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Abstract

Obijective: To assess the quantity and impact of research publications among US
acute care hospitals; to identify hospital characteristics associated with publication
volumes; and to estimate the independent association of bibliometric indicators with
Hospital Compare quality measures.

Data Sources: Hospital Compare; American Hospital Association Survey; Magnet Rec-
ognition Program; Science Citation Index Expanded.

Study Design: In cross-sectional studies using a 40% random sample of US
Medicare-participating hospitals, we estimated associations of hospital characteristics
with publication volumes and associations of hospital-linked bibliometric indicators
with 19 Hospital Compare quality metrics.

Data Collection/Extraction Methods: Using standardized search strategies, we iden-
tified all publications attributed to authors from these institutions from January
1, 2015 to December 31, 2016 and their subsequent citations through July 2020.
Principal Findings: Only 647 of 1604 study hospitals (40.3%) had >1 publication.
Council of Teaching Hospitals and Health Systems (COTH) hospitals had significantly
more publications (average 599 vs. 11 for non-COTH teaching and 0.6 for non-
teaching hospitals), and their publications were cited more frequently (average 22.6/
publication) than those from non-COTH teaching (18.2 citations) or nonteaching hos-
pitals (12.8 citations). In multivariable regression, teaching intensity, hospital beds,
New England or Pacific region, and not-for-profit or government ownership were sig-
nificant predictors of higher publication volumes; the percentage of Medicaid admis-
sions was inversely associated. In multivariable linear regression, hospital publications
were associated with significantly lower risk-adjusted mortality rates for acute myo-
cardial infarction (coefficient —0.52, p = 0.01), heart failure (coefficient —0.74,
p = 0.004), pneumonia (coefficient —1.02, p = 0.001), chronic obstructive pulmonary
disease (coefficient —0.48, p = 0.005), and coronary artery bypass surgery (coeffi-
cient —0.73, p < 0.0001);
Healthcare Providers and Systems (HCAHPS) ratings (coefficient 2.37, p = 0.04); and

greater patient willingness to recommend (coefficient 3.38, p = 0.01).

higher overall Hospital Consumer Assessment of

Conclusions: A minority of US hospitals published in the biomedical literature. Publi-
cation quantity and impact indicators are independently associated with lower risk-
adjusted mortality and higher HCAHPS scores.
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What is known on this topic

e Although hospital teaching intensity is associated with better outcomes, the association
between hospital-based research and outcomes is less well characterized.

o Previous studies have primarily focused on clinical trial participation and outcomes.

e No large-scale studies in the United States have analyzed the association of hospital-linked
publications, a widely accepted research metric, with clinical outcomes while adjusting for

multiple potential confounders.

What this study adds

e A minority of US acute care hospitals are linked to even one publication. When evaluating
hospital quality, staff publications are a useful and objective structural metric that may be
routinely assessed.

o Significant predictors of higher publication volumes include teaching intensity, number of
hospital beds, New England or Pacific region, not-for-profit or government ownership, and a
lower percentage of Medicaid admissions.

e The number and impact (e.g., citations, journal impact factor) of publications attributed to
hospital staff are independently associated with Hospital Compare outcomes through a vari-

1 | INTRODUCTION

Hospitals have many functions, the most fundamental of which is
direct patient care. To varying extents, they also educate the
next generations of health care providers; they collaborate with
their communities to address social determinants of health,
sometimes serving as the primary health care contact for vulner-
able populations; and some conduct clinical or laboratory
research.

While the societal impact of other hospital roles is more trans-
parent and measurable, the value of research is often neither imme-
diately apparent nor easily quantified? and may be regarded by some
as a distraction from direct patient care. Although various measures

of research impact in health care have been proposed,? ¢

arguably
the most convincing would be an independent, hospital-level associ-
ation of research and clinical quality. Because the extent of research
and teaching activities at hospitals are often correlated (e.g., both
are more common at academic medical centers), and because hospi-
tal characteristics, including teaching intensity,'” 22 have been asso-
ciated with better outcomes, analyses to demonstrate the
independent value of research must account for these known
confounders.

Publication quantity and quality®?*-2°

are among the most com-
prehensive and universally accepted markers of research productivity.
The objectives of this study are to evaluate the hospital characteristics
associated with publication volumes and to estimate the independent
association of various bibliometric indicators with a broad portfolio of
CMS Hospital Compare quality metrics from a large random sample of

US acute care hospitals.

ety of hypothesized direct and indirect mechanisms.

2 | METHODS

Using downloadable files from CMS Hospital Compare, we identified
4008 US acute care hospitals that reported 30-day risk-adjusted mor-
tality rates for acute myocardial infarction (AMI), heart failure (HF),
pneumonia (PN), chronic obstructive pulmonary disease (COPD), or
coronary artery bypass grafting (CABG) during the 2018 reporting
period. We chose 2018 Hospital Compare data because the data col-
lection periods used to calculate hospital performance overlapped
with our publication search period (2015-2016). Veterans Administra-
tion hospitals, hospitals in US territories, and hospitals with
unavailable data were excluded.

We linked these hospitals with the 2016 American Hospital Asso-
ciation (AHA) survey to obtain official hospital names, addresses,
teaching status (Council of Teaching Hospitals and Health Systems
[COTH] member, non-COTH teaching, or nonteaching), ownership,
bed size, geographic region, metropolitan location, total annual admis-
sions, and percentage of Medicaid admissions. The ANCC Magnet
Recognition Program was queried to identify hospital Magnet recogni-
tion, a measure of nursing excellence, at any time between 2015
and 2016.

Hospital Medicare Provider Identification numbers from the CMS
Hospital File were used to combine data from Hospital Compare, AHA,
and Magnet sources. From these linked data, we randomly sampled
40% of hospitals based on their teaching status, bed size, and geo-
graphic regions, resulting in a final study cohort of 1604 US hospitals.
We applied a standardized search strategy using the Science Citation
Index Expanded (a subset of Web of Science; [see Appendix S1]) to
identify all publications attributed to these institutions in 2015 and
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2016, based on an author's designated affiliation. A hospital was
credited only once regardless of the number of coauthors from that
hospital, and multiple hospital affiliations were possible for a single
paper.

The validity of our search process was highly dependent upon
manual review by an experienced librarian and, despite prespecified
rules, required considerable case-by-case judgment. Accordingly, after
completion of the initial search, we performed a two-step validation
in which publications associated with a subset of hospitals in the
study cohort were independently assessed by a second credentialed
librarian (Appendix S2). Overall, 15% of COTH hospitals and 5% of
non-COTH teaching and nonteaching hospitals were included in the
validation.

Multiple bibliometric indices were used to measure the quantity
and quality of hospital publications, including total publications and
citations, as well as publications and citations per 1000 admissions to
standardize for institution size. We also explored the possibility of
adjusting hospital publications by the number of hospital clinical staff.
Several physician variables were obtained from the AHA survey,

2

including “number of full-time physicians,” “number of full-time physi-
cian FTEs,” and “number of privileged physicians.” Missing responses
for these hospital-reported data were frequent (approximately 27%-
37% across different variables). Discussions with AHA led us to the
conclusion that reported physician numbers were likely under-
estimated at many institutions and that hospitals varied substantially
in their methods of counting staff. Accordingly, we did not regard
these data as sufficiently reliable and did not pursue analyses that
controlled the number of clinical staff.

To gauge the quality of the journals in which these articles were
published, a cumulative journal impact factor (JIF) was estimated by
aggregating the JIF's for all journals in which a hospital had publica-
tions, as calculated by Journal Citation Reports in 2015 and 2016
(available at Web of Science). A few journals had no JIF because they
were new or their impact was too low, in which case we assigned
JIF = 0 and included them in the analyses. A sensitivity analysis
excluding these journals was performed. We also estimated an institu-

tional h-index?¢?”

reflecting citations through June/July 2020 that
were attributable to a hospital's publications during the 2015-2016
study period.

We estimated associations between expected publication rates
per number of annual admissions and hospital characteristics using
negative binomial (NB) regression models to account for over-
dispersion. Publication count was the dependent variable, and the
annual number of hospital admissions in the thousands was used in an
offset term to account for variation in institutional size (which may be
a proxy for greater resources, more physician staff, and for the well-
described association between volume and outcomes) across hospi-
tals. Independent variables in the models included hospital teaching
status (COTH, non-COTH teaching, nonteaching [reference]); bed
size (continuous variable); census region (New England, Mid/South
Atlantic, East North/South Central, West North/South Central,

Mountain [reference], and Pacific); hospital ownership (not-for-profit,

government-owned, and investor-owned [reference]; metropolitan
location (yes/no); Magnet status (yes/no); and percentage of Medicaid
admissions.

Metrics encompassing multiple dimensions of hospital quality
(patient outcomes, patient experience, hospital safety, and cost effi-
ciency) were extracted from Hospital Compare files, which include
publicly available performance data for all US Medicare-certified hos-
pitals. Specific measures included 30-day risk-standardized mortality
(AMI, HF, PN, COPD, CABG);
standardized complication rates; 30-day risk-standardized unplanned
readmission rates (AMI, HF, PN, COPD, CABG, and Hip/Knee); Hospi-
tal Consumer Assessment of Healthcare Providers and Systems Sur-

Hip/Knee replacement risk-

vey (HCAHPS) percent top box?'1° overall hospital rating and percent
willingness to recommend the hospital; Medicare Spending per
Beneficiary, an efficiency measure; PSI-90 composite; and central
line-associated bloodstream infections (CLABSI), catheter-associated
urinary tract infections (CAUTI), and surgical site infections after
colon surgery (SSI-Colon). Descriptions and data collection periods
for each measure are provided in Appendix S3.

Multivariable linear regression was used to estimate the associa-
tions between the number of hospital publications and Hospital Com-
pare measures. Separate models were estimated using specific
hospital quality measures as dependent variables. Independent vari-
ables included various hospital characteristics and three categories of
total publication volume during the study period: O publications [refer-
ence], 1-46, and >46 publications (>95th percentile of total publica-
tions among study hospitals). Hospital characteristics included in the
models were identical to those in the NB regression, except that the
COTH and non-COTH teaching categories were combined to mitigate
multicollinearity issues since there were no COTH hospitals in the
zero-publication group. Subsequent analyses were performed using
two teaching groups (teaching vs. nonteaching [reference]).

Because hospital volumes are associated with outcomes for many
procedures and conditions, we also performed a sensitivity analysis
using publications per 1000 admissions to define hospital publication
groups (no publication, <95th percentile, and >95th percentile, based
on publications per 1000 admissions). Additionally, we repeated ana-
lyses using beta regression for those Hospital Compare aggregate out-
comes represented by proportions (mortality, complications,
readmissions, and HCAHPS scores) to assess whether the use of linear
regression in our primary analyses impacted the estimated associa-
tions for outcomes that are bounded between 0 and 1.

Finally, in separate multivariable analyses, we replaced publica-
tion volume categories with publication quality and impact indicators,
including total citations per 1000 admissions and cumulative JIF for
all publications attributed to a hospital, using three categories for
each: no publications [reference], <95th percentile, and >95th per-
centile of their respective distributions. We estimated the association
of each publication quality/impact indicator with Hospital Compare
metrics.

Statistical analyses were performed using SAS software version
9.4 (SAS Institute, Inc.).
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3 | RESULTS

Among the 1604 study hospitals, 957 (59.7%) had no publications in
2015-2016 (Table 1). Only 647 hospitals (40.3%) had 1 or more publi-
cations, for a total of 58,347 publications (mean 36.4 publications per
hospital, range 0-11,258). For hospitals with publications, more than

TABLE 1  Publication volume (2015-2016) by hospital characteristics

half (53.5% of 647 hospitals) had <3 publications. In descriptive ana-
lyses, average numbers of publications were higher among larger,
metropolitan, not-for-profit hospitals, hospitals located in New
England, COTH members, Magnet Recognition recipients, and hospi-
tals with higher percentages of Medicaid admissions. Hospitals with

no publications were often smaller, rural, nonteaching, investor-

Statistics Number (%) hospitals®
Total Mean 1-10 11-100 101-500 >500
# hospitals  publications  (median) 0 publications  publications publications publications publications
All hospitals 1604 58,347 36.38 (0) 957 (59.66%) 481 (29.99%) 123 (7.67%) 28 (1.75%) 15 (0.94%)
Teaching status
COTH 86 51,524 599.12 (81) 0 8(9.30%) 42 (48.84%) 22 (25.58%) 14 (16.28%)
Non-COTH 562 6252 11.12(2) 186 (33.10%) 293 (52.14%) 76 (13.52%) 6 (1.07%) 1(0.18%)
teaching
Nonteaching 956 571 0.60 (0) 771 (80.65%) 180 (18.83%) 5(0.52%) 0 0
Hospital ownership
Not-for-profit 1016 51,385 50.58 (0) 530(52.17%)  350(34.45%) 104 (10.24%) 21 (2.07%) 11 (1.08%)
Government- 325 6444 19.83 (0) 253 (77.85%) 48 (14.77%) 13 (4.00%) 7 (2.15%) 4 (1.23%)
owned
Investor-owned 263 518 1.97 (0) 174 (66.16%) 83 (31.56%) 6(2.28%) 0 0
Metro location
Yes 954 58,024 60.82 (1) 396 (41.51%)  395(41.40%) 120 (12.58%) 28 (2.94%) 15 (1.57%)
No 650 323 0.50 (0) 561 (86.31%) 86 (13.23%) 3(0.46%) 0 0
Magnet status in 2015-2016
Yes 137 28,834 210.47 (9) 11 (8.03%) 61 (44.53%) 44 (32.12%) 13 (9.49%) 8 (5.84%)
No 1467 29,513 20.12 (0) 946 (64.49%) 420 (28.63%) 79 (5.39%) 15 (1.02%) 7 (0.48%)
Bed size
<100 beds 755 189 0.25(0) 681 (90.20%) 71 (9.40%) 3(0.40%) 0 0
100-299 beds 550 2180 3.96 (1) 248 (45.09%) 270 (49.09%) 29 (5.27%) 3(0.55%) 0
300-499 beds 188 5302 28.20 (4) 22 (11.70%) 109 (57.98%) 50 (26.60%) 4 (2.13%) 3 (1.60%)
2500 beds 111 50,676 456.54 (43) 6 (5.41%) 31 (27.93%) 41 (36.94%) 21 (18.92%) 12 (10.81%)
Percent of Medicaid admissions among all inpatient admissions
Low tercile 535 2291 4.28 (0) 382 (71.40%) 122 (22.80%) 25 (4.67%) 6(1.12%) 0
Medium tercile 550 26,505 48.19 (0) 323(58.73%) 177 (32.18%) 42 (7.64%) 3(0.55%) 5(0.91%)
High tercile 519 29,551 56.94 (1) 252 (48.55%) 182 (35.07%) 56 (10.79%) 19 (3.66%) 10 (1.93%)
Regions
Mountain 126 357 2.83(0) 77 (61.11%) 42 (33.33%) 6 (4.76%) 1(0.79%) 0
Mid/South 394 7031 17.85(1) 181 (45.94%) 151 (38.32%) 48 (12.18%) 12 (3.05%) 2(0.51%)
Atlantic
Pacific 176 3760 21.36 (1) 85 (48.30%) 61 (34.66%) 23 (13.07%) 4(2.27%) 3(1.70%)
East North/ 404 13,851 34.28 (0) 268 (66.34%) 103 (25.50%) 24 (5.94%) 5(1.24%) 4(0.99%)

South Central

West North/ 437 15,213 34.81 (0) 319 (73.00%) 97 (22.20%) 15 (3.43%) 3(0.69%) 3(0.69%)

South Central

New England 67 18,135 270.67 (1) 27 (40.30%) 27 (40.30%) 7 (10.45%) 3 (4.48%) 3 (4.48%)

Note: Number of hospitals, total publications, and mean (median) publications per hospital, overall and for various subgroups. Number of hospitals in each

publication category are also provided.
Abbreviation: COTH, Council of Teaching Hospitals and Health Systems.
2Total row percents equal to 100%.
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owned, non-Magnet recipients, had fewer Medicaid patients, and
were located in the Central region.

Validation results for the publication search strategy are summa-
rized in Table S1, showing an absolute overall discordance of only
36 publications, or 0.27% of the total publications (13,162) in the orig-
inal search.

Compared to other teaching intensity categories, COTH hospital
publications were more likely to be published by high-impact journals
(Table 2) with journal impact factor >10 (11.71% for COTH, 6.49% for
non-COTH teaching, and 3.50% for nonteaching hospital publica-
tions). Among 58,334 total publications, 90.64% (52,876) were cited
at least once as of June/July 2020. Average COTH hospital citations
per publication (22.6) exceeded those of non-COTH teaching (18.2) or
nonteaching hospitals (12.8).

Figure 1 displays the number of publications per 1000 admissions,
and Supplemental Figure S1 shows citations per 1000 hospital admis-
sions, both stratified by teaching status and bed size. COTH teaching
hospitals with >500 beds had the highest average number of publica-
tions (20.3) and citations per 1000 admissions (454.2). In each bed
size category, they consistently had higher average publications and
citations per 1000 hospital admissions compared to non-COTH teach-
ing and nonteaching hospitals. The magnitude of differences in publi-
cations and citations between COTH, non-COTH teaching, and
nonteaching hospitals increased with the number of hospital beds.

TABLE 2

We were able to estimate hospital-level h-Indices for 614 hospi-
tals (94.9% of the 647 hospitals with publications in our study), based
on their 2015-2016 publications (Table S2). These 614 hospitals
included 100% of COTH, 64% of non-COTH teaching, and 17% of
nonteaching hospitals. The average institutional h-index was 27.2 for
COTH, 4.3 for non-COTH teaching, and 1.9 for nonteaching hospitals.
The five highest hospital h-indices were from major academic medical
centers with scores of 177, 168, 134, 130, and 94.

Table 3 reports the estimates from the NB regression analysis.
Hospital characteristics associated with higher expected rates of pub-
lications include COTH (rate ratio (RR): 24.29, 95% confidence inter-
val (Cl): 15.03-38.86) and non-COTH teaching (RR: 3.09, 95% CI:
2.44-3.94) status; increased number of hospital beds (RR: 1.02 per
increase of 10 beds, 95% CI: 1.01-1.03); New England (RR: 3.90, 95%
Cl: 2.16-6.96) and Pacific region (RR: 1.99, 95% Cl: 1.23-3.19); and
not-for-profit (RR: 1.39, 95% Cl: 1.04-1.86) and government owner-
ship (RR: 2.59, 95% Cl: 1.75-3.78). Although initial descriptive ana-
lyses (Table 1) suggested that hospitals with a higher percentage of
Medicaid admissions had higher publication rates, the direction of this
association reversed after adjusting for other hospital characteristics
in the multivariable model (RR: 0.99, 95% Cl: 0.98-0.998).

In multivariable linear regression analyses, hospitals with more
publications had lower 30-day mortality rates for common index diag-
noses (Table 4). Compared with hospitals having O publications, those

Journal impact factor (JIF) and citations for publications from three hospital categories of teaching intensity

All hospitals Non-COTH Nonteaching
(n = 1604) COTH (n = 86) teaching (n = 562) (n = 956)
Journal impact factor (JIF)®
Number of publications (%°) 58,347 (100%) 51,524 (88.31%) 6252 (10.72%) 571 (0.98%)
Average JIF per publication (median) 5.69 (3.49) 5.86 (3.56) 4.54 (2.98) 3.39 (2.57)
JIF categories, Number of publications (%)
JIF: 0-5 39,916 (68.41%) 34,575 (67.10%) 4869 (77.88%) 472 (82.66%)
JIF: 5-10 11,974 (20.52%) 10,918 (21.19%) 977 (15.63%) 79 (13.84%)
JIF: >10 6457 (11.07%) 6031 (11.71%) 406 (6.49%) 20 (3.50%)
Citations
Number of publications with available citation data, (%°) 58,334 (100%) 51,515 (88.31%) 6248 (10.71%) 571 (0.98%)
Average citation per publication (median) 22.00 (9) 22.57 (9) 18.17 (7) 12.80 (6)
Citation categories, Number of publications (%)
Citations: 0-10 32,690 (56.04%) 28,445 (55.22%) 3851 (61.64%) 394 (69.00%)
Citations: 11-50 20,967 (35.94%) 18,810 (36.51%) 2005 (32.09%) 152 (26.62%)
Citations: 51-100 2879 (4.94%) 2616 (5.08%) 244 (3.91%) 19 (3.33%)
Citations: 101-300 1453 (2.49%) 1329 (2.58%) 118 (1.89%) 6 (1.05%)
Citations: >300 345 (0.59%) 315 (0.61%) 30 (0.48%) 0

Note: Journal Impact Factor and citation numbers for all hospitals and for the three categories of hospital teaching intensity. Number of citations and
Journal impact factor increased with teaching intensity (i.e., COTH > non-COTH teaching > nonteaching).

Abbreviation: JIF, journal impact factor.

2Some journals have no impact factor because they are new journals, or the impact factors are too low. We assigned “0” journal impact factors for these
journals and included them in the analyses. A sensitivity analysis excluding these journals was performed, and similar findings were observed.

bSum of percents from COTH, non-COTH teaching, and nonteaching equal to 100% for all hospitals.
“Sum of percents from JIF categories and citation categories equal to 100%.



592 | |HSRHea1th Services Research ” SHAHIAN et AL
If

g ” >500 beds
2 A
= 25 r A
[=}
= 20.26
2 20 300-499 beds
w
5 100-299 beds A
o 15 [ \
E A
g <100 beds r \
3 10 7.56
3 A 5.58
g r A 2.49
z 0.22 0.08 0.58 0. 0.58 0.11 j oo04
<>t o v -— v -—v v -— —
S ; N | oD 2 ,"l«@\ ; ) (\/}b} /&"’& ((;,,0\ ,ja°‘\ O \(\,jb\
Q 4 § N N g N o S «®
00 ‘\\(\% ‘\\(\% (,0 ‘\\(\Q? ‘\\(\Q’ (40« ‘\\(\% 6\\(\ (,0« e(\\(\% ,b&(‘\
2 2 2~ 2 2 (& & &
Q\‘& Xx& ‘%\'@ X% ‘e‘.@ 0(\, ((\ $°(\
S S SN &

ey & & &

HOSPITAL CHARACTERISTICS

FIGURE 1 Average publications per 1000 hospital admissions, stratified by hospital teaching category and beds. Council of Teaching
Hospitals and Health Systems (COTH) hospitals had the highest numbers of publications per 1000 admissions in every category of hospital size
(measured by number of beds) [Color figure can be viewed at wileyonlinelibrary.com]

TABLE 3 Association between hospital characteristics and hospital publication volumes using negative binomial regression

Variables Rate ratio 95% confidence interval p value

Teaching status

COTH teaching 24.29 15.03-38.86 <0.0001
Non-COTH teaching 3.09 2.44-3.94 <0.0001
Nonteaching hospitals ref ref ref

Hospital ownership

Not-for-profit 1.39 1.04-1.86 0.03
Government-owned 2.59 1.75-3.78 <0.0001
Investor-owned ref ref ref

Metropolitan location

Yes 1.16 0.87-1.54 0.32

No ref ref ref
Magnet status in 2015-2016

Yes 1.36 0.97-1.90 0.07

No ref ref ref
Hospital beds (per 10 beds increase) 1.02 1.01-1.03 <0.0001
Percent of Medicaid admissions among all inpatient 0.99 0.98-0.998 0.01

admissions, 1% increase

Regions (Census divisions)

Mid/South Atlantic 1.02 0.66-1.58 0.92
Pacific 1.99 1.23-3.19 0.01
East North/South Central 0.99 0.63-1.55 0.97
West North/South Central 1.42 0.90-2.23 0.12
New England 3.90 2.16-6.96 <0.0001
Mountain ref ref ref

Note: Negative binomial regression for number of publications with an offset for the annual admissions was used to estimate the association between
hospital characteristics and expected publication rates. The rate ratio refers to the ratio of expected rate of publications per annual admission relative to
the reference group after adjustment for the other variables listed. Significant predictors of high publication rates included teaching intensity, number of
hospital beds, New England or Pacific region, not-for-profit or government ownership. Percentage of Medicaid admissions was negatively associated with
publication rates.
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with >46 publications had average 30-day adjusted mortality rates
(adjusted for patient characteristics, per CMS models) that were
4.8% lower for AMI, 12.7% lower for heart failure, 7.9% lower for
pneumonia, 5.5% lower for COPD, and 27.2% lower for CABG.
In multivariable linear regression with additional adjustment for
hospital characteristics, hospitals with >46 publications had statisti-
cally significant (p values = 0.01 to <0.0001) inverse associations
with risk-adjusted mortality rates for each diagnosis or procedure
studied; hospitals with 1-46 publications also had significantly lower
risk-adjusted mortality rate for CABG (p = 0.02). The HCAHPS per-
centage of “top box” (rated 9 or 10) overall hospital rating and patient
willingness to recommend were higher in hospitals with >46 versus
0 publications (p = 0.04 and 0.01, respectively). No statistically signifi-
cant difference was found in either HCAHPS measure for hospitals
with 1-46 publications versus O publications.

Risk-adjusted 30-day unplanned readmission rates for heart fail-
ure were significantly lower (p = 0.02) for hospitals with 1-46 publi-
cations compared with hospitals having O publications. With this
exception, there were no other statistically significant associations
between publications and complication rates, readmission rates, Medi-
care Spending per Beneficiary, PSI 90 scores, or standardized infec-
tion ratios (Table 4). Results using Beta regression were similar.

Generally, similar findings were observed when using publications
per 1000 hospital admissions or either of the publication quality and
impact measures (number of publication citations per 1000 admis-
sions or the cumulative journal impact factor) as bibliometric indica-
tors. (Tables S3-S5).

4 | DISCUSSION

The current study contributes three important findings. First, having
staff who publish in credible peer-reviewed journals is not the norm
among US hospitals-only 40% of hospitals in this study had even a
single publication. Second, publications are overwhelmingly produced
by COTH (RR = 24.29) and non-COTH teaching (RR = 3.09) hospitals
rather than nonteaching institutions, even after accounting for the
volume of admissions (a reasonable proxy for the number of physi-
cians, direct data for which were unavailable, as previously described)
and other hospital characteristics. Third, publication quantity and
quality are significantly and independently associated with lower risk-
adjusted mortality for five index conditions and procedures and higher
patient experience of care scores, even after adjustment for hospital
teaching status, size, ownership, metropolitan location, Magnet status,

percent of Medicaid admissions, and geographic region.

4.1 | Demonstrating the independent value-added
of research

Health care research often lacks the immediate, tangible societal
impact associated with other hospital activities and may be viewed by

some as a costly, “ivory-tower” activity?? with little direct impact on

quality of care. By contrast, in industry and business, the value of
Research and Development is readily affirmed by new products intro-
duced, increased sales, and profitability. Research may improve
absorptive capacity, the critical ability of a business to access, assimi-
late, and apply new knowledge, often from extrinsic sources. Although
less frequently discussed in the health care context, this benefit could
arguably also accrue to research-oriented institutions.®?:13-16

Properly valuing the societal impact of hospital-based health care
research has important ramifications, especially for AMCs. As the sci-
entific quantity and quality of research is not necessarily concordant
with its societal benefit, various metrics have been proposed to spe-
cifically quantify the latter,2"? the most compelling of which would
be an association with improved clinical outcomes. Through adjust-
ment for multiple hospital characteristics, our study sought to isolate
the association of hospital-attributed publications and clinical quality
from the well-documented association of teaching intensity and
quality.t” 22

4.2 | Grant-funding, clinical trial participation

Before focusing on publications, we considered other markers of hos-
pital research productivity, including grant funding and clinical trial
participation, both of which presented challenges. For example, some
NIH grants are attributed directly to specific hospitals, while others
are attributed to their affiliated medical schools, thus complicating
linkages to Hospital Compare metrics. Further, grant funding is only
the beginning of a research project's life cycle. Ultimately, the project
may or may not generate actionable knowledge that improves patient
outcomes; the translational delay may be substantial; and the amount
of grant funding may not correlate with the project's clinical impact.
Clinical trial participation is more easily linked to specific hospitals and
has been associated with greater use of guideline-concordant prac-
tices and better patient outcomes. An institution's patients may bene-
fit whether or not they themselves are enrolled in a trial or have the
specific diagnosis of interest.2273> However, like grant-funded studies,
opportunities for clinical trial participation at an institution may be

limited.

4.3 | Publications

We selected publication quantity and quality as the least problematic
metrics of research productivity. These may report the end-product of
grants and clinical trials?>>3 but more often represent free-standing
projects. Publications have an unlimited range of topics and presenta-
tion formats (e.g., original clinical or basic science investigations, com-
mentaries, reviews, meta-analyses, editorials, letters); they may be
produced by any author at any institution; and they have immediate
and widespread electronic dissemination upon publication. Publica-
tions in credible journals have undergone a peer-review process,
which filters less worthy submissions, and revisions suggested by

knowledgeable reviewers often result in significant improvements. As
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in our study, publication metrics may be compiled by skilled health
care librarians, professionals who apply their specialized knowledge in
information searching and retrieval to support and enhance clinical
care and research.3” Previous studies of the association of
bibliometric indices and outcomes are from smaller studies, interna-
tional sites, and based on older data or less generalizable outcomes
measures.'®384! Consistent with our contemporary US study, they
have generally found positive associations between bibliometric

research indicators and clinical performance.

44 | Mechanisms linking research and clinical
outcomes

Potential mechanisms for the association of research and clinical out-
comes have been most extensively studied in the context of clinical

8-10.16,28-343839.41-47 41 include direct “bench to

trial participation
bedside” translational impact of clinical trials on the outcomes of
enrolled patients, and a broad range of indirect benefits, including
enhanced education and interaction of hospital staff with knowledge-
able national experts; greater use of protocol-driven, guideline-
concordant care; hospital infrastructure upgrades to satisfy trial
requirements; more systematic, granular patient follow-up; standard-
ized quality and safety audits and monitoring; openness to new and
innovative approaches; collaborative, team-based care; and greater
attention to detail.

Many of the hypothesized mechanisms relating clinical trial par-
ticipation with outcomes are not directly relevant to the more generic
process of conceiving, writing, and publishing a peer-reviewed
paper—many, perhaps most publications, are not the work product of
formal clinical trials. In some instances, special expertise and experi-
ence of institutional authors with a particular disease, procedure, or
health policy topic does create a natural milieu in which publications
are more likely, and that expertise could presumably contribute to
better clinical outcomes. A disproportionate concentration of knowl-
edgeable clinician-researchers at certain hospitals may occur because
they actively recruit such individuals or because their cultures directly
promote and reward expertise.

Importantly, we made no attempt, nor would it be practical, to
identify and link the specific content of thousands of publications to
corresponding clinical quality indicators, but neither does our hypoth-
esis require such a linkage. We believe that research activity such as
academic publishing creates an overall intellectual milieu of curiosity,
innovation, critical thinking, and desire to excel that transcends the
specific content of individual papers.

The process of writing and publishing papers also helps to create
expertise and state-of-the-art content knowledge among coauthors
and study staff. Project inception and preparation require a compre-
hensive review of existing literature, including the results of previous
studies and evidence-based care recommendations derived from
them. For multi-author and multi-institutional papers, each author also
gains additional knowledge and perspectives from their collaborators.

Finally, journal reviewers and editors often provide valuable insights.
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All publications attributed to a hospital's staff physicians were

identified in our analyses, which included a broad spectrum of basic
science and clinical topics. We believe that a better understanding of
the basic science foundations of disease contributes significantly to
the ability of physicians to care for patients, and that it complements
their knowledge of more clinical aspects.

Certain personal characteristics may also be common to both
excellent clinical care and to writing and publishing scientific papers,
and some hospitals either attract more staff with these characteristics
or create an environment in which clinician-scientists with these char-
acteristics are developed.*? Regardless of the specific topic, writing
papers and navigating the peer-review publication process requires
initiative, intellectual curiosity, innovation, discipline, integrity, critical
thinking, clarity of thought and expression, attention to detail, organi-
zational skills, teamwork, effective time management, and persistence
in the face of obstacles or failure, all qualities which should also con-
tribute to being a good clinician.

These hypothesized mechanisms are all consistent with improved
mortality and patient experience scores, as these endpoints reflect
direct interactions of clinician-authors with patients. They are also
consistent with the lack of statistically significant association of publi-
cation metrics with other clinical performance indicators such as
readmissions, cost-efficiency, and hospital-acquired conditions, which
may reflect hospital systems-related outcomes less under the direct
influence of individual authors (e.g., readmissions are substantially
impacted by patient socioeconomic factors and the availability of

community resources).

5 | LIMITATIONS

As in all observational studies, these findings reflect associations
rather than causal relationships. Prolific clinician-authors or hospitals
with numerous publications do not inevitably render excellent clinical
care, and many doctors and hospitals that do not publish in the peer-
reviewed literature may provide superb care.

The publication search strategy used in this study, while system-
atic and internally validated, still required personal initiative and sub-
jective judgment. Further, there may be variations and misspellings in
the published names of individual authors, hospital affiliations, and
addresses, all of which complicate bibliometric searches.*® Even stan-
dard bibliometric indices such as the impact factor and h-index have
known limitations,232448-50

Some clinician researchers may have listed only their medical
school affiliation on their publications and by design, would not be
identified by our search strategy. Our intent was to link authors and
publications to specific hospitals (see Appendix S1), the units of analy-
sis for our study, as they were the locus of clinical activities which
constituted our primary outcomes. If there are clinician-scientists who
listed only their medical school and not their hospital affiliation, our
results would underestimate publications from those hospitals, almost
all of which would be teaching hospitals given their medical school

affiliations.
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While Hospital

completely comprehensive indicators of hospital quality, they are

Compare metrics are neither perfect nor
among the more widely used, transparent, and vetted measures in
health care. We selected a broad, representative group of 19 common
Hospital Compare metrics, but others could have been chosen instead.

A preoccupation with publications could lead to excessive self-
citation or a focus on publication quantity at the expense of quality,
especially when the academic advancement of the primary author is
at stake.** This might lead to a proliferation of marginal publications,
including those from so-called predatory publishers.

Notwithstanding publication checklists, the actual contributions
of all but the first author of a publication are often unclear. Similarly,
the clinical involvement of each author and their ability to influence
patient outcomes is generally unavailable.

Finally, this study focused on more traditional associations of indi-
vidual clinician-authors and individual institutions. Although an author
could list several hospitals, and all would be credited with a publica-
tion, our study does not account for health care systems where an
individual physician-hospital affiliation may not exist.

6 | CONCLUSION
A minority of acute care hospitals have staff who publish in the peer-
reviewed literature. Like teaching intensity, publications are measur-
able hospital characteristics, and they are often associated with aca-
demic medical centers. Hospitals whose staff publish peer-reviewed
papers in the biomedical literature have, on average, superior mortal-
ity rates and patient experience of care scores, even after adjustment
for teaching intensity, hospital size, metro location, ownership, geo-
graphic region, payer mix, and nursing Magnet recognition.
Publication-related measures of research activity and impact are
objective structural metrics of hospital quality. They could be incorpo-
rated into the mix of considerations used by patients in selecting a
hospital provider, by funding agencies to assess the potential down-
stream value of research projects, and by organizations that develop
measures of hospital quality.
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