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IMPORTANCE Despite its importance to medical education and competency assessment for
internal medicine trainees, evidence about the relationship between physicians’ milestone
residency ratings or the American Board of Internal Medicine’s initial certification examination
and their hospitalized patients’ outcomes is sparse.

OBJECTIVE To examine the association between physicians’ milestone ratings and
certification examination scores and hospital outcomes for their patients.

DESIGN, SETTING, AND PARTICIPANTS Retrospective cohort analyses of 6898 hospitalists
completing training in 2016 to 2018 and caring for Medicare fee-for-service beneficiaries
during hospitalizations in 2017 to 2019 at US hospitals.

MAIN OUTCOMES AND MEASURES Primary outcome measures included 7-day mortality and
readmission rates. Thirty-day mortality and readmission rates, length of stay, and
subspecialist consultation frequency were also assessed. Analyses accounted for hospital
fixed effects and adjusted for patient characteristics, physician years of experience, and year.

EXPOSURES Certification examination score quartile and milestone ratings, including an
overall core competency rating measure equaling the mean of the end of residency milestone
subcompetency ratings categorized as low, medium, or high, and a knowledge core
competency measure categorized similarly.

RESULTS Among 455 120 hospitalizations, median patient age was 79 years (IQR, 73-86
years), 56.5% of patients were female, 1.9% were Asian, 9.8% were Black, 4.6% were
Hispanic, and 81.9% were White. The 7-day mortality and readmission rates were 3.5%
(95% CI, 3.4%-3.6%) and 5.6% (95% CI, 5.5%-5.6%), respectively, and were 8.8% (95% CI,
8.7%-8.9%) and 16.6% (95% CI, 16.5%-16.7%) for mortality and readmission at 30 days.
Mean length of stay and number of specialty consultations were 3.6 days (95% CI, 3.6-3.6
days) and 1.01 (95% CI, 1.00-1.03), respectively. A high vs low overall or knowledge milestone
core competency rating was associated with none of the outcome measures assessed. For
example, a high vs low overall core competency rating was associated with a nonsignificant
2.7% increase in 7-day mortality rates (95% CI, −5.2% to 10.6%; P = .51). In contrast, top vs
bottom examination score quartile was associated with a significant 8.0% reduction in 7-day
mortality rates (95% CI, −13.0% to −3.1%; P = .002) and a 9.3% reduction in 7-day
readmission rates (95% CI, −13.0% to −5.7%; P < .001). For 30-day mortality, this association
was −3.5% (95% CI, −6.7% to −0.4%; P = .03). Top vs bottom examination score quartile was
associated with 2.4% more consultations (95% CI, 0.8%-3.9%; P < .003) but was not
associated with length of stay or 30-day readmission rates.

CONCLUSIONS AND RELEVANCE Among newly trained hospitalists, certification examination
score, but not residency milestone ratings, was associated with improved outcomes among
hospitalized Medicare beneficiaries.
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G raduates of nearly all US internal medicine residency
programs are evaluated with 2 different methods, the
Accreditation Council for Graduate Medical Education/

American Board of Medical Specialties milestone assessment
and the American Board of Internal Medicine (ABIM) internal
medicine certification examination.1

The internal medicine milestones were implemented in
2013 to create a standardized approach to systematically as-
sessing a resident’s progression toward competency and pro-
viding feedback to them throughout the course of their
training.2 This program was introduced to address shortcom-
ings in existing residency assessment and feedback methods
that lacked clear descriptions of performance expectations,
were overly reliant on program directors to evaluate resi-
dents, lacked standardized criteria, and did not encourage im-
provement in competence during residency training.2 The mile-
stone framework is centered around 6 core competencies
evaluated with specific subcompetencies (patient care, medi-
cal knowledge, practice-based learning and improvement,
systems-based practice, interpersonal and communication
skills, and professionalism)3 that were intended to provide
comprehensive feedback throughout residency training.4

A second method of assessing the competency of newly
trained residents is the ABIM internal medicine board certifi-
cation examination, which is taken soon after completion of
residency and is designed to assess clinical judgment drawn
from medical knowledge. In contrast to the milestones, the cer-
tification examination does not incorporate direct observa-
tions of residents caring for patients. Nonetheless, examina-
tion questions are designed by committees composed of
diverse groups of practicing physicians to reflect actual clini-
cal scenarios in which physicians are asked to make judg-
ments about patient care.5

Despite the importance of assessing the competency for
independent practice of newly trained internists, there are few
studies assessing the association between internal medicine
milestone ratings or the ABIM’s initial internal medicine cer-
tification examination performance and patient outcomes.
We address these gaps after accounting for hospital fixed ef-
fects and patient characteristics by examining the relation-
ships between both internal medicine milestone ratings and
ABIM’s initial certification examination score with hospital out-
comes among patients treated by newly trained internists prac-
ticing as hospitalists.

Methods
Physician and Hospitalization Sample
Our study sample consisted of internal medicine residents who
completed their third year of training in 2016 to 2018, who had
valid milestone ratings, and for whom ABIM was able to as-
certain their National Provider Identifiers. We identified Medi-
care fee-for-service beneficiaries older than 65 years who were
hospitalized in 2017 to 2019 to whom these physicians had pro-
vided care in the hospital by using their National Provider Iden-
tifiers to link to their inpatient claims from Medicare’s carrier
file according to the dates of service. We excluded elective hos-

pitalizations to reduce the possibility of nonrandom assign-
ment of physicians to hospitalizations. We also excluded pa-
tients who were in hospice care at admission. In accordance
with prior research, we assigned a physician to a hospitaliza-
tion if that physician had a plurality of inpatient evaluation
and management contacts between admission and discharge
of that hospitalized patient among physicians with a general-
ist specialty6 or, in the case of ties, to the physician with the
most evaluation and management charges.7-9

We further restricted our sample to hospitalized patients
assigned to physicians in our sample after their residency train-
ing and before any fellowship training who were practicing as
a hospitalist in a particular year according to a validated cri-
terion: having 90% of evaluation and management contacts
as inpatient and having at least 100 evaluation and manage-
ment claims.10 We then limited these hospitalizations to those
in acute short-stay hospitals with 1 of 25 common diagnosis
related groups (see eTable 1 in Supplement 1 for diagnosis re-
lated group categories) and those occurring in hospitals with
at least 100 beds to allow estimation of within-hospital
differences.6 Last, we required that the attributed physicians
had cared for the patient within the first 3 days of the stay be-
cause this is the period when care quality has the greatest ef-
fect on outcomes.

Outcome Measures
Our primary outcomes of interest were 7-day postadmission
mortality and 7-day postdischarge readmission. We chose this
period because it is more reflective of care processes that oc-
curred during the hospitalization rather than overall illness bur-
den or social determinants.11-14 Nonetheless, we also exam-
ined these outcomes at 30 days, as well as associations with
length of stay and subspecialist consultation frequency. Con-
sultation frequency was defined as the number of other unique
subspecialists who cared for the patient during the hospital
stay.6 Patients admitted or discharged during the last week or
month of the study period were excluded from the relevant
mortality and readmission measures to ensure sufficient
follow-up time.

Key Points
Question Internal medicine residents’ competency is evaluated
with milestone ratings and the American Board of Internal
Medicine’s certification examination. Is physicians’ performance
on either of these measures related to their hospitalized patients’
outcomes?

Findings We analyzed 6898 newly trained hospitalists treating
Medicare fee-for-service beneficiaries during 455 120
hospitalizations occurring in 2017 to 2019. We found no
associations between overall milestone ratings or medical
knowledge ratings and hospitalization outcomes, but certification
examination score was associated with reduced 7-day mortality
and readmissions.

Meaning Among newly trained hospitalists, certification
examination score, but not residency milestone ratings, was
associated with improved outcomes among hospitalized Medicare
beneficiaries.
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Physician Competency Assessments
Milestone ratings measures were based on the 22 subcompe-
tencies for the original milestone program and assessed at the
end of training. For these subcompetencies, raters were asked
to check 1 of 9 categories that we converted to a numeric scale
(eTable 2 in Supplement 1 lists details). For each of the 6 core
competency ratings categories, we calculated the mean of the
applicable subcompetencies and constructed an overall core
competency rating measure that equaled the mean of these 6
core competency mean ratings. We further categorized each
of these core competency rating measures as low (<7), me-
dium (≥7 to <8), or high (≥8) based on the distribution of rat-
ings, as well as the category definitions. Using the same ap-
proach, we constructed the medical knowledge core
competency rating categories from the 2 medical knowledge
subcompetencies (see eTable 2 in Supplement 1 for context in
terms category meaning).3

Our examination measure was the yearly quartile of the
2018 to 2022 internal medicine certification examination score
at first attempt. Examination quartile was based on all physi-
cians first attempting the internal medicine certification ex-
amination in a particular year. These scores were standardized
to account for differences in examination form difficulty.15 The
first examination attempt was chosen because it was taken clos-
est temporally to the residency ratings, and an indicator was
added for physicians (N = 279) who did not attempt an exami-
nation by 2022 so their milestone ratings could be included.

Additional Variables
For each hospitalization, we analyzed patient demographic
information, including age and age squared (to capture non-
linearity), indicators for sex, Medicaid eligibility, and the
Research Triangle Institute race and ethnicity categories
(Black, Hispanic, and White) included in the Medicare Master
Beneficiary Summary File, as well as the physician years
of experience, calculated as the difference between the hos-
pital admission year and the residency completion year.
Other measures included comorbid conditions identified
with the Elixhauser Comorbidity Index and individual indi-
cators for the conditions that are the basis for the index and
the 25 diagnosis related group categories.16 We also deter-
mined zip code–level median annual household income from
US Census data.

Statistical Analysis
Our study design used the pseudorandom assignment of pa-
tients to hospitalists within hospitals and fully accounted for
hospital-level quality differences by estimating associations
with separate multivariate linear regressions for each out-
come that included hospital fixed effects, which effectively
compared outcomes among physicians within the same
hospital.17,18 Additional variables accounted for in the regres-
sion analyses included the measures noted earlier; an indica-
tor for years since residency (1, 2, or 3 years); indicators for hos-
pitalization year, region, and measures of emergency
department visits and hospitalizations during the prior 30, 180,
and 365 days; and measures of physician first patient contact
timing (day of first patient contact).

We calculated regression-adjusted outcome means by core
competency rating and examination score quartile category,
as well as percentage difference comparisons using simula-
tions in which we predicted outcomes based on regression co-
efficient estimates for each hospitalization in our sample, as-
suming different rating categories or examination score
quartiles while holding all other characteristics constant. Per-
centage difference comparisons were computed as the ad-
justed mean difference in the outcome of interest between a
rating or examination quartile and the applicably lowest rat-
ing or examination quartile category divided by the adjusted
mean for this lowest (ie, reference) category. This method mea-
sures the hypothetical percentage change in the outcome mea-
sure associated with an improvement from the lowest rating
or examination score category, holding all other factors con-
stant. The SEs considered nonlinearity with the Delta method
and accounted for correlated errors due to the nesting of hos-
pitalizations within physicians.18,19

Sensitivity Analyses
We conducted the following sensitivity analyses: (1) attribu-
tion sensitivities (plurality of charges rather than plurality of
evaluation and management visits,7,20,21 majority rather than
plurality of evaluation and management visits, and dropping
the first physician visit within 3 days of the hospitalization ad-
mission criterion); (2) control variable sensitivities (adding con-
trol variables observable to stakeholders [physician interna-
tional medical school attendance and sex]; controlling for
residency program 3-year pass rate, which might be related to
quality; and including all 6 core competency examination re-
gression controls); and (3) evaluation measure construction
sensitivities (using a continuous measure of examination score,
a first examination attempt pass/fail, a continuous measure of
ratings, and a mid third-year rating to account for social pres-
sure related to terminal-year ratings22; and using each sub-
competency rating, as well as combining emergency depart-
ment visits and readmissions or death and readmissions).

The Advarra institutional review board approved our study
protocol, and informed consent was waived because the study
was viewed as exempt. Analyses were conducted with Stata
version 17 (StataCorp). We followed the Strengthening the Re-
porting of Observational Studies in Epidemiology (STROBE)
reporting guidelines, and 2-sided P < .05, calculated with
a t test, was considered statistically significant.23

Results
Our final study sample included 6898 physicians practicing
as hospitalists who finished residency training in 2016-2018
(4125 internists from these residency classes were excluded
because they did not meet our hospitalist criteria), who cared
for 455 120 hospitalized fee-for-service beneficiaries
(1 898 655 hospitalizations were excluded because of factors
described in Figure 1) in 1911 hospitals (75 352 hospitaliza-
tions were excluded because they occurred in short-stay hos-
pitals with fewer than 100 beds). As shown in Figure 1, major
hospitalization exclusions were due to limiting the sample to
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common diagnosis related groups (1 008 821 exclusions),
having hospitalizations in which a hospitalist in our study
sample was the attributed physician (692 169 exclusions),
and applying the criterion of having a contact within the first
3 days of admission (104 438 exclusions).

For the final sample, 87.3% of hospitalizations occurred in
hospitals with 4 or more physicians; the median patient age
was 79 years (IQR, 73-86 years); and 43.5% of patients were
male, 56.5% were female, 1.9% were Asian, 9.8% were Black,
4.6% were Hispanic, and 81.9% were White (Table). Just over
one-third of hospitalizations (35.9%) were attributed to fe-
male physicians. The unadjusted mortality rate was 3.5%

(95% CI, 3.4%-3.6%) at 7 days and 8.8% (95% CI, 8.7%-8.9%)
at 30 days, whereas the readmission rate was 5.6% (95% CI,
5.5%-5.6%) at 7 days and 16.6% (95% CI, 16.5%-16.7%) at 30
days. The mean hospitalization length of stay was 3.60 days
(95% CI, 3.57-3.62 days) and the number of subspecialist con-
sultations was 1.01 (95% CI, 1.00-1.03).

Patient Characteristics by Overall Milestone Core Competency
Rating Category and Examination Score Quartile
One-quarter of hospitalizations (25.7%) were attributed to phy-
sicians in the low overall core competency rating category vs
8.2% in the high category (these figures were 25.4% and 8.4%,

Figure 1. Cohort Development of Physicians and Hospitalizations in a Study of the Relationship
Between Milestones, Board Certification Examinations, and Patient Outcomes

23 426 Physicians who completed internal medicine training
from 2016 to 2018 reviewed for eligibility

11 318 Physicians assessed as hospitalists with Medicare claims

6898 Physicians with 455 120 attributedd hospitalizations
in the primary analysis 
Sample by dependent measure

Consultations: 6898 physicians with 455 120 hospitalizations 
Length of stay: 6898 physicians with 455 120 hospitalizations 
7-d Mortality: 6898 physicians with 453 707 hospitalizationse

7-d Readmission: 6896 physicians with 451 821 hospitalizationsf

30-d Mortality: 6892 physicians with 438 810 hospitalizationsg 
30-d Readmission: 6886 physicians with 436 820 hospitalizationsh

7115 Physicians treated 2 353 775 fee-for-service Medicare beneficiaries
≥66 y during emergency hospitalization at a short-stay hospital

12 108 Physicians excluded for hospitalist determination
11 643 Physicians who entered fellowship within

1 y of training
465 Physicians without an NPI

4125 Nonhospitalist physicians excluded
2866 Physicians classified as not a hospitalist
1259 Physicians had no fee-for-service evaluation

and management Medicare claims

132 Physicians and 796 607 hospitalizations excludedd

119 Physicians and 692 169 hospitalizations did not
meet plurality criteria

13 Physicians and 104 438 hospitalizations with
no visit <4 d from admission

78 Physicians excluded without an eligible hospitalization

85 Physicians and 1 102 048 hospitalizations excluded
50 Physicians and 75 352 hospitalizations at small

hospitals (<100 beds)b 
29 Physicians and 1 008 821 hospitalizations not a common DRGc

3 Physicians and 5532 hospitalizations with length of stay >30 d 
2 Physicians and 11 597 hospitalizations for patients

originally ESRD eligible 
1 Physician and 746 hospitalizations for non-US patient residence

7030 Physicians with 1 251 727 hospitalizations eligible for attribution

7193 Physicians classified as a hospitalista

aDefined as greater than 100 total
evaluation and management
contacts, with greater than 90%
being inpatient contacts.
bHospitals with fewer than 100 beds
were excluded to accommodate
hospital fixed effects (ie, small
hospitals would be unlikely to have 2
physicians and therefore would not
contribute to estimations of
associations with evaluation
measures).
cIncluded only common DRG codes
(193-195, 291-293, 64-66, 177-179,
190-192, 871-872, 689-690, 391-392,
308-310, 377-379, 640-641,
682-684, 602-603, 280-282,
811-812, 388-390, 299-301, 551-552,
393-395, 286-287, 637-639,
947-948, 371-373, 202-203, and
56-57).
dHospitalizations attributed to
physicians with a plurality of
evaluation and management contacts
during that hospitalization among
generalist physicians with at least 1
contact within 3 days of the
admission.
eExcludes 1413 hospitalizations
because the admission date was
fewer than 7 days before the end of
2021.
fExcludes 2 physicians and 3299
hospitalizations because the
discharge date was fewer than 7 days
before the end of 2019.
gExcludes 6 physicians and 16 310
hospitalizations because the
admission date was fewer than 30
days before the end of 2019.
hExcludes 12 physicians and 18 300
hospitalizations because the
discharge date was fewer than 30
days before the end of 2019.

DRG indicates diagnosis related
group; ESRD, end-stage renal disease;
and NPI, National Provider Identifier.
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respectively, at the physician level), and 87.9% of hospitaliza-
tions were attributed to physicians who passed the certifica-
tion examination on their first attempt. We observed impor-
tant mismatches between examination score and core
competency ratings measures. For example, approximately
two-thirds of physicians in the lowest overall core compe-
tency rating category were not in the lowest examination score
quartile (64.3%) and 15.3% were in the top quartile (eTable 3
in Supplement 1).

Patient characteristics were evenly distributed across phy-
sicians according to their overall core competency rating cat-
egory and examination score quartile (eTables 4.1 and 4.2 in
Supplement 1).

Associations Between Competency Assessments
and Outcomes
As shown in Figure 2 and Figure 3, we observed no statisti-
cally significant associations between the top vs bottom rat-
ings category for either the overall or medical knowledge core
competency rating categories and any hospital outcome mea-
sure (see eTables 5.1 and 5.2 in Supplement 1 for unadjusted
mean comparison; see eTables 6.1-6.4 in Supplement 1 for re-
gression statistics and coefficient estimates). For example, for
the overall core competency ratings measure, the high rating
category was associated with a nonsignificant 2.7% in-
creased 7-day mortality rate (95% CI, –5.2% to 10.6%; P = .51)
and a 1.7% lower 7-day readmission rate (95% CI, –6.9% to 3.6%;
P = .54) compared with the low rating category. The one ex-
ception to this overall pattern was a statistically significant
negative association in the rates of 7-day readmissions be-
tween the middle vs bottom knowledge rating category (4.3%
reduction percentage comparing the middle with the low rat-
ing category; 95% CI, −7.7% to −0.8%; P = .02).

Table. Physician Mean Hospitalization Characteristicsa

Total hospitalizations
(n = 455 120)

Beneficiary characteristics

Sex, No. (%)

Male 198 201 (43.5)

Female 256 919 (56.5)

Age, median (IQR), y 79 (73-86)

Race, No. (%)

Asian 8545 (1.9)

Black 44 629 (9.8)

Hispanic 21 061 (4.6)

White 372 720 (81.9)

Medicare-Medicaid dual eligible,
No. (%)

94 120 (20.7)

Family income by zip code,
median (IQR) [No.], $

61 250 (48 506-81 075)
[447 359]

Weekend admission, No. (%)b 59 258 (13.0)

Elixhauser Comorbidity
Index score, median (IQR)c

6 (4-9)

Comorbid condition indicators,
No. (%)

Cardiovascular 195 950 (43.1)

Diabetes, uncomplicated 178 910 (39.3)

Kidney failure 157 162 (34.5)

Diabetes, complicated 147 710 (32.5)

Depression 124 962 (27.5)

Neurologic disease 90 341 (19.8)

Pulmonary 58 322 (12.8)

Metastatic cancer 18 780 (4.1)

Physician demographic and training
characteristics

Overall milestone rating,
median (IQR)d

7.00 (6.97-7.35)

Knowledge rating,
median (IQR)e

7 (7-7)

Certification examinations score,
median (IQR) [No.]f

473 (419-527)
[436 371]

Age, median (IQR) [No.], y 33 (31-36) [454 805]

Sex, No. (%)

Male 291 376 (64.0)

Female 163 744 (36.0)

Medical school, No. (%)

US based 176 294 (38.7)

International 264 078 (58.0)

Unknown 14 748 (3.2)

Medical degree, No. (%)

Allopathic 400 007 (87.9)

Osteopathic 55 113 (12.1)

Residency program
characteristics

3-y Pass rate, median (IQR)
[No.]

89.4 (82.7-94.2)
[449 685]

Residency class size, median
(IQR)

18 (12-26)

Rural location, No. (%)g 7034 (1.5)

Hospital characteristics

Bed size, median (IQR) 356 (230-566)

(continued)

Table. Physician Mean Hospitalization Characteristicsa (continued)

Total hospitalizations
(n = 455 120)

Ownership, No. (%)

Nonprofit 350 930 (77.1)

For profit 58 327 (12.8)

Governmental 45 863 (10.1)

a See eTables 4.1 and 4.2 in Supplement 1 for patient and physician
characteristics by rating category or examination quartile category.

b Based on Medicare’s MedPAR hospital admission date’s being on a Saturday
or Sunday.

c Elixhauser Comorbidity Index score is the count of 31 conditions recorded in
Medicare claim International Statistical Classification of Diseases and Related
Health Problems, 10th Revision codes in the year before the hospital admission
(score range, 0-31).

d Computed as the mean of the end of the third-year subcompetency ratings for
each of 6 core competencies.

e Computed as the mean of the end of the third-year subcompetency ratings
for the medical knowledge core competency.

f First-attempt internal medicine certification examination standard score,
ranging from 200 to 800 points, that is equated to account for differences in
difficulty between examination forms.

g Based on the National Center for Health Statistics urban-rural continuum code
for the program’s state and county.
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In contrast, the top examination score quartile was asso-
ciated with a significant 8.0% reduction in 7-day mortality rate
(95% CI, −13.0% to −3.1%; P = .002) and 9.3% reduction in 7-day
readmission rate (95% CI, −13.0% to −5.7%; P < .001) com-
pared with the bottom examination quartile (Figure 4). This
reduction was 3.5% for the 30-day mortality rate (95% CI, −6.7%
to −0.4%; P = .03). The absolute percentage point difference
in the 30-day mortality measure was similar to that of the 7-day
mortality (−0.3 [95% CI, −0.6 to 0.0] vs −0.3 [95% CI, −0.5 to
−0.1]), indicating that there was little additional benefit in terms
of mortality risk reduction beyond 7 days. Top vs bottom quar-
tile examination score was also associated with a 2.4% in-
crease in consultations (95% CI, 0.8%-3.9%; P = .003). We did
not observe associations between examination score quartile
and 30-day readmission or length of stay.

Sensitivity Analyses
Ratings Sensitivity
Our results were robust to control variable, most notably con-
trolling for all core competencies, and to attribution choices
described in the Methods section (eTables 7.1-7.3 in Supple-
ment 1). Results also were similar when we used continuous

rather than discrete measures of ratings and examination score
(eTables 7.4 and 7.5 in Supplement 1). Additionally, readmis-
sion results were similar when we combined readmission and
death or readmission and emergency department visits. We did
not observe associations with discharge to hospice care but did
observe a positive association between discharge long-term
care and examination score quartile but not milestone rat-
ings (eTables 7.6-7.8 in Supplement 1). In our sensitivity analy-
sis, we did not observe consistent associations for each of the
6 core competency milestone ratings measures (eTable 7.9 in
Supplement 1) or each of 22 subcompetency measures
(eTable 7.10 in Supplement 1) and our base case outcome mea-
sures. Sensitivity analysis also indicated that passing the ini-
tial certification examination, although correctly signed, was
not a statistically significant predictor of any outcomes mea-
sure (eTable 7.11 in Supplement 1).

Discussion
Currently, there are 2 principal methods for assessing physi-
cian education and competency in internal medicine: the ABIM

Figure 2. Overall Core Competency Associations: Adjusted Percentage Difference Compared With the Adjusted Low Ratings Category Outcome
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NANALow 3.4 (3.3 to 3.6) 0 [Reference] 0 [Reference]

.33.32Medium 3.5 (3.4 to 3.6) 0.1 (–0.1 to 0.2) 2.3 (–2.3 to 6.8)

.51.51High 3.5 (3.3 to 3.8) 0.1 (–0.2 to 0.4) 2.7 (–5.2 to 10.6)

7-d Mortality
6898 Physicians
453 707 Hospitalizations

NANALow 5.6 (5.5 to 5.8) 0 [Reference] 0 [Reference]

.28.29Medium 5.6 (5.5 to 5.6) –0.1 (–0.3 to 0.1) –1.7 (–4.8 to 1.4)

.54.54High 5.6 (5.3 to 5.8) 0.0 (0.0 to 0.0) –1.7 (–6.9 to 3.6)

7-d Readmissions
6896 Physicians
451 821 Hospitalizations

NANALow 8.7 (8.5 to 8.9) 0 [Reference] 0 [Reference]

.55.55Medium 8.8 (8.7 to 8.9) 0.1 (–0.2 to 0.3) 0.8 (–1.8 to 3.4)

>.99>.99High 8.7 (8.4 to 9.1) 0.0 (–0.4 to 0.4) 0 (–4.7 to 4.7)

30-d Mortality
6892 Physicians
438 810 Hospitalizations

NANALow 16.5 (16.3 to 16.8) 0 [Reference] 0 [Reference]

.64.64Medium 16.6 (16.5 to 16.7) 0.1 (–0.2 to 0.4) 0.4 (–1.3 to 2.1)

.96.96High 16.5 (16.1 to 17.0) 0.0 (–0.5 to 0.5) –0.1 (–3.1 to 2.9)

30-d Readmissions
6886 Physicians
436 820 Hospitalizations

NANALow 1.01 (1.00 to 1.02) 0 [Reference] 0 [Reference]

.90.90Medium 1.01 (1.01 to 1.02) 0.00 (–0.01 to 0.01) 0.1 (–1.2 to 1.3)

.52.52High 1.00 (0.99 to 1.02) –0.01 (–0.03 to 0.02) –0.7 (–3.0 to 1.5)

Consultations
6898 Physicians
455 120 Hospitalizations

NANALow 3.60 (3.57 to 3.63) 0 [Reference] 0 [Reference]

.70.70Medium 3.59 (3.58 to 3.61) –0.01 (–0.04 to 0.03) –0.2 (–1.1 to 0.7)

.93.93High 3.60 (3.55 to 3.65) 0 (–0.06 to 0.06) 0.1 (–1.5 to 1.7)

Length of stay
6898 Physicians
455 120 Hospitalizations

Medium vs low
High vs low

aThe overall core competency ratings were categorized as low (<7), medium
(�7 to <8), and high (�8) based on the mean of 22 subcompetencies assessed
at the end of third-year residency; ratings were weighted to give equal weight
to each for 6 core competencies.
bAdjusted for hospital fixed effects; training and practice year; physician years
of experience; hospital day; and patient race and ethnicity, age, sex, Medicaid
eligibility, zip code (rural), median income, US Department of Health and

Human Services region, Elixhauser Comorbidity Index score and indicators, and
diagnosis related group.
cPercentage difference equals the difference between the rating category
adjusted mean outcome minus the low rating category adjusted mean outcome
divided by the low rating category adjusted outcome mean, holding other
characteristics constant. NA indicates not applicable.
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certification examination and the milestone residency
ratings.24 In this cross-sectional study of newly trained inter-
nists practicing as hospitalists, we found no difference in mor-
tality or readmission rates among hospitalized Medicare ben-
eficiaries cared for by hospitalists who received high vs low
residency milestone ratings either overall or specifically for
medical knowledge. In contrast, we observed a strong nega-
tive association between internal medicine certification ex-
amination score quartiles and these outcomes. Overall, re-
sults suggest that resident evaluations may be improved by
better incorporation of results of standardized examinations
such as the in-training examinations.25

Although to our knowledge our study is unique in exam-
ining associations between internal medicine milestone rat-
ings and patient outcomes, 1 prior study reported negative as-
sociations between the professionalism and interpersonal
communication milestone ratings and patient complaints for
newly trained physicians.26 Another study found no associa-
tion between surgical milestone ratings and adverse surgical
outcomes.22

We examined ratings from the end of training, when most
residents were deemed to have “crossed the threshold” of com-
petence wherein quality gaps may have been reduced through

training, to the point of undetectability in practice. There may
be social pressure to give higher terminal ratings to marginal
candidates, as was argued in the surgical study, but we found
similar associations when we used the midyear rating.22,26

Several studies have found midcareer internal medicine
maintenance of certification examination score to be associ-
ated with outpatient care quality and that both initial certifi-
cation and maintenance of certification performance were re-
lated to disciplinary actions or that certification status and
maintenance of certification status, more generally, are re-
lated to quality of care, including hospital mortality. Never-
theless, to our knowledge, our study is unique for its assess-
ment of the association for both milestone ratings and
certification examination score with hospital outcomes for
newly certified internists.27-39 Although not examining hos-
pital outcomes, one study found that performance on diag-
nostic related questions in ABIM’s maintenance of certifica-
tion examination was associated with reductions in the risk
of hospitalizations and death among patients treated in the
outpatient setting for a complaint related to a condition prone
to misdiagnosis. In terms of standardized examination score
more generally, another study reported associations between
performance on the College of Family Physicians Canada

Figure 3. Knowledge Core Competency Associations: Adjusted Percentage Difference Compared With the Adjusted Low Ratings Outcome Category
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NANALow 3.6 (3.4 to 3.7) 0 [Reference] 0 [Reference]

.41.42Medium 3.5 (3.4 to 3.6) –0.1 (–0.2 to 0.1) –2.0 (–6.8 to 2.8)

.27.28High 3.4 (3.3 to 3.6) –0.1 (–0.4 to 0.1) –3.6 (–10.1 to 2.8)
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7-d Readmissions
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451 821 Hospitalizations
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.51.50Medium 8.8 (8.7 to 8.9) 0.1 (–0.2 to 0.3) 1.0 (-2.0 to 4.0)

.97.97High 8.7 (8.5 to 9.0) 0.0 (–0.3 to 0.3) –0.1 (–4.0 to 3.9)

30-d Mortality
6892 Physicians
438 810 Hospitalizations

NANALow 16.7 (16.4 to 17.0) 0 [Reference] 0 [Reference]

.55.55Medium 16.6 (16.5 to 16.7) –0.1 (–0.4 to 0.2) –0.6 (–2.6 to 1.4)

.32.32High 16.5 (16.2 to 16.8) –0.2 (–0.7 to 0.2) –1.3 (-4.0 to 1.3)

30-d Readmissions
6886 Physicians
436 820 Hospitalizations

NANALow 1.01 (0.99 to 1.02) 0 [Reference] 0 [Reference]

.51.51Medium 1.01 (1.01 to 1.02) 0.01 (–0.01 to 0.02) 0.5 (–1.0 to 2.0)

.49.49High 1.01 (1.00 to 1.03) 0.01 (–0.01 to 0.03) 0.7 (–1.3 to 2.7)

Consultations
6898 Physicians
455 120 Hospitalizations

NANALow 3.58 (3.55 to 3.61) 0 [Reference] 0 [Reference]

.44.44Medium 3.60 (3.58 to 3.61) 0.01 (–0.02 to 0.05) 0.4 (–0.6 to 1.4)

.33.33High 3.61 (3.57 to 3.64) 0.02 (–0.02 to 0.07) 0.7 (–0.7 to 2.1)

Length of stay
6898 Physicians
455 120 Hospitalizations

Medium vs low
High vs low

Adjusted mean
(95% CI)

aThe knowledge core competency ratings were categorized as low (<7),
medium (�7 to <8), and high (�8) based on the mean of 2 applicable third-year
subcompetency ratings.
bAdjusted for hospital fixed effects; training or practice year; physician years of
experience; hospital day; and patient race and ethnicity, age, sex, Medicaid

eligibility, zip code (rural), median income, HHS region, Elixhauser Comorbidity
Index score and indicators, and DRG.
cPercentage difference equals the difference between the rating category
adjusted mean outcome minus the low rating category adjusted mean outcome
divided by the low rating category adjusted outcome mean, holding other
characteristics constant. NA indicates not applicable.
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certification examination and process measures of care.40 The
researchers reported a positive association between examina-
tion score and consultations, findings similar to ours. Other
studies reported associations between US licensure examina-
tion score and both quality and outcomes of care, including a
negative association with mortality.31,40-43 None of these stud-
ies simultaneously considered standardized examination score
and residency ratings, the 2 primary forms of evaluation for
newly trained internists, or compared outcomes among phy-
sicians practicing in the same hospital.

Our findings that higher examination score was associ-
ated with increased consultation frequency suggest that the
greater use of specialty care among high-performing hospi-
talists may be due to their ability to distinguish what they know
and what they do not know, and thus they may have more in-

sight into when they require additional specialty expertise.
However, prior work reported that consulting hospitalists with
high vs low performance used more resources without clini-
cal benefit to patients.6 Moreover, sensitivity analysis indi-
cated that, although correctly signed, associations with first-
attempt passing of a certification examination was not statically
significant. This result may indicate that either the pass/fail
criteria were not stringent enough or there is no one clear cut
point in examination score that differentiates physicians across
the outcomes we studied (eg, physicians who barely passed
but still had low performance were included in the pass group).
That our findings in terms of associations with examination
quartile were stronger for 7-day vs 30-day mortality and re-
admissions is consistent with past research indicating that be-
yond 7 days, these outcomes were more likely to be related to

Figure 4. Certifying Examination Quartile Associations: Adjusted Percentage Difference Compared With the Adjusted Bottom Quartile Outcome
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.06.072 3.5 (3.4 to 3.6) –0.2 (–0.4 to 0.0) –4.7 (–9.7 to 0.2)

.06.073 3.5 (3.4 to 3.6) –0.2 (–0.4 to 0.0) –4.9 (–10.0 to 0.3)

.002.0024 3.4 (3.2 to 3.5) –0.3 (–0.5 to –0.1) –8.0 (–13.0 to –3.1)

30-d Mortality
6892 Physicians
438 810 Hospitalizations

NANA1 5.8 (5.7 to 6.0) 0 [Reference] 0 [Reference]

.01.022 5.6 (5.4 to 5.7) –0.3 (–0.5 to –0.1) –4.5 (–8.0 to –0.9)

.006.0073 5.6 (5.4 to 5.7) –0.3 (–0.5 to –0.1) –4.8 (–8.3 to –1.4)

<.001<.0014 5.3 (5.1 to 5.4) –0.5 (–0.8 to –0.3) –9.3 (–13.0 to –5.7)
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.42.423 8.8 (8.7 to 9.0) –0.1 (–0.4 to 0.2) –1.3 (–4.3 to 1.8)

.03.034 8.6 (8.4 to 8.8) –0.3 (–0.6 to 0.0) –3.5 (–6.7 to –0.4)
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.92.922 16.6 (16.4 to 16.9) 0 (–0.3 to 0.4) 0.1 (–2.0 to 2.2)

.70.703 16.6 (16.3 to 16.8) –0.1 (–0.4 to 0.3) –0.4 (–2.4 to 1.6)

.31.314 16.4 (16.2 to 16.7) –0.2 (–0.5 to 0.2) –1.1 (–3.2 to 1.0)

Consultations
6898 Physicians
455 120 Hospitalizations

NANA1 1.00 (0.99 to 1.01) 0 [Reference] 0 [Reference]

.75.752 1.01 (0.99 to 1.02) 0.2 (–1.3 to 1.8) 0.2 (–1.3 to 1.7)

.07.073 1.02 (1.01 to 1.03) 1.4 (–0.1 to 2.9) 1.4 (–0.1 to 2.9)

.003.0034 1.03 (1.02 to 1.04) 2.4 (0.8 to 3.9) 2.4 (0.8 to 3.9)

Length of stay
6898 Physicians
455 120 Hospitalizations

NANA1 3.59 (3.56 to 3.61) 0 [Reference] 0 [Reference]

.60.602 3.60 (3.57 to 3.62) 1.0 (–2.8 to 4.9) 0.3 (–0.8 to 1.4)

.39.393 3.61 (3.58 to 3.63) 1.7 (–2.2 to 5.7) 0.5 (–0.6 to 1.6)

.87.874 3.59 (3.56 to 3.62) 0.3 (–3.6 to 4.3) 0.1 (–1.0 to 1.2)

Adjustedb mean
(95% CI)

aExamination score quartiles were based on the initial internal medicine
certification examination first-attempt score ranking for the year of this
attempt.
bAdjusted for hospital fixed effects; training or practice year; physician years of
experience; hospital day; and patient race and ethnicity, age, sex, Medicaid
eligibility, zip code (rural), median income, US Department of Health and

Human Services region, Elixhauser Comorbidity Index score and indicators,
and DRG.
cPercentage difference equals the difference between the quartile adjusted
mean outcome minus the first-quartile adjusted mean outcome divided by the
adjusted first-quartile outcome mean, holding other characteristics constant.
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chronic health conditions and household-level factors be-
yond hospitalists’ control.11

Limitations
Our study has limitations. Associations with ratings and
examination scores are subject to omitted variable bias
because we relied on cross-sectional analysis. The quasiran-
dom assignment of hospitalists to patients within hospitals,
combined with our application of hospital fixed effects in our
models, should fully account for hospital-level differences in
care quality unrelated to the physicians under study, as well
as any bias related to patient assignment, 2 important sources
of potential bias. Yet our ability to infer causality between our
evaluation and outcome measures is limited because we
cannot say whether the associations we observed or other
correlated physician characteristics affected these results.
Nonetheless, our study suggests that certification exam-
ination score, but not ratings, signals physician care quality.

The examination scores finding is consistent with the find-
ings of other studies.27,28,35-37,40,42,43 We measured average
associations within hospitals in our sample, so it is possible
that associations differ within specific types of hospitals
because of infrastructure support and quality of care teams.
Last, the results of our research might not be generalizable to
the revised internal medicine milestone rating system that
was implemented in 2021.44

Conclusions
Among newly trained hospitalists, certification examination
score, but not residency milestone ratings, was associated
with improved outcomes among hospitalized Medicare ben-
eficiaries, suggesting that formally incorporating standard-
ized examinations into residency ratings might improve
their validity.
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