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ABSTRACT
Objective  Diagnostic error is a key healthcare concern 
and can result in substantial morbidity and mortality. 
Yet no study has investigated the relationship between 
adverse outcomes resulting from diagnostic errors and one 
potentially large contributor to these errors: deficiencies in 
diagnostic knowledge. Our objective was to measure that 
associations between diagnostic knowledge and adverse 
outcomes after visits to primary care physicians that were 
at risk for diagnostic errors.
Setting/participants  1410 US general internists who 
recently took their American Board of Internal Medicine 
Maintenance of Certification (ABIM-IM-MOC) exam 
treating 42 407 Medicare beneficiaries who experienced 
48 632 ‘index’ outpatient visits for new problems at risk 
for diagnostic error because the presenting problem (eg, 
dizziness) was related to prespecified diagnostic error 
sensitive conditions (eg, stroke).
Outcome measures  90-day risk of all-cause death, 
and, for outcome conditions related to the index visits 
diagnosis, emergency department (ED) visits and 
hospitalisations.
Design  Using retrospective cohort study design, 
we related physician performance on ABIM-IM-MOC 
diagnostic exam questions to patient outcomes 
during the 90-day period following an index visit at 
risk for diagnostic error after controlling for practice 
characteristics, patient sociodemographic and baseline 
clinical characteristics.
Results  Rates of 90-day adverse outcomes per 1000 
index visits were 7 for death, 11 for hospitalisations and 
14 for ED visits. Being seen by a physician in the top 
versus bottom third of diagnostic knowledge during an 
index visit for a new problem at risk for diagnostic error 
was associated with 2.9 fewer all-cause deaths (95% CI 
−5.0 to −0.7, p=0.008), 4.1 fewer hospitalisations (95% CI 
−6.9 to −1.2, p=0.006) and 4.9 fewer ED visits (95% CI 
−8.1% to −1.6%, p=0.003) per 1000 visits.

Conclusion  Higher diagnostic knowledge was associated 
with lower risk of adverse outcomes after visits for 
problems at heightened risk for diagnostic error.

INTRODUCTION
Diagnostic error has been identified as a key 
healthcare delivery concern and contributes to 
significant potentially preventable morbidity 
and mortality.1–3 Ambulatory care, and espe-
cially primary care, is a practice setting with 
a particularly high risk for diagnostic error4 5 
because of the wide variety of presentations 
encountered and the concomitant difficulty 
of distinguishing harmful conditions from 
routine self-limited problems, compounded 
by the well-known time constraints faced by 
practitioners in that setting. It has been esti-
mated that at least 5% of ambulatory visits 

Strengths and limitations of this study

►► Unique diagnostic knowledge measure linking diag-
nostic knowledge with adverse outcomes.

►► Scalable adverse outcome measures and extensive 
sensitivity analyses.

►► Our assessment of diagnostic error is indirect (as 
indicated by adverse outcomes).

►► Results are subject to selection bias if the mix of 
index visits or the severity of the patients or practice 
support differed for physicians with different levels 
of diagnostic knowledge.

►► Results are only generalisable to physicians who 
elected to attempt American Board of Internal 
Medicine’s certification exam and were about 10 
years past initial certification and patients older than 
65.

http://bmjopen.bmj.com/
http://orcid.org/0000-0001-8979-019X
http://orcid.org/0000-0002-2289-3183
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-041817&domain=pdf&date_stamp=2021-03-25


2 Gray BM, et al. BMJ Open 2021;11:e041817. doi:10.1136/bmjopen-2020-041817

Open access�

are associated with diagnostic error, half of which may 
result in considerable patient harm. Diagnostic error is a 
common cause of malpractice suits and most frequently 
occurs in the ambulatory care settings.6 7

Deficiencies in diagnostic knowledge are likely to be 
an important contributor to these diagnostic errors that 
could impact, for example, the breadth of diagnoses 
considered, appropriate ordering and interpretation of 
tests and/or synthesis of data more generally.8–11 Because 
of this, measuring physician diagnostic knowledge has 
become a major focus of organisations throughout the 
developed world that are tasked with licensing and certi-
fying physicians with the underlying, although largely 
untested, hypothesis being that diagnostic knowledge 
will be a measurable and strong predictor of diagnostic 
error.12–15 Testing this hypothesis and quantifying this 
relationship are therefore a critical public policy concern 
both in terms of the importance of board certification 
and other programmes designed to enhance lifelong 
learning for physicians.

In the USA, the American Board of Internal Medicine 
(ABIM) is a leading organisation that certifies primary 
care physicians, most notably general internists. In fact, 
most general internists in the USA are certified by the 
ABIM and these physicians represent about 45% of all 
adult primary care physicians in the USA.16 Unlike medical 
licensure, board certification is not a legal requirement 
to practice medicine in the USA, though many hospitals 
require board certification as one criterion to obtain priv-
ileges and insurers often require board certification to 
be included in covered physician panels.17 18 To maintain 
their certification, general internists must pass an initial 
certifying exam and, periodically, pass a recertification 
exam thereafter (referred to as Maintenance of Certifica-
tion (MOC) exams).19 20 Diagnostic knowledge is a major 
component of these exams representing about half of 
all exam questions for the Internal Medicine MOC (IM-
MOC) exam.

One explanation for the lack of research on this topic is 
the difficulty in studying the relationship between general 
diagnostic knowledge and diagnostic error because of the 
inability to quantify diagnostic knowledge and identifying 
diagnostic errors at a population level, especially in the 
outpatient setting.21 We address this gap in the literature 
by applying a unique measure of diagnostic knowledge, 
performance on diagnostic-related questions on ABIM’s 
IM-MOC exam, and relating this measure to deaths, 
hospitalisations and emergency department (ED) visits 
that occurred after outpatient visits for new problems at 
heightened risk for diagnostic error.

METHODS
Physician and index visit sample
Our physician sample included general internists who 
were initially ABIM board certified in 2000 and took their 
IM-MOC exam between 2008 and 2011 (figure  1). We 
identified Medicare beneficiary outpatient Evaluation 

& Management visits with these physicians using their 
National Provider Identifier during the calendar year 
following their exam (2009–2012). These patients were 
age 65 or older and continuously enrolled in Medicare 
fee-for-service (Medicare insures most of the US popu-
lation over 65) during the physician’s 1-year follow-up 
period and the year prior. To ensure that any presenting 
problems being evaluated were new (ie, not follow-up), 
we restricted these visits to those that were the first visit 
for a new problem (the ‘index visit’) because these visits 
were preceded by a 90-day clean period with no previous 
inpatient or outpatient visit. The 90-day clean period is 
consistent with the US government Centers for Medi-
care and Medicaid Services criteria used by its Bundled 
Payments for Care Improvement Programme for defining 
new episodes of care and with the patterns of visits we 
observed (see online supplemental appendix section 1 
for related analysis).22 23

We further restricted these index visits to those at height-
ened risk for diagnostic errors because the recorded diag-
nosis in the Medicare claims (the ‘index visit diagnosis’), 
which includes recording of symptom (eg, loss of balance), 
could have been the initial presenting problem for one or 
more of 13 prespecified diagnostic error sensitive condi-
tions such as congestive heart failure or bacteraemia/
sepsis (see table  1). These 13 conditions (see online 
supplemental appendix section 2 for a list and applicable 
International Classification of Diseases, Ninth Revision 
codes (ICD-9 codes) were an acute non-cancerous subset 
of 20 conditions previously noted by Schiff et al to be 
at high risk for serious diagnostic error.24 For instance, 
index visits with diagnosis codes for chest pain, dyspepsia, 
shortness of breath, hypoxaemia/hypoxia, respiratory 
distress, weakness/fatigue, oedema or ascites could all be 

Figure 1  Sample selection. MOC, Maintenance of 
Certification.
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the initial presentation of congestive heart failure, which 
is one of the 13 diagnostic error sensitive conditions.

We used a three-step process to identify eligible index 
visit diagnoses. First, two physician authors (RGM and 
BL) identified all diagnoses that could be presenting 
problems for the 13 diagnostic error sensitive conditions: 
what problems/diagnoses might someone who ultimately 
presented with a diagnostic-error sensitive condition 
have presented with initially? Second, because the orig-
inal list of identified index visit diagnoses was large (76), 
we reduced this list to 38 by applying a relative risk (RR) 
criteria. For a specific index visit diagnosis to meet this 
criteria, all index visits with that diagnosis had to have a 
greater portion of later ED visits or hospitalisations with 
the related outcome condition discharge diagnosis than 
index visits where the specific at risk diagnosis was not 
present. For example, dizziness was chosen as an eligible 
index visit diagnosis for stroke, one of the diagnostic 
error sensitive conditions, both because it was identified 

as a potential presenting symptom of a stroke by physician 
authors and because index visits with that diagnosis had 
a greater proportion of later hospitalisation or ED visits 
for stroke than visits without this diagnosis. Third, we also 
included index visits where the actual diagnosis was one 
of the 13 diagnostic error sensitive conditions because we 
wanted to include cases where diagnostic errors were and 
were not made. Therefore, we also included index visits 
with a diagnosis of congestive heart failure itself as being 
at risk for the underlying condition congestive heart 
failure.

Outcome measures
We examined the risk of three serious adverse outcomes 
within 90 days of the index visit that we hypothesised 
would occur more frequently in cases of misdiagnosis: all-
cause mortality, hospitalisations and ED visits. We did not 
count these events as adverse outcomes if they occurred 
on the same day as the index visit because this may reflect 

Table 1  Frequency of index visits related to each diagnostic error sensitive condition

Thirteen diagnostic error 
sensitive conditions

Index visits with a 
diagnosis code related 
to a diagnostic error 
sensitive condition 
(percentages can add 
to greater than 100% 
because of antecedent 
index visit diagnoses 
related to more than 
one diagnostic error 
sensitive condition) Hospitalisation*†

Emergency 
department (ED) visit* Death‡

Number (per cent of 
index visits)

Number (per cent of 
hospitalisations with 
a diagnostic error 
sensitive condition)

Number (per cent 
of ED visits with 
a diagnostic error 
sensitive condition)

Number 
(per cent of 
deaths)

48 632 (100.0) 541 (100) 663 (100) 316 (100)

Acute coronary syndrome 16 228 (33.4) 48 (8.9) 56 (8.4) 103 (32.6)

Fracture 13 409 (27.6) 60 (11.1) 100 (15.1) 60 (19.0)

Depression 12 637 (26.0) Not reported§ Not reported§ 121 (38.3)

Anaemia 12 410 (25.5) 54 (10.0) 59 (8.9) 110 (34.8)

Pneumonia 12 183 (25.1) 91 (16.8) 107 (16.1) 107 (33.9)

Congestive heart failure 12 137 (25.0) 227 (42.0) 254 (38.3) 120 (38.0)

Aortic aneurysm 11 491 (23.6) 17 (3.1) 23 (3.5) 79 (25.0)

Stroke 10 026 (20.6) 69 (12.8) 82 (12.4) 71 (22.5)

Pulmonary embolism 8534 (17.5) 12 (2.2) 13 (2.0) 89 (28.2)

Spinal cord compression 6386 (13.1) Not reported§ Not reported§ 36 (11.4)

Bacteraemia/sepsis 5567 (11.4) 19 (3.5) 21 (3.2) 46 (14.6)

Appendicitis 2584 (5.3) Not reported§ Not reported§ 17 (5.4)

Abscess 1005 (2.1) Not reported§ 13 (2.0) Not reported

*Condition specific outcomes for one of the 13 diagnostic error sensitive conditions within 90 days of an outpatient index visit at risk for that 
condition.
†Hospitalisations include non-elective hospitalisations either initiated through the ED or a trauma centre.
‡All cause mortality within 90 days of the index visit.
§Not reported because observations were less than 11.
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a positive action (the physician correctly diagnosed a 
patient with stroke and referred/admitted them to the 
hospital) or be unavoidable regardless of the accuracy of 
the index visit diagnosis (the patient died despite imme-
diately admitting the patient to the hospital who exhib-
ited stroke symptoms). Based on Medicare billing codes, 
hospitalisations were limited to non-elective hospitalisa-
tions initiated through the ED or trauma centre. The ED 
and hospitalisation outcomes were also limited to cases 
where the discharge diagnosis was for one of the 13 diag-
nostic error sensitive conditions following an index visit 
with the applicable diagnosis. We therefore presumed 
that these discharge diagnoses were a reasonable repre-
sentation of the underlying condition of the patient at 
the time of the index visit. For example, we would count 
a hospitalisation with a discharge diagnosis of stroke as 
an adverse outcome if it occurred after an index visit 
for dizziness because dizziness was identified as being a 
potential presenting problem for stroke. However, we did 
not count hospitalisations with a discharge diagnosis for 
acute coronary syndrome following an index visit for dizzi-
ness because dizziness was not identified as a presenting 
problem for acute coronary syndrome. The rationale is 
that if there were no presenting problems during the 
index visit related to coronary syndrome, either because 
the underlying condition was not present or could not be 
detected at the time of the index visit, then the index visit 
physician could not have prevented the hospitalisation 
regardless of their diagnostic knowledge.

Measure of diagnostic knowledge
Our measure of diagnostic knowledge was calculated as 
the per cent of correct answers on the IM-MOC exam 
for questions previously coded as ‘diagnosis-related’ by 
ABIM’s IM-MOC exam committee. In our study, these 
questions comprised 53% of all IM-MOC exam questions, 
with the remaining 42% addressing treatment and 5% 
related to other topics such as epidemiology or patho-
physiology. More generally, exam questions are designed 
to replicate real world clinical scenarios and/or patient 
encounters and without reliance on rote memorisa-
tion.25 26

The ABIM exam committee coded each question based 
on the primary function tested to assure that the exam 
covers care typically rendered by outpatient primary 
care physicians. Questions coded as diagnosis related 
typically test knowledge and skills related to diagnostic 
inference, differential diagnosis and diagnostic testing 
and therefore are measuring diagnostic knowledge and 
related decision-making. Psychometric analysis indicates 
that scores on diagnosis related exam questions were 
meaningfully correlated (ie, Cronbach’s alpha score of 
0.84), and thereby represent an independent under-
lying construct that could be interpreted as diagnostic 
knowledge (see online supplemental appendix section 3 
for more details).27 Similarly, this analysis indicated that 
questions coded as treatment related also represent an 
independent underlying construct (ie, Cronbach’s alpha 

score of 0.75). Although performance on diagnosis and 
treatment related questions were correlated (Pearson 
correlation=0.62), 59.5% of the variation in diagnosis 
exam performance for the physician study sample was not 
explained by performance on other parts of the exam.

Statistical methods
Using Probit regression, we estimated the associations 
with each adverse outcome, with standard errors adjusted 
for correlations resulting from the nesting of visits within 
patients within physicians.28 29 To measure associations 
with diagnostic knowledge, we included categorical 
regression explanatory variables for top and middle third 
of per cent correct scores on diagnosis-related questions 
(bottom third was the reference category). Other exam 
level explanatory variables included tertile indicators for 
performance on treatment-related questions and perfor-
mance on other question types. Since these variables 
measure knowledge unrelated to diagnosis, they account 
for correlations between factors such as unmeasured prac-
tice or patient characteristics that might be correlated 
with exam performance and our outcome measures (eg, 
high scoring physicians may be more likely to practice in 
an academic setting or other such settings that might be 
independently related to diagnostic error). Exam form 
indicators accounted for differences in exam difficulty 
across exam administrations.

We also included physician, patient and visit level 
regression controls. Physician level controls included: 
practice size (indicators for solo practice and practices 
larger than 50 physicians), practice type (indicators for 
academic, group), demographic (gender) and training 
characteristics (medical school location interacted with 
country of birth). Patient level controls included: demo-
graphic characteristics (age and age squared, gender and 
race/ethnicity indicators) and a Medicaid eligibility indi-
cator. Lagged patient risk adjusters included 27 indicators 
for chronic conditions and Medicare’s Hierarchal Condi-
tion Category (HCC) risk adjustment score. We imputed 
values for a small number of missing values for controls 
(see online supplemental appendix section 4). Patient 
index visit location level controls included: an indicator 
for residing in a rural ZIP code, ZIP code median house-
hold income, and indicators for 10 US Health and Human 
Services regions. Index visit level controls included: indi-
cators of any outpatient visit, hospitalisation or ED visits 
within the prior year and number of days since the most 
recent of these events, visit year indicators to control for 
secular changes in quality. We also included an indicator 
for whether or not the patient had a previous contact 
with the index visit physician during the year prior to the 
index visit to account for differences in physician–patient 
continuity (see online supplemental appendix section 5 
for a full list of controls).

Sensitivity analysis
We performed numerous sensitivity analyses to test the 
robustness of our results (detailed in online supplemental 
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appendix section 6). First, we expanded the index visit 
sample to include all index visits with the original 76 
diagnoses identified by the physician authors regard-
less of whether they met the RR criteria. Second, we 
expanded and contracted the index visit clean period 
by 7 days. Third, excluded hospitalisations or ED events 
occurring the day after the index visit, in addition to same 
day events, to consider the possibility that they might be 
triggered by a correct diagnosis and therefore should 
not have been considered adverse outcomes. Fourth, we 
considered the possibility that our results were biased 
due to omitted variables correlated with practice size. 
For example, it could be that physicians in large practices 
have greater access to specialists or other physicians for 
informal consultations than those is small practices and 
therefore outcomes for these physicians may be less sensi-
tive to their knowledge. To examine this possibility, we 
estimated associations with knowledge and our two util-
isation measures across a sample of physicians in either 
small (≤10 physicians, 54.5% (768/1410) of physicians) 
or large practices (>50 or in academic medical centres, 
23.7% (334/1410) of physicians). We did not conduct 
these sensitivities for death because there were too few 
deaths in the subgroups to allow us to reliably estimate 
the associations (eg, 39 deaths for physicians in large 
practices). Fifth, to consider the possibility that these 
outcomes were only avoided because the patient died, 
for the ED and hospitalisation outcome, we also included 
instances where the patient died. Sixth, as a falsification 
test we limited the index visits to those that were unrelated 
to the 13 diagnostic error sensitive conditions. Under this 
sensitivity, we expected then that the associations with 
diagnostic knowledge would decline. The index visit 
physician’s diagnostic knowledge cannot impact a future 
adverse outcome if the underlying condition that caused 
that outcome was not present or detectible at the time 
of index visit. Therefore, this reduction in association 
should be especially true for the hospitalisation and ED 
measures where adverse outcomes were limited to the 13 
diagnostic error conditions and so were unrelated to the 
index visit diagnoses in this sensitivity. Similarly, for the 
last sensitivity, we applied elective hospitalisations as an 
outcome measure to consider the possibility that there 
could be a correlation between the overall propensity to 
hospitalise in an area and physician knowledge.

All analyses were performed using Stata V.15.

Patient and public involvement
Patients and/or the public were not involved in the 
design, or conduct, or reporting, or dissemination plans 
of this research.

RESULTS
Of 2492 general internists who initially certified in 2000 
and who took an IM-MOC exam between 2009 and 2012 
and 1722 had outpatient visits with a fee-for-service Medi-
care beneficiary during the study period. Those without 

visits generally practised hospital medicine. Of these, 1410 
were included in the study because they had at least one 
outpatient index visit that met our study inclusion criteria 
during the year after they took their IM-MOC exam. In 
total, 48 632 index visits with 42 407 patients treated by 
1410 physicians met study inclusion criteria (figure  1). 
Table  1 lists frequency of index visits and subsequent 
outcomes for each diagnostic error sensitivity condition.

The mean per cent correct on diagnosis questions 
ranged from 84.3% among top third performers to 65.5% 
among bottom third performers (table  2). Patient and 
visit characteristics were similar across tertiles of physician 
diagnostic knowledge. For example, there were no statis-
tically significant differences in the HCC risk adjuster 
across tertiles (p=0.19) However, there were differences 
in some physician and practice characteristics. When 
compared with physicians in the bottom tertile of diag-
nostic knowledge, physicians in the top were significantly 
less likely to be in solo practice (12.8% vs 24.4%, p=0.009), 
and more likely to be in academic practice (9.7% vs 3.4%, 
p<0.001). However, the proportion graduating from a US 
medical school was similar across diagnostic knowledge 
tertiles (70.0% vs 63.3%, p=0.30).

Associations between diagnostic knowledge and patient 
adverse outcomes
The overall rates of 90-day adverse outcomes per 1000 
index visits were 6.5 for death, 11.1 for hospitalisations 
and 13.6 for ED visits (with the latter two directly associ-
ated with one of the diagnostic error sensitive conditions 
whose antecedent was present in the applicable index 
visit). Being seen by a physician scoring in the top versus 
bottom third of diagnostic knowledge on the MOC exam 
was associated with 2.9 fewer deaths per 1000 visits (95% 
CI −5.0 to −0.7, p=0.008) which reflects a 35.3% lower 
risk of death (95% CI −52.8 to −11.2, p=0.008, table 3). 
Our finding also suggests that this difference in exam 
performance was associated with 4.1 fewer applicable 
hospitalisations (95% CI −6.9 to −1.2, p=0.006), and 4.9 
fewer applicable ED visits (95% CI −8.1 to −1.6, p=0.003) 
per 1000 visits (table  3). These reductions correspond 
with about a 30% lower risk for these utilisation measures 
(hospitalisations: −30.5%, 95% CI −46.1 to −10.4, p=0.003, 
ED: −29.8%, 95% CI −44.4 to −11.4).

We also found a significant knowledge tertile dose 
response relationship across all three regression adjusted 
RR measures (p-trends<0.008). For example, the 
regression-adjusted 90-day risk of death per 1000 patients 
whose index visit physician scored in the top third of diag-
nostic knowledge was 5.2 (95% CI 4.1 to 6.3), compared 
with 6.5 (95% CI 5.4 to 7.6) for the middle third, and 8.1 
(95% CI 6.5 to 9.7) for the bottom third (p-trend=0.008).

Sensitivity analyses
Our sensitivity analyses (online supplemental appendix 
section 6) confirmed that base case associations with 
diagnostic knowledge were robust to different index visit 
clean periods, and diagnosis code inclusion criteria and 
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Table 2  Physician and patient characteristics by diagnostic exam performance tertile

Total

Diagnosis question per cent correct P value*

Top
(78.5–95.8)

Middle
(71.4–78.4)

Bottom
(42.9–71.3)

Exam performance, mean (SD)*

Diagnosis question per cent correct 74.5 (0.4) 84.3 (0.3) 74.8 (0.1) 65.5 (0.3) <0.001

Other question per cent correct 72.6 (0.7) 80.2 (1.0) 72.1 (1.1) 66.4 (1.5) <0.001

Treatment question per cent correct 77.3 (0.3) 83.4 (0.4) 77.2 (0.4) 72.0 (0.5) <0.001

Physician characteristics, count (%)

Female physician 19 428 (39.9) 6546 (43.8) 6357 (37.5) 6525 (39.0) 0.37

US born physician 28 462 (58.5) 9284 (62.1) 9932 (58.6) 9246 (55.3) 0.37

US medical school 31 960 (65.7) 10 471 (70.0) 10 900 (64.3) 10 589 (63.3) 0.30

Practice type

 � Solo physician practice 9452 (19.4) 1914 (12.8) 3462 (20.4) 4076 (24.4) 0.009

 � Small group practice (2–10) 20 563 (42.3) 5543 (37.1) 7529 (44.4) 7491 (44.8) 0.19

 � Medium physicians group practice (11–50) 7442 (15.3) 2899 (19.4) 2402 (14.2) 2141 (12.8) 0.25

 � Large physician group practice (>50 
physicians)

5391 (11.1) 2150 (14.4) 1655 (9.8) 1586 (9.5) 0.14

 � Academic practice 2708 (5.6) 1447 (9.7) 697 (4.1) 564 (3.4) <0.001

 � Other practice 3076 (6.3) 1005 (6.7) 1211 (7.1) 860 (5.1) 0.59

Beneficiary characteristics

Beneficiary race, count (per cent)

 � White 40 086 (82.4) 12 652 (84.6) 13 778 (81.3) 13 656 (81.7) 0.13

 � Black 3958 (8.1) 926 (6.2) 1609 (9.5) 1423 (8.5) 0.03

 � Other 4588 (9.4) 1380 (9.2) 1569 (9.3) 1639 (9.8) 0.88

Beneficiary age (per year), mean (SD)* 76.6 (0.1) 76.8 (0.1) 76.5 (0.1) 76.6 (0.1) 0.23

Chronic Condition Data Warehouse (CCW) 
conditions, count (per cent)

 � Alzheimer’s disease and related disorders or 
senile dementia

5151 (10.6) 1497 (10.0) 1793 (10.6) 1861 (11.1) 0.16

 � Alzheimer’s disease 2061 (4.2) 627 (4.2) 704 (4.2) 730 (4.4) 0.82

 � Acute myocardial infarction 1408 (2.9) 394 (2.6) 494 (2.9) 520 (3.1) 0.13

 � Anaemia 22 450 (46.2) 6706 (44.8) 7766 (45.8) 7978 (47.7) 0.11

 � Asthma 4424 (9.1) 1313 (8.8) 1548 (9.1) 1563 (9.3) 0.39

 � Atrial fibrillation 4225 (8.7) 1265 (8.5) 1478 (8.7) 1482 (8.9) 0.69

 � Breast cancer 2485 (5.1) 779 (5.2) 831 (4.9) 875 (5.2) 0.48

 � Colorectal cancer 1139 (2.3) 357 (2.4) 406 (2.4) 376 (2.2) 0.68

 � Endometrial cancer 352 (0.7) 113 (0.8) 109 (0.6) 130 (0.8) 0.39

 � Lung cancer 435 (0.9) 151 (1.0) 152 (0.9) 132 (0.8) 0.19

 � Prostate cancer 1662 (3.4) 507 (3.4) 600 (3.5) 555 (3.3) 0.66

 � Cataract 31 095 (63.9) 9601 (64.2) 10 773 (63.5) 10 721 (64.1) 0.74

 � Heart failure 9207 (18.9) 2786 (18.6) 3155 (18.6) 3266 (19.5) 0.54

 � Chronic kidney disease 6904 (14.2) 2083 (13.9) 2392 (14.1) 2429 (14.5) 0.62

 � Chronic obstructive pulmonary disease 9108 (18.7) 2635 (17.6) 3165 (18.7) 3308 (19.8) 0.02

 � Depression 12 042 (24.8) 3728 (24.9) 4145 (24.4) 4169 (24.9) 0.83

 � Diabetes 13 296 (27.3) 3947 (26.4) 4590 (27.1) 4759 (28.5) 0.16

 � Glaucoma 10 030 (20.6) 3086 (20.6) 3501 (20.6) 3443 (20.6) 0.99

 � Hip/pelvic fracture 1531 (3.1) 430 (2.9) 535 (3.2) 566 (3.4) 0.15

 � Hyperlipidaemia 37 132 (76.4) 11 266 (75.3) 12 898 (76.1) 12 968 (77.6) 0.11

Continued
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Total

Diagnosis question per cent correct P value*

Top
(78.5–95.8)

Middle
(71.4–78.4)

Bottom
(42.9–71.3)

 � Benign prostatic hyperplasia 5815 (12.0) 1792 (12.0) 1987 (11.7) 2036 (12.2) 0.76

 � Hypertension 37 607 (77.3) 11 345 (75.8) 13 011 (76.7) 13 251 (79.3) <0.001

 � Hypothyroidism 11 425 (23.5) 3490 (23.3) 3862 (22.8) 4073 (24.4) 0.25

 � Ischaemic heart disease 18 713 (38.5) 5616 (37.5) 6393 (37.7) 6704 (40.1) 0.06

 � Osteoporosis 14 171 (29.1) 4372 (29.2) 4794 (28.3) 5005 (29.9) 0.34

 � Rheumatoid arthritis 23 352 (48.0) 6879 (46.0) 8275 (48.8) 8198 (49.0) 0.02

 � Stroke 6255 (12.9) 1880 (12.6) 2212 (13.0) 2163 (12.9) 0.70

Number of chronic conditions, count (per cent)

 � ≤4 5066 (10.4) 1459 (9.8) 1744 (10.3) 1863 (11.1) 0.08

 � 5–7 16 861 (34.7) 5392 (36.0) 5981 (35.3) 5488 (32.8) 0.006

 � 8–10 16 230 (33.4) 4907 (32.8) 5664 (33.4) 5659 (33.8) 0.35

 � ≥11 10 475 (21.5) 3200 (21.4) 3567 (21.0) 3708 (22.2) 0.28

Mental health visit, count (per cent) 6347 (13.1) 2040 (13.6) 2119 (12.5) 2188 (13.1) 0.46

Hierarchical Condition Category score, mean 
(SD)*

0.98 (0.01) 0.96 (0.01) 0.98 (0.01) 0.99 (0.01) 0.19

Household medium income, mean $ (SD)* 59 852 (643) 61 574 (1106) 59 113 (1144) 59 063 (1075) 0.19

Medicaid dual eligible, count (per cent) 6392 (13.1) 1793 (12.0) 2411 (14.2) 2188 (13.1) 0.28

Rural county residence, count (per cent) 7392 (15.2) 2207 (14.8) 2866 (16.9) 2319 (13.9) 0.64

Visit characteristics

Visit with same doctor in last year, count (per 
cent)

37 726 (77.6) 11 369 (76.0) 13 154 (77.6) 13 203 (79.0) 0.08

Visit with any physician in last year, count (per 
cent)

44 852 (92.2) 13 711 (91.7) 15 647 (92.3) 15 494 (92.7) 0.08

Days since last visit with any physician (if any 
visit in last year), mean (SD)*

144.2 (0.6) 147.1 (0.8) 144.4 (1.0) 141.4 (1.3) <0.001

ED visit in prior year, count (per cent) 8101 (16.7) 2428 (16.2) 2879 (17.0) 2794 (16.7) 0.43

Days since last ED visits (if ED visit in last 
year), mean (SD)*

222.8 (0.9) 221.2 (1.5) 223.5 (1.5) 223.4 (1.5) 0.47

Hospitalisation in prior year, count (per cent) 4227 (8.7) 1280 (8.6) 1489 (8.8) 1458 (8.7) 0.85

Days since last hospitalisation (if 
hospitalisation in last year), mean (SD)*

229.6 (1.2) 229.1 (2.1) 229.7 (2.1) 230.1 (1.9) 0.95

Index visit diagnosis groups, count (per cent)

 � Abscess 1005 (2.1) 268 (1.8) 394 (2.3) 343 (2.1) 0.21

 � Anaemia 12 410 (25.5) 3817 (25.5) 4369 (25.8) 4224 (25.3) 0.93

 � Aortic aneurysm 11 491 (23.6) 3495 (23.4) 4165 (24.6) 3831 (22.9) 0.18

 � Appendicitis 2584 (5.3) 845 (5.6) 949 (5.6) 790 (4.7) 0.01

 � Bacteraemia 5567 (11.4) 1660 (11.1) 1929 (11.4) 1978 (11.8) 0.83

 � Congestive heart failure 12 137 (25.0) 3633 (24.3) 4221 (24.9) 4283 (25.6) 0.67

 � Acute coronary syndrome 16 228 (33.4) 4627 (30.9) 5740 (33.9) 5861 (35.1) 0.02

 � Depression 12 637 (26.0) 3932 (26.3) 4312 (25.4) 4393 (26.3) 0.78

 � Fracture 13 409 (27.6) 4324 (28.9) 4364 (25.7) 4721 (28.2) 0.11

 � Pulmonary embolism 8534 (17.5) 2683 (17.9) 2984 (17.6) 2867 (17.1) 0.71

 � Pneumonia 12 183 (25.1) 3773 (25.2) 4224 (24.9) 4186 (25.0) 0.97

 � Spinal cord compression 6386 (13.1) 1985 (13.3) 2218 (13.1) 2183 (13.1) 0.94

 � Stroke 10 026 (20.6) 3003 (20.1) 3542 (20.9) 3481 (20.8) 0.79

Table 2  Continued

Continued
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next day coding of outcome measures. Associations with 
diagnostic knowledge were also fairly robust to physi-
cian’s practice size for both the ED and hospitalisation 
measures when we limited the sample to either small or 
large or academic practices.

Suggesting that our results were not influenced by 
omitted variable bias, we found that associations with 
diagnostic knowledge and our outcome measures became 
small and statistically insignificant when we limited the 
sample to index visits with diagnoses unrelated to any of 
the 13 diagnostic sensitive error conditions, and so were 
at lower risk for diagnostic error (p>0.50 and associations 
were at most about a tenth of the base case per cent differ-
ence between top and bottom third of diagnostic knowl-
edge). We also found no significant association between 
lack of diagnostic knowledge and elective hospitalisations 
(p=0.63).

DISCUSSION
We found that higher diagnostic knowledge among 
US outpatient internal medicine physicians was associ-
ated with significant reductions in subsequent adverse 
outcomes whose cause was at risk for diagnostic error. 
Indeed, for every 1000 index visits for a new problem at 
risk for diagnostic error, being seen by a physician in the 
top versus bottom third of diagnostic knowledge was asso-
ciated with 2.9 fewer all-cause death and, for diagnostic 
error sensitive conditions, 4.1 fewer hospitalisations and 
4.9 fewer ED visits within 90 days. These figures corre-
spond to a reduction in risk for these adverse events by 
about a third. Although some prior studies have demon-
strated the high morbidity and mortality of diagnostic 
error,1–3 this is the first study to demonstrate and quantify 
the direct association between serious adverse outcomes 
and the diagnostic knowledge of their first contact 
primary care physician. These finding support the notion 
that gaps in diagnostic knowledge between physicians 
may be an important contributor to the diagnostic error 
problem plaguing the healthcare system worldwide.

We measured the association between diagnostic 
knowledge and potential diagnostic error by using Medi-
care claims data to identify patients who presented for 
outpatient visits with problems at heightened risk for 
serious diagnostic errors and examining the occurrence 
of clinically relevant adverse outcomes soon thereafter. 
Although this approach lacks the precision of individual 
chart audits,7 it is both clinically plausible and scalable in 
that it can be used to monitor the care of large numbers 

of patients, making the method itself an important contri-
bution to the literature on diagnostic error. Although we 
did not directly measure diagnostic errors through chart 
audits, the fact that we found associations with diagnostic 
knowledge and the diagnostic error sensitive outcome 
conditions we studied coupled with the fact that we did 
not find associations with treatment knowledge, nor 
did we find associations when the underlying diagnostic 
error sensitive condition was likely not present during the 
outpatient index visit because no antecedent diagnoses 
recorded indicates that the associations we report in this 
study were likely driven by association with diagnostic 
errors that occurred during these visits. Furthermore, our 
approach builds on prior studies that used claims data to 
infer diagnostic error incidence for ED visits, in that we 
identified index visit diagnoses at risk for diagnostic error 
that were clinically plausible and verified empirically, 
and we assured that we were studying new problems by 
requiring that the patient had not had an ED, hospital 
or outpatient visit over the previous 3 months.30–32 We 
expanded on these studies by focusing on outpatient 
care and by examining a much more comprehensive set 
of presenting problems that may have been precursors 
to one of 13 diagnostic error prone conditions that we 
studied. This approach was necessary in order to study 
diagnostic error in the more low acuity setting of outpa-
tient general internal medicine.

Our findings suggest an association between diagnostic 
knowledge and adverse outcomes. Yet, there are important 
limitations to consider. We did not directly determine 
whether a diagnostic error had occurred through such 
validated means as a chart review. Our findings cannot 
be interpreted as causal given the cross-sectional nature 
of our study so we cannot rule out the possibility that 
observed associations were the result of omitted variable 
bias related to either physician or patient characteristics, 
and do not reflect a causal relationship between diag-
nostic knowledge and adverse outcomes. That said, there 
is no reason to believe that these characteristics would 
be correlated with diagnostic knowledge independent 
of treatment knowledge which we were able to control 
for as both these knowledge measures should be simi-
larly correlated with unobserved factors such as ability 
of consulting colleagues. Furthermore, had associations 
with diagnostic knowledge been driven by omitted vari-
able bias then we would have expected them to be similar 
when estimated across index visits with lower or higher 
risk for diagnostic error, and they were not. We also 

Total

Diagnosis question per cent correct P value*

Top
(78.5–95.8)

Middle
(71.4–78.4)

Bottom
(42.9–71.3)

*P values and SD accounted for correlated errors within physicians.
ED, emergency department.

Table 2  Continued
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found that diagnosis exam performance was not associ-
ated with elective hospitalisations, which are, presumably, 
unrelated to underlying diagnostic knowledge but may 
be related to the overall propensity to hospitalise. That 
said, the fact that practice size was found to be correlated 
with diagnostic exam performance is concerning. For 
example, as described above, practice size could be 
correlated with access to specialists that in turn might 
be related to our outcome measures. However, sensitive 
analyses indicate that associations with knowledge and 
our utilisation adverse outcome measures were fairly 
similar across physicians practice size/type (small, and 
large or academic). An additional limitation is that we 
studied select conditions among older patients enrolled 
in the Medicare programme so we cannot extrapolate 
these findings to a younger population, other conditions 
we did not consider, or populations with no or different 
health insurance coverage. Our findings might also not 
be applicable to older physicians who certified before 
2000 or younger physicians who certified after 2000 as 
well as physicians who choose not to attempt an exam. 
While a physician’s clinical knowledge might be related 
to their decision to not take the MOC exam therefore 
not maintaining their certification, other factors certainly 
play a role in this decision.

Another limitation of our study is that the IM-MOC 
exam was specifically designed to measure clinical 
knowledge in general, it was not designed to measure 
diagnostic knowledge specifically. That said, diagnostic 
knowledge is a major component of the exam and was 
found to meet the criteria for measuring this underlying 
construct. Also diagnostic error may have stemmed 
from factors outside of inadequate diagnostic knowl-
edge, which are not covered by the exam but could be 
correlated with our exam based diagnostic knowledge 
measure (eg, poor patient/physician communication 
skills and related system failures).33 34 That said, there 
is no reason to believe that these other contributors to 
diagnostic error would not also be correlated with the 
other aspects of the exam we do account for. Further-
more, based on an analysis of malpractice claims, 
Newman-Toker et al6 reported that clinical judgement 
played an important role in 86% of diagnostic errors, 
while poor patient/physician communication and 
system failures played a role in far fewer diagnostic 
errors that resulted in malpractice suits (35% and 22%, 
respectively). Suggesting that improving communi-
cation will not reduce stroke related diagnostic error, 
Kerber and Newman-Toker35 reported that frontline 
providers rarely ask the right questions when patients 
present with dizziness. Communication ability is only 
valuable in terms of reducing diagnostic error if the 
physician knows what questions to ask and what the 
answers mean. Although we cannot say with certainty 
that our finding is driven by an underlying associa-
tion between diagnostic knowledge and diagnostic 
errors, at a minimum, our finding suggests that patients 
treated by physicians who scored well on diagnostic Ta
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exam questions may be at lower risk for the adverse 
outcomes we studied. Finally, some might assert that a 
standardised exam without access to medical reference 
material might be more a reflection of a physician’s rote 
memory and ability to recall medical facts than a test 
of their clinical knowledge and judgement. Although 
this is a fundamental limitation of our study, it should 
be noted that the exam is designed to mimic decision 
making in real life situations including such things 
as patient’s laboratory results and reference material 
impeded in the exam and past research indicates that 
an ‘open’ book format that allows physicians access 
to reference material did not materially impact exam 
performance.36 It should also be noted that the neces-
sary rapidity of decision-making by primary care physi-
cians who have limited time per encounter might fairly 
be represented by an exam with time constraints.

In this exploratory analysis, we found evidence that 
diagnostic knowledge of primary care physicians seeing 
a patient for an index visit for a problem that is at height-
ened risk of diagnostic error is associated with adverse 
outcomes. The fact that there exists a link between 
general diagnostic knowledge and diagnostic error may 
not be surprising, the magnitude of the associations 
we found suggests that interventions ignoring the role 
of physician knowledge may be inadequate to address 
the crisis of diagnostic error. Interventions targeted at 
improving diagnostic knowledge could include such 
things as a greater focus on diagnostic training during 
graduate medical education (ie, medical school, resi-
dency and fellowship). Knowledge-focused interven-
tions could also include incentivising broad-based 
learning as well as targeted learning pursued through 
continuing medical education activities.30 During visits 
identified as being at risk for diagnostic errors, physi-
cians could be given related information at the point 
of care including suggestions for specialty consultation.

Our results are important for two additional reasons. 
First, these results provide evidence that board certifi-
cation and maintenance of certification, which involves 
lifelong learning directed at maintaining medical knowl-
edge, might, in fact, be a valid approach to assuring the 
delivery of high-quality care. Many in the USA report 
problem about the time and expense of MOC and often 
point to the lack of rigorous assessment between aspects 
of MOC and outcomes of interest to patients. These find-
ings suggest that processes such as MOC may translate 
into meaningful improvements in outcomes because 
they can provide incentives for meaningful learning. 
This learning also could be enhanced through exam 
feedback targeted at diagnostic knowledge. Second, 
the findings also suggest that interventions aimed at 
improving diagnostic skills, whether knowledge-based 
or through, for instance, delivery of relevant informa-
tion at the point of care (this is in response to system 
changes) might be approaches that might be worth-
while if the findings of this study are validated with 
additional research. Yet more research is needed to 

better understand the link between diagnostic knowl-
edge and diagnostic errors that are identified through 
chart review or other methods of direct ascertainment 
and the extent to which such errors result in adverse 
clinical outcomes.

In conclusion, gaps in diagnostic knowledge among 
first contact primary care physicians are associated 
with serious diagnostic error sensitive outcomes. If this 
finding is confirmed in future studies, diagnostic knowl-
edge should be a target for interventions to reduce 
diagnostic errors.
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