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ABSTRACT

Background

Extensive debate exists in the healthcare community over whether outcomes of medical care
at teaching hospitals and other healthcare units are better or worse than those at the
respective nonteaching ones. Thus, our goal was to systematically evaluate the evidence
pertaining to this question.

Methods and Findings

We reviewed all studies that compared teaching versus nonteaching healthcare structures for
mortality or any other patient outcome, regardless of health condition. Studies were retrieved
from PubMed, contact with experts, and literature cross-referencing. Data were extracted on
setting, patients, data sources, author affiliations, definition of compared groups, types of
diagnoses considered, adjusting covariates, and estimates of effect for mortality and for each
other outcome. Overall, 132 eligible studies were identified, including 93 on mortality and 61
on other eligible outcomes (22 addressed both). Synthesis of the available adjusted estimates
on mortality yielded a summary relative risk of 0.96 (95% confidence interval [Cl], 0.93-1.00) for
teaching versus nonteaching healthcare structures and 1.04 (95% Cl, 0.99-1.10) for minor
teaching versus nonteaching ones. There was considerable heterogeneity between studies (I =
72% for the main analysis). Results were similar in studies using clinical and those using
administrative databases. No differences were seen in the 14 studies fully adjusting for volume/
experience, severity, and comorbidity (relative risk 1.01). Smaller studies did not differ in their
results from larger studies. Differences were seen for some diagnoses (e.g., significantly better
survival for breast cancer and cerebrovascular accidents in teaching hospitals and significantly
better survival from cholecystectomy in nonteaching hospitals), but these were small in
magnitude. Other outcomes were diverse, but typically teaching healthcare structures did not
do better than nonteaching ones.

Conclusions

The available data are limited by their nonrandomized design, but overall they do not
suggest that a healthcare facility’s teaching status on its own markedly improves or worsens
patient outcomes. Differences for specific diseases cannot be excluded, but are likely to be
small.

The Editors’ Summary of this article follows the references.
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Introduction

A large number of studies, including many in leading
medical journals (see Protocol S1 for references for the
studies themselves) [1,2] have tried to address whether
medical teaching settings obtain better patient outcomes
than nonteaching ones; theoretically a teaching environment
may also entail unnecessary risks for patients. Superior
outcomes in teaching settings have been reported in some
studies, but others have claimed the opposite [3].

The pertinent evidence is derived entirely from non-
randomized studies. However, patient populations in differ-
ent settings may have different case-mixes—for example,
academic centres often receive the most difficult cases [4-6].
Teaching versus nonteaching settings may differ also in
structure, e.g., availability of technology or volume of patients
[7-11]. To avoid confounding, these covariates need to be
accounted for. Healthcare structures may also differ in
process characteristics, i.e. measures that address the appro-
priate implementation of healthcare. These are not patient
outcomes, but may translate into differential outcomes, e.g., if
the right treatment is used more frequently, patients should
do better. A comparison of outcomes in teaching versus
nonteaching units should adjust for differences in patients
and structures. However, adjustment for process would dilute
any true outcome differences, since process explains the
outcomes. To further complicate matters, data on outcomes
and on adjusting covariates may be derived from different
administrative or clinical sources [2]. Clinical data are usually
more accurate than administrative data that depend on
utilization databases.

11594 citations |:> originally screened

11488 citations excluded

106 articles |:> screened in full-text

13 articles excluded

|:> eligible

+ 68 articles from the references

93 articles

132 total
eligible articles

Teaching versus Nonteaching Healthcare

To address this issue, it is necessary to examine the impact
of these issues across different studies and to try to generate a
systematic picture of the available evidence on the compar-
ison between teaching and nonteaching healthcare struc-
tures. We set to do this by examining the evidence for diverse
patient outcomes.

Methods
Eligibility

We considered eligible all controlled studies in which any
teaching healthcare structures were compared against non-
teaching counterparts on any subjective or objective patient
outcome. We considered English-language studies regardless
of the unit of the healthcare structure (e.g., hospital, service,
physician, health system) and regardless of whether teaching
status was a primary or secondary analysis.

Teaching hospitals are sometimes further divided into
major and minor teaching ones. This distinction is well
defined for US hospitals [1,2]. However, to accommodate
non-US studies, we allowed contrasts that may be defined
with various terms: e.g., the teaching unit(s) may be termed
university, academic, medical school-affiliated, resident serv-
ice, or service with house staff; and the comparator unit(s)
may be termed nonuniversity/community, nonacademic,
nonaffiliated, or service without residents and students.
Overall, we considered all studies in which the compared
units differed in teaching status, regardless of the terminol-
ogy employed. We did not consider studies where compared
units differed on whether they had an academic affiliation or
not, but were all employed in teaching (e.g., university versus

process, cost, or length of stay (6)
teaching healthcare structures only (1)
published before 1970 (5)

historic literature controls (1)

29 articles excluded | process, cost, or length of stay (9)
teaching healthcare structures only (2)
published before 1970 (1)
historic literature controls (2)

no teaching status data (11)

overlapping (4)

Figure 1. Flow Figure for Screened, Included, and Excluded Articles
DOI: 10.1371/journal.pmed.0030341.g001
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Figure 2. Relative Risk Estimates

RR estimates and 95% Cls across studies are shown that address
mortality along with summary RR by random effects calculations (Total).
The order of the presented estimates is the same as in Table 2. Articles
that include estimates on various diagnoses are presented with separate
estimates according to type of diagnosis and lettered in the order of
Table 2.

DOI: 10.1371/journal.pmed.0030341.g002

teaching community hospital). Studies of tertiary versus
primary/secondary care or specialists versus generalists were
not eligible, unless the distinction also coincided with
teaching status.

We considered studies regardless of patient outcomes
addressed, but excluded length of stay, cost or financial
parameters, and process measures from our consideration.
We also excluded overlapping articles (retaining only the one
with the most complete information), studies with historical
literature controls, and studies published before 1970, since

these would be largely irrelevant for current healthcare. We

@ PLoS Medicine | www.plosmedicine.org
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excluded nonoriginal articles (editorials, opinion pieces,
reviews), and meeting abstracts.

Searches

We searched PubMed (last search updated June 2005).
Given the multifarious nature of eligible studies, we experi-
mented with a variety of different search strategies and
compared their yield for selected articles with capture-
recapture methods. Our final search was “(university OR
academic OR teaching OR faculty OR medical school OR
affiliation) AND (community [title word] OR non-academic
OR non-academic OR non-teaching OR non-teaching OR
affiliation).” Search of the Cochrane Central Registry of
Controlled Trials yielded no additional references. We also
contacted experts. First we screened titles and abstracts.
Articles deemed potentially relevant were screened in the full
text. We also perused reviews and the reference lists of
identified eligible articles. Two investigators performed the
searches. A third investigator settled discrepancies.

Outcomes

We defined mortality as the primary outcome, since it is the
most important and objective outcome although some
variability may still be encountered across studies, e.g., the
time frame during which mortality is captured. Furthermore,
studies addressed mortality more than any other outcome.
We set no restriction on eligibility for secondary patient
outcomes, and accepted both objective (e.g., morbidity) and
subjective (e.g., patient satisfaction) outcomes.

Data Extraction

For each eligible study, we extracted information on
authors, year of publication, type of data (clinical data where
information was obtained directly from medical records
versus administrative data from utilization databases), re-
ported academic affiliation of corresponding author (yes, no,
unclear), time period for the analysed databases, number of
hospitals or healthcare structures, number of patients, and
definitions of teaching and nonteaching status. Academic
affiliation was derived from addresses of health science-
related schools, universities, hospitals, or other institutions at
which teaching is a key mission; nonacademic addresses
included research or nonresearch institutions and hospitals
at which teaching is not a key mission.

For all studies that addressed mortality, we recorded
whether any adjustment was made for nonprocess covariates.
If so, we recorded the adjusting covariates as well as the
adjusted estimate of the relative risk (RR) and 95%
confidence interval (CI) for the comparison between teaching
versus nonteaching healthcare structures. RRs and 95% Cls
were derived from the presented data in various forms
depending on the model used for analysis (e.g., Cox hazard
ratios, odds ratios from logistic regressions, Poisson relative
risks, standardized mortality ratios, etc.) and were computed
from the presented information when not directly stated by
the authors. When both major and minor (other) teaching
categories were available, we recorded separate RR and 95%
CI for major teaching versus nonteaching and other teaching
versus nonteaching comparisons. When multiple adjusted
models were available, we preferred the one with the most
extensive nonprocess adjustments. Data were recorded
separately for different health conditions, whenever such
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Table 1. Characteristics of Eligible Studies

Author (Year) Country Time Period Healthcare Contrasted Groups
of Origin Structures®
(Patients)

Agabiti (2003)° Italy 1996-1997 5 (1,603) Teaching, nonteaching
Aiken (1994) us 1988 234 (ND) Teaching “magnet” hospitals (with good nursing care),

nonteaching magnet hospitals, control
Akkersdijk (1994) Holland 1990 ND (1998) University, other
Allison (2000) us 1994-1995 4,361 (11,4411) Major teaching, minor teaching, nonteaching
Alter (2005) Canada 1997-2000 ND (139,484) Academically affiliated, non-academic
Alter (2001) Canada 1992-3 190 (25,697) Teaching, nonteaching
Alter (2003) Canada 1994-8 201 (15,166) Academically affiliated, non-academically affiliated
Andersen (2000) Norway 1996-8 14 (32,248) University, community
Anderson (1992) us 1988-9 16 (1,231) Teaching, nonteaching
Ansari (1999)° Australia 1987-1998, 1994-1995 36 (ND) Teaching, nonteaching
Ansari (1998)° Australia 1989-1995 ND (24,534) Teaching, nonteaching
Ashley (1971) UK 1964-1999 5(932) Teaching, regional-board
Bach (1998) us 1995-1996 1(118) University service, community service
Barry (2003) us 1991-1997 28 (156,136) Major teaching, minor teaching, nonteaching
Basnett (1992)° UK 1982-1986 3 (999) Teaching, nonteaching
Beebe (2000) us 1997-1998 3 (536) University, community
Benitez (2001)° Spain 1996 31 (2,240) Teaching, nonteaching
Bottsford (1997)° us 1980-1995 1(362) Resident service, non-resident service (same surgeon)
Brennan (1991) us 1984 51 (31,429) Primary teaching, other teaching, nonteaching
Bruster (1994) UK 1992-1993 36 (5,150) Teaching, nonteaching
Burns (1991) us 1988 47 (54,571) Teaching, nonteaching
Carbonell (2005)° us 2000 994 (93,578) Teaching, community
Carpenter (1972) us ND 5(1,117) University, community
Chaudhry (2001) Canada 1991-1996 ND (938) Teaching, nonteaching
Chen (1999) us 1994-1995 4,672 (149,177) Teaching, nonteaching, small urban, small rural
Cohen (1989) Canada 1972-1984 ND (37,383) Urban teaching, urban nonteaching, large rural, small rural
Cole (1995)° Scotland 1986-1990 ND (326,259) Teaching, nonteaching specialist, GP maternity
Cooper (1996) us 1987-1989 ND (81,579) Teaching, nonteaching
Cooper (1998) us 1994 13 (1,031) Major teaching, minor teaching, nonteaching
Coyte (1999) Canada 1984-1991 ND (18,530) Teaching, nonteaching
Cram (2004) us 1998 441 (641,860) Major teaching, minor teaching, nonteaching
Cunningham (1999) us 1994 333 (7,901) Teaching, nonteaching
Davis (1997) us 1993-1994 47 (780) Academic, community-based
Desai (2005) us ND 3 (533) Strong, close, no medical school affiliation
Dimick (2004) us 1996-1997 ND (66,85) Teaching, nonteaching
Diringer (2001) us 1996-1999 42 (1,038) Affiliated with medical school, non-affiliated with medical school
Dubois (1995) Canada 1990-1992, 1991-1993 2 (500) Teaching, community
Duggirala (2004) us 1990-1996 3,818 (ND) Major teaching, other teaching, nonteaching
Elhanan (1995)¢ Israel 1990-1991 2 (1,489) University, community
Empana (2003) France 1997 19 (585) Teaching, nonteaching level lll facilities
Espehaug (1999) Norway 1988-1996 70 (39,505 hips) University, central (also training), local (non-training)
Feagan (2000)° Canada 1996-1997 20 (858) Teaching, community
Feigenson (1978)° us mid-1970s 84 (439) Teaching, community
Finkelstein (1998) us 1992-1994 18 (1,6051) Teaching, nonteaching
Fleming (1981) us 1976 300 (490) Teaching, nonteaching
Fleming (1991) us 1985 657 (ND) Teaching, nonteaching
Flood (1984) us ND 1,224 (494,051) Teaching, nonteaching
Fox (2002) 14 countries 1999-2000 95 (11,543) Teaching, nonteaching
Garber (1984)° us 1981 1 (2,025) Faculty service, community service
Garcia (2001) us 1996 52 (63,143) Academic, community teaching, community nonteaching
Gilchrist (1999) us 1993-1994 82 (4,010) Teaching (academic), nonteaching (nonacademic or private)
Goldacre (1976) UK 1969-1973 ND (687) Teaching, general nonteaching (regional board), infectious disease
Gomi (2003)° Japan 1998-2001 76 (220) Academic, non-academic
Gorst (1992)¢ UK 1982-1989 13 (953) Tertiary centres, district general hospitals
Gregory (1999) us 1991 78 (92,798) Private teaching, private nonteaching, HMO, public
Gregory (2001) us 1988-1991 ND (10,400) Private teaching, private nonteaching, HMO, public
Gregory (2001) us 1995 288 (463,196) Teaching, nonteaching
Haas (2003) us 1996 357 (54,874) Teaching, public or district, rural, other
Hartz (1989) us 1986 3,100 (ND) Public teaching, private teaching, nonteaching
Heck (1998) us 1985-1990 ND (208,980) Teaching, nonteaching
Horbar (1997) us 1991-1992 62 (7,672) Teaching, nonteaching
Howard (2004) us 1988, 1991 252 (313,669) Teaching, nonteaching
Huber (2001)¢ us 1994-1996 900 (16,450) Teaching, nonteaching
Hutter (2000) us 1990-1996 357 (5,696) University, affiliated teaching, nonteaching
Jahnigen (1985) us 1981-1983 6 (124) Teaching, nonteaching
Jensen (2004)° us 1997-2001 8 (231) Academic, VA, private
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Table 1. Continued

Author (Year) Country Time Period Healthcare Contrasted Groups
of Origin Structures®
(Patients)

Johnston (2001) us 1997-1999 2 (569) Academic, community

Kazmers (1996) us 1991-1993 116 (3,687) Large hospitals with strong affiliation with medical schools, middle-
sized hospitals with strong affiliation with medical schools, middle-sized
hospitals, small rural hospitals, psychiatric hospitals

Keeler (1992)° us 1981-1982, 1985-1986 297 (14,008) Major teaching, moderate/limited teaching, nonteaching

Kelly (1986)° us 1977 160 (5,694) Teaching, medical-school affiliated, non-medical-school affiliated

Khuri (2001) us 1997-1999 128 (690,811) Teaching, nonteaching

Kingston (1992)° UK 1981-1983 12 (567) Teaching, nonteaching

Kotwall (2002) us 1988-1995 720 (24,926) Urban teaching, urban nonteaching, rural

Krupski (1985) us 1980-1983 3 (300) University, private community, university-affiliated VA

Kuhn (1994) us 1988 3,782 (ND) Osteopathic, for-profit, public nonteaching, public teaching, private
not-for-profit nonteaching, private not-for-profit teaching

Lawler (1989) us 1985-1986 1(523) Academic, community physicians whose patients are admitted to an
ICU

Lee-Feldstein (1994) us 1984-1990 126 (5,892) Teaching, HMO, large community, small community

Litwin (1992)° Canada 1990-1991 31 (2,201) Teaching, nonteaching

Loberiza (2005) us 1998-2000 163 (4,285) Medical school affiliation with students/residents, fellows, both vs. non-
affiliated

Lopez (2002) us 1999 44 (933) University-based, community-based surgeons

Maxwell (2004) us 1988-1999 ND (4,601) Urban teaching, urban nonteaching, rural

Mayo (1989) Canada 1984-1985 27 (3,045) Teaching, affiliated, nonteaching/nonaffiliated

Mazer (1993) us 1988 4 (335) Teaching, nonteaching

Mettlin (1987)° us 1977, 1982, 1984 ND (ND) Medical school affiliated, non-medical school affiliated

Meyers (1998) us 1988-1994 134 (107,648) Academic medical centers, nonteaching

Mylotte (2001) us 1995 2 (249) Teaching, nonteaching

Oei (2002)° us 1997-1998 2 (362) University, community

Oleske (1991) us 1986 ND (130,249) Teaching, nonteaching

Pearce (1999) us 1992-1996 835 (90,331) Teaching, nonteaching

Peterson (1994) us 1988-1990 158 (33,641) Medical school affiliated, non-medical school affiliated

Polanczyk (2002) us 1993-1995 248 (388,964) Major teaching, minor teaching, nonteaching

Pollack (1994) us 1989-1992 16 (5,415) Teaching, nonteaching

Reed (2001) us 1998-1999 137 (23,058) Teaching community, nonteaching community

Richards (1996) UK 1984-1988 49 (1,324) Teaching, nonteaching

Richards (1998)° us 1992-1997 93 (227,451) Teaching, nonteaching

Richards (2000)° us 1992-1998 205 (498,998) Major teaching, graduate teaching, limited teaching, nonteaching

Rock (1993) us 1983, 1988 288 (7,523) Teaching, nonteaching

Rogowski (2004)° us 1995-2000 332 (94,110) Teaching, nonteaching

Rosenthal (1997) us 1991-1993 30 (89,851) Major teaching, minor teaching, nonteaching

Schultz (1999) us 1992 373 (ND) Major teaching, graduate, limited teaching, nonteaching

Selker (1991) us 1979-19981 6 (4,099) University teaching, medical-school affiliated teaching, nonteaching

Shah (1971) India 1961-1969 2 (ND) City teaching, rural community

Shaughnessy (1995) us 1984-1988 17 (ND) Teaching, nonteaching

Sheng (2005) Taiwan 2002 3 (273) University, community

Silber (1995) us 1991-1992 57 (16,673) Teaching, nonteaching

Silber (1992) us 1985-1986 531 (5,972) With housestaff, without housestaff

Singh (1996) India ND ND (2,000) Medical college hospital, community hospitals

Sloan (2000) us 1995 85 (32,593) Teaching, nonteaching

Stiller (1994) UK 1971-1988 ND (1,258) Teaching, nonteaching

Stiller (1999) UK 1984-1994 ND (879) Teaching, nonteaching

Stone (1992) us 1987-1988 40 (300) High-intensity teaching, low-intensity teaching, nonteaching

Stross (1976) us 1973-1974 23 (4,980) University, urban, community

Tanisada (2000) Japan 1992-1994 37 (336) Academic, non-academic

Taylor (1999) us 1984-1994 1,378 (3,206) Major teaching, minor teaching, nonteaching

Teres (1983) us 1978 2 (558) Private and teaching, private

Thomas (2000) us 1992 28 (2,820) Major teaching, minor teaching, nonteaching

Thomas (2000) us 1992 27 (15,000) Major teaching, minor teaching, nonteaching

Thompson (2002) us 1991-1992 27 (ND) With or without orthopedic residency

Tingulstad (2003) Norway 1992-1997 8 (115) Teaching, nonteaching

Tingulstad (2003) Norway 1987-1996 8 (571) Teaching, nonteaching

Todd (2004) us 1998-2000 ND (14,901) Urban teaching, urban nonteaching, rural (only primary care residen-
cies)

Udvarhelyi (1990) us 1985 1 (180) Teaching service, nonteaching service

Wade (1994) us 1987-1991 327 (1,964) University affiliated, non-affiliated

Wade (1996) us 1989-1994 ND (130) Teaching, nonteaching

Warren (1998)° us 1993-1995 ND (8,549) Heavy, moderate, light, no teaching load

Wells (1998) us 1994-1995 1 (154) Resident service, private community service

Whitehouse (2002) us 1997-1998 2 (118) Teaching, community
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Table 1. Continued

Author (Year) Country Time Period Healthcare Contrasted Groups
of Origin Structures®

(Patients)

Whitsel (2000) us 1997-1999 3 (5,705) University, community

Whittle (1998) us 1990 ND (22,294) Teaching, nonteaching

Wolfe (1997) UK 1991 ND (118) Teaching, nonteaching with support, nonteaching without support

Yuan (2000) us 1984-1993 5,127 For-profit, not-for-profit, osteopathic, nonteaching public, teaching not-
(16,983,000) for-profit, teaching public

Zimmerman (1993) us 1988-1990 35 (15,297) Teaching, nonteaching

“All refer to hospitals, except Bootsford (1997), Davis (1997), Diringer (2001), Kingston (1992), Lopez (2002), and Shuaghnessy (1995), which refer to, respectively, a single surgeon,

endoscopists, intensive care units, surgeons, surgeons, and nursing homes.
Nonacademic affiliated corresponding author.

“Unclear whether corresponding author has academic affiliation.

ND, no data.

DOI: 10.1371/journal.pmed.0030341.t001

separate information was provided. When only unadjusted
estimates were given, these were recorded but not further
analysed because of the problems of unadjusted estimates.
For each study that provided adjusted estimates we recorded
whether adjustments had addressed volumelexperience,
severity, and comorbidity—beyond simple considerations of
age, gender, urgency of a procedure, and (for multiple-
diagnosis studies) diagnosis-related group.

For all studies that addressed any other outcome besides
mortality, the same considerations applied for recording
adjusted estimates for informative comparisons, selecting
adjusted models, and presenting data separately according to
each outcome and condition of interest. Unadjusted analyses
were simply recorded, as above.

Data extraction was performed by two investigators and
further checked by a third senior investigator for accuracy.
Discrepancies were discussed to reach consensus.

Data Synthesis

We summarized descriptive characteristics of the studies.
We had anticipated that quantitative synthesis of the
retrieved information may be precarious given the diversity
in study designs, outcomes, measurements, and adjustments.
Nevertheless, mortality was a very common, unambiguous
outcome and was reasonably amenable to exploratory
quantitative synthesis. Given the expected between-study
heterogeneity, all formal meta-analyses were performed using
random effects calculations [12] using general variance
models. Each study was weighted by the inverse of its variance
plus the estimated between-study variance. Between-study
heterogeneity was estimated with the Q statistic [12] and the
I? statistic [18]. The former is a chi square-based test for the
statistical significance of heterogeneity, while the Ilatter
provides a measure of the extent of heterogeneity and values
above 75 suggest very large heterogeneity.

We performed an overall synthesis using all data on
mortality across all studies and separate analyses according
to subgroups defined by type of data (clinical versus
administrative), year of publication (per decade), location of
study (US versus other), affiliation of corresponding author
(academic, nonacademic, unclear), and whether the compared
healthcare structures were named as teaching versus non-
teaching or otherwise. We also performed separate analyses

@ PLoS Medicine | www.plosmedicine.org
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for each health condition where at least three RR estimates
were available for data synthesis. A sensitivity analysis
synthesized only the more rigorously adjusted studies where
adjustments had considered volume/experience, severity, and
comorbidity (as defined above). Finally, we examined whether
observed effect sizes were related with the precision of the
estimates [14]. When less-precise studies show more prom-
inent effects than more precise studies, this may reflect bias
(including publication bias), but may also hint to study-design
differences or other genuine sources of heterogeneity.

Whenever data compared major teaching, minor (other)
teaching, and nonteaching status, we used the major teaching
versus nonteaching comparison. We also performed a
separate analysis that considered all comparisons of minor
teaching versus nonteaching status to address specifically
whether healthcare structures that perform limited teaching
have different mortality rates than nonteaching ones. No
studies specifically defined and compared only minor teach-
ing versus nonteaching healthcare.

Finally, for nonmortality outcomes, we simply described
the range of estimates across studies. Analyses were per-
formed in SPSS 12.0 (SPSS, Chicago, Illinois, United States).

Results

Retrieval of Articles and Eligible Studies

Of 11,594 originally screened articles (Figure 1), 132
articles were eventually eligible (Table 1): 93 addressed
mortality, and 61 addressed other eligible outcomes (22
addressed both mortality and other outcomes). Most eligible
studies were performed in the US (n=94, 71.2%). Studies had
also been done in Canada (n = 10), European countries (n =
19), Australia (n = 2), and Asia (n = 6), while one study was
multinational. Studies covered a wide range of time periods,
but 75 (56.8% ) studied patient databases after 1991. The word
“teaching” was explicitly used in the naming of the compared
groups in 97 studies (73.5%), while in the other 35 the
teaching versus nonteaching comparison could be indirectly
inferred from the definition of the groups.

Of the 93 articles containing mortality data, 28 (30.1%)
provided only unadjusted estimates, and 17 (18.3%) provided
adjusted data that were not usable because of lack of
sufficient detail in reporting or because the contrast was
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Table 2. Comparisons of Teaching versus Nonteaching Healthcare on Patient Mortality

Author (Year) Data Adjusting Factors Conditions Adjusted RR (95% CI)®
Allison (2000) C Age, sex, race, cardiac arrest, CHF, SBP, creati- AMI MT-NT 0.80 (0.77-0.84), OT-NT
nine, WBC, AMI location 0.91 (0.84-0.95)
Alter (2005) A Age, sex, neighbourhood characteristics (6), on-  AMI 1.03 (0.94-1.12)
site catheterization facilities, on-site revasculari-
zation facilities
Ansari (1999) A Age distribution, length of stay, type of admis-  Prostatectomy 1.00 (0.87-1.14)
sion, type of prostatectomy, location of hospi-
tal, cancer of prostate, other malignancy (ex-
cept prostate), CVD, respiratory illness,
endocrine disorders (including DM)
Basnett (1992) C Age, stage Primary breast cancer 0.57 (0.44-0.75)
Burns (1991) A Age, sex, comorbidity, hospital ownership, bed- AMI 1.70 (1.28-2.25)
size, volume, location, board certification
CVA, respiratory infection, respiratory failure, NS in multivariate model
COPD, pneumonia, CABG, aorta repair/replace-
ment, CHF, atrial fibrillation, colectomy, Gl
bleeding, major joint procedure, hip fracture,
dehydration, UTI
Carbonell (2005) A Age, sex, hospital bed size, laparoscopy, cholan-  Cholecystectomy 1.23 (0.95-1.34)
giogram, complications, emergency surgery,
race, primary expected payer, hospital region
Chaudhry (2001) C Age, tumor size, estrogen receptor status, Breast cancer—small tumor 0.47 (0.23-0.96)
radiotherapy
Breast cancer—Ilarge tumor 1.32 (0.73-2.32)
Cram (2004) A Age, race, sex, comorbid conditions 50 common diagnoses MT-NT 1.06 (0.94-1.19), OT-NT
1.03 (0.97-1.09)
Cunningham (1999) A Age, sex, race/ethnicity, insurance status, hospi-  AIDS 1.0 (0.8-1.2)
tal type, severity stage, comorbidity level, any
previous admission, AIDS experience
Dimick (2004) A Age, sex, race, indication for surgery, extent of Pancreatic resection 0.9 (0.6-1.3)
resection, admission type, Romano modification
of Charlson comorbidity score, hospital volume
Hepatic resection 1.1 (0.6-2.0)
Esophageal resection 0.7 (0.4-1.4)
Diringer (2001) C Race, admitting service, primary reason for ad- ICU NS in multivariate model
mission, GSC, number of ICH patients admitted,
patient management policy, number of ICU
beds, neuro vs. general ICU, ACGME fellowship,
CCM fellowship
Empana (2003) C Antenatal corticoids, IUGR, inborn centre, gesta-  NICU 1.30 (0.47-3.57)
tional age, gender, CRIB, RDS, intraventricular
haemorrhage grade 3-4, assisted ventilation
Fleming (1991) A Risk-adjusted mortality index All diagnoses NS in multivariate model
Garber (1984) A Age, sex, race, residence, urgency of admission, Twelve diagnoses groups 0.75 (0.6-0.95) approximate
discharge during the previous 6 months, diag-
nosis related group
Gomi (2003) C Age, sex, performance status, grade, stage, lym-  Esophageal cancer 0.60 (0.37-0.98)
phatic dissection, residual disease, radiotherapy
characteristics, timing and dose, chemotherapy
Haas (2003) A Age, sex, income, past discharges, clinical risk ~ Community-acquired pneumonia 0.96 (0.84-1.10)
factors, ethnicity
Hartz (1989) A Severity of illness, occupancy rate, ownership, All diagnoses 0.96 (0.95-0.98)
high-technology index, hospital beds
Horbar (1997) C Apgar, birth weight, prenatal care, antenatal NICU low birth-weight 1.18 (0.94-1.47)
steroid use, gender, race, hospital volume
Hutter (2000) A Age, sex, diagnosis type, procedure, hospital Major pancreatic resection 0.97 (0.8-1.2) approximate
volume
Jahnigen (1985) C Prognosis and date of discharge matching Long nursing home stay 0.65 (0.10-4.13)
Kelly (1986) A Procedure volume (hospital), procedure volume  Stomach operation for cancer 0.92 (0.8-1.05)
(physician), board certification, location, public
hospital, expenses per day, total admissions, ur-
ban, disease stage, number of diagnoses, age,
sex, insurance
Stomach operation for ulcer 1.00 (0.97-1.03)
Colorectal cancer operation 0.96 (0.93-0.99)
AAA repair 0.95 (0.88-1.02)
Khuri (2001) A Severity index CEA 0.52 (0.23-1.17)
AAA repair 1.05 (0.32-3.44)

Infrainguinal vascular surgery

1.22 (0.50-2.97)
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Table 2. Continued

Author (Year) Data Adjusting Factors Conditions Adjusted RR (95% CI)®
Colectomy 1.17 (0.75-1.82)
Open cholecystectomy 0.79 (0.35-1.79)
Laparoscopic cholecystectomy 2.14 (0.17-27.4)
THR 0.68 (0.17-2.75)
Lobectomy/pneumonectomy 1.14 (0.53-2.44)
Kotwall (2002) A Hospital volume, age, sex, emergency opera- Whipple procedure 1.05 (0.8-1.4) for urban
tion, rural, year
Kuhn (1994) A HCFA predicted mortality, other factors asso- All diagnoses 0.95 (0.88-1.01)
ciated with patient risk
Lawler (1989) C Age, race, physiological component of APACHE ICU 1.43 (1.01-2.03)
score, number of concomitant diagnoses, diges-
tive diseases, sex, illnesses, insurance status
Loberiza (2005) C Clinical severity index, physician-patient case HSCT for AML, ALL, CML MT-NT 1.43 (0.98-2.09),
load/y, initial contact for after office or emer- OT1-NT 1.43 (0.92-2.22),
gency calls OT2-NT 2.35 (1.17-4.74)
HSCT for HL, NHL MT-NT 1.08 (0.81-1.45),
OT1-NT 1.27 (0.91-1.77),
OT2-NT 1.79 (1.08-2.95)
Lopez (2002) A Level of risk Bariatric operations 5.0 (0.5-50)
Maxwell (2004) A Age Carotid body tumor surgery 0.58 (0.35-0.95) for urban
Mayo (1989) A Age Hemorrhagic stroke MT-NT 0.59 (0.42-0.83)
Mettlin (1987) A Age, race, stage, histology, hospital bed size, Breast cancer 0.89 (0.75-1.1) approximate
metropolitan size, residency program, medical
school affiliation, treatment modalities (specific
per cancer type)
Prostate cancer 1.01 (0.85-1.15) approximate
Hodgkin’s disease 0.91 (0.75-1.1) approximate
Pearce (1999) A Year, age, sex, emergency admission, LOS, type  AAA repair 1.06 (0.86-1.31)
of hospital (for profit, not for profit, govern-
ment, church), hospital beds, admissions per
year with specific surgery, admissions per sur-
geon/year, vascular surgery certification)
Lower extremity bypass graft 1.10 (0.94-1.27)
CEA 0.90 (0.81-1.01)
Polanczyk (2002) A Sociodemographic, comorbid conditions CHF MT-NT 0.95 (0.90-0.99), OT-NT
0.98 (0.94-1.03)
AMI MT-NT 0.89 (0.84-0.94), OT, NT
1.04 (0.99-1.10)
CVA MT-NT 0.95 (0.90-1.0), OT-NT
1.08 (1.03-1.14)
Pollack (1994) C Pediatric risk of mortality score, endocrine dis- PICU 1.79 (1.23-2.61)
ease, postoperative, intensivist hospital, pre-ICU
care area, multisystem disease, oncologic dis-
ease, prehospital CPR, chromosomal anomaly
Reed (2001) A Age, sex, race, risk of death, physician specialty, CVA 0.88 (0.70-1.10)
location, hospital experience, treatment with IV
tPA
Richards (1996) A District, age Primary breast cancer 1.27 (0.93-1.74)
Rogowski (2004) C Annual admissions, NICU level, large metropoli-  NICU 0.98 (0.893-1.075)
tan area, hospital ownership, insurance, gesta-
tional age, 1 min Apgar score, SGA, multiple
birth, congenital malformation, vaginal delivery,
prenatal care, sex, race, median income, mean
education
Rosenthal (1997) C Diagnosis-tailored predicted risk of death from AMI 0.78 (0.54-1.14), OT-NT 1.23
clinical and sociodemographic data (0.96-1.57)
CHF 0.71 (0.54-0.91), OT-NT 1.01
(0.80-1.28)
Gl bleeding 095 (0.67-1.34), OT-NT 1.04
(0.66-1.63)
COPD 0.56 (0.42-0.74), OT-NT 1.14
(0.88-1.47)
Pneumonia 0.93 (0.73-1.20), OT-NT 1.07
(0.83-1.37)
CVA 1.02 (0.71-1.48), OT-NT 1.18
(0.94-1.47)
Schultz (1999) A Percent board certified physicians, registered AMI 1.10 (0.56-2.18)
nurse hours/patient day, AMI volume, CABG/
PTCA resources, urban density, profit status, to-
tal operating expenses/patient day
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Table 2. Continued

Author (Year) Data Adjusting Factors Conditions Adjusted RR (95% CI)®
Selker (1991) C Age, SBP, SBPSQ, T waves, Q waves, HRT AMI NS in multivariate model
Silber (1992) C Age, sex, operation type, prior medical history, Cholecystectomy/prostatectomy 1.44 (0.9-2.4) for surgical, 1.44
admission severity score, high technology hos- (0.8-2.7) for anesthesia
pital, number of hospital beds, board certified
anesthesiologists, board certified surgeons
Silber (1995) C 48 patient and 11 hospital variables CABG 0.95 (0.75-1.21)
Stross (1976) C Age, sex, admitting BP, temperature, WBC AMI in CCU 0.5 (0.3-0.9) approximate
count, previous history of AMI, angina pectoris,
CHF, DM, HTN
Taylor (1999) A Age, sex, residence in the community, cognitive  Hip fracture MT-NT 0.54 (0.37-0.79), OT-NT

status, risk-adjustment score, ischemic stroke, 0.81 (0.56-1.14)
hemorrhagic stroke, AMI, CHF, CHF with hyper-
tension or renal disease; also peritrochanteric

fracture for hip fracture analysis

CVA MT-NT 0.89 (0.64-1.24), OT-NT
1.09 (0.79-1.49)

CAD MT-NT 0.76 (0.55-1.07), OT-NT
0.81 (0.58-1.13)

CHF MT-NT 0.95 (0.64-1.41), OT-NT

1.22 (0.84-1.77)
0.8 (0.5-1.2) approximate
NS in multivariate model

Residual disease

Age, FIGO stage, residual disease, time period,
histologic type and grade, comorbidity score,
CA 125

Tingulstad (2003) C
Tingulstad (2003) C

Ovarian cancer surgery
Ovarian cancer

Todd (2004) A Age, sex, injury severity score, preexisting medi-  Splenic trauma 1.56 (1.21-2.00) for urban, 1.82
cal conditions, head trauma, primary spleen in- (1.23-2.63) for rural
jury, assault injury, operation

Whittle (1998) A Age, race, gender, hospital, physician, season of  Pneumonia 30-d mortality 1.06 (0.96-1.18)

admission, etiology, complex score, DRG
Reason for admission, first day APACHE llI, loca-
tion and duration of hospital stay prior to ICU
admission, emergency surgery, LOS and hospi-
tal discharge practices

Zimmerman (1993) C ICU 0.96 (0.91-1.01)

Based on the above, concomitant adjustment for volume/experience, severity, and comorbidity was performed in the studies by Carbonell (2005), Cunningham (1999), Dimick (2004, three
comparisons), Kelly (1986, four comparisons), Pollack (1994), Rogoski (2004), Silber (1992, two comparisons), and Silber (1995).

2All adjusted relative risks refer to comparisons between teaching and nonteaching healthcare structures unless otherwise specified (NS in multivariate model means that the reports
simply stated the lack of statistical significance, but did not provide any useful numerical values for the relative risk and its uncertainty).

A, administrative; AAA, abdominal aortic aneurysm; ACGME, American College for Graduate Medical Education; AIDS, acquired immunodeficiency syndrome; ALL, acute lymphoblastic
leukemia; AMI, acute myocardial infarction; AML, acute myeloid leukemia; APACHE, Acute Physiology and Chronic Health Evaluation; C, clinical; CA 125, cancer antigen 125; CABG,
coronary artery bypass grafting; CAD, coronary artery disease; CCM, Critical Care Medicine; CCU, coronary care unit; CEA, carotid endarterectomy; CHF, congestive heart failure; Cl,
confidence interval; CML, chronic myeloid leukemia; COPD, chronic obstructive pulmonary disease; CPR, cardiopulmonary resuscitation; CRIB, Clinical Risk Index for Babies; CVA,
cerebrovascular accident; CVD, cardiovascular disease; DM, diabetes mellitus; DRG, diagnosis-related group; FIGO, International Federation of Gynecology and Obstetrics; Gl,
gastrointestinal; GSC, Glasgow Coma Scale; HCFA, Health Care Financing Administration; HL, Hodgkin lymphoma; HRT, heart rate; HSCT, hematopoietic stem cell transplantation; HTN,
hypertension; ICH, intracerebral hemorrhage; ICU, intensive care unit; IUGR, intrauterine growth retardation; IV, intravenous; LOS, length of stay; MT, major teaching; NHL, non-Hodgkin
lymphoma; NICU, neonatal intensive care unit; NS, not significant; NT, nonteaching; OT, other teaching; PICU, pediatric intensive care unit; PTCA, percutaneous transluminal coronary
angioplasty; RDS, respiratory distress syndrome; RR, relative risk; SBP, systolic blood pressure; SBPSQ, squared systolic blood pressure; SGA, small for gestational age; THR, total hip

replacement; tPA, tissue plasminogen activator; UTI, urinary tract infection; WBC, white blood count.

DOI: 10.1371/journal.pmed.0030341.t002

not directly relevant to the teaching status (e.g., comparison
of major teaching versus minor teaching and nonteaching
combined). Data on the 48 eligible articles containing
adjusted mortality and their adjusting covariates are shown
in Table 2. Less than half of them (20 [41.7%]) used clinical
data sources. Adjusting covariates varied from 1 to 59 per
study. A wide variety of diseases were represented in these
studies (Table 2). The 48 articles contained 74 eligible
comparisons. Of those comparisons, specific adjustments
for volume/experience were performed in 30, specific adjust-
ments for severity were performed in 59, and specific
adjustments for comorbidity were performed in 35 compar-
isons. In 14 comparisons, all three aspects were considered in
the adjustments.

Of the 61 studies that addressed other patient outcomes, 23
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(37.7%) provided only unadjusted estimates and ten (15.9%)
had nonusable adjusted analyses. Adjusted estimates were
available for 28 (45.9%) studies (Table 3). Clinical data
sources were used in 11 of them (39.3%).

Mortality

Overall synthesis of all usable adjusted mortality data
yielded a summary RR of 0.96 (95% CI, 0.93-1.00; p = 0.024
[Figure 2]) for teaching versus nonteaching healthcare
structures. Between-study heterogeneity was considerable
p < 0.001; I’ = 72%). However, there was no evidence that
studies with smaller weight had different estimates from
studies with larger weight (tau correlation coefficient —0.03;
p=0.71), and the same was true when administrative database
studies were examined separately from clinical database
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Table 3. Comparisons of Teaching versus Nonteaching Healthcare on Other Patient Outcomes Besides Mortality

Author (Year) Data Outcomes Adjusted RR (95% CI)®
Alter (2005) A Readmission after AMI 0.83 (0.77-0.90)
Alter (2001) A Cardiac admission or ED visit after discharge 0.71 (0.56-0.90)
Ansari (1998) A Adverse events after prostatectomy 1.28 (1.15-1.43)
Basnett (1992) C Relapse of breast cancer 0.68 (0.53-0.92)
Brennan (1991) C All adverse events MT-NT 2.29 (1.1-4.8) approximately; OT-NT 1.52 (?2Cl)
Adverse events due to negligence MT-NT 0.26 (0.08-0.9) approximately; OT-NT 0.92(??Cl)
Cohen (1989) A Readmission after cholecystectomy 1.29 (1.10-1.45) for urban hospitals
Coyte (1999) A Revision of knee replacement 1.24 (1.03-1.50) for best scenario; 1.60 (1.08-2.36) for worst
scenario
Desai (2005) C Satisfaction with mental health care MT-NT p = 0.48; OT-NT p = 0.92 on continuous scale out-
come
Duggirala (2004) A Postoperative DVT/PE MT-NT 1.14 (1.06-1.22); OT-NT 1.08 (1.03-1.12)
Postoperative pulmonary compromise MT-NT 1.10 (0.97-1.24); OT-NT 1.13 (1.04-1.22)
Postoperative pneumonia MT-NT 1.31 (1.12-1.52); OT-NT 1.05 (0.96-1.16)
Postoperative UTI MT-NT 1.28 (0.86-1.91); OT-NT 1.39 (1.08-1.80)
Espehaug (1999) A Revision of cemented primary THR MT-NT 1.2 (1.02-1.47); OT-NT 0.8 (0.67-0.95)
Revision of uncemented primary THR MT-NT 1.6 (1.13-2.19); OT-NT 1.1 (0.80-1.51)
Finkelstein (1998) C Patient satisfaction: physician care —1.5 (—6.9-9.8) on 100-point scale
Patient satisfaction: nursing care —4.6 (—14.0-4.9) on 100-point scale
Patient satisfaction: provision of information —3.3 (—12.5-5.9) on 100-point scale
Patient satisfaction: discharge preparation —6.8 (—16.9-3.3) on 100-point scale
Patient satisfaction: global assessments 0.3 (—13.8-14.4) on 100-point scale
Fleming (1981) C Patient satisfaction p > 0.05 on continuous scale outcome
Garcia (2001) A Cesarean delivery MT-NT 0.66 (0.55-0.76); OT-NT 1.23 (1.12-1.34)
Primary cesarean delivery MT-NT 0.64 (0.52-0.75); OT-NT 1.17 (1.05-1.29)
Episiotomy MT-NT 0.46 (0.38-0.54); OT-NT 0.88 (0.81-0.95)
Laceration (vaginal delivery) MT-NT 1.22 (1.07-1.37); OT-NT 1.08 (1.00-1.16)
Laceration (any type) MT-NT 0.86 (0.76-0.96); OT-NT 0.95 (0.88-1.01)
Serious complications index MT-NT 0.77 (0.61-0.93); OT-NT 0.98 (0.84-1.11)
Heck (1998) A Revision of knee replacement NS in multivariate model
Jahnigen (1985) C Rehospitalization from nursing home 0.33 (0.11-0.96)
Jensen (2004) C HCV no virological response to interferon 0.7 (0.3-2.0) for private; 0.8 (0.2-3.3) for veterans
Khuri (2001) A Complications of CEA 1.06 (0.69-1.65)
Complications of AAA repair 0.81 (0.45-1.45)
Complications of infrainguinal vascular reconstruction 1.70 (1.16-2.48)
Complications of colectomy 1.55 (1.21-1.97)
Complications of open cholecystectomy 1.79 (1.26-2.56)
Complications of laparoscopic cholecystectomy 2.27 (1.45-3.53)
Complications of THR 1.09 (0.73-1.65)
Complications of lobectomy/pneumonectomy 0.87 (0.53-1.42)
Meyers (1998) A Surgical complications of hysterectomy 1.86 (1.74-1.99)
Medical complications of hysterectomy 3.28 (3.06-3.52)
Oleske (1991) A Primary cesarean delivery 0.76 (0.73-0.79)
Richards (1998) A Central line-associated bloodstream infection NS in multivariate model
Ventilator-associated pneumonia NS in multivariate model
Catheter-associated UTI NS in multivariate model
Shaughnessy (1995) C Rehospitalization from nursing home 0.37 (0.2-0.7) approximately
Silber (1995) C Failure to rescue 1.04 (0.82-1.32)
Complication 0.89 (0.82-0.98)
Silber (1992) C Adverse outcomes from cholecystectomy or prostatectomy 0.97 (0.8-1.2) for surgical; 1.05 (0.8-1.3) for anesthesia
Failure to rescue after cholecystectomy or prostatectomy 2.05 (1.1-3.9) for surgical; 1.25 (0.6-2.4) for anesthesia
Sloan (2000) A Complications or death from laparoscopic cholecystectomy 1.46 (0.76-2.82)
Complications or death from open cholecystectomy 1.05 (0.60-1.83)
Complications or death from stomach operations 3.38 (1.19-9.64)
Complications or death from intestinal operations 2.73 (1.82-4.08)
Complications or death from hysterectomy 3.69 (2.54-5.37)
Complications or death from THR 4.58 (3.04-6.63)
Thompson (2002) C Operative complications from cemented THR 1.12 (0.39-3.19)
Operative complications from cementless THR 2.13 (0.83-5.44)
General complications from cemented THR 1.02 (0.50-2.06)
General complications from cementless THR 1.38 (0.59-3.22)
Pain on follow-up from cemented THR 0.82 (0.48-1.40)
Pain on follow-up from cementless THR 1.43 (0.88-2.33)
Todd (2004) A Laparotomy 0.72 (0.63-0.84) for urban hospitals
Splenectomy 0.70 (0.60-0.82)
Warren (1998) A Rehospitalization within 7 days after simple mastectomy HTL-NTL 0.88 (0.55-1.40); MTL-NTL 0.77 (0.43-1.38); LTL-NTL

Rehospitalization within 30 days after simple mastectomy

0.91 (0.62-1.35)
HTL-NTL 1.06 (0.80-1.40); MTL-NTL 0.88 (0.62-1.25); LTL-NTL
0.92 (0.72-1.16)
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Table 3. Continued

Author (Year) Data Outcomes Adjusted RR (95% CI)®
Rehospitalization within 7 days after modified radical mas- HTL-NTL 1.05 (0.88-1.26); MTL-NTL 1.10 (0.89-1.36); LTL-NTL
tectomy 1.03 (0.90-1.19)
Rehospitalization within 30 days after modified radical mas- HTL-NTL 1.05 (0.94-1.17); MTL-NTL 1.03 (0.90-1.18); LTL-NTL
tectomy 1.01 (0.92-1.10)

Whittle (1998) A Readmission after pneumonia 1.02 (0.90-1.15)

2All adjusted relative risks refer to comparisons between teaching and nonteaching healthcare structures unless otherwise specified (NS in multivariate model means that the reports
simply stated the lack of statistical significance, but did not provide any useful numerical values for the relative risk and its uncertainty).

A, administrative; AAA, abdominal aortic aneurysm; AMI, acute myocardial infarction; C, clinical; CEA, carotid endarterectomy; Cl, confidence interval; DVT, deep vein thrombosis; ED,
emergency department; HCV, hepatitis C virus; HTL, heavy teaching load; LTL, light teaching load, NS, not significant; MT, major teaching; MTL, moderate teaching load; NT, nonteaching;
NTL, “none” teaching load; OT, other teaching; PE, pulmonary embolism; RR, relative risk; THR, total hip replacement; UTI, urinary tract infection.

DOI: 10.1371/journal.pmed.0030341.t003

studies. Comparisons between minor teaching healthcare
structures and nonteaching ones yielded a RR of 1.04 for
mortality (95% CI, 0.99-1.10), also with significant between-
study heterogeneity (I” = 60%).

Subgroup Analyses

With one exception, no evidence indicated that various
subgroup estimates differed among themselves (Table 4). The
exception was subgroups defined according to year of
publication. The single study in the “year of publication”
category 1971-80 gave a large benefit in favour of teaching
hospitals, while summary effects from subsequent decades
indicated no difference between teaching and nonteaching
healthcare structures. Results were similar overall in studies

Table 4. Subgroup Analyses for Mortality

Category Subgroup Comparisons (I*) RR (95% Cl)
Data sources Clinical 25 (83) 0.93 (0.84-1.03)
Administrative 49 (59) 0.98 (0.95-1.00)
Year of publication 1971-1980 1 (not applicable)  0.50 (0.30-0.90)%
1981-1990 12 (57) 1.00 (0.97-1.03)
1991-2000 29 (80) 0.96 (0.88-1.03)
2001-2005 32 (57) 1.00 (0.95-1.06)
Location of study us 64 (72) 0.97 (0.94-1.00)
Other 10 (76) 0.84 (0.70-1.02)
Affiliation of Academic 61 (73) 0.97 (0.93-1.02)
corresponding author
Nonacademic 13 (68) 0.95 (0.90-1.00)*
Definition/naming Teaching 61 (74) 0.96 (0.93-0.99)°
of comparison
Other naming 13 (63) 0.99 (0.87-1.12)
Types of diagnoses  Pneumonia® 3 (0) 1.01 (0.93-1.09)
Pancreatic surgery 3 (0) 0.98 (0.84-1.14)
NICU/PICU 6 (72) 1.11 (0.97-1.27)
CVAP 4(0) 0.95 (0.90-0.99)°
Cholecystectomy 3 (0) 1.21 (1.02-1.43)?
CHF® 3 (57) 0.88 (0.72-1.06)
Breast cancer 5 (80) 0.85 (0.78-0.93)°
AMIP 7 (87) 0.94 (0.82-1.08)
AAA repair 3 (0) 0.96 (0.90-1.03)

Mixed diagnoses® 3 (28) 0.97 (0.93-1.00)

AAA, abdominal aortic aneurysm; AMI, acute myocardial infarction; CHF, congestive heart
failure; CVA, cerebrovascular accident; NICU, neonatal intensive care unit; PICU, pediatric
intensive care unit; RR, relative risk.

°p < 0.05.

POne study with nonsignificant results in multivariate model, not included.

DOI: 10.1371/journal.pmed.0030341.t004
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using clinical versus administrative data and were not
influenced by the affiliation of the corresponding author,
the exact naming of the comparison, or the study location,
except for a small nonsignificant trend for superior outcomes
with teaching institutions in non-US studies. Heterogeneity
was sizable within all of these subgroups.

In diagnosis-focused analyses, there was no between-study
heterogeneity for some diagnoses, but heterogeneity per-
sisted for others (Table 4). Certain diagnoses seemed to differ
significantly between teaching and nonteaching healthcare
structures: Teaching institutions seemed to perform signifi-
cantly better than nonteaching ones for breast cancer,
cerebrovascular accidents, and mixed diagnoses, but for the
latter two diagnosis groups the magnitude of the differences
was very small. Conversely, a small significant superiority in
favour of nonteaching hospitals was seen for cholecystec-
tomy. For most diagnoses, the 95% Cls excluded major
differences between teaching and nonteaching healthcare
structures.

Sensitivity Analysis

An analysis limited to the 14 comparisons in which volume/
experience, severity, and comorbidity had all been specifically
adjusted for yielded a summary RR of 1.01 (95% CI, 0.94-
1.07). However, considerable between-study heterogeneity
existed (I = 60%).

Among the 14 comparisons, statistically significant diag-
nosis-specific differences in mortality were seen in two
studies. One study found significantly increased mortality in
teaching paediatric intensive care units (RR 1.79; 95% CI,
1.23-2.61). Another study found a small nominally significant
reduction in mortality risk in teaching hospitals for color-
ectal cancer surgery (RR 0.96; 95% CI, 0.93-0.99). None of the
conditions for which significant benefits had been seen in
teaching healthcare in the overall analysis (cerebrovascular
disease, breast cancer, mixed diagnoses) were addressed by
any studies with full concomitant adjustment for volume/
experience, severity, and comorbidity. Conversely, one study
on cholecystectomy outcomes had performed these adjust-
ments and showed similar trends for increased death risk in
teaching hospitals (RR 1.21; 95% CI, 0.95-1.34), while another
study with two comparisons addressing mortality on chol-
ecystectomy/prostatectomy procedures also found a non-
significantly increased risk of death in teaching hospitals (RR
1.44 in both comparisons).
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Other Outcomes

Types of outcomes that were addressed in the included
studies varied greatly, precluding any formal quantitative
synthesis. Overall, among estimates presented with odds
ratios, 36 were in favour of nonteaching hospitals and 21
were in favour of teaching hospitals, but most of these
estimates were not statistically significant (Table 3). None of
the six continuous outcome estimates pertaining to patient
satisfaction reached statistical significance.

Discussion

This systematic review of 132 studies revealed little
evidence for a difference in healthcare outcomes between
teaching and nonteaching settings. Observational study
designs have limitations, but our results do indicate that
differences in mortality outcomes between teaching and
nonteaching healthcare structures, if they exist, appear small,
and may not exist at all for most diseases and circumstances.
Summary RR increase or decrease of 4% is well within the
range of error expected from observational studies. Focusing
on formal statistical significance would be misleading here
[15], and the precision of effect sizes should not be
overinterpreted. Given the wide diversity of these studies,
the quantitative results should only be seen as suggestive, not
conclusive. Results on nonmortality outcomes were even
more diverse, further limiting quantitative inferences, but
nonteaching hospitals did not seem to have inferior perform-
ance in most cases. Our results suggest in broad terms that
teaching hospital status does not in and of itself result in
major benefits nor risks for patient outcomes. In addition to
the results of the combined analysis, which should be
interpreted with great caution, our systematic review high-
lights some of the major problems in this literature.

We observed large between-study heterogeneity. This is
expected, given the nonrandomized design of these studies
and the variability in settings, diseases, adjusting factors, and
databases used. Multiple comparisons, selective reporting,
publication bias, and other study-specific biases are an
additional threat to this literature and it would be difficult
to probe their exact depth. We observed some small differ-
ences between teaching and nonteaching institutions for
certain diagnoses. One may argue that differences in patient
outcomes with teaching versus nonteaching healthcare are
expected to exist only for specific diseases and settings.
Focusing on subgroup analyses, however, can lead to
misleading claims when the overall data are unavoidably
weak due to inherent design problems.

Allowing for this caveat, better survival was seen for breast
cancer and possibly cerebrovascular accidents in teaching
healthcare. Unfortunately, these superior outcomes with
teaching hospitals were seen in studies that did not adjust for
volume/experience, severity, as well as comorbidity. Teaching
centres may have better experience and closer adherence to
guidelines for treating some types of cancer patients [16] and
may utilize treatment more appropriately for some vascular
diseases [17]. Conversely, for cholecystectomy the mortality
rates were lower in nonteaching healthcare. Involvement of
inexperienced trainees may not be beneficial for patients
undergoing a common operation, such as cholecystectomy, in
which experience is the most important factor. In another
study, lack of experience of residents was also felt to underlie
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the relatively poor outcomes of teaching hospitals in paedi-
atric intensive care patients [18]. However, such differential
results should be interpreted very cautiously. It is impossible to
adjust for all potential confounders in such studies.

Additional caveats should be discussed. We believe that
some eligible studies are still missing from our evaluation,
since it is very difficult to identify all articles that have
attempted incidentally a cursory comparison of teaching
versus nonteaching healthcare. Two relatively recent system-
atic reviews in this field found fewer than 25 eligible articles
each, probably because of this limitation [2,3]. Focusing on
studies in which teaching effects are claimed to be primary
findings may bias the results in favour of teaching institu-
tions. However, even if we missed some studies in our
assessment, the data that we managed to find represent
substantial evidence, and conclusions are unlikely to change.

Several studies provided unadjusted estimates of the RRs.
Analyzing unadjusted estimates is problematic, since they do
not consider differences in case-mix, baseline severity, and
other patient characteristics. Thus, we used only adjusted
estimates of the RRs for our data synthesis. Even these
estimates may be biased. There is no way to correct for all
possible confounding in observational designs. Volume and
experience with the management of a disease are also
important variables to adjust for [7-11,19]. However, even
for confounding factors that seem to be very important, their
exact impact is not yet fully known, and recent better-quality
studies have begun to reveal the inadequacies of previous
work [20]. Studies with adjustments for the most important
covariates yielded similar results to the overall meta-analysis,
but even here residual confounding cannot be fully excluded.
Furthermore, the quality of the data may sometimes have
been less than optimal, in particular when the data sources
were administrative rather than clinical. Nevertheless, we
found no major differences in the results of studies using
clinical versus administrative data sources.

The results of this study may provide enough evidence to
fuel the debate on the prospects of academic medicine [21].
Various scenarios for the future of academic medicine have
been proposed, according to which academic medicine may
eventually be abolished; may become more driven by public
dictates; may become more privatized and corporate; may
acquire a more global outlook; or may try to be as fully
engaged as possible [21]. For those proposing that academic
medicine can be abolished, our systematic review may be
interpreted as evidence that abolishing teaching versus
nonteaching distinctions likely will not affect patient out-
comes on average. If public pressure becomes more impor-
tant, academic medicine may focus more on neglected
outcomes of indigent populations. A privatized academic
medicine scenario may cause the outcomes of certain
unprofitable procedures to receive little attention, while
other, more profitable conditions may receive a dispropor-
tionately large amount of attention.

The net outcome effects of any change in direction of
academic medicine are not easy to predict. Our review is
largely limited to data from developed countries. Thus, for
example, proposing that strengthening academic medicine in
developing countries will not improve patient outcomes
should not be done lightly. Teaching in a healthcare setting
does not affect only patients and only in the immediate term;
it is an integral part of medicine with benefits to patients in
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the long term as well. As such, teaching should be fostered to
create better practitioners in the future for both academic
and nonacademic centres.
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hospitals. None of these studies was a trial. (They were “observational
studies” where researchers had gathered information on what was
already taking place, rather than setting up an experiment.) However, in
14 studies, extensive allowances had been made for differences in such
factors as the severity of the patients’ condition, and whether or not they
had more than one type of illness when they were treated. There was a
great deal of variability in the results between the studies but, overall,
there was no major difference in the effectiveness of treatment provided
by the two types of hospital.

What Do These Findings Mean? There is no evidence to support that it
is better to be given treatment in a teaching or a nonteaching hospital.
The authors do note that a limitation in their analysis is that it was based
on studies that were not randomized controlled trials. They also raise the
question that differences might be found if considering specific diseases
one by one, rather than putting information on all conditions together.
However, they believe that any such difference would be small. Their
findings will be useful in the continuing debate on the most effective
ways to train doctors, while at the same time providing the best possible
care for patients.

Additional Information. Please access these Web sites via the online

version of this summary at http://dx.doi.org/10.1371/journal.pmed.

0030341.

e Wikipedia entry on teaching hospitals (note: Wikipedia is a free online
encyclopedia that anyone can edit)

e Information on randomized clinical trials from the US National
Institutes of Health

o A definition of systematic reviews from the Cochrane Collaboration, an
organization which produces systematic reviews

All of the above include links to other Web sites where more detailed

information can be found.
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