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Continuing Medical Education Activity and

American Board of Surgery Examination Performance

Robert S Rhodes, MD, FACS, Thomas W Biesten, Ms, Wallace P Ritchie Jr, MD, PhD, FACS,

Mark A Malangoni,

MD, FACS

BACKGROUND:

STUDY DESIGN:

RESULTS:

CONCLUSIONS:

Surgical knowledge is the basis of successful clinical problem solving, so is thought to be an
important component of overall clinical abiliry. Continuing medical education (CME) rein--
forces basic knowledge and provides exposure to new knowledge within 2 field. Specialty board
examination performance measures this knowledge bur few studies have investgated a link
between such performance and CME activity. This study assessed that link on the American
Board of Surgery Recertification Examination.

The study sample comprised 278 randomly chosen applicants for the 2000 examination. Study
variables included practice type, career activiry, ége, gender, other Board certifications, exami-
nation attempts, community size, geographic region, nationality, and ethnicity.

The study sample was remarkably similar to the toral candidare cohort with regard to study
variables. Of the 245 sample Diplomates who took the Recertificadon Examinartion, 10.2%
failed. The Pass group reported 53% more total CME hours and 38% more Category I CME
hours than the Fail group. The vast majority of Category I activities were surgical, clinical.
Analyzed by quartiles of total CME hours, the failure rate was only 3.4% for the highest quartile
but 25.8% for the lowest quartile. For Category [ hours, respective failure rates were 4.8% and
19.4%. When further stratified by practice type, the failure rate of those in solo practice was 6%
for those in the highest quartile of toral CME hours and 37% for those in the lowest quarrile.
For Cartegory I hours, the respective failure rates were 0% and 31%.

There is a strong relationship berween CME activity and performance on the American Beard
of Surgery Recertification Examination. Low CME activity and practice type appear to be
independent risk factors for examination failure. The relationship of these findings to patient
care outcomes has important implications. (J Am Coll Surg 2003;196:604-610. © 2003 by the

American College of Surgeons)

Surgical knowledge is important to successful clinical
problem solving and, as such, is believed to be an impor-
tant component of overall clinical surgical abilicy. Rapid
advances in health care accenruate the need o keep cur-
rentin one’s specialty. The need for continued learning is
emphasized by both state medical boards and specialty
boards through specific requirements for continuing
medical education (CME). The overall intent of such
mandatory CME is to improve patient care.'”
Specialty board cerrification examinations are well es-
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tablished as valid and reliable means of assessing this
knowledge. Periodic recertification examinations mea-
sure both retention of basic knowledge in a discipline
and the acquisition of knowledge related to subsequent
advances in a specific field. CME is the dme-honored
mechanism for gaining and maincaining such knowi-
edge, but relatively few studies have assessed the relation-
ship berween CME acrivity and examination perfor-
mance. This study sought o do so in relation to the
American Board of Surgery Recertification Examinarion
in Surgery. It further sought to characterize examinarion
performance in relation to solo practice, a characreristic
previously identified by the Board as being a relarively
high risk for Recerdfication Examinarion failure (Amer-
ican Board of Surgery, unpublished observations). The
findings are then discussed in relationship to the short-

comings of CME in improving the quality of health care.
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METHODS

Study sampie

There were 1,390 approved applications for the year
2000 Recertification Examination in Surgery. Of these,
there were 1,223 Diplomates who actually took the ex-
amination and their applications were abstracted for the
study variables. These variables included practice type,
career activity, applicant age, gender, year of inidal cer-
tification, number of examination attempts, medical
school, ethnicity, and other American Board of Medical
Specialties’ certifications. Practice type and career acriv-
ity were self-reported on a checklist incorporated in the
application. Practice communiry size was categorized by
the Metropolitan Startistical Area (MSA) designation of
the applicanc’s office address ZIP code. Geographic re-
gion was also so determined. Opdions for all these vari-
ables are shown in Table 1.

All applications were placed in alphabetical order and
every fifth application (n = 278) was abstracted for
both the number of total CME hours and Category I
CME hours during the 2 years preceding application.
Both types of activity were self-reported but Category 1
activity required accompanying documenration.

Category I CME activity was furcher categorized as
being clinical versus nonclinical and as occurring extra-
mural versus intramural (ie, in hospital). Clinical activ-
ity was further categorized as being surgical versus non-
surgical, and nonclinical activity was categorized as basic
science versus administrative {eg, coding and billing).

Statistical analysis
Differences in distribution of demographic variables
were analyzed by chi-square (for univariate measures)
and by CATANOVA (for multivariate measures). Stu-
dent’s #-test was used for comparisons of age.
Distribution of CME activity was positively skewed
(ie, the peak was shifted toward lesser CME acrivity). So
the median was used to measure central tendency. Given
the wide range of reported CME activity, levels of CME
activity were aggregated into quartiles. The two middle
quartiles encompassed relatively narrow ranges of CME
activity and were furcher aggregated into a middle half.
Differences in pass/fail rates among quartiles were ana-
lyzed by Pearson chi-square.

RESULTS

Of the 278 sample Diplomates, 245 took the Recertifi-
cation Examination; 33 did ncr. Table 1 shows thar the

Table 1. Demographics of the Study Sample (n = 245)
Versus All Examinees (n = 1,223)

Study All
) sample examinees
Characteristlc (%) (%)
Practice type
Solo practice (1-2 people) 38.0 36.7
Surgical group (over 2) 29.4 28.0
Mulddisciplinary group (3-10) 2.9 4.0
Multdisciplinary dlinic (>10) “11.0 10.8
Government (eg, military, VA) 2.9 3.7
- Academic 15.5 15.8
Other ] 0.4 0.1
Career actvity
Clinical practice . 95.9 91.2
Research _ 0.0 0.7
Teaching 3.3 4.4
Administration 0.4 1.0
Other (eg, emergency medicine) 0.4 1.1
Addidonal certification 33.9 31.6
Male gender P 90.2 91.7
Ethnicity
Asian 13.5 12.8
Black 3.7 3.7
Caucasian 78.8 78.7
Hispanic 4.1 42
Nadve American 0.0 0.7
MSA of office locarion
(community population)
A (> 100,000,000) 48.0 51.0
B (250,000-999,999) : 22.6 22.4
C (100,000-249,999) 8.5 8.6
D (< 100,000) 0.9 2.9
Indeterminate/other 15.1 20.0
Geographic region
Northeast ) 29.8 26.4
Southeast 19.2 21.3
Midwest 212 232
Southwest 13.9 ‘ 10.5
West 15.1 17.3
Non-US 0.8 1.2
Medical school
us - 83.7 79.7
Foreign IMG 15.1 183
US IMG 12 2.0
Examinadon attempt
First 94.7 93.0
Second 2.9 5.0
Third or more 4 2.0
Examination failure rate 10.2 7.7
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Table 2. Median CME Activity among the 245 Sampie Dip-
lomates Who Took the Examination, by Examination Perfor-
mance

Sample examinee group (n)

CME Activity Total Pass Fail
Toral 170 176 115
Category 1 101 101 73

distribution of the study variables among these 245 were
remarkably similar to the total year 2000 examinee co-
hort (n = 1,223). The p values for the distributions
among these variables all exceeded 0.25 with the excep-
tion of MSA, where p exceeded 0.10. The lower p value
for this variable was primarily from a higher percentage
of indeterminate/other examinees among the total co-
.hort. The mean age of the sample Diplomates was 48.0
years for both the sample and entire examinee cohorr,
and median ages were 47.5 and 49.0, respectively. Both
groups contained essentially identical percentages of 10-
year and 20-year examinees. Among the 245 sample
Diplomates who took the examination, 10.2% failed.
This value is slightly, but not significandy, higher than
the 7.7% failure rate of the entire cohorr.

Distribution of CME activity among the sample Dip-
lomates is shown in Table 2. The Pass group reported
53% more median hours of total CME activity and 38%
more median hours of Category I CME activity than the
Fail group. The preponderance of Category I CME was
considered clinical/surgical activity and roughly wwo-
thirds to three-quarters of this was extramural. Only a
small proportion of CME activity was administrative;
no applicant reported basic science CME. Although the
Fail group had fewer median hours of CME activicy, the
relative distribution of activity among the various sub-
‘categories did not differ significandy from thart of the
Pass group (p > 0.25).

Except as noted below, there were no significant dif-
ferences berween characreristics of the 245 study sample
Diplomates who took the Recertification Examinartion
and the 33 who did not. CME activity was virtually
identical for both groups (eg, the median number of
Category I hours for examinees was 101 compared with
102 hours for those who did not take the examinarion).
Demographic characreristics of the two groups were also
similar; the exception was that nontakers had a higher
proportion of “specialists.”

Table 3 shows examination performance when ana-

Table 3. Recertification Examination Performance Based on
Quartiles of Total CME Hours and Category | CME Hours

Pass Fall

Range of
hours

Medlan
hours °~ n % n %

CME Actlvity
Total activity

Highest quartile  304-5,208 452 56 966 2 34

Middle half 126-303 172 118 944 7 56

Lowest quartile 8-125 106 46 742 16 25.8
Cartegory 1 actvity

Highest quartile  128-356 150 59 952 3 438

Middle half

Lowest quartile

73-127 101 111 917 10 83
872 62 50 80.6 12 194

lyzed by quartiles of total CME hours. There is a clear
relationship berween CME activity and examinartion
performance: for total CME activity, the failure rate was
3.4% for the highest CME quartile versus 25.8% for the
lowest (p < 0.000); for Category I CME activity, the
failure rate was 4.8% for the highest quartile versus
19.4% for the lowest (p < 0.017). The low end of the
range of CME activity in the lowest quartile is below the
Board’s current CME requirement because some exam-

_inees had their applications approved in years before the

institution of specific minimum CME requirements.
There were 19 examinees who reported less than 100
total hours of CME and 15 examinees who reported less
than 60 hours of Category 1.

Because solo practice had previously been idencified
as a risk facror for failure on the Recerrtificarion Exami-
nation, we also examined the interactions of practice
type, CME activity, and examination performance. As
noted in Table 1, solo practice comprised the largest
single category of practice type, with relatively smaller
percentages of Diplomates among each of the remaining
nonsolo groups. Failure rates by practice tgpe (irrespec-
tive of CME activity) were 17.2% (16 of 93) among
Diplomates in solo practice, 6.9% among those in a
surgical group, 0% among those in a multidisciplinary
group, 7.4% among those in a multidisciplinary clinic,
0% among those in government, 5.3% among those in
academia, and 0% for the one individual who listed
other. The higher failure rate among those in solo prac-
tice is distinctive and consistent with previous Board
findings.

Given the relatively similar low failure rates among
ed

\
ne

nonsolo practice types, these groups were aggregar
i ingl for pt f CME analysis. T
into a single group for purposes of CME analysis. T
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aggregate failure rare of the nonsolo pracrice groups was
5.9% (9 of 152). This was significancly lower than the
17.2% of those in solo pracrice (chi-square = 6.8326,

Asa group, those in solo pracrice reported fewer hours
of CME than those in nonsolo practice. The median
hours of toral and category I activity of CME among
those in solo practice was 154 and 94 hours, respectively.
This compared with 185 and 103 hours, respectively,
among those in nonsolo practice arrangements.

Tables 4 and 5 show the interaction of CME acriviry,
practice type, and examinacion performance. In general,
those in solo practices had higher failure rates than those
in other practice arrangements for each quartile of roral
and Category 1 CME activity. For total hours (Table 4),
failure rate for those in solo practice and the lowest quar-
tile was 37% (versus 16% for the lowest quartile among
those in nonsolo practices). For Category I hours (Table
5), failure rates among those in the lowest quartile were
31% and 11%, respectively. Although it appears that
there was not a single failure among solo practice exam-
inees in the highest quartile of Cartegory I acrtiviry, in
fact, one of the 20 individuals was a reexaminee. Even
accountng for this, the failure rate among those in solo
practice in high quartiles CME activity was comparable
to those in other practice arrangements.

Nortably, median CME activity within each quartile
was similar for those in solo practice versus those in
nonsolo practice arrangements. The greatest impact of
CME activity on examination performance was in the
lowest quartiles of CME activity. Here, low CME activ-
ity was associated with higher failure rates in all pracrice
types and particularly high failure rates among those in
solo practice. This strongly suggests that low CME ac-
‘tivity is ari independent risk factor for poor examination
performance.

The relative distribution of subcategories of CME ac-
tivity (ie, extramural versus intramural) seemed similar
berween those in solo practice versus other pracrice types
within either the Pass or the Fail group. Bur the distri-
bution among the various subcategories yielded too few
data poins for further, meaningful statistical analyses.

Solo practice also correlated with type of medical
school and performance on previous American Board of
Surgery examinations. Again, the numbers of Diplo-
mates in each of these variable categories were too small
for further analyses.

Table 4. Comparison of Recertification Examination Perfor-
mance of Those in Solo Practice Versus Nonsolo Practice, by
Quartile, for Total CME Hours

Pass Fail
Practice Median
Quartile type hours n % n %
Highest Solo 526 16 94 1 6
Nonsolo 447 40 98 1 2
Middle half  Solo 168 42 91 4 9
Nonsolo 177 76 96 3 4
Lowest Solo 105 19 .63 11 37
Nonsolo 108 27 84 S 16

DISCUSSION

Surgical knowledge is important to successful problem
solving and, as such, is believed to be an important com-
ponent of overall clinical surgical abilicy. Initial certifi-
cation in surgery emphasizes the acquisition of a defined
standard of medical knowledge during residency train-
ing; recertification assesses the retention of this basic
knowledge and familiarity with newer developments.
Continuing medical education is the traditional ap-
proach to gaining and maintaining the requisite current
knowledge. The presumptive link berween knowledge
and quality of patient care is the rationale for a required
minimum CME acrivity by state medical boards and
specialty boards for relicensure and recertification,
respectively.

This study demonstrates a strong relationship be-
tween CME activiry and performance on the American
Board of Surgery Recertification Examination in Sur-
gery, a valid and reliable measure of current surgical
knowledge. Surgeons with relatively low levels of CME
activity have a considerably greater probability of failure
on that examination. These findings confirm previous
Board dara thart identified practice type as a risk factor
for examination failure and also identify low levels of
CME activiry as an additional, indcpendcn't risk facror

Table 5. Comparison of Recertification Examination Perior-
mance of Those in Solo Practice Versus Nonsolo Practice, by
Quartile, for Category | CME Hours

Pass Fail
Practice .  Median
Quartile type hog s n % n %
Highest Solo 153 20 100 0 0
Nonsolo 149 39 93 3 7
Middle half  Solo 97 39 83 8 17
Nonsolo 101 72 97 2 3
TLowest Soio 62 18 69 g8 21
Nonsoio G3 32 89 4 11
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for examination failure. The failure rates of those in the
lowest quartiles of CME activity and solo practice were
at least double those in the lowest quartile with other
practice arrangements. Conversely, the failure rates of
those in solo practice and the highest quartiles of CME
activity were no different from those in other practice
arrangements and comparable CME.

At least two caveats apply to these findings. First, one
should not draw any conclusions aboutr minimal or op-
timal levels of CME activity. Some applicants may have
only reported sufficient activity to meet Board require-
ments (le, 100 hours total actvicy, 60 hours of which
must be Category I activity, during the 2 years before
application). So they may not have reported all CME
activity in which they participated. This caveat is partic-
ularly germane because the minimal requirement of Cart-
egory I activity (60 hours) and of rortal activity (100
hours) both fall within the respective lowest quartile of
the study findings. This is consistent with the finding
that, despite the CME requirement, examination failure
rates since year 2000 remain relatively high among those
in solo practice.

A second caveat is to not draw any conclusions regard-
ing the nature of the relationships among the identified
risk factors. The findings may have important implica-
tions for improving both examination and practice per-
formance, but additional research is necessary to identify
other possible risk factors and to further distinguish
those that may be causes from those that may be effects.
Because solo practice also has a number of other corre-
lates, practice type may only be a surrogate for some
other factor(s). So the present data do not distinguish
whether the higher failure rates of surgeons with litde
CME activity reflect an accelerated decline in examina-
tion performance over time, whether those surgeons per-
‘formed less well than their peers from the outser, or
whether there is some comibination of these and possibly
additional factors. Evidence for these possibilities comes
from studies of recertification in critical care medicine
by the American Board of Internal Medicine® and un-
published dara from the American Board of Surgery.

Overall, surgeons in solo practice had less CME ac-
tivity than those in other practice arrangements. It is
tempting to postulate that differences in CME activity
may be associated with barriers to CME participation.
Yer the MSA distribution of those in solo practice was
similar to that of other pracrice arrangements. So if bar-
riers do exist, they may be independent of community

size. For instance, those in urban solo pracrice mighr still
have great difficulty arranging practice coverage to ar-
tend CME acriviries.

On the other hand, when considered by quarriles,
those in solo pracrice had comparable CME activity to
those in other practice arrangements. The adverse im-
pact of low levels of CME on examination performance
was largely confined to those in the lowest quartiles of
CME, so other factors appear to be involved. Possibly
relevant to these findings is 2 recent evaluation of the
Maintenance of Certification Program of the Royal Col-
lege of Physicians and Surgeons of Canada.® Here the
investigators noted appreciable differences in awareness
between participants and nonparticipants. This issue
warrants further analysis but is beyond the immediate
scope of this article.

Improving knowledge through CME is burt an inter-
mediate step toward the goal of better patient care. Con-
sequently, the relationship of CME to improving patient
care 1s more complex than the issues that relate CME to
examination performance. Although there is evidence
that performance on cognitive examinarions is related to
performance in practice® and evidence fora link berween
specialty board certification and improved outcomes,’
many such studies have methodologic weaknesses.

Improving knowledge is an important first step in
improving patient care, bur it is increasingly recognized
that participation in CME may be necessary but not
sufficient to achieve this end. Indeed, the value of man-
dated CME activity has been questioned because of the
tendency o overemphasize the quantty and underem-
phasize the quality of the activity. In addition, many
important types of such activities often are not eligible to
receive accreditation under existing requirements. Other
potentially important types of activities either are not
widely available or are associated with substantial barri-
ers to participation.

These criticisms are supported by systematic reviews
of the impact of continuing medical educarion strare-
gies.® Effective change strategies included reminders,
patient-mediated interventions, outreach visits, opinion
leaders, and multifaceted activities. Audits wich feed-
back and educational marerials were less effective, and
formal CME conferences or activities withourt enabling
or practice reinforcing strategies had relartively lictle im-
pact. The difference berween effective strategies and
more convenctional CME strategies was an emphasis on
performance change and not just on learning >**
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Specific factors reported to increase the probability
that CME w1ll producg a change in pracrice are peer
interaction,'' commitment to change, and assessment of
results.’*? The latter is particularly important because
additional evidence suggests that improvement in care is
more likely to occur with CME activity directly linking
to patient care processes.' Such findings support the
concept that CME is but one aspect of continuing phy-
sician professional development and that increasing at-
tention needs to be focused on a broader contexr.!>'¢
The Department of Veterans Affairs has developed an
educational system for health care professionals that ex-
plicitly assesses outcomes in this broader context.”

The current findings may be particularly relevant o
peer interaction. Specifically, the Board criterion of solo
practice is one that consists of either one or two sur-
geons. A two- person “solo” practice might provide more
opportunities than a one-person practice for cross cov-
erage to attend extramural CME activities. On the other
hand, a two-person practice still may be an insufficient
“critical mass” for the feedback needed to enable a
change in practice. Further distinction between one-
surgeon and two-surgeon practices is needed to clanify
this point

In summary, CME appears to be important for the
cognitive knowledge measured by examination perfor-

" mance. But increasing evidence suggests that improving
patient care requires more than just a mandarte for CME
activity or sole emphasis on performance on a cognitive
examinartion. JToward this end, the American Board of
Medical Specialties (ABMS) has defined six general
competencies inherent in medical practice. These are
patient care, communication, professionalism, medical
knowledge, practice-based learning and improvement,
and systems-based practice. In the coming years increas-
ing emphasis will be placed on developing measures of
performance for each of these areas. For the present,
surgeons should avail themselves of existing methods to
evaluate knowledge deficits. One such method is
the Surgical Education and Self-Assessment Program
(SESAP) offered by the American College of Sur-
geons. Individualizing CME acrivity to such deficics
should enhance both examination and pracrice per-
formance. Achieving these goals requires further re-

search to identify and correct the underying factors
that adversely affect examination performance and

patient care. A
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[Headnote]

Background: Physicians with more experience are generally believed to have accumulated knowledge and skills during
years 1 practice and therefore to deliver high-quality care. However, evidence suggests that there is an inverse relationshir
between the number of years that a physician has been in practice and the quality of care that the physiclan provides.
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wrpose: To systematically review studies relating medical knowledge and health care quality to years in practice and
physician age.

Data Sources: English-language articles in MEDLINE from 19€6 to June 2004 and reference hists of retrieved artcles.
Study Selection: Studies that provided empirical resuits about knowledge or a quality-of-care outcome and included years
‘since graduation or physician age as explanatory variables.

Date Extraction: We categorized studies on the basis of the nature of the asscciation between yeais I practice or age and
performance.

Data Synthesis: Overall, 32 of the 62 (52%) evaluations reported decreasing performance with increasing years in practice
for all outcomes assessed; 13 (21%) reported decreasing performance with increasing experience for some outcomes but no
association for others; 2 (3%) reported that performance initially increased with increasing experience, peaked, and then
decreased (concave relationship); 13 (21%) reported no association; 1 (2%) reported increasing performance with
increasing years in practice for some outcomes but no association for others; and 1 (2%) reported increasing performance
with increasing years in practice for all outcomes. Results did not change substantially when the analysis was restricted to
studies that used the most objective outcome measures.

Limitations; Because of the lack of reliable search terms for physician experience, reports that provided relevant data may
have been missed. )

Conclusions: Physicians who have been in practice longer may be at risk for providing lower-quality care. Therefore, this
subgroup of physicians may need quality improvement interventions.

Ann Intern Med. 2005;142:260-273. www.annals.org

Quality assurance and performance evaluation have become central issues in medicine. Care is suboptimal in many
different medical conditions and clinical settings (1-6). Although delivering high-quality care is important to all clinicians,

this issue may be particularly relevant to certain subgroups, such as physicians with less specialized training and those whe
see a smaller volume of patients (7-10).

Physicians who have been In practice for more years may also be less likely to deliver high-quality care (11, 12). Medical
advances occur frequently, and the explicit knowledge that physicians possess may easily become outof date. Therefore,
although it is generally assumed that the tacit knowledge and skills accumulated by physicians during years of practice leac

to superior clinical abilities (13), it is also plausible that physicians with more experience may paradoxically be less likely
to provide technically appropriate care.

Few existing studies have had the spéciﬁc goal of evaluating the effects of experience on the quality of medical care (11).
However, length of time in clinical practice has been included as part of a set of physician characteristics that might explat
variations in quality or that may be confounders of the association between quality and other factors (13-18).

The purpose of this paper is to assess the robustess of the relationship between clinical experience and quality of care by
systﬁmamally reviewing empirt cai stuches Although we define experience as the number of years a physician has besn m
practice, physician age and time in oracucy are highly correlated (11, 19, 20); therefore, for the purposes of this paper, Wwe
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consider these variables to be interchangeable.
METHODS

We searched MEDLINE (Ovid Technologies, 1966 to June 2004, English language) for terms describing physician
experience (keywords: physician age, clinician age, physician experience, clinician experience), physician demographic
characteristics (keywords: physician characteristics, clinician characteristics), practice variation (subzect heading:
physician's practice patterns), and performance in various domains (subject headings: clinical competence, health
knowledge, attitudes and practice, outcomes assessment thealth care]; keywords: knowledge, guideline adherence,
appropriateness, outcomes]. We retrieved potentially relevant arficles and reviewed their reference lists to identify studies
that our search strategy may have missed (Figure 1). We also searched our personal archives to 1dentify additional studies.
We included studies if they 1) were original reports providing empirical results; 2) measured knowledge, guideline
adherence, mortality, or some other quality-of-care process or outcome; and 3) included years since graduation from
medical school, years since certification, or physician age as a potential explanatory variable. We excluded studies if they
described practice variation that is not known to affect quality of care (for example, assessed test-ordering behavior in
clinical situations where optimal practice is unknown) or evaluated the performance of fewer than 20 physicians. For

studies that examined several different end points, we included only those outcomes that are linked to knowledge or quality
of care.

We used a standardized data extraction form to obtain data on study design and relevant results. We categorized studies
into 4 groups on the basis of whether they evaluated knowledge (for example, knowledge of indications for blood
transfusion), adherence to standards of care for diagnosis, screening, or prevention (for example, adherence to prevenive
care guidelines), adherence to standards of care for therapy (for example, appropriate prescribing), or health outcomes (for
example, mortality). We classified the results of each study into 6 groups on the basis of the nature of the association
between length of time in practice or age and performance: consistently negative, partially negative, no effect, mixed etlect
partially positive, and consistently positive. "Consistently negative" studies were those for which all reported outcomes
demonstrated a statistically significant decrease in performance with increasing years in practice or age. "Partially negative
studies showed decreasing performance with increasing experience for some outcomes and no association for others. We
used similar definitions for "consistently positive" and "partially positive” studies. "Concave" studies found performance tc
initially improve with years in practice or age, then peak, and subsequently decrease.

We did not use formal meta-analytic techniques because the included studies used many different effect measures and som
did not report parameter estimates.

Since studies based on self-reported practice may suffer from social desirability bias (21), we explored the effect of sway
quality on results by subcategorizing studies according to whether they measured outcomes with self-reports (that is, uSing
surveys and interviews) or observed practice (that is, using chart audits or administrative data review). We also co

studies according to whether they performed multivariable modeling to adjust for patient and physician covarates. Wz use
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the Fisher exact test to compare the observed frequencies. We conducted all analyses with SAS, version 8.2 (SAS Instmte



Inc., Gary, North Carolina).
Role of the Funding Source

. The Harvard Pilgrim Health Care Foundation supported this study. It had no role in the design, conduct, or reporting of the
study or in the decision to submit the manuscript for publication.

RESULTS

Fifty-nine articles that reported data on 62 groups of relevant outcomes formed the basis of our analysis. Overall, 32 of the
62 evaluations (52%) demonstrated a negative association between increasing experience and performance (that is,
performance decreased as expenence increased) for all outcomes assessed; 13 (21%) reported a negative association for
some outcomes but no association for other outcomes; 2 (3%) reported a concave relationship (that is, performance initialls
increased as experience increased, then peaked, and subsequently decreased); 13 (21%) reported no association; 1 (2%)
reported a positive association (that is, performance increased as experience increased) for some outcomes but no
association for other outcomes; and 1 (2%) reported a positive association for all outcomes assessed (Figure 2).

Enlarge 200%

Enlarge 4007'_/;

Figure 1. Selection process for studies included in analysis.
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Figure 1. Selection process for studies included in analysis.

Potentially relevant articles identified and
screened for retrieval from electronic search
L (n = 245)

Articles excluded on the basis of abstract
review (1 = 167}
Reported practice variation not related
to quality of care or for which quality of
care was not clearly established: 83
Did not report physician practice variation: 49
Did not assess relfationship of physician
characteristics to outcomes: 18
Assessed the performance of trainees: 8
Were editorials or did not collect original
data: 5
Other reasons: 3

Y

Articles identified from electronic search

(n=78)
Articles identified from Articles reviewed Additional articles identified
personal archives in detail (n = 122) trom reference list search
(n=9) (n =35)

Articles excluded (n = €3}
Reported practice variation or autcomes
not clearly related to quality of care: 32
> Did not report the relationship between
length of time in practice or physician
age and autcomes: 27
Other reasons: 4

4

Artictes included in final analysis (7 = 59)

Knowledge

Twelve studies assessed the knowledge of practicing physicians, and all studies reported a negative associatior betwesn
knowledge and experience (Table 1). Studies by Avanian and colleagues (7) and Salem-Schatz and colleagues (22) had
large sample sizes, high response rates, and good sampling methods; used rigorous criteria to evaluate knowlecge; and
performed multivariate analysis.

Ayanian and colleagues (7) surveyed physiclans to assess their beliefs about the survival benefit of therapies for acute
myocardial infarction; the appropriate use of these therapies has been well-established in randomized, controlled trials.

¢
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Specialists were more knowiedgeable than generalists; however, after adjustment for this and other variables, Dhvs:

clans
younger than 40 years of age were mere likely to comrectly believe in the value of therapies that improve survival (for
example, thrombolytic agents, aspirin, and 5 -blockers). They were also significantly less likely to believe in the value of

therapies that have been disproved (for example, prophylactic lidocaine) (P < 0.05).

Salem-Schatz and colleagues (22) interviewed surgeons and anesthesiologists to assess their knowledge of the risks
associated with and indications for the transfusion of blood products. They found a highly significant negative association
between knowledge and the number of years the physicians had been in practice (P < 0.001).

Adherence to Standards of Practice for Diagnosis, Screening, and Prevention

Twenty-four studies have assessed the appropriateness of physician use of diagnostic and screening tests, as well as

preventive health care (Table 2). Overall, 15 (63%) of these studies demonstra_ted that physicians in practice for more years
were less likely to adhere to standards of practice in this domain.

In the largest of these studies, Czaja and colleagues (33) surveyed participants to assess their adherence to cancer screenine
guidelines endorsed by the American Cancer Society and the National Cancer Institute. Physicians who had graduated mor

than 20 years before the survey were consistently less likely to adhere to recommended practices (odds ratio, 0.62 to 0.72;
P < 0.09).

Using more objective measures of guideline adherence, Aubin and colleagues (17) assessed the practice of 21 physicians

and found that after adjustment for patient and physician covariates, younger physicians were more likely to appropriately
screen for hypertension (odds ratio, 1.11 [95% CI, 1.06 to 1.15).

Several other studies provide contrary results. Streja and Rabkin (47) assessed the use of recommended preventive care
measures and found that after adjustment for other physician covariates (such as specialty, practice style, and number of
diabetic patients in their practice), older physicians were more likely than younger physicians to test for proteinuria (odds
ratio, 2.62 [CI, 1.61 t0 4.37}) and to refer their patients for screening ophthahnology assessments {odds ratio, 1.48 [CI, 1.0
t0 2.18]). However, older physicians were no more likely to order a high-density lipoprotein cholesterol level test. Their
analysis did not adjust for any patient variables, such as the presence of macrovascular and renal disease. Rhee (12)
evaluated the performance of 454 physicians treating patients in 15 different medical and surgical diagnostic categories an
found a concave relationship between years m practice and adherence to standards of practice. Physicians in practice for 6

to 15 years provided the most appropriate care, whereas physicians with more or fewer years of experience provided less
appropriate care.
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Figure 2. Distribution of study results relating physician age to clinical performance in various domains.

Figure 2. Distribution of study results relating physician age to clinical performance in various domains.

Studles, n

I T
Knowledge Diagnasis and Screening Therapy Cutcome

Type of Quality Assessed

B Studies in which length of time in practice or age was associated with lower perfarmance for all outcomes.

B Studies in which length of time in practice or age was associated with lower performance for some
outcomes; nao effect was found for ather outcomes. :

Studies in which there was a concave relationship between length of time in practice or age and
performance.

E1 Studies in which no association was found between length of time in practice or age and performance.

O Studies in which length of time in practice or age was associated with higher performance for some
outcomes; no effect was found for other outcomes.

(1 Studies in which length of time in practice or age was assaciated with higher performance for all outcomes.

Adherence to Standards of Appropriate Therapy

Table 3 presents the 19 studies that have assessed the influence of physician age and years in practice on adherence to
standards of therapy. Of these studies, 14 (74%) found a partially or consistently negative association between physician
age and adherence to standards of appropriate use of therapy.

A large and well-designed study by Beaulieu and colleagues (64) examined the prescribing behavior of physicians caring
for patients with stable angina. After multivariate adjustment in a hierarchical model, older physicians were significanidy
less likely to prescribe aspirin (odds ratio for physicians in practice for > 20 years compared with those in practice < 10
years, 0.58). Age did not affect use of 5 -blockers or lipid-lowering agents.



Qutcomes

Seven studies present data on the relationship between numbver of years in practice and actual health outcomes (Tzble 4).

The strongest of these was conducted by Norcini and colleagues (14), who analyzed mortality for 39 007 hospitalized
-patients with acute myocardial infarction managec by 4546 cardiologists, internists, and family practitioners. After
controlling for a patient's probability of death, hospital location and practice environment, physician specialty, board
certification, and the volume of patients seen, these researchers observed a 0.5% (SE, 0.27%) increase in mortality for
every year since the treating physician had graduated from medical school.

Harrz and colleagues (11) specifically assessed the association between experience and mortality rates for surgeons
performing cardiac artery bypass grafﬁng. After ad justment for both patient and physician variables, they found that
physicians who have been in practice longer had higher operative mortality rates (P < 0.001). In contrast, Burns and
Wholey's (69) large study of patients hospitalized for various conditions found no difference in mortality rates for

physicians of different ages, but physicians in practice for more years had longer lengths of stay even after adjustment for
patients' comorbid conditions and other physician factors.
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Table 1. Studies Relating Length of Time in Practice or Physician Age to Knowledge*
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Study, Year Knowiedge Persons Studied, n Resulls Muitivariate Cther Comments Overall
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Assessed Physician
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and ancsthe:amcgas.s gractce and ° conference; response rate, 31 % B
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transfusion risks and
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(P = 0.,0001)
Goiden et al., 2001 Emergency 233 pediaticans Younger physicians and No Response rate, 24% Consistently
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Genwson et al., 1991 HIV 473 intemists, family Younger physicians had Yes Knowledge ‘asseszed by using Consistentty
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Lewis ot al.. 1937 Hiv 1C00 generat Younger physicians had Unclear Measures oi “competence” used Counsistently
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(31) < orn-Lﬂmn between disciminate among physicians of negatve
test scores and years different leveds of traning and
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Table 2. Studies Relating Length of Time in Practice or Physician Age

to Adherence to Standards of Appropriate Diagnosis, Screening,
and Preventive Health Care*

Study, Year Disease or  Physician Group  Sample Size, 0 Results Muiti Multivari. Other Comments Overal!
(Referenca) Condition  Studied Adjustment Adjustment Effect>t
. for Patient  for i
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Self-reparted
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surveys of

Interviews)

Ohnly considered
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Chlamydia Family physidans, 1600 physicians  No effect of length of time Yes Guidelines established by CDC~ No eHect
screening  fnternists, ' in practice and likelihcod and USPSTF
gzgccologists, of screening (<10 y or
a

o >10y in practice}
Fpe‘drau_?:xar:s

C

T RS pans S - 2 A3 %
Epstein et al, Depression Psychiatrists 278 physicians Phg'sicians in practice for No Yes Appropriateness defined b Consistentty
2001 (15)% ewer years significantly Consensus agreement of 4 negative
more likely to comectly

national experts; analyses
adjusted for medical
comorbidity but not severity
of depression; response rate,
53%

diagnose d:grcssion (OR,
0.59 {95% Cl, 0.43-0.81},
for 2 10-y increase in age
or practice)

e ' 9 Broups, = ¥ +
Kenny et al Diabetes  Primary care 1434 physicians  Younger physicians more No Yes Effect estimates not reporte Partially
1993 (37) physidians likely to adhere to but results based on logistic negative
preventive care guidefines

regression; guidelines
for 6 of 8 pr ures established by American
surveyed Diabetes Association
Younger physicians ", Guidefines estabiished by
likely to obtain.a 304, American Diabetes
emogiobin-A; ia 3
< measurement {ORFor

* Diabetes

eif:monitoring ; i S
Disease Members and 1349 physicians  Appropriate use of heaith Ne Yes Guidclines endorsed by severai Cansistentty
al., 1991 prevention  Fellows of ACP promotion and disease national agencies; response "+ - negative
(€3] and prevenlion practices rate, 75%
heafth decreased with increasing
promotion age (P value not

" Justification for ‘exercise
* counsefing based on res

Fever in Pediatricians and 474 physicians ~ Physicians who had No Yes Physicians provided with Consistently
1999 (41) infants emergency raduated longer ago less gudelines; adherence negative
department likely to adhere to assessed b\é using clinical
and famify guidelines (OR, 0.93 (CI, scenarios that presented
physiciars 0.91-0.96]. per year since children of difterent ages;
graduation) response rate, 36%
Inverse rela *. Study also assessed knowdedge
- {resuits presented"/sepx_rate?y
. (S

response rate

0.0 i 3
Heath et al., Family physicians 868 physicians  lnverse relationship between esponse rate, 38.2%-50% Consistendy
1997 (42) ang specialists physician age and use of guidelines were issued by negatrve
who treat HiV dppropriate preventive provinciat agency
care strategies (P <
0.001-0.004)
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Study, Year Disease or Physician Croup  Sample Size. n . Resuits Muitivariate  Multivariate Other Comments Cverail
(Reference) Condition  Studied Adjustment Adjustment EHectr
for Patlent  for Physician -
Covariates? Covariates?

assessed, ‘although P32
values not reported). .

N

Skotniski et HIV Primary care o significant association No AResponsc' cate, 56‘/.. older No effect
al., 1996 physidans Batween physidan age physicians were more likely
43) and likefihcod of testing a * to test any patient who

high-risk patient asked to be tested (not
entirely in keeping with
ggﬁdgi@ngs' but unciear)

" Roetzheim et
al,, 1991

“'Mammo-.

Primarycare™;
* physicians

physicians. ~ " Physicians < 50 y of ag
B were more fikely than
.-older physicians (72% ‘vs:
49%; P < 0.001) to fully
adhere to American .. ;:

" Cancer Sodiety -
ST AN e . . .- recommendation Z ; R .
Ely et al, Preventive Primary care 146 physidans  Physician age or year of No Yes Approgriateness defined b No effect
1998 (34) care physicans graduation not assodated recommendations from ¥he
guidetines with preventive care USPSTF; response rate, 70%
. . pactices .
3 physicians - Physician age not assodiate
Dl 1T T with frequency of wei
~..counsefing .
practice (chart
audity — _ e
S Ford et .t ot reported .. - Physicians with fewer

987 (46) . (2832 RS (] gracﬁce more Ekgt;j
. ‘patients) - . adhere to: guidetines for

R breast and rectal canc
staging ‘and consultatios
(P < 0.01-P <0.001);

© age effect was observed
far smail-call Jung cancer

- Stre)a and

Diabetes  Primary care 22 ghysicians Physicians with >15 y No Yes Did examine effect of patient  Partiaily
Rabkin, physicians 519 experience more fikely to characteristics on appropriate  positive
1999 (47) . patients) test for proteinuria (OR, screening, but did not enter
2.62 [Cl, 1.61-4.37]) and these vanables into the same
refer for ophthalmology model as physician
(OR. 1.48 [Cl, 1.01-2.18]) characteristics
but not more likely to
order an HDU cholesterol
test (OR, 1.04 (CI,
0.97-1.06})
Anis et al.,. ‘Dietary 38 physicians . No effect of length of time tial - Physiclan covanates not
© 2004 (48) “and {4344 in practice and likelthood : - . significant on univaniate
o exercise of counseling =°, " : . analysis and not included |
o . counseling KIS o0 multivadate analysis e e
Aubin et al., Hyperten-  Family physicians 21 physicians Younger physicians more Yes Yes Adjusted for patient age, sex, Consistenty
1994 (17) sion (847 likely to appropriately number of visits, type of negative
patients) screen {or hypertension visit, but not patient
(OR, 1.11 {C1, 1.06-1.15]) comorbidity; did not specify
threshold for older vs.
younger
Hulka et al., Several (4 :Family physidans, 61 physicians Physicians in practice for 7 Yes Performance scores were .
1976 (49) condi- . -interists, - - (1258 cwer years mare likely to- . -developed on the basis of =
~ lions) ists, patients} . appropriately manage - consensus panel discussions,
PR T infants (P"<.0.01}.:No all invofving at least.4 family
: -difference Sbserved o physicians as well as other
‘-managing pregn. - physicians .
= . i diabetes, or heart failure ™ o - I L
Rhee, 1976 Physicians in 454 physicians  Inverted “V* refationship No Yes Performance scores were = Concave
(12) diagnostic  Hawait {2517 patient betaeen years in practice deveicoed on the basis of
categones) discharges) and adhevence with norms established by a
standards of practice (F = “panel of physicians”;
0.01 )»—physicians in practice ¢ritenia not fully presented
6-15 y provided the most but seem to focus largely on
apprepnate care; physicians diagnostic evaluation

vath mare or fower years in
practice provided less
» aporopriatc care ‘
Saraiya et al.,  Tuberculosis , Physicians who- .- 491 ghgsicians No consistent effect of .. .|
2002 (50) - screening. ' performed” | .7 {(573 number of years in’ "

- No . - Did not have demographic..
L ) data on 30% of physicia

for. . . _.screening . 7. .. patients) practice on adherence 75% of physicians .wi
foreign. . - o with CDC screening. . - primary care providers -

recommendations

*ACP = American College of Physicians: CDC = Centers for Discase Conwrol and Prevention; HDL = high-density lipoprotein; OR = odds ratio; USPSTF = U.S.
Prevendive Services Task Foree.

T “Consistently negadive” studies were those for which all surcomues demoustrated a sadsaaily signifiant decrease in performance wich increasing years in practice or age.
“Pardally negative” studics were those chat showed sadstiaally significant decrzusing performancs wich increasing years in pracrice or age for some ourcomes and no cffec for
others. Similar definitions were used for consistendy positive and partially positive studies. *Concave studis” tound performance o initiaily improve with years in practice
or age then peak and subsequently decline.

* Also reported results on adherence o standacds of therapy-—easults preented separardy.
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Table 3. Studies Relating Length of Time in Practice or Physician Age to Adherence to Standards of Appropriate Therapy*

Study, Year Disease or Physiclan Group  Sample Size, n Results Muitivariate  Muitivariate Other Comments Overall

(Referenca) Condition  Studied Adjustment Adjustment ‘ EHect?t
for Patient  for Physican
Covariates? Covariates?

Seif-reported

practice

(surveys or

interviews)

ians we ‘an Partially
reported:participating in - negative
decision making about ’
atment.and referal;
Epstein et al., Physician age did not Limited Yes Appropriateness No effect
2001 (15)

influence appropriate consensus of 4 naticnal
prescribing of an experts; analyses adjusted for
antidepressant medical comorbidily but not
severity of depression;
response rate, 53%

Consistently
- egative

5 S5 T Pr .
HiV 463 physicians  Physicians < 45 y of age No Yes

Appropriateness assessed by PArtial!y

al., 1996 dtish significantly more likely to using provincial guidefines; negative
(52) Columbia apprapriately use ovcralrrespcnse rate, 14%
antiretroviral therapy (P =
0.004); no age effect
abserved for other
t
eports {all . No effect
: cail trial);
~appropriateness based on.
- rpreviousty published ‘algerithm
Stolley et al.,  Prescribing  Primary care 37 physicians Appropriateness decreased No No Appropriateness assessed by at Consistently
1972 (13} of 5 physicians as years in practice Ieasf13 experts who rated negative
specific increased (P < 0.01) any ;?ivcn drug, and the total
rugs panc! consisted of 33
(ritalin, individuals; response rate,
equagesic, ’ 84%
chloro-
mycetin,
vitamin
By, and
oral
cantra-
ceptives)
Observed
practice (chart
audit or
administrative
data review)
", Concave
K 'rehabilltaﬁ‘?’n%y;faw Lol e
Becker et al., Chlor- Primary care 37 physicians Likelihood of prescribing Alf prescriptions of Consistently
1971 (55) ampheni-  physicians chloramphenicol increased cnloramphenicol were judged negative
col use as years since graduation to be inappropriate given

increased (P < 0.01

Number of years'since ,:
“medical schoél:graduation
i ict use;of

limited indications
Al ﬁrescﬁpticgs'bf S No effect
chlorampheénicol were judged
S 1o be:lna;?rop;_iat:‘gi\_ken .
. Jimited indications " -

09_physicians :

.. Depression Ceneral 1527 physicians Craduation from medical Yes Yes Patient covariates include age, Consistently
2002 (57) practitioners school before 1970 sex, and health status but rot negative
and associated with increased illness severity
psychiatrists cdds of suboptimal

treatment duration (OR,
112 [95% CI,
1.01-1.24)
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Study, Year Disease ar Physician Group  Sample Size, n Results © Multivariate Muitivariate Other Comments Owvenall
(Reference) Condition  Studied Adiustment Adjustment
for Patient  for Physican
Covarlates? Covariates?
Anderson et Dmg (e~ - Physiciansin * - ."6344 physmans Physicians < 45 y of age S Used the ‘same criteria:
al., 1997 ing - 8ntish (819 ad significantly lower £t al. (58) to define:
(19 ) Columbia - - . drug daxms, rates of Inapproprate .

Co C e‘dedy T drug selection-for ail 4

’ Copatients - L o sr " classes of drugs studied (P’
< 0,001, for most
. analysas) L IR

Beers ct al., Drug pre-  Physidians 309 physicians  Physician age or years since No Yes Appmpnateness dcﬁncd on the Mo effect
1993 (58} scribing practicing in graduation not basis of consensus of expert

in nursing homes significantly related to opinion
cldurly in Los Angeies aporapriate prescribing
patients

Dhalla et al., Drug pre-  Physicians in 2424 physicians  Patients of physicians > 50  Limited .~ .Yes |- - Adjusted for’ pabent ageand’ Séx Consstendy

2002 (55} scribing Ontario (19911 y of age had a higher only; used the same criteria as ™ negative
in -patients) odds of receiving an - o L . --Beers et al. .(58) to define L
elderly . xnagpropnatc medication . ' - - appropriataness
patients 1.14 (CI 1 05-1 23} : : il

Gefler et al.,  Hysterec-  Physicians 339 physicians Phys:oans in pracncc for Yes Also controlted for Partially
1996 (60) tomy gerforming 36 104 15-19 y and 25-29 y sociodemographic and - negative

ystercctomy patients) ger(orm more financial patient factors in
Zslqrg:tomies than addition to clinical covariates
physicians in practice for
04 y (P < 0.05). no
cffect observed for
physicians of other ages

Payne et al,,  Several Physicians in the 1135 physicians  Physicians in practice for 0—9 ’

1984 (61) (10 . Nidwest (3163 y provided more - -
candi- : patients) : propriatc care !han
tions) . other p .

- : . : . experience e

Sanazaro and  Severat Internists 66 physicians Number of cases treated No No Appropna!eness ]udged bg Consistently
Worth, magpropnatciy increased panel appointed by ACP and negative
1985 (18) with number of years ASIM; participants were all

since graduation (P < volunteers
0.05)

Fehrenbach Myoccardial  Physicians 473 physicians  Physicians trained before  Yes Yes . .Borderinnesngmﬁant resuits - Pamaﬁy -
et al., infarction  treating acute (578 - 1980 less fikely to : o : after multivariate: ad stment; negative
2001 (62) ocardial patients) prescribe B-blockers (P < IR . ‘patients’ alf belonged .to T

intarction 0.0%);"In muitivarate - T . "fﬁ ation the
adjustment, OR of .~ *1E
receiving B-blocker for -
patients of physicians
trained befare 1980 was
Q.66 (Cl, 0.40-1.03) - S .

Willison et Myocar- Physicians 1452 physicians  Physicians > 50 y of age Yes Yes Also adjusted for hospital Partially
al., 2000 dial in- trealing acute uss likely to prescribe ? volume negative
(63) farction myocardial aspirin to eligible paticnts

intarction (P < 0.001); relationship
did not persist after
muitivanate adjustment;
no effect observed for
thrombolysis

Beauliey et Stable Physicians in 3293 physicians  Older physicians significantly Yes Yes . Partialty
al., 2601 angina Quebec (11141 less likely to prescribe ’ : negative
(64) patients) aspirin (OR for < 10y in IESERCTI

practice, 1.7 compared
with physicians in peactice
- ot > 20y P <005) no
effect seen for B-blockers
or lipid-lowering agents
" ACP = American College of Physicians; ASIM = American Socicty of Internal Medicing HMO = health maintenance arganizacion; NI1H = N:(iona.l Instututes of

Health: OR = odds r.mo

t "Consistendy negative” studies were those for which all outcomes demonsmrared a sadistically szgmhum decrease in performance with incrensing ye:zrs in pr:cuc: or age.
“Parrially negative” \(udxcs were those that showed stacistically significant dur"aum., performance with hereasing years in pracrice or age for some outcomes and no offecr for

others. Similar definitions werc used for consistently positive and partially positive studies. “Concave studies” found performance to inidally improve with ycars in practice

or age then peak and subsequentdly decline.

Study Quality



To determire the infiuence of methodologic quality on stucy re 1 ts, we stratitied the 43 reports pertaining to adherencs o

standards of practice on the basis of whether outcomes were assessed by using self-re vorted data or more obective
measures (that is, use of chart audits or administrative catabases). Overall, 30 (70%) of these stdies demonstrated a
consistently or partially negative association between length of time in practice or physician age and adherence to standard:
“of care. While the proportion of studies that found a consistently or partially negative association was slightly larger for
self-reported studies than for those studies that used objective measures (71% vs. 62%), these differences were not
statistically significant (P > 0.2).
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Tuable 4. Studies Relating Number of Years in Practice or Physician Age to Health Care Outcomes

Study, Year Disease or Physician Group
(Reference) Condition  Studied
Nordini‘etal., -~ Acute . " Famiy :
2000 (14) myo- - practitioners,
. o cardial .. 7' intemists, and
infarction .. cardiologists
8lanc et at., Asthma Physicians
2003 (65) treating asthma
O'Neill et al,, Carotid Surgeons
2000 (66) endar- . :
S terec- e
: “tomy i
Hartz et al, Coronary  Surgeons
1999 (11} bypass
surgery
Katon et al., Depression  Primary care
2000 (67) ) physicians
Davidson et al., Drug pre-  General
1995 (68) scribing practitioners
’ in
clderty
patients
Burns and Several Attending
Whaley, (11 ghysiciaus for
1991 (69} medical ospitalized
and 5 patients
surgical
conditions)

Sample Size, n

4546 physicians

147 physicians
(377

patients)

507 physicians
(12725
patients) ™

275 physicians
(83 547
patients)

63 physidans.
(1599
patients)

366 physicians

84 571
discharges

Results

Muittvariate  Muitivariate

Adjustment  Adjustment

for Patient
Covariates?

Mortafity for patients . Yes
admitted with acute
myocardial infarction

" - increased by 0.5% for

‘- every year since physician

- graduated frem :'.cdicai
school {£ = 0.035) ‘

Number of years since Yes
medical school graduation
not related to patients’
scit-reported heaith status
or asthma-specific quality
of fife

Mortality of patients  ~ - . ves

undergoing )
“endarterectomy increased -
with years since licensure

(P <0.001); no

‘refationship between
'lené,'th of time in practice ~
. and combined “bad
outcome” (death or
morbidity) . -

More years in practice Yes

sigmificantty associated
with higher mortality
ratios (r = 0.22,

P < 0.001)

Physician age not related to . Yes

patients having persistent
“ar residual depressive
symptoms after initiation
- of antidepressant
‘medication or other
quality-of-care measures

No age effect on martaiity
or hip fracture rate

Physicians in practice for Yes
more years had
si?niﬁcanﬂy langer lengths
of stay after adjustment
for patient comorbid
condition for 9 of 16
diegnoses evaluated (P <
0.05);-years in practice did
nat predict length of stay
for other diagnoses or for
martality

Limited

for
Physician
Covarlates?

Yes

Yes

Yes

Yes

No

Yes

Other Comments

Also corrected for hospital

factors (e.g., access to
advanced cardiac care)

Surveyed patients and
physicians separately ardl then
linked results using
hierarchical regeession models:
sample included very few
younger physicians

Data for surgecn age available
for 440 physicians; years since
licensure was strongest
predictor of mortality

Study did not find any
significant physician
charactesistics to explain
variability in quality of care

Adiusted for patienl age by
using analysis of covariance

Results adjusted for muitiple
covariates, suggesting .
incrensed length of stay may
be unnecessary

Cwerall
Effect?”

Consistently
negative

No effect

Partiafly
negative

Consistently
aegative

No effect

No effect

Partiaity
negative

T Comsistently negative” studics were thase for whick 2l outcome demoustrated a statist
Partially negative™ studies were those thar showed saustically significant decreasing perfora
ochers, Similar definitions were used foe consistently positive aind pardally positive studies.

or ape then peak and subscquently decline.

nilka

cally significant decrease performance with lCrEIsg yean in praciice or aue
vnce with increasing years in practice or age for some nuteomes and no «frect tor
“Concave studies™ found performance 1o initally improve wich vears priaciive

Stratifying studies on the basis of whether they performed a multivariable analysis yielded similar results: 71% of the
studies that adjusted for patient covariates found a consistently or partially negative association compared with 74% of
studies that did not adjust for these factors, and 68% of the studies that adjusted for physician covariates found 2

consistently or partially negative association compared with 67% of studies that did not.

DISCUSSION
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Although based on heterogerecus studies, our sysiematic review of empirical studies evatuating the relarionship between
clinical experience and performance suggests that physicians who have been in practice for mors years and older physician
rossess less factual knowledge, are less likely 10 adhere to appropriate standards of care, and may also have pcorer patient

Ll

outcomes. These effects seem to persist in those studies that adjusted for other known predictors of quelity, such as patient

- comorbidity and physician volume or specialization. The results are somewhat paradoxical since it is generally assumed
that clinical experience enhances knowledge and skill and, therefore, leads to better patient care.

Our findings have many possible explanations. Perhaps most plausible is that physicians' "toolkits" are created during
training and may not be updated regularly (70). Older physicians seem less likely to adopt newly proven therapies (71, 72)
and may be less receptive to new standards of care (73). In addition, practice innovations that involve theoretical shafts,
such as the use of less aggressive surgical therapy for early-stage breast cancer or protocols for reducing .length of stay,
may be harder to incorporate into the practice of physicians who have trained long ago than innovations that add a
procedure or technique consistent with a physician's preexisting knowledge (74).

Our findings may also reflect the substantial environmental changes that have occurred in medicine over the past several
decades; evidence-based medicine has been widely adopted, and quality assurance techniques, such as disease managemen:
and performance evaluation, are frequently used. More experienced physicians may have less familiarity with these
strategies and may be less accepting of them. Given this, our results may represent a cohort effect; that is, when the curren;

generation of more recently trained physicians has been in practice for a longer time, there may be smaller differences
between their practice and those of their younger colleagues than our data would suggest.

Our study has several limitations. First, although we attempted to systematically review the literature on the association
between number of years in practice or physician age and performance, our search strategy may have missed reports. This
reflects the limited attention to this issue and the lack of consistent search terms to identify clinical experience. In additon,
studies that were specifically designed to assess the relationship between experience and performance but found no
assoclation may have been less likely to be submitted or accepted for publication, and published studies that included
number of years in practice or age among other physician characteristics may not havé presented non-statisticaily
significant results for these particular variables. Therefore, while we have no reason to suspect that we were more likely 1o

identify studies showing decreasing performance with age, our findings are still potentially subiect to an under-reporting
bias.

Second, few reports included in this review were designed to specifically evaluate length of time in practice as their
primary characteristic of interest. Consequently, our results may have been due to chance arising from multiple testing.
However, we believe this is unlikely given the relative consistency of the results in several different domains, thei
"dose-response” relationship, and their overall plausibility. Moreover, restricting our analysis to the 32 studies that
considered a broader set of physician characteristics, including number of years in practice or age as the focus of their
investigation (that is, excluding those smdies that considered physician age or number of years in practice only 2s
confounders), does not change our results: 21 of the 32 (66%) studies reported a consistently or pardally negas

association. between physician age and performance, whereas only 1 study demonstrated a partially positive assocmtio.n.
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Third, disagreements may ex’st between clinical practice guidelines (33), and, thus, establishing appropriate norms mav be
difficult. As a result, assessing performance on the basis of gnideline adherence may not reliably assess health care quality
Despite this, some studies included in our review used norms that had been adopted by several professional associations
and that consequently reflect widely accepted standards of practice. Even for these studies, we observed age effects.

Finally, length of time in practice may be associated with otner dimensions of quality that are not captured by the outcome
measures that we evaluated. While we identified studies that assessed various conditions and aspects of performance, the
relationship between age and performance may be different for other diseases and outcomes. For example, older physician:
may be more effective at delivering the humanistic, rather than the technical, aspects of medical care. If this were true, one
would expect that the patients of older physicians would report higher satisfaction, which has been demonstrated in some
studies (75, 76) but not others (77, 78). Alternatively, physicians who have been in practice for a longer time may have

better clinical judgment and may thus provide better care in complex cases or may be better diagnosticians. These outcome
have not been rigorously assessed.

Despite these limitations, our results are troubling. Although it is difficult to draw firm conclusions about the performance
of older physicians in managing specific conditions or clinical scenarios, our results do suggest that older physicians may
need quality improvement interventions that are generally applicable to all physicians. In addition, the requirements that ar:
imposed on physicians to keep up to date and to demonstrate continuing competence should be further considered. Widely
adopted continuing medical education techniques, such as the distribution of printed materials and lectures, are largely
neffective even in experimental conditions (79). Our results reinforce this. Moreover, many experienced physicians are
exempt from the recertification requirements to which their more recently trained colleagues must adhere. For example, the

American Board of Internal Medicine only requires physicians who received initial Board certification in or afrer 1990 to
appear for periodic recertification examinations.

Our results also have implications for further research. The link between experience and performance should be further
‘evaluated with studies that are designed a priori to specifically measure this association. These studies should use ob jective
and widely accepted measures of performance; should be disease- or process-specific: and should be replicated for
physicians of different specialties, demographic characteristics (such as sex), and different environment practices. The
effect of age for physicians who routinely collaborate with other physicians, who frequently engage in evidence-based
discussions, or whose practices are influenced by disease management, performance feedback, and computerized reminder
systems may be different from that for physicians who practice in relative isolation or in more traditional settings.

An optimal study would follow a particular cohort of physicians over time. However, this is not practical and may be
confounded by other secular trends in health care provision. Alternative designs would be similar to those of the highest
quality included in our review and would adequately control for patient comorbidity, other physician factors, and the
clustering of patients within physicians. These studies should also model the nature of the relationship between experienc
and performance since performance may improve during the initial phases of independent practice, plateau for some pericc
of time, and then decrease. Finally, the ability of behavior change strategies to reduce the disparities i quality created oy
physician age should be evaluated in well-controlled clinical trials.

[¢2]
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[n summary, our results suggest that physicians with more experience may paradoxically be at risk for providing

lower-quality care. The extent, magnituce, and natre of these resulss must he clanified, and addec atrention should be give;

to this subgroup of physicians who may nesd quality improvement interventions.

- [Sidebar]

Improving Patient Care is a special section within Annals supported in part by the U.S. Department of Health and Fuman
Services (HHS) Agency for Healthcare Research and Quality (AHRQ). The ‘opinions expressed in this article are those of
the authors and do not represent the position or endorsement of AHRQ or HHS.

[Sidebar]

Context

While "practice makes perfect” in some situations, physicians' knowledge and performance may decline with the passage o
time.

Contribution ,

Of 62 published studies that measured physician knowledge or quality of care and described time since medical school

graduation or age, more than half suggested that physician performance declined over time for all outcomes measured.
Only 1 study showed improved performance for all outcomes measured.
Implications

This review should provoke careful study of the relationship of physician experience and the quality of care. It also raises
concerns about the adequacy of continuing professional education in medicine.
-The Editors
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