristics (humber and frequency of Charlson comorbidity

index variables)

Characteristic Number Percent
All 1,229,071 100.00
Age (mean, std) 77.8 (8) --
Myocardial Infarction 150,083 12.21
Congestive Heart Failure 7,913 0.64
Peripheral Vascular Disease 95,170 7.74
Cerebrovascular Disease 85,694 6.97
Dementia 250,869 20.41
Chronic Pulmonary Disease 1,270 0.10
Connective Tissue Disease-Rheumatic Disease 42,123 3.43
Peptic Ulcer Disease 10,457 0.85
Mild Liver Disease 38,593 3.14
Diabetes without complications 375,261 30.53
Diabetes with complications 261,863 21.31
Paraplegia and Hemiplegia 16,228 1.32
Renal Disease 365,593 29.75
Cancer 68,182 5.55
Moderate or Severe Liver Disease 7,877 0.64
Metastatic Carcinoma 18,038 1.47
AIDS/HIV 1,130 0.09

12

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 14 of 40

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollqig soushy 1e GZoz ‘€T sunr uo /wod fwg uadolwa//:diy woly papeojumoq ¥zZ0zZ Yd4eN 62 U0 ¥6€//0-£202-uadolwag/9eTT 0T Se paysiignd isiiy :uado (NG


http://bmjopen.bmj.com/

Page 15 of 40 BMJ Open

At the hospital level, we found striking variation in risk-standardized mortality rates

(RSMRs). Among the 4,343 hospitals with at least one COVID-19 patient, in-hospital

oNOYTULT D WN =

RSMRs ranged from 4.5% to 59.9%; the median in-hospital RSMR was 18.2%
10 (interquartile range [IQR]: 14.7%-23.7%). 30-day RSMRs also varied widely, from
12.9% to0 56.2% (IQR: 24.6%-30.6%). Results were similar for hospitals with at least 25

15 cases.

18 In-hospital RSMRs differed by hospital characteristic. Mean in-hospital RSMRs were

20 significantly (p<.0001) higher in the following: urban hospitals (vs. rural), hospitals with
more (vs. fewer) beds, teaching hospitals (vs. non-teaching hospitals), hospitals not

25 designated as CAHSs (vs. CAHs) and for-profit (vs. non-profit or government owned)

27 hospitals (Table 2). Differences in mean in-hospital mortality rates between hospitals in
30 different nurse-to-bed ratios were small. Differences in 30-day RSMRs by hospital

32 characteristic were also small but statistically significant except for urban vs. rural where

the difference was not significant (Table 2). Results were similar for hospitals with at
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Table 2. Mean Risk-Adjusted COVID-19 RSMRs by Hospital Characteristics (for
hospitals with >=1 COVID admission) between April 1, 2020, and September 30,

BMJ Open

2021.*
Hospital Number Mean SD (%) Mean | SD (%)
Characteristic of In- 30-Day
Hospitals | Hospital RSMR
RSMR
(%)
All Hospitals 4,343 19.7 7.3 27.8 4.9
Hospitals in Rural
Area
Rural 1,765 17.4 5.6 27.7 4.5
Urban 2,555 21.3 7.8 27.9** 5.2
Bed Size
1to 99 2,078 16.7 5.4 27.3 4.3
100 to 199 792 21.0 79 28.4 5.5
200 to 299 502 22.8 7.3 28.5 5.1
300 to 399 364 23.6 8.1 28.7 55
400+ 584 23.6 7.0 27.6 5.4
Teaching Status
Teaching 1,180 22.2 7.5 27.7 5.3
Non-teaching 3,139 18.8 6.9 27.8 4.8
Critical Access Status
Critical Access 1,256 16.2 4.3 271 3.6
Not Critical Access 3,064 21.2 7.7 28.1 54
Nurse-to-Bed Ratio
<1 1,914 19.5 7.4 28.3 4.9
1to <2 1,858 20.1 7.3 27.7 5.0
2+ 548 19.0 6.4 26.6 4.6
Ownership
Government 981 19.1 6.7 28.0 4.7
Not-For-Profit 2,648 19.5 7.0 27.2 4.8
For-Profit 690 21.5 8.5 29.8 5.2
Star Rating Category
1-Star 201 29.1 8.8 321 5.5
2-Star 685 24.3 7.2 29.6 4.9
3-Star 1,002 22.8 6.5 28.5 4.8
4-Star 979 20.7 6.3 26.7 4.7
5-Star 449 18.0 5.8 24.5 4.9

*All differences between categories (e.g., rural vs. urban; teaching vs. non-teaching) are

significant (p<.05) except as indicated.

**Not significant (p=.316)
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p<0.0001) and 30-day (-0.38, p<0.0001) RSMRs (Figure 1). For in-hospital RSMRs, the
Patient Experience and Timely and Effective Care group scores showed the strongest
associations (-0.39, p<0.001; -30, p<0.0001, respectively). For 30-day RSMRs, Patient
Experience and Mortality group scores showed the strongest associations (-0.34,
p<0.0001; -0.33, p<0.001, respectively). When we limited our analyses of the
associations between Star Rating summary scores and RSMRs in the early pandemic
period (March 2020 through September 2020), the relationship between 30-day RSMRs
and Star Rating Mortality group scores was weaker (Pearson correlation coefficient, -
0.12, p<0.0001) compared with the 18-month period of this study (Pearson correlation

coefficient -0.34, p<0.0001) (data not shown).

In stratified analyses by hospital characteristics, stronger correlations were seen
between 30-day hospital RSMRs and the Star Rating summary score and its
component group scores for: larger vs. smaller bed-size hospitals (-0.43 for hospitals
with 400+ beds vs. -0.22 for hospitals with 1-99 beds), hospitals with academic affiliation
vs. without (-0.46 vs. -0.32), hospitals in urban vs. rural locations (-0.41 vs. -0.21,
respectively), government and not-for-profit hospitals vs. for-profit (-0.59 and -0.45 vs. -
0.11, respectively), and non-CAH vs CAH (-0.39 vs. -0.13, respectively); differences by
nurse-to-bed ratio categories were small (Table 3). Differences by hospital characteristic
for in-hospital RSMRs were generally smaller compared with observations for 30-day

RSMRs (Table 4).

16
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Table 3: Hospital Characteristics and Correlation Between Star Rating Summary Scores and<330 day COVID-19
RSMRs (Values represent Pearson correlation coefficients between Star Rating summary and group sc@reg and hospital-level 30-

day COVID-19 RSMR.)
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z To address concerns that hospitals reporting 3 v. 4 v. 5 measure groups may have -
Z differing hospital quality and therefore explain results in this study, we re-calculated ’é
7 =
8 correlation coefficients after stratifying hospitals by their number of reported group §
? B
1(1) scores. We found that while the strength of the association between the Summary 25
3 b
:g Score and the 3-group strata (-0.27) is somewhat weaker compared with the 5-group é §
14 g 2
15 strata (-0.39), the relationships are statistically significant for all three strata, and we E %
16 2%
17 also found the same pattern of associations with the in all three strata and all of the @ 8
18 S
;g individual Group Scores (see Table 3A, Appendix). We also note that about three § é
o H
21 S

22 fourths of hospitals that receive a Star Rating report five measure groups. To examine ‘; i
23 - oz
24 the impact of COVID-19 hospitalization volume we examined results for hospitals with at L
25 -8
2
;? least 25 COVID-19 patients; we found that among the 3,405 hospitals that met these §‘§ §

a3:
~o0 O

;g criteria, results were similar (data not shown) to results with hospitals with at least one ;a%
X c —

30 ~5 9
31 COVID-19 hospitalization. As a sensitivity analysis to determine the impact of outliers %%%
> ot S
"=

gi on the observed associations, we re-calculated correlation coefficients (among all ; g%
=M=
ERZE:
22 hospitals) after removing hospitals with the 20 highest and 20 lowest 30-day COVID-19 3. %
~ (o
37 z 3
38 RSMRs, and the 20 highest and 20 lowest Star Rating summary scores and found the S ?S;
39 = 3
40 correlation was similar (-0.40, p<0.0001, n=4,196 hospitals). Finally, c-statistics for the 2 §
41 5 o
o o
fé in-hospital and 30-day mortality models were 0.609 and 0.663, respectively, g g
44 5 o
45 demonstrating adequate risk adjustment for the purposes of this study. ; %
46 = [
47 s ©
48 8 S
o DISCUSSION 5 5
50 -z
51 Using data from a representative sample of more than 1.2 million COVID-19-associated E
52 o
@
gi hospitalizations of Medicare Beneficiaries across more than 4,300 hospitals, risk- 2
55 S
56 standardized 30-day mortality rates were associated with pre-COVID-19 hospital E
57 =
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quality. Associations were stronger in quality domains associated with communication
and the use of processes. A potential explanation for the observed association between
pre-COVID-19 hospital quality and COVID-19 outcomes is that hospitals may have
been able to transfer those effective care structures and processes used during normal
operations to the care of patients with COVID-19 during the pandemic. Pre-COVID-19
hospital quality also reflects, at least in part, a hospital’s readiness/resilience to respond
to stressors and provide high-quality care under stress. In our study, differences in
hospital readiness, as measured by pre-COVID-19 hospital quality, had serious
consequences; on average, a patient admitted to a lower-quality (1-star hospital) was
87% and 46% more likely to die in the hospital and within 30 days, respectively,
compared with a patient admitted to a higher quality (5-star) hospital (absolute
differences of 11 percentage points for in-hospital and 7.6 percentage points for 30-day

mortality).

This study has some important strengths and limitations. The strengths of this study
include that it represents COVID-19 outcomes from more than a million Medicare
beneficiaries and hospital quality for more than four thousand hospitals across the
United States. In addition, we calculated risk-standardized mortality rates to assess
patient outcomes. Our study also used a comprehensive and publicly reported measure
of hospital quality to assess pre-COVID hospital readiness/resilience. We also

examined, as a potential confounder, hospital-level COVID-19 burden.

This study has the limitations of any observational study, including that no direct causal

relationship can be attributed to the associations between hospital quality and mortality
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l g
2 rates for patients hospitalized with COVID-19. In addition, while RSMRs were adjusted %
Z for age and comorbidities, we did not include a time variable in the risk model, although g
273 we did examine associations during the early and later part of the pandemic and did not %
?(1) see marked differences except for the association with the pre-COVID-19 Mortality é'? %
:g group score and COVID-19 RSMRs. Because hospital-level COVID-19 burden became % §
12 available starting in August 2020, we were not able to include it in the risk model. jg ;z
iz Therefore, while the results do not directly assess the confounding effect of COVID-19 :2 §
;g burden on the associations between pre-COVID hospital quality and COVID-19 RSMRs, g %
;; we did examine the associations between hospital-level COVID burden with both the ‘5 i
21 outcome (COVID-19 RSMRs) and the exposure (pre-COVID Star Rating). Because % é”g
;? burden was not substantially related to either the exposure or outcome, we expect this %é%
;g variable would not be an important confounder in the associations. In addition, we were g%g
3(12) not able to explore the relationship between these observations and a patient’s ég‘g%ﬁ
g o

gi vaccination status, due to lack of reliable patient-level data within claims; ICD-10 g%%
22 vaccination status code became effective April 1, 2022. Furthermore, COVID-19 Egg
;7; mortality rates were calculated with Medicare Advantage and Medicare FFS claims for g’_ ;gn
E? patients aged 65 and older; most of the measures in Star Rating are based on Medicare § z_::
fé FFS patients. Finally, while measures within Star Rating use data from 2016-2019, g %
2‘5‘ some measures are based on different time periods (some are one-year measures, :Z %
%Z others are three-year measures) [23]. However, within measure groups measures have g g
;‘g similar reporting timelines and most (74%) of hospitals report all five measure groups, 3 g
g; suggesting that comparisons are based on information that reflects the same quality %
gi signal. In addition, all pre-COVID data reflect performance between 2016 and 2019. %
3
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Furthermore, we have shown associations between individual components (group

scores) of pre-COVID Star Rating, and COVID-19 mortality.

Our results are, in part, consistent with and extend upon the findings of other
work examining drivers of mortality rates in patients admitted to ICUs at 70 hospitals
between March and June of 2020. Study authors found that at the patient level, while
most of the variation in mortality (70%) was explained by the physiology of the patient at
ICU admission, demographics (primarily age) and comorbidities, hospital quality (among
other hospital factors) was also a contributing factor [24]. The findings from our work
expand this observation by examining hospital-level associations with quality not limited
to the ICU, to all patients diagnosed with COVID-19 over an 18-month period for more

than a million patients at over four thousand hospitals.

Our findings suggest that quality domains such as communication (represented by the
Patient Experience group score), and quality domains tied more closely to processes
and checklists (reflected within the Timely & Effective Care and Mortality group scores)
are associated with better outcomes in patients hospitalized with COVID-19. During
regular operations, the development of, and adherence to, evidence-based care
processes that are tied to better outcomes is a hallmark of high quality-hospitals [25-28],
and it is possible that hospitals that were able to rapidly translate those capabilities were

better positioned to care for patients hospitalized with COVID-19.

The outcome variation and association found in this work cannot likely be tied to any
single care process or outcome and was beyond the scope of national data available.

For example, one study found wide variation in adherence to ARDS protocols for

24
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v}
g
! o
: g
2 patients with COVID-19 and while not statistically significant, hospitals with better -
5 . , , a
6 protocol adherence had lower mortality rates [29]. Concentrating expertise and ’é
7 7
8 processes in a single setting may also have been an effective protocol; patients g
? B
1(1) admitted to hospitals dedicated to the care of COVID-19 patients had better outcomes 25
3 b
:g compared with hospitals that did not specialize [30]. é §
14 g g
15 8 3
16 There are many other hospital-level factors that may have influenced even a prepared 2 32
17 @ R
12 hospital’s ability to respond to the pandemic. For example, one study found that after ; §
SIPN
;? controlling for other factors, ICU patients in hospitals with a higher proportion of patients = oﬁ
(o] ]
22 - N
23 with social risk factors had worse outcomes [31]. In our study we found that urban E g
o 202
;Z location, larger bed size, teaching affiliation, and government or non-profit ownership %éz
RN
333 had a stronger association between worse performance on Star Rating summary scores %?D g
o>
29 S0
30 and higher 30-day COVID-19 RSMRs. Several of these characteristics are also %gg
]
3] 238
32 associated with a larger proportion of patients with social risk factors but could also gg s
33 e
&3
2‘5‘ reflect differences in the geographic impact of COVID-19 over time. In addition, urban g;[,r,‘g
5~—0T
36 @ 5
37 location, larger bed size, and teaching affiliation are often overlapping characteristics, > g
38 5 o
39 and urban areas were early pandemic hotspots. Another study, however, did not find an = i
40 @ 3
j; association between academic status, profit status, or urban/non-urban setting and gé g
o 3
ji hospital RSERs during the first six months of the pandemic [32]. 9% %
"
j? Another potential explanation for our findings could be that hospitals with better quality g ©
48 & 8
49 during normal operations also have more care quality-independent resources (e.g., 3 §
50 >
51 financial resources) and those hospitals may have been able to pivot those resources to E
52 o
@
gi provide better care for patients with COVID-19, or to better care for their staff through 2
55 2
56 purchase of supplies such as PPE. If this were true, one might predict that if resources E
57 .
58 25 E
59 a
°
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were limited, hospital performance would decline as the level of COVID-19 burden

increased. However, there is mixed evidence (from this work, and others) for the

relationship between hospital-level COVID-19 mortality and measures of hospital and/or

community level COVID-19 burden and differences between the association early vs.
later in the pandemic [31-36]. In our study we found only a weak association between
hospital-level mortality in patients hospitalized with COVID-19 and hospital-level COVID
burden, defined by the total number of hospitalized patients with COVID divided by the
number of hospital beds. Taken together, the evidence suggests that the capacities of
hospitals to manage large patient loads may not have been a defining characteristic or
may have been important mainly in the very early months of the pandemic. Future
studies using additional measures (such as processes of care), additional data sources,
including data from electronic health records and financial records, and data from
multiple time points during and before the pandemic may help tease out the underlying
drivers of the associations between pre-pandemic quality and outcomes for patients

hospitalized with COVID-19.

On a broader scale, the COVID-19 pandemic has exposed disparities not just between
hospitals, states, or regions, but in outcomes across the world. These disparities are
driven by several different factors, including pre-pandemic healthcare system
resilience/preparedness. For example, Haldane and colleagues [37] examined
outcomes across 28 countries and characterized performance within a
resilience/preparedness framework that includes (among others) health care service
delivery and health care workforce (including the quality and quantity of the workforce),
connected by two communication domains; communication across sectors (e.g.,
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1
2 H
2 government and healthcare) and engagement with the community. While overall, the i
5 , : . , . a
6 authors did not identify a “silver bullet” that characterized better outcomes (lower Té
7 7
8 mortality per capita), they were able to identify core capabilities of higher performing g
? B
1(1) countries which parallel our findings in this study. For example, in parallel with the 2 5
3 b
:g concept that higher quality hospitals may have had more resources that could be é §
14 g 2
15 deployed to address COVID-19, higher performing countries (those with lower per- E %
16 2%
17 capita COVID-19 deaths) were found to have been well-funded and could pivot their g §
18 -8
5 N
;g resources toward obtaining supplies, reallocating and training healthcare workers, and 2 g
o H
21 s 3
22 communicating with the public. Those well-funded and higher-performing systems were ‘; 2
©
23 - oz
24 also better resourced to be able to continue to deliver primary care while addressing the L
25 380
;? surge of COVID-19 patients. TERN
a3:
28 538
29 PE
30 255
L @ g’_
31 a=o
32 e
23
33 CONCLUSION FE
34 gcr,r; =
35 . . . . L =25
36 Across a national sample of hospitals, we found that pre-pandemic hospital quality is i- ;,
37 = 32
38 associated with COVID-19 hospitalization outcomes suggesting that hospital quality on 5 ??;
39 g =}
j? common care may be a marker of hospital readiness/resilience to respond to a 2 _5
a 3
g stress/shock such as COVID-19. Hospitals with better pre-pandemic quality may have g §
44 2 <
45 been able to better translate care structures or processes used during normal g %
46 = [
47 operations into better care for patients during the COVID-19 pandemic. These results S ;
48 =N
D (¢}
gg can help policy makers at the local, national, and international levels plan for future -
>
51 Q
52 challenges, and can help hospital leadership assess their readiness/resilience for a 3
(4]
53 w
54 future pandemic. =2
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Table 1 A. Dates of data for measures in Overall Hospital Quality Star Rating on Care Compare

for the April 2021 update
Mortality

Measure

Dates

MORT-30-AMI: 30-day death rate for heart attack patients

July 1, 2016 - June 30, 2019

MORT-30-CABG: Death rate for coronary artery bypass graft

surgery patients

July 1, 2016 - June 30, 2019

MORT-30-COPD: Death rate for chronic obstructive

pulmonary disease (COPD) patients

July 1, 2016 - June 30, 2019

MORT-30-HF: 30-day death rate for heart failure patients

July 1, 2016 - June 30, 2019

MORT-30-PN: 30-day death rate for pneumonia patients

July 1, 2016 - June 30, 2019

MORT-30-STK: Death rate for stroke patients

July 1, 2016 - June 30, 2019

PSI-4-SURG-COMP: Death rate among surgical inpatients

with serious treatable complications

July 1, 2017 - June 30, 2019

Safety of Care

Measure

Dates

HAI-1: Central-line associated bloodstream infection

(CLABSI)

January 1, 2019 - December 31, 2019

HAI-2: Catheter-associated urinary tract infection (CAUTI)

January 1, 2019 - December 31, 2019

HAI-3: Surgical site infection from colon surgery (SSI: Colon)

January 1, 2019 - December 31, 2019

2
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Measure Dates

HAI-4: Surgical site infection from abdominal hysterectomy
January 1, 2019 - December 31, 2019

oNOYTULT D WN =

9 (SSl-abdominal hysterectomy)

HAI-5: Methicillin-resistant staphylococcus aureus (or MRSA)
January 1, 2019 - December 31, 2019
14 blood infections (Antibiotic-resistant blood infections)

HAI-6: Clostridium difficile (or C. diff.) infections (Intestinal
January 1, 2019 - December 31, 2019
19 infections)

COMP-HIP-KNEE: Rate of complications for hip and knee
April 1, 2016 - March 31, 2019
24 replacement patients

PSI-90: Patient Safety and Adverse Events Composite July 1, 2017 - June 30, 2019
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Readmission

Measure

Dates

READM-30-CABG: Rate of unplanned readmission after

coronary artery bypass graft (CABG) surgery

July 1, 2016 - June 30, 2019

READM-30-COPD: Rate of unplanned readmission for

chronic obstructive pulmonary disease patients

July 1, 2016 - June 30, 2019

READM-30-Hip-Knee: 30-day rate of readmission for hip and

knee replacement patients

July 1, 2016 - June 30, 2019

READM-30-HOSP-WIDE: Rate of readmission after discharge

from hospital

July 1, 2018 - June 30, 2019

EDAC-30-AMI: Acute myocardial infarction excess days in

acute care (EDAC)

July 1, 2016 - June 30, 2019

EDAC-30-HF: Heart failure excess day sin acute care (EDAC)

July 1, 2016 - June 30, 2019

EDAC-30-PN: Pneumonia excess day sin acute care (EDAC)

July 1, 2016 - June 30, 2019

OP-32: Facility 7-day risk standardized hospital visit rate

after outpatient colonoscopy

January 1, 2017 - December 31, 2019

OP-35 ADM: Admissions visits for patients receiving

outpatient chemotherapy

January 1, 2019 - December 31, 2019

OP-35 ED: Emergency department (ED) visits for patients

receiving outpatient chemotherapy

January 1, 2019 - December 31, 2019

OP-36: Hospital visits after hospital outpatient surgery

January 1, 2019 - December 31, 2019

4
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Patient Experience

Measure

Dates

H-COMP-1: Communication with nurses

January 1, 2019 - December 31, 2019

H-COMP-2: Communication with doctors

January 1, 2019 - December 31, 2019

H-COMP-3: Responsiveness of hospital staff

January 1, 2019 - December 31, 2019

H-COMP-5: Communication about medicines

January 1, 2019 - December 31, 2019

H-COMP-6: Discharge information

January 1, 2019 - December 31, 2019

H-COMP-7: Care transition

January 1, 2019 - December 31, 2019

H-CLEAN-HSP Cleanliness of hospital environment (Q8) + H-

QUIET-HSP Quietness of hospital environment (Q9) / 2

January 1, 2019 - December 31, 2019

H-HSP-RATING Hospital rating (Q21) + H-RECMND:

Willingness to recommend hospital (Q22) / 2

January 1, 2019 - December 31, 2019

Timely and Effective Care

Measure

Dates

IMM-3: Percent of healthcare workers vaccinated against

Influenza

October 1, 2019 - March 31, 2020

OP-10: Outpatient PA scans of the abdomen that were

“combination” (double) scans

July 1, 2018 - June 30, 2019

OP-13: Medicare patients who got cardiac imaging stress
tests to screen for surgical risk before low-risk outpatient

surgery

July 1, 2018 - June 30, 2019
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Measure

Dates

OP-18b: Average time patients spent in the emergency

department before being sent home

January 1, 2019 - December 31, 2019

OP-22: Percentage of patients who left the emergency

department before being seen

January 1, 2019 - December 31, 2019

OP-23: Percentage of patients who came to the emergency
department with stroke symptoms who received brain scan

results within 45 minutes of arrival

January 1, 2019 - December 31, 2019

OP-29: Appropriate follow-up interval for normal

colonoscopy in average risk patients

January 1, 2019 - December 31, 2019

OP-33: External beam radiotherapy for bone metastases

January 1, 2019 - December 31, 2019

OP-3b: Average number of minutes before outpatients with
chest pain or possible heart attack who needed specialized

care were transferred to another hospital

January 1, 2019 - December 31, 2019

OP-8: Outpatients with low back pain who had an MRI
without trying recommended treatments first, such as

physical therapy

July 1, 2018 - June 30, 2019

PC-01: Percent of newborns whose deliveries were
scheduled too early (1-3 weeks early), when a scheduled

delivery was not medically necessary

January 1, 2019 - December 31, 2019

SEP-1: Percentage of patients who received appropriate care

for severe sepsis and septic shock

January 1, 2019 - December 31, 2019
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Table 2 A. Components of the Charlson Risk Adjustment methodology?
Description

All

oNOYTULT D WN =

9 Age

Unknown: #, %

14 Mean, Standard Deviation

16 Minimum, Maximum

18 1st Percentile, 99th Percentile

1st Quartile, 3rd Quartile

23 Median, Quartile Range

25 Myocardial Infarction (Yes/No)

Congestive Heart Failure (Yes/No)

30 Peripheral Vascular Disease (Yes/No)

32 Cerebrovascular Disease (Yes/No)

34 Dementia (Yes/No)
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Chronic Pulmonary Disease (Yes/No)

39 Connective Tissue Disease-Rheumatic Disease (Yes/No)

41 Peptic Ulcer Disease (Yes/No)

43 Mild Liver Disease (Yes/No)

46 Diabetes without complications (Yes/No)

48 Diabetes with complications (Yes/No)

N
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50 Paraplegia and Hemiplegia (Yes/No)

Renal Disease (Yes/No)

55 Cancer (Yes/No)
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Moderate or Severe Liver Disease (Yes/No) ;
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Metastatic Carcinoma (Yes/No) g
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AIDS/HIV (Yes/No) 8
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Table 3A: Associations between star rating group scores for hospitals reporting 3, 4, or 5 groups, and g g

in-hospital and 30-day risk-standardized mortality in patients hospitalized with COVID-19. % g

(@) ()

Correlation Coefficient (number of hospitals) e f)

= O

QN

All p values <0.05 unless noted with an * = g
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Score Score Score S [©
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In-hospital RSMR (540) (528) (540) (487) (531) (539) E:’;;g
> 0

Peer Group 4: -0.28 -0.18 -0.15 0.06* -0.36 -0.16 S

30-day RSMR (540) (528) (540) (487) (531) (539) 2T

Peer Group 5: -0.40 0.15 20.22 20.16 20.38 030 = 2

In-hospital RSMR (2,458) (2,458) (2,458) (2,458) (2,458) (2,458) g %

Peer Group 5: -0.40 -0.33 -0.17 -0.04* -0.35 -0.10 2 =

30-day RSMR (2,458) (2,458) (2,458) (2,458) (2,458) (2,458)- E}
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