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ABSTRACT
Background and purpose There is conflicting evidence 
regarding whether physicians’ clinical experience affects 
healthcare quality. Knowing whether an association exists 
and which dimensions of quality might be affected can 
help healthcare services close quality gaps by tailoring 
improvement initiatives according to physicians’ clinical 
experience. Here, we present a systematised review 
that aims to assess the potential association between 
physicians’ clinical experience and different dimensions of 
healthcare quality.
Methods We conducted a systematised literature review, 
including the databases MEDLINE, Embase, PsycINFO 
and PubMed. The search strategy involved combining 
predefined terms that describe physicians’ clinical 
experience with terms that describe different dimensions 
of healthcare quality (ie, safety, clinical effectiveness, 
patient- centredness, timeliness, efficiency and equity). We 
included relevant, original research published from June 
2004 to November 2020.
Results Fifty- two studies reporting 63 evaluations of 
the association between physicians’ clinical experience 
and healthcare quality were included in the final analysis. 
Overall, 27 (43%) evaluations found a positive or 
partially positive association between physicians’ clinical 
experience and healthcare quality; 22 (35%) found no 
association; and 14 (22%) evaluations reported a negative 
or partially negative association. We found a proportional 
association between physicians’ clinical experience and 
quality regarding outcome measures that reflect safety, 
particularly in the surgical fields. For other dimensions of 
quality, no firm evidence was found.
Conclusion We found no clear evidence of an association 
between measures of physicians’ clinical experience and 
overall healthcare quality. For outcome measures related 
to safety, we found that physicians’ clinical experience was 
proportional with safer care, particularly in surgical fields. 
Our findings support efforts to secure adequate training 
and supervision for early- career physicians regarding 
safety outcomes. Further research is needed to reveal 
the potential subgroups in which gaps in quality due to 
physicians’ clinical experience might exist.

INTRODUCTION
Healthcare quality can be defined as ‘the extent 
to which healthcare services provided to individ-
uals and patient populations improve desired 
health outcomes’.1 The Institute of Medicine 
provides an examination of the divide between 

good healthcare and provided healthcare.2 To 
describe, measure and thus improve healthcare 
quality, the Institute of Medicine proposed six 
dimensions: safety, effectiveness, timeliness, 
efficiency, patient- centredness and equity. More 
recently. WHO added ‘integrated care’ as the 
seventh dimension in their definition of quality 
in healthcare.3 Improvement of these dimen-
sions is required to eventually ‘cross the quality 
chasm’.

Quality gaps exist at all levels of the health-
care system, including at the level of the treating 
physician. Specifically, physicians’ clinical expe-
rience and its effects on variations in healthcare 
quality remain disputed. A broad range of find-
ings are reported, with reported associations 
varying between different medical fields.4–8 
Empirically, a physician’s clinical experience 
is typically measured by his or her age or years 
in clinical practice.9 Knowing whether a physi-
cians’ clinical experience can affect healthcare 
quality and which dimensions of quality might 
be affected can help healthcare services close 
potential quality gaps by tailoring improvement 
initiatives.

A comprehensive, systematic review within 
the field was undertaken in 2005 by Choudhry 
and colleagues; it showed an overall inverse 
relationship between physicians’ clinical expe-
rience and quality.10 This review is now over 
15 years old; thus, an updated review could 
provide valuable knowledge. We, therefore, 
present a systematised review of recent articles 
that study the association between physicians’ 
clinical experience and healthcare quality. 
Our primary aim was to determine whether 
there is evidence of an association between 
physicians’ clinical experience and healthcare 
quality, and whether an association is attrib-
utable to the Institute of Medicine’s specific 
dimensions of healthcare quality. Outcome 
measures related to integrated care were not 
included as these typically measure ‘copro-
ductive partnerships’, and thus relating these 
to characteristics at the level of the individual 
treating physician would be difficult.11
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METHODS
We conducted a systematised review (according to 
Grant and Booth12) including the databases MEDLINE, 
Embase, PsycINFO and PubMed. The search strategy 
involved combining terms that describe physicians’ clin-
ical experience with terms that describe different dimen-
sions of healthcare quality. The terms for the dimensions 
of healthcare quality were derived from the Institute of 
Medicine.2 A test search revealed several slightly different 
concepts that cover both physicians’ clinical experience 
and the dimensions of healthcare quality. Specifically, 
by using the term ‘physician experience’, we found 
several potentially relevant articles. Hand searching the 
list of references and other related articles, we found 
that several potentially relevant articles could only be 
retrieved through using the terms ‘physician age’, ‘physi-
cian seniority’ or ‘clinician experience’. We also found 
that some of the articles describing physician experience 
used caseload as a proxy. In this review, the term physi-
cian experience therefore describes years in practice, age 
or caseload. Each term that describes physicians’ clinical 
experience was combined with all the terms that describe 
dimensions of quality by using the operator ‘AND’. The 
search terms used in the final search are listed in table 1.

Titles and/or abstracts were screened for inclusion. 
After retrieving potentially relevant articles, we hand 
searched a list of articles listed in PubMed as ‘related 
to’ or ‘citing’ the previously published guiding review by 
Choudhry and colleagues on the subject.10 The review 
by Choudhry and colleagues included relevant studies 
before June 2004; thus, we included articles published 
from June 2004 to November 2020. Only original studies 
that assess the association between process or outcome 
measures that reflect one or several dimensions of 
healthcare quality and a measure of physicians’ clinical 
experience were included. For studies that assess several 
outcome or process measures, we included only relevant 
measures. The selection process is outlined in figure 1.

We reviewed each dimension of healthcare quality sepa-
rately. Relevant outcomes from each article were thus 
categorised according to dimension. Descriptions of each 
quality dimension included in the Institute of Medicine 
report were used for classification.2 For example, measures 
of adverse events were classified as safety adherence to 

guidelines for treatments were classified as clinical effec-
tiveness and the time required until treatment or diag-
nosis was classified as timeliness. Some outcome measures 
were not easily classified into specific quality dimensions. 
For example, readmission is a complex quality indi-
cator that might reflect several dimensions of quality.13 
Complex outcome measures were therefore classified to 
the best of our abilities and, in the case of readmissions, 
as a measure of safety.

For each included study, we reported the following 
parameters: study design, medical field, sample size, key 
results and the nature of the association. The nature of the 
association was classified as either positive (proportional 
relationship between measures of physicians’ clinical 
experience and healthcare quality), neutral (no associa-
tion) or negative (inverse relationship between measures 
of physicians’ clinical experience and healthcare quality). 

Table 1 Search strategy

Description Search terms Additional search terms

Terms that describe 
physicians’ clinical experience

Physician experience Physician age Physician seniority Clinician experience

Terms that describe 
dimensions of quality

Safety Patient safety Adverse events Errors

Clinical effectiveness Patient outcome Outcomes Mortality

Patient- centredness Patient experience     

Timeliness Delay Waiting time Treatment time

Efficiency Waste Cost- effective   

Equity Fairness Equality   

Figure 1 Selection process for the articles included in this 
study.
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Whenever some but not all outcome measures from a 
single study were associated with measures of physicians’ 
clinical experience, the evaluation was classified as either 
partially positive or partially negative. We did not perform 
a formal meta- analysis of quantitative results, assess the 
validity of our search strategy or formally assess the quality 
of the included studies.

RESULTS
Fifty- two studies were included in the review sample. 
Thirty- four of the included studies originated from the 
USA. Fifty were observational; of these, 36 were retro-
spective cohort studies. With regard to medical fields, 
12 studies assessed different surgical fields; 3 assessed 
psychiatrists; and 6 assessed general practitioners; the 
remaining 31 studies assessed disciplines within internal 
medicine or a mixed group of physicians. Details of the 
study design and medical fields are presented in online 
supplemental table 1.

The 52 included studies reported 63 evaluations 
(groups of, or single, relevant outcomes) of the associa-
tion between physicians’ clinical experience and health-
care quality. Twenty- seven (43%) of the 63 included 
evaluations reported a positive or partially positive associ-
ation between physicians’ clinical experience and health-
care quality; 22 (35%) found no association; and 14 
(22%) evaluations reported a negative or partially nega-
tive association (figure 2).

Safety
We included 11 studies that assessed outcome meas-
ures related to safety.6 14–23 Of these, six (54%) found a 
positive or partially positive association with physicians’ 
clinical experience, and five (46%) were neutral (see 
online supplemental table 1 and figure 3). Four out of 

the six (67%) studies that found a positive association 
included only surgical patients. The study by Epstein 
and colleagues was the most comprehensive of the 
included evaluations of safety; they analysed the associa-
tion between various complications after birth deliveries 
(vaginal and caesarean) and physicians’ years in prac-
tice.18 A 0.21% reduction in complication rates per year 
in the first decade of training (95% CI −0.23 to −0.19) 
was found, a 0.11% reduction in the second decade and 
a 0.05% reduction in the third decade. The association 
between years of training and reduced complication rates 
was thus positive and most pronounced during the first 
decade of training.

Another study by Berk and colleagues evaluated 829 
emergency room cases that involved an adverse outcome 
(eg, death, concerns from staff or family, readmission, 
etc).16 By peer review, cases where low healthcare quality 
could be attributed to a cognitive error by the treating 
physician were identified. The authors found that emer-
gency physicians with 1.5 years of experience or more 
were significantly less likely to make an error (Relative 
Risk=0.66, 95% CI 0.48 to 0.91). This is the only included 
study that performed a comprehensive review of poten-
tial low- quality healthcare cases before attributing them 
to physician errors.

Five other studies did not find an association.14 19 21–23 
This included the only interventional study with a quasi- 
experimental design by Southern and colleagues.21 In 
this study, 30- day readmission rates and years in practice 
(in 5- year increments) were studied; no significant associ-
ation was found across different age groups. None of the 
included studies showed a negative association.

Clinical effectiveness
We included 26 studies that assessed outcome measures 
related to clinical effectiveness.6–8 14 21 24–44 Of these, 10 
(38%) found a positive or partially positive association 
with physicians’ clinical experience; 10 (38%) found no 

Figure 2 Overall frequency and the nature of associations 
between physicians’ clinical experience and healthcare 
quality. A total of 63 associations from 52 articles were 
included;positive: a proportional relationship between 
healthcare quality and physicians’ clinical experience; partial: 
some but not all outcomes within an evaluation pointed 
in one direction; negative: inverse relationship between 
healthcare quality and physicians’ clinical experience.

Figure 3 Frequency of associations grouped into six 
healthcare quality dimensions. A total of 63 associations from 
52 articles were included; positive: proportional relationship 
between quality and physicians’ clinical experience; partial: 
some but not all outcomes within an evaluation pointed in 
one direction; negative: inverse relationship between quality 
and physicians’ clinical experience.
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association; and 6 (24%) were negative or partially nega-
tive (see online supplemental table 1 and figure 3). The 
study by Satkunasivam and colleagues was one of the 
largest studies, including 1 159 676 patients who had been 
treated by 3314 surgeons.6 They found a reduced risk of 
30- day mortality for each 10- year increase in surgeon age 
and for the surgeons with the highest case volumes.

Several other studies assessed both case volume, age, 
or years of training as a measure of physicians’ clinical 
experience, with conflicting results. Chai and colleagues 
analysed the association between thoracic surgeons’ age 
and mortality for 3766 patients and found lower mortality 
rates for surgeons>45 years old regardless of caseloads.28 
Khatana and colleagues studied 356 interventional cardi-
ologists and 1 45 247 cases with regard to deaths per 100 
cases.7 They found a higher caseload, but not the number 
of years since medical school training, to be associated 
with reduced mortality.

A large study by Conway and colleagues included 36 
271 patients with 66 933 emergency room admissions 
and analysed the association between the emergency 
physician’s years of experience and mortality.29 The study 
found a reduced risk of 30- day mortality for physicians 
with more than 20 years of experience, only for high- risk 
patients. This is the only included study that stratified 
outcomes by a patient’s risk profile.

Patient-centredness
We included five studies that assessed outcome meas-
ures related to patient- centredness.5 33 45–47 Of these, two 
(40%) found a positive or partially positive association 
with physicians’ clinical experience, and three (60%) 
found no association (see online supplemental table 1 
and figure 3). The study by Fathy and colleagues eval-
uated the effect of physicians’ age on patient satisfac-
tion; this was one of the largest studies, including 1342 
ophthalmologists.45 They found that the time to the first 
unsolicited complaint was the highest (ie, better quality) 
with ophthalmologists older than 70 years. The asso-
ciation with age assumed an almost linear pattern for 
10- year increments from the age of 30. The nature of the 
complaints (eg, communication, care, treatment, etc) was 
similar across all age groups.

With regard to technical procedures, Seely and 
colleagues included physicians performing stereotactic 
biopsies and studied the association between patient- 
satisfaction scores (with regard to pain and bruising 
from the procedure) and the treating physicians’ years 
in practice.47 For stereotactic vacuum- assisted biopsies, 
they found that patients of more experienced physicians 
reported significantly less pain and bruising (p=0.0013).

Timeliness
We included five studies that assessed outcome measures 
related to timeliness.4 14 32 40 41 Of these, two (40%) found 
a positive association with physicians’ clinical experi-
ence; one (20%) was neutral; and two (40%) were nega-
tive (see online supplemental table 1 and figure 3). The 

studies that found a positive association had a prospec-
tive design, but the advantages in the design might have 
been offset by the larger number of patients included in 
the two retrospective studies that found a negative asso-
ciation.4 14 32 40 Both the study by Harvey and colleagues 
and the study by Li and colleagues included emergency 
physicians and analysed the association between waiting 
times in the emergency room and physicians’ clinical 
experience.32 40 Harvey and colleagues concluded with 
shorter waiting times for the patients of more experi-
enced physicians, while Li et al had the opposite conclu-
sion.

The only study that assessed timeliness according to 
differences in diagnostic accuracy in a technical proce-
dure was performed by Mehrotra and colleagues.4 They 
included 104 618 patients and assessed adenoma detection 
rates in gastroscopy. They found a mean detection rate 
that was 6% higher in physicians who had less than 9 years 
since their residency completion (p=0.004) compared 
with physicians who had 27–51 years of practice.

Efficiency
We included 14 studies that assessed outcome measures 
related to efficiency.21 24 29 40 48–57 Of these, six (43%) found 
a positive or partially positive association with physicians’ 
clinical experience; two (14%) found no association; and 
six (43%) were negative (see online supplemental table 
1 and figure 3). None of the included studies assessed 
surgical patients; otherwise, the included studies repre-
sented a broad range of settings.

Schwartz and colleagues performed one of the largest 
studies, including 3 159 834 patients and 41 773 generalist 
physicians.55 They defined 17 primary care- associated, 
low- value services (minimum clinical benefit) and 
counted the annual rates of these services per 100 patients 
per year. After including age as one of several physician 
characteristics, they found a significant increase in low- 
value services per 10- year increase in age, thus concluding 
with a negative association between age and healthcare 
quality. This is the only included study that adjusted for 
within- region and within- organisation variations.

Two of the included studies assessed costs per case 
as a measure of efficiency, and both showed a posi-
tive association. Cournane and colleagues included 19 
295 emergency department patients and analysed the 
association between years of experience and costs per 
case.48 Five- year increments of increased experience 
above 15 years had a significantly reduced OR for costs 
below the median. Mehrotra and colleagues included 
2 861 093 claims attributed to 12 724 physicians and 
compared the expected costs for the condition in ques-
tion with the cost apparent from the claim.52 Compared 
with physicians with more than 40 years of experience, 
physicians with fewer years of experience had higher 
cost profile scores. Both studies, therefore, concluded 
that more experienced physicians had beneficial cost 
profiles.
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Equity
Only one study with outcomes related to equity was 
included. The study by Essien and colleagues included 
143 274 patients of both resident and staff primary 
care physicians.58 They collected details regarding 
patient’s ethnicity, insurance status, poverty and educa-
tion, in addition to quality outcomes such as guideline- 
concordant disease management, screening, resource 
use and patient- reported health experience. They found 
that resident physicians had a higher proportion of typi-
cally underserved populations than staff physicians and 
that when controlling for patient factors, residents had 
lower scores for all quality- outcome measures, except 
for patient experience. The authors found that residents 
and staff physicians serve significantly different patient 
groups. The lower healthcare quality provided by resi-
dents compared with staff physicians thus represented an 
equity problem with typically underserved populations 
receiving lower- quality care.

Other
The study by Reid and colleagues could not be catego-
rised within a specific quality dimension, as their outcome 
measure was a composite performance score of 124 
different quality measures assessing several dimensions 
of quality.59 The study was comprehensive, including 
1.13 million patients and 10 408 physicians from a broad 
range of settings. They included several physician char-
acteristics, including age, but did not find an association 
between age and healthcare quality.

DISCUSSION
In this systematised literature review of 52 studies, we 
found that the most frequently reported association was 
a proportional association between physicians’ clinical 
experience and overall quality of care (43%). However, a 
relatively large proportion of evaluations found no asso-
ciation (35%) or even an inverse relationship between 
a physician’s clinical experience and quality (22%). 
Regarding specific dimensions of healthcare quality, 
in our sample, 26 studies that assessed the associations 
between a physicians’ clinical experience and meas-
ures of clinical effectiveness were included. There was a 
substantial dispersion regarding the nature of the associ-
ations in these studies, with similar proportions of studies 
reporting a proportional, neutral and inverse associa-
tion. A similar pattern emerged for the 14 studies that 
assessed measures of efficiency. For the 11 studies that 
assessed measures of safety, most reported a proportional 
association between physicians’ clinical experience and 
measures of safety (54%), with no inverse associations 
found. This was primarily driven by studies that assessed 
surgeons. For patient- centredness, two of the included 
studies were positive (40%), with no negative association, 
but only five studies were included overall, and most of 
these (60%) found no association. Only one included 
study assessed equity and found a positive association. 

Due to the heterogeneity of the included studies and 
the relatively small differences in proportions, we cannot 
conclude with evidence of an association between physi-
cians’ clinical experience and overall healthcare quality. 
For different dimensions of quality, our results indicate 
that, for outcome measures that reflect safety, there is 
a proportional association between physicians’ clinical 
experience and quality. For the other dimensions of 
quality, no firm evidence of association was found.

Theoretically, there are plausible explanations for both 
a proportional and an inverse relationship between physi-
cians’ clinical experience and healthcare quality. More 
experienced physicians, through the accumulation of 
tacit knowledge and skills, might provide higher- quality 
care than their less experienced peers. However, an expe-
rienced physician might also provide poorer quality due 
to a lower willingness to adopt new therapies, the ineffec-
tiveness of continuing medical education programmes or 
even neurocognitive changes associated with advancing 
age.60 An additional explanation for studies that report 
neutral or inverse associations is related to the definition 
of physicians’ clinical experience. In most of the included 
studies, this was narrowly defined as either their years in 
practice or age, and, in a few studies, as case volume. Elstad 
and colleagues argue that what physicians gain over time 
is complex social, behavioural and intuitive wisdom, as 
well as the ability to compare present- day patients against 
similar past patients.9 This acquired understanding of 
patient types might lead to better care that is not captured 
by common quality indicators. In some instances, deliber-
ately disregarding guidelines due to an understanding of 
patient types can be warranted and lead to better quality. 
In most studies, this potential quality contribution is over-
looked, and the lack of adherence to guidelines is prema-
turely reported as deficient care. This highlights some 
of the challenges with the narrow definitions or proxies 
for physician experience such as age or years in practice 
used in most included articles. Berk and colleagues’ study 
was the only article in which potential low- quality cases 
underwent peer review before being classified as a physi-
cian’s cognitive error.16 Through peer review, the risk of 
overlooking increases in quality that are not captured by 
common quality indicators is reduced. They found a posi-
tive association between quality and a physician’s experi-
ence, and thus might support the theory stated by Elstad 
and colleagues.

Our findings contrast those reported by Choudhry 
and colleagues in 2005, indicating an inverse relation-
ship between physicians’ clinical experience and health-
care quality.10 There are possible explanations for this. 
First, Choudhry and colleagues argued that their results 
could be due to a ‘cohort’ effect. The cohort effect in 
this context means that an inverse relationship between 
physicians’ clinical experience and quality could be due 
to the substantial changes that have occurred in medicine 
over the past decades (eg, adaptation of evidence- based 
medicine and quality assurance techniques). Reduced 
familiarity with this among the older physicians included 
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in their review might have led to lower quality. The cohort 
of older physicians included in the studies that formed 
the basis of the review by Choudhry and colleagues (from 
1966 to 2004) is probably not included in our review; 
thus, this disparity in quality due to a potential cohort 
effect is expected to be absent or less pronounced in 
the current review. Second, the review by Choudhry and 
colleagues typically included articles that assessed knowl-
edge and adherence to diagnosis or therapy through self- 
reported data, while only seven of the articles reported 
health outcomes. Most articles included in this current 
review reported health outcomes. Comparing the 
included studies that reported only health outcomes, we 
found that the difference between the two reviews is less 
pronounced.

Other more recent literature reviews within specific 
clinical specialties report findings similar to this review. 
Melfa and colleagues conducted a review of surgical 
fields and found that higher volume was associated with 
better quality. For the individual surgeon, the results 
were particularly evident regarding complications.61 This 
result echoes our findings regarding the safety dimen-
sion. Another literature review by van der Leeuw and 
colleagues studied the effect of residency training and 
experience on patient outcomes and concluded that 
overall patient care appears safe and of equal quality 
when delivered by resident physicians compared with 
more experienced staff.62 This supports our conclusion 
that there is no significant overall association between 
physicians’ clinical experience and healthcare quality.

Our systematised review has several limitations. First, we 
included a heterogeneous group of studies that included 
assessments of technical and non- technical skills, early- 
career, and late- career, acute and elective treatments, 
each within a broad range of medical fields. Thus, there is 
a possibility that opposite effects in subgroups might have 
cancelled each other, masking potential associations. 
Second, regarding the dimensions of quality, some of 
the dimensions had too few studies to draw firm conclu-
sions about associations. This is particularly the case for 
the equity dimension. A better search strategy might have 
helped include more studies. Third, our study focused on 
potential effects of individual physician characteristics on 
healthcare quality. Healthcare quality is dependant of a 
complex set of factors including individual factors, team 
factors and system factors to achieve successful outcomes. 
Considering the multitude of factors that might influence 
healthcare quality, variation attributable to characteris-
tics of the treating physician constitutes only part of the 
overall variation. Fourth, the narrow definition of physi-
cian experience used in this review might have excluded 
articles using more sophisticated proxies for experience 
than age or years in practice. One could argue that 
including other proxies of experience, such as breadth 
(eg, working in a variety of different healthcare settings), 
would have resulted in the inclusion of articles reflecting 
a broader range of physician experience. Fifth, we might 
have introduced bias by including a large proportion of 

articles that cite the review by Choudhry and colleagues.10 
If, for instance, studies that reported a negative associa-
tion were more likely to cite this review as a confirmation 
of their findings, we would have overlooked the possibility 
of a larger effect towards positive associations. Given the 
large number of included studies, however, a significant 
bias is less likely, and it is difficult to predict its potential 
direction. Sixth, most of the included studies were retro-
spective cohort studies and thus had inherent weaknesses 
related to study design. Finally, regarding generalisability, 
almost all the included studies were from Organisation 
for Economic Co- operation and Development countries 
(the majority of these were from the USA). Thus, our 
findings might not be directly applicable to other settings.

Despite these limitations, our findings do suggest that 
an overall healthcare quality gap related to physicians’ 
clinical experience is either non- existent, ambiguous 
or no longer relevant. This has implications for future 
research, as more specific studies are needed to deter-
mine the potential effects in subgroups, particularly 
regarding equity. Furthermore, our findings suggest that 
there is a possible quality gap regarding the safety dimen-
sion, as physicians’ clinical experience is positively associ-
ated with safer care. This is particularly true for surgeons, 
and efforts to secure adequate training and supervision 
of novice surgeons are warranted. Finally, several of the 
included studies reported large variations at the physi-
cian level that could not be attributable to observable 
measures, such as age or years of experience.26 30 37 42 55 56 59 
Physician- level individual variation is thus an important 
cause of disparities in healthcare quality, and explaining 
this variation through measures other than age or years 
of experience will be important in eventually addressing 
quality gaps.

CONCLUSION
We found no clear evidence of an association between 
measures of physicians’ clinical experience and overall 
healthcare quality. For outcome measures related to 
safety, we found that physicians’ clinical experience was 
proportional with safer care, particularly in surgical 
fields. For other quality dimensions, we found no firm 
evidence of an association. Further research is needed to 
reveal potential subgroups in which disparities in health-
care quality might exist.
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Supplemental table 1: Included studies on the association between physicians’ clinical experience and 

healthcare quality 

Reference Study design Field Sample size Key results Association 

Dimension of quality: Safety 

Atkinson et 

al., 2018[1] 

Cross-

sectional 

study 

Hospitalist and 

general 

pediatricians 

95 physicians, 

1423 patient 

encounters 

Device related adverse 

event higher among 

physicians with less years 

of experience. 

Positive 

Berk et al., 

2008[2] 

Cross-

sectional 

study 

Emergency 

physicians 

829 cases Physicians with more 

years of experience less 

likely to make a cognitive 

error.  

Positive 

McMahon et 

al., 2012[3] 

Prospective 

cohort study 

Neurosurgeons 3000 cases Years of experience was 

not a risk factor for 

incidental durotomies.  

Neutral 

Theodoro et 

al., 2010[4] 

Prospective 

cohort study 

Physicians 

performing 

cannulation of 

the internal 

jugular vein 

289 attempted 

cannulations in 

282 patients, 77 

physicians 

Non-linear, U-shaped 

correlation with better 

outcomes for low and 

high-volume physicians. 

Neutral 

Campbell et 

al. 2019[5] 

Retrospective 

cohort study 

Ophthalmologists 499 650 

operations 

For composite measure of 

adverse events, lower risk 

with more cases, no 

change with age. 

Partially 

positive 

Epstein et al., 

2013[6] 

Retrospective 

cohort study 

Obstetricians 6 704 311 

deliveries 

performed by 5 

175 obstetricians 

Significant reduction in 

complication rates for 

physicians with more 

years of training.  

Positive 

Satkunasivam, 

R et al., 

2020[7] 

Retrospective 

cohort study 

Surgeons 1 159 676 

patients, 3 314 

surgeons 

Older surgeons had a 

significantly reduced risk 

for of complications.  

Positive 

Skolka, M. et 

al., 2020[8] 

Retrospective 

cohort study 

Internal medicine 

physicians 

31 physicians, 

15 933 hospital 

discharges 

Higher readmission rates 

for physicians with a low 

volume of discharges but 

no difference with years of 

experience.  

Partially 

positive 

Southern, W. 

N. et al., 

2011[9] 

Quasi-

experimental 

study 

Mixed, all 

inpatients 

6572 patients, 59 

physicians 

No difference in 

readmission rates for 

physicians with different 

years of experience.   

  

Neutral 

Curtze S. et 

al., 2012[10] 

Prospective 

cohort study 

Neurologists 1 581 patients No difference in rate of 

intracerebral hemorrhage 

after thrombolysis for 

physicians with different 

volume of treatments.  

Neutral 
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Stevens, H. et 

al., 2018[11] 

Retrospective 

cohort study 

Surgeons 60 430 patients, 

71 physicians 

No statistically significant 

difference in complication 

rates across different 

surgeon age groups. 

 

. 

Neutral 

Dimension of quality: Clinical effectiveness 

Abe et al., 

2012[12] 

Cross-

sectional 

study 

Psychiatrists 1036 patients Change in global 

assessment of function 

score from admission to 

discharge had no 

significant association with 

years in practice.  

Neutral 

Anderson et 

al., 2017[13] 

Retrospective 

cohort study 

Thoracic 

surgeons 

206 surgeons, 62 

851 operations 

Negative association with 

major morbidity/mortality 

only for surgeons with >35 

years of experience. 

Neutral for other outcomes 

and age groups.  

Partially 

negative 

Ashy et al., 

2017[14] 

Pooled 

analysis of 

data from six 

observational 

studies 

General 

practitioners 

15 282 patients, 

2 834 physicians 

Poorer blood pressure 

control for older 

physicians, but volume of 

hypertensive patients 

associated with better 

outcomes. 

Neutral 

Bjornsson et 

al. 2011[15] 

Prospective 

cohort study 

Physicians 

responding to 

cardiac arrests 

232 

resuscitations 

and 39 

physicians 

Physician experience with 

real cases does not add to 

experience from 

resuscitation training 

Neutral 

Chai et al., 

2010[16] 

Retrospective 

cohort study 

Thoracic 

surgeons 

3766 patients Lower mortality for older 

surgeons.  

Positive 

Conway et al., 

2015[17] 

Retrospective 

cohort study 

Emergency 

physicians 

36 271 patients 

with 66 933 

admissions 

Lower mortality in 

physicians with more years 

of experience.   

Positive 

Funkhouser et 

al. 2011[18] 

Retrospective 

cohort study 

General 

practitioners 

1901 patients 

and 133 

physicians 

No association between 

physician age and correct 

beta blocker prescription 

after myocardial infarction.  

Neutral 

Glassman et 

al., 2020[19] 

Retrospective 

cohort study 

General 

practitioners 

5053 primary 

care physicians  

Older physicians associated 

with lower composite 

measure of performance 

Negative 

Goodwin et 

al., 2018[20] 

Cross-

sectional 

study and 

retrospective 

cohort study 

Early career 

hospitalists 

21 612 

hospitalists 

Mortality lower for second 

versus first year hospitalist 

with no change for 

subsequent years. 

Positive 

Haubitz-

Eschelbach 

Andrea et al., 

2019[21] 

Retrospective 

cohort study 

Emergency 

room- and ward-

physicians 

18 259 patients, 

494 physicians 

Grey-haired physicians 

compared to those with 

black or blond hair had 

lower risk of in-hospital 

mortality.  

Positive 
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Hsu J.C et al. 

2012[22] 

Retrospective 

cohort study 

Cardiologists 

performing 

biventricular 

device 

implantation 

272 patients Fewer procedural 

difficulties for more 

experienced physicians. No 

difference for failed 

implantation. 

Partially 

positive 

Huntington et 

al. 2019[23] 

Retrospective 

cohort study 

Oncologists 

administering 

Rituximab 

treatments 

15 110 patients 

and 2 684 

physicians 

Physicians with higher 

volume of prior treatments 

had lower rates of 

treatment discontinuation 

(associated with higher 

mortality) 

Positive 

Jasuja G. K. et 

al. 2017[24] 

Cross-

sectional 

Physicians - 

Several 

specialties 

38 648 providers Younger physicians 

adhered more to guidelines 

with appropriate testing 

before medication 

prescription. 

Negative 

Kerlin et al., 

2018[25] 

Retrospective 

cohort study 

Intensivists 345 physicians, 

11 268 patients 

No association between 

years of experience, 

volume, and mortality.  

Neutral 

Khatana S. A 

M. et 

al.2018[26] 

Retrospective 

cohort study 

Interventional 

cardiologists 

356 

interventional 

cardiologists and 

145 247 patients 

Physician caseload 

significantly associated 

with mortality but not years 

of experience. 

Partially 

positive 

Lee, H.C. et 

al., 2009[27] 

Case-control 

study 

Psychiatrists 87 cases 

compared to 348 

controls 

Suicide hazard among 

patients treated by older 

physicians higher.   

  

Negative 

Levie M. et 

al., 2011[28] 

Multicenter 

prospective 

cohort study 

Physicians 

performing 

hysteroscopic 

sterilization 

578 patients, 37 

newly trained 

and 39 senior 

physicians 

No association with either 

successful placement or 

procedural time between 

newly trained and senior 

physicians.  

Neutral 

Lindenauer P. 

K. et al., 

2006[29] 

Retrospective 

cohort study 

Internal medicine 

physicians 

13 480 patients, 

9 741 physicians 

Higher physician volumes 

resulted in lower adherence 

to guidelines but no 

difference in mortality. 

Partially 

negative 

McAllister 

F.A. et al., 

2015[30] 

Retrospective 

cohort study 

Internal medicine 

physicians 

10 046 patients, 

149 physicians 

No association in any of 

the included outcome 

measures with years of 

experience.   

Neutral 

Miller E.S. et 

al., 2018[31] 

Retrospective 

cohort study 

Obstetricians 134 obstetricians 

and 1 852 

patients 

Lower risk of failed 

deliveries with more years 

of experience. No 

difference in rates of severe 

perineal lacerations. 

Partially 

positive 

Satkunasivam 

R et al., 

2020[7] 

Retrospective 

cohort study 

Surgeons 1 159 676 

patients, 3 314 

surgeons 

Older physicians and 

physicians with a higher 

volume associated with 

lower mortality.   

Positive 

Slinin Y. et 

al., 2014[32] 

Retrospective 

cohort study 

Mixed 91 276 patients, 

72 734 

physicians 

No association between 

mortality for hemodialysis 

patients and physician 

years of experience or 

volume.  

Neutral 

Harvey M., et 

al., 2008[33] 

Prospective 

cohort study 

Emergency 

physicians 

1 291 patients No association between 

mortality and senior or 

resident physicians.  

Neutral 
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Li C. J. et al., 

2016[34] 

Retrospective 

cohort study 

Emergency 

physicians 

44 383 non-

trauma patients,  

Reduced mortality for 

physicians with more years 

of experience.   

Positive 

Curtze S. et 

al., 2012[10] 

Prospective 

cohort study 

Neurologists 1 581 patients No difference in disability 

or death for physicians with 

a higher volume of prior 

treatments. 

Neutral 

Southern, W. 

N. et al., 

2011[9] 

Quasi-

experimental 

study 

Mixed, all 

inpatients 

6572 patients, 59 

physicians 

Higher mortality for 

physicians with more years 

of experience. 

 

  

Negative 

Dimension of quality: Patient-centeredness 

Haubitz-

Eschelbach 

Andrea et al., 

2019[21] 

Retrospective 

cohort study 

Emergency 

room- and ward-

physicians 

18 259 patients, 

494 physicians 

Grey-haired physicians had 

higher patient-perceived 

quality of care compared to 

those with blonde or black 

hair. 

Neutral 

Nuyen Brian 

A. et al., 

2020[35] 

Cross-

sectional 

study 

Surgeons 36 840 surveys No association between 

physician age and 

likelihood to recommend 

scores.  

Neutral 

Obele C.C. et 

al., 2017[36] 

Cross-

sectional 

study 

Interventional 

radiologists 

2 774 surveys No association between 

physician age or years of 

experience and likelihood 

to recommend scores.  

Neutral 

Seely J.M. et 

al., 2017[37] 

Retrospective 

cohort study 

Physicians 

performing 

ultrasound 

guided and 

vacuum-assisted 

stereotactic 

biopsy. 

351 patient 

interviews 

More years of training for 

physician associated with 

less pain and bruising after 

one of two studied 

procedures.  

  

Partially 

positive 

Fathy et al., 

2018[38] 

Retrospective 

cohort study 

Ophthalmologists 

and neuro-

ophthalmologists 

1342 

ophthalmologists 

Older physician had a 

lower rate of unsolicited 

complaints.  

Positive 

Dimension of quality: Timeliness 

Li C. J. et al., 

2016[34] 

Retrospective 

cohort study 

Emergency 

physicians 

44 383 non-

trauma patients 

Older physicians had 

higher time to order and 

door to dispositions times 

than their younger peers.  

Negative 

Curtze S. et 

al., 2012[10] 

Prospective 

cohort study 

Neurologists 1 581 patients Physicians with a higher 

volume of prior treatments 

had reduced door-to-needle 

time in stroke 

thrombolysis.   

Positive 

Mehrotra, A. 

et al., 

2018[39] 

Retrospective 

cohort study 

Physicians 

performing 

colonoscopies 

201 physicians, 

104 618 patients 

The mean adenoma 

detection rates were higher 

in physicians with less 

years of experience. 

Negative 

Harvey, M., et 

al., 2008[33] 

Prospective 

cohort study 

Emergency 

physicians 

1 291 patients Physicians with more years 

of experience had lower 

waiting times.    

Positive 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open Qual

 doi: 10.1136/bmjoq-2021-001545:e001545. 10 2021;BMJ Open QualAjmi SC, Aase K. 



Lindenauer, P. 

K., 2006[29] 

Retrospective 

cohort study 

Physicians 

treating 

pneumonia 

13 480 patients, 

9 741 physicians 

Physician volume not 

associated with timeliness 

of administration of 

antibiotics.  

Neutral 

Dimension of quality: Efficiency 

Li C. J. et al., 

2016[34] 

Retrospective 

cohort study 

Emergency 

physicians 

44 383 non-

trauma patients,  

Physicians with more years 

of experience were less 

likely to order unnecessary 

tests.   

Positive 

Conway et al., 

2015[17] 

Retrospective 

cohort study 

Emergency 

physicians 

36 271 patients 

with 66 933 

admissions 

Physician years of 

experience associated with 

shorter length of stay in 

high-risk patients. 

Partially 

positive 

Davenport et 

al., 2020[40] 

Retrospective 

cohort study 

Radiologists 

assessing initial 

computed 

tomography scan 

25 596 patients Radiologist years of 

experience associated with 

lower odds of undergoing 

subsequent unnecessary 

imaging. 

Positive 

Howard, 

Hockenberry 

2019[41] 

Retrospective 

cohort study 

Obstetricians 1 658 327 

vaginal 

deliveries, 2200 

physicians 

Older physicians associated 

with higher (unnecessary) 

episiotomy rates 

Negative 

Southern W. 

N. et al., 

2011[9] 

Quasi-

experimental 

study 

Mixed 6572 patients, 59 

physicians 

Physicians with more years 

of experience had longer 

mean lengths of stay. 

Negative 

Cournane S. 

et al., 

2015[42] 

Retrospective 

cohort study 

Emergency 

physicians 

19 295 patients Less costs per case for 

physicians with > 15 years 

of experience.  

Positive 

Ellis S. D., et 

al., 2015[43] 

Retrospective 

cohort study 

Urologists 12 943 patients, 

2 138 urologists 

Urologists years of 

experience was not 

associated with overuse of 

medication.  

Neutral 

Mehrotra A. 

et al., 

2012[44] 

Cross-

sectional 

study 

Mixed 2 861 093 claims 

attributed to 12 

724 physicians 

Lower costs with 

increasing years of 

experience and caseload.   

Positive 

Piovani D. et 

al., 2017[45] 

Cross-

sectional 

study 

Community 

pediatricians 

424 280 patients, 

1 164 physicians 

Older physicians associated 

with higher achievement of 

targets for antibiotic 

prescription.  

Positive 

Rose-Felker, 

K. et al., 

2016[46] 

Retrospective 

cohort study 

Pediatricians 1701 patients, 

526 physicians 

Higher years of experience 

associated with less 

appropriate ordering of 

echocardiography. 

Negative 

Schwartz, A. 

et al., 

2019[47] 

Retrospective 

cohort study 

Generalist 

physicians 

3 159 834 

patients and 41 

773 physicians 

Increase in rate of low-

value services with 

increasing physician age.   

Negative 

Tan, A. et al., 

2016[48] 

Retrospective 

cohort study 

Primary care 

providers 

145 320 patients, 

3 297 physicians 

Inappropriate ordering of 

imaging increased with 

increasing physician age 

and caseload.  

Negative 

Tang, V. et 

al., 2016[49] 

Cross-

sectional 

study 

Mixed 203 717 patients, 

61 874 

physicians 

Increasing physician age 

associated with 

unnecessary prostate-

specific antigen screening. 

Negative 

Abe et al., 

2012[12] 

Cross-

sectional 

study 

Psychiatrists 1036 patients No association between 

length of stay and years of 

experience.  

Neutral 
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Dimension of quality: Equity 

Essien U. R., 

et al., 

2019[50] 

Retrospective 

cohort study, 

propensity-

matched 

sensitivity 

analysis 

Resident and 

staff primary care 

physicians 

143 274 patients Residents patients included 

a higher proportion of 

typically underserved 

populations. Residents 

provided lower quality of 

care after adjusting for 

patient factors. 

Positive 

Dimension of quality: Other 

Reid, R.O. et 

al., 2010[51] 

Retrospective 

cohort study 

Mixed 1.13 million 

patients, 10 408 

physicians 

Physician age was not 

associated with higher 

performance on composite 

performance score. 

Neutral 
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