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Abstract
Rationale: Most trainees in combined pulmonary and critical care
medicine fellowship programs complete in-service training
examinations (ITEs) that test knowledge in both disciplines.
Whether ITE scores predict performance on the American Board of
Internal Medicine Pulmonary Disease Certiﬁcation Examination
and Critical Care Medicine Certiﬁcation Examination is unknown.
Objectives: To determine whether pulmonary and critical
care medicine ITE scores predict performance on subspecialty
board certiﬁcation examinations independently of trainee demographics,
program director competency ratings, fellowship program characteristics,
and prior medical knowledge assessments.
Methods: First- and second-year fellows who were enrolled in the
study between 2008 and 2012 completed a questionnaire
encompassing demographics and fellowship training characteristics.
These data and ITE scores were matched to fellows’ subsequent scores
on subspecialty certiﬁcation examinations, program director ratings,
and previous scores on their American Board of Internal Medicine
Internal Medicine Certiﬁcation Examination. Multiple linear
regression and logistic regression were used to identify independent
predictors of subspecialty certiﬁcation examination scores and
likelihood of passing the examinations, respectively.

Measurements and Main Results: Of eligible fellows, 82.4%
enrolled in the study. The ITE score for second-year fellows was
matched to their certiﬁcation examination scores, which yielded
1,484 physicians for pulmonary disease and 1,331 for critical care
medicine. Second-year fellows’ ITE scores (b = 0.24, P , 0.001)
and Internal Medicine Certiﬁcation Examination scores (b = 0.49,
P , 0.001) were the strongest predictors of Pulmonary Disease
Certiﬁcation Examination scores, and were the only signiﬁcant
predictors of passing the examination (ITE odds ratio, 1.12 [95%
conﬁdence interval, 1.07–1.16]; Internal Medicine Certiﬁcation
Examination odds ratio, 1.01 [95% conﬁdence interval, 1.01–1.02]).
Similar results were obtained for predicting Critical Care Medicine
Certiﬁcation Examination scores and for passing the examination.
The predictive value of ITE scores among ﬁrst-year fellows on the
subspecialty certiﬁcation examinations was comparable to secondyear fellows’ ITE scores.
Conclusions: The Pulmonary and Critical Care Medicine ITE
score is an independent, and stronger, predictor of subspecialty
certiﬁcation examination performance than fellow demographics,
program director competency ratings, and fellowship characteristics.
These ﬁndings support the use of the ITE to identify the learning
needs of fellows as they work toward subspecialty board certiﬁcation.
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The use of in-service training examinations
(ITEs) to assess knowledge in anticipation of
subsequent board certiﬁcation examinations
dates back to the 1960s (1). The ability
of ITE scores to predict certiﬁcation
examination performance is well
established for a variety of medical
specialties, including internal medicine,
neurology, surgery, family medicine, and
pediatrics, among others (2–8). Although
for decades participation in the internal
medicine ITE has been nearly universal
among internal medicine residency
programs, internal medicine subspecialties
only recently have developed ITEs for
their fellowship programs. Recent studies
indicate second-year fellows’ scores on
ITEs developed by the Infectious Diseases
Society of America and American College
of Rheumatology are useful predictors of
subsequent American Board of Internal
Medicine (ABIM) certiﬁcation examination
outcomes (9, 10).
The vast majority of fellows pursuing
careers in pulmonary disease or critical care
medicine enroll in combined programs
leading to board eligibility in both
disciplines. A near-universal goal of trainees
in combined fellowship programs is to
become ABIM certiﬁed in both pulmonary
disease and critical care medicine.
Combined pulmonary and critical care
medicine fellowships are of 3 years’
duration, with some fellows opting for
additional years of research training.
Entering trainees have completed medical
school and a residency in internal medicine.
The ABIM Internal Medicine Certiﬁcation
Examination is typically then completed
early in fellowship. Before taking their
two subspecialty board certiﬁcation
examinations, fellows must pass their
ABIM Internal Medicine Certiﬁcation
Examination and receive satisfactory or
higher performance ratings from their
fellowship program directors on multiple
aspects of patient care inclusive of the six
Accreditation Council of Graduate Medical
Education (ACGME) core competencies
instituted in 2002.
Since 2007, the Association of
Pulmonary and Critical Care Medicine
Program Directors (APCCMPD) has
provided fellows with an ITE that tests
both pulmonary disease and critical care
medicine knowledge (referred to hereinafter
as pulmonary and critical care ITE).
Currently, approximately 85% of trainees in
U.S. combined pulmonary and critical care
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medicine fellowship programs complete the
pulmonary and critical care ITE in their
ﬁrst and/or second year of fellowship, but
whether pulmonary and critical care ITE
scores are useful for identifying trainees at
risk of failing their ABIM subspecialty
board certiﬁcation examinations is
unknown.
The aim of the present study was to
determine the extent to which pulmonary
and critical care ITE scores predict
performance on the two ABIM certiﬁcation
examinations compared with other
potential predictors of certiﬁcation
examination performance, including
trainee demographics, prior performance
on the ABIM Internal Medicine
Certiﬁcation Examination, and ACGME
fellowship program directors’ ratings of
clinical competency. Unlike previous
studies of internal medicine subspecialty
ITEs, in this study we also assessed the
predictive value of ﬁrst-year fellows’ ITE
scores and fellowship training program
characteristics for ABIM subspecialty
board certiﬁcation examination outcomes.
Some of the results of this study were
previously reported in the form of an
abstract (11).

Methods
Study Participants

From 2008 to 2012, fellows in their ﬁrst and
second year of combined pulmonary disease
and critical care medicine fellowship
training were invited to participate in the
study at the time they sat for the pulmonary
and critical care ITE. Participating fellows
then completed a brief questionnaire for
collection of demographic information,
characteristics of their fellowship program,
and cumulative clinical experiences
acquired during fellowship up to the time of
taking the pulmonary and critical care ITE.
These data were merged with ABIM
assessments of the fellows, including
scores on the ABIM Internal Medicine
Certiﬁcation Examination, ABIM
Pulmonary Disease subspecialty board
certiﬁcation examination, ABIM Critical
Care Medicine subspecialty board
certiﬁcation examination, as well as
fellowship program director competency
ratings. The analysis included results of
participants’ ﬁrst attempt at the certiﬁcation
examinations.

American Board of Internal Medicine
Internal Medicine Certiﬁcation
Examination

As noted above, fellows typically complete
the Internal Medicine Certiﬁcation
Examination shortly after completing
their internal medicine residency. The
examination is comprised of 240 single best
multiple-choice questions. The examination
content blueprint is available on the ABIM
website (https://www.abim.org/z/media/
ABIM%20Public/Files/pdf/examblueprints/certiﬁcation/internal-medicine.
pdf). Scores are based on responses to
200 of the questions; the remaining 40
questions are for ﬁeld testing only. The
examination is scored using item response
theory, and overall scores are equated and
standardized (mean, 500 [SD, 100]). The
reliability coefﬁcient for the scores is greater
than or equal to 0.90 across administrations
used in this study.
Fellowship Program Director Ratings

During the study years, program directors
completed a standardized evaluation form
for each fellow on an annual basis to
qualitatively rate the fellow’s performance
on six ACGME competencies plus a rating
of overall clinical competence. Ratings are
based on a 9-point scale that includes
three categories: unsatisfactory (1 – 3),
satisfactory (4 – 6), and superior (7 – 9). At
the end of fellowship, fellows must receive a
rating of 4 or higher in all competencies to
be eligible to take the ABIM subspecialty
board certiﬁcation examinations. In this
study, analyses included ratings of three
competencies: medical knowledge, overall
clinical competency, and professionalism.
Ratings for these competency areas ranged
from 4 to 9, with the majority falling
between 7 and 9. The other competencies,
such as procedural skills, practice-based
learning and improvement, and systemsbased practice, were deemed less directly
relevant to ABIM certiﬁcation examination
performance and therefore were not
included in the analyses.
Pulmonary and Critical Care
In-Service Training Examination

The pulmonary and critical care ITE is a
computer-based examination developed by
the APCCMPD with the ﬁnancial support of
the American College of Chest Physicians
and the American Thoracic Society.
APCCMPD contracted with Applied
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Measurement Professionals, Inc. (Olathe,
KS), for services that included content
development facilitation, test form
assembly, item-scoring validation, delivery
of test scores, and technical documentation.
A new version of the ITE is administered
each year. The test is administered online
to fellows in their academic institutions
and is proctored by representatives at each
institution. The examination includes
125 single best multiple-choice questions
written by the APCCMPD In-service
Committee, which is comprised of
physicians, the majority of whom are
program directors.
The pulmonary and critical care ITE
content domain is described by a detailed list
of learning objectives that pertain to 28
content areas relevant to pulmonary disease
and critical care medicine (see online
supplement). The 28 content areas fall into
ﬁve categories (subscales): pulmonary
diseases and disorders (40% of questions);
critical care (40% of questions); general care
(4% of questions); practice skills (12% of
questions); and biology, physiology, and
research (4% of questions). The pulmonary
and critical care ITE content domain is
based on the ABIM Pulmonary Disease
and the ABIM Critical Care Medicine
subspecialty board certiﬁcation

examination blueprints. The reliability
coefﬁcient for the scores is greater than or
equal to 0.80 across administrations. The
APCCMPD In-service Committee reviews a
preliminary item analysis each year of item
responses that are inconsistent with total
test scores and/or are challenged by
examinees. Changes in scoring are made as
directed by the committee.
American Board of Internal Medicine
Pulmonary Disease and Critical Care
Medicine Certiﬁcation Examinations

Typically fellows complete one of these
subspecialty board certiﬁcation examinations
late in the third year of fellowship training
and the other certiﬁcation examination
approximately one year later. The
examinations are secure, computer-based, and
each is comprised of 240 single-best-answer
multiple-choice questions. Scores are based on
responses to 200 of the questions; the
remaining 40 questions are for ﬁeld testing
only. The content blueprints for the
examinations are available on the ABIM
website (http://www.abim.org/about/examinformation/exam-blueprints.aspx). The
examinations are scored using item response
theory, and overall scores are equated and
standardized (mean, 500 [SD, 100]). The

reliability coefﬁcient for the scores is greater
than or equal to 0.90 across administrations.
Statistical Analyses

For each of the three ABIM certiﬁcation
examinations, scores were equated and
standardized to allow scores to be compared
across years of administration for statistical
analyses; the pulmonary and critical care
ITE overall raw scores were equated and
standardized using the linear equating
method so that these scores could also be
compared across the study years (12).
Multiple regression analysis was used to
identify predictors of ABIM subspecialty
board certiﬁcation examination scores.
Variables in the analyses included
pulmonary and critical care ITE score,
ABIM Internal Medicine Certiﬁcation
Examination score, age, sex, country
of birth (United States/Canada vs.
international), medical school graduation
country (United States/Canada vs.
international), fellowship program director
ratings, and fellowship training experiences.
Speciﬁc training experiences included
cumulative months spent on critical care
and pulmonary consult rotations at the
time of sitting for the pulmonary and
critical care ITE, as well as anticipated
average number of half days in an
outpatient clinic and months spent on

Pulmonary Disease

Critical Care Medicine

1,556 Fellows Completed
Year 2 ITE (2008–2012)

1,556 Fellows Completed
Year 2 ITE (2008–2012)

32 excluded: no pulmonary
certification exam scores
1,524 Matched to
Pulmonary Disease
Certification Exam Scores

211 excluded: no critical care
certification exam scores
1,345 Matched to Critical
Care Medicine
Certification Exam Scores

29 excluded: no program
director ratings for year 2

1,495 Matched to
Program Director Ratings
For Year 2

3 excluded: no program
director ratings for final year

1,342 Matched to
Program Director Ratings
for Final Year

11 excluded: excess
reported clinical training
Total N = 1,484

11 excluded: excess
reported clinical training
Total N = 1,331

Figure 1. Trial profile for second-year fellows enrolled in the study. ITE = in-service training examination.
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nonclinical/research activity during the ﬁrst
3 years of fellowship.
For the primary analysis, we kept
months of nonclinical/research activity as a
continuous variable, but as a follow-up we
dichotomized the variable (i.e., >12 mo
[research-intensive program] vs. ,12 mo
[clinical-focused program]) to determine if
the results were similar when comparing
these two types of fellowships. In addition,
approximately 50–70% of the program
directors’ ratings were 8 or higher,
depending on the competency area.
Therefore, we chose to convert the ratings
to dichotomous variables wherein ratings of
8 and 9 were considered “high” and ratings
of 4–7 were considered “low.” To determine
which variables to retain as predictors in
the regression models, the all-possibleregressions procedure was used, selecting
the model with the highest R2 value as our
ﬁnal model. The adjusted R2 was calculated
to measure how well the data ﬁt the model
and is interpreted as the percentage
variance in ABIM subspecialty board
certiﬁcation examination scores that is
accounted for by the set of predictors
selected. We also calculated the variance
inﬂation factor index to determine if
multicollinearity (i.e., high correlations
among the predictors) was a problem in
the models. Standardized regression
coefﬁcients (b) were reported to describe
and compare the relative magnitude of the
predictive variables.
Logistic regression analysis was used to
predict the probability of passing each of the
two ABIM subspecialty board certiﬁcation
examinations using the same set of
covariates. In addition, a restricted logistic
model was ﬁtted to generate the conditional
probability of passing each of the ABIM
certiﬁcation examinations given only the
pulmonary and critical care ITE score.
Statistical signiﬁcance was assessed
using an a level less than 0.05. All analyses
were conducted using SAS 9.3 software (SAS
Institute Inc., Cary, NC). The University of
Minnesota Institutional Review Board
approved the study. All data were
deidentiﬁed and analyzed in the aggregate.

Results
A total of 82.4% of fellows taking the
pulmonary and critical care ITE between
2008 and 2012 were enrolled in the study.
Sex, age, and site of medical school
484

graduation (United States/Canada vs.
international) did not differ signiﬁcantly
between participants and nonparticipants.
Figure 1 summarizes the eligibility of
enrolled second-year fellows for the
analyses. Less than 5% of fellows were
excluded from the analysis of predictors of
performance on the ABIM Pulmonary
Disease Certiﬁcation Examination, whereas
this value was 14% for the ABIM Critical
Care Medicine Certiﬁcation Examination,
largely because insufﬁcient time had
elapsed from the 2012 pulmonary and
critical care ITE for participants to have
completed their ABIM Critical Care
Medicine Certiﬁcation Examination at the
time this study was conducted.
Table 1 contains second-year fellows’
demographic information as well as

characteristics of their fellowship training.
Approximately 70% of participants were
male, and about 53% had graduated from a
U.S. or Canadian medical school. Secondyear fellows’ performance on the pulmonary
and critical care ITE, ABIM Internal
Medicine Certiﬁcation Examination, and
ABIM subspecialty board certiﬁcation
examinations are also summarized in
Table 1. Of the 1,484 fellows who completed
the ABIM Pulmonary Disease Certiﬁcation
Examination, 80 (5.39%) failed the
examination on the ﬁrst attempt. Of the
1,331 fellows who completed the ABIM
Critical Care Medicine Certiﬁcation
Examination, 67 (5.03%) failed the
examination on the ﬁrst attempt.
Table 2 presents the results of the
multiple regression analysis using the

Table 1. Demographics, training characteristics, and examination performance of
second-year fellows in pulmonary disease and critical care medicine
Pulmonary
Disease* (n = 1,484)
Sex, n (%)
Male
Female
Age‡, yr, mean (SD)
Birth country, n (%)
United States/Canada
International
Medical school graduation
country, n (%)
United States/Canada
International
Fellowship training, mean (SD)
Months of nonclinical/research
Average half days in clinic
Months of critical care
Months of pulmonary consults
Program director ratingsx, mean (SD)
Medical knowledge
Professionalism
Overall clinical competence
Pulmonary and critical care in-service
training examinations and
certiﬁcation examination (CE)
scores, mean (SD)
In-service training examination:
ﬁrst-year fellows
In-service training examination:
second-year fellows
Internal medicine CE score
Pulmonary disease CE score
Critical care medicine CE score

Critical Care Medicine†
(n = 1,331)

1,040 (70.08%)
444 (29.92%)
34.1 (3.26)

944 (70.92%)
387 (29.08%)
35.1 (3.20)

775 (52.22%)
709 (47.78%)

680 (51.09%)
651 (48.91%)

797 (53.71%)
687 (46.29%)

700 (52.59%)
631 (47.41%)

9.58
1.58
7.83
6.50

9.41
1.59
7.85
6.55

(5.78)
(0.74)
(3.10)
(3.12)

(5.65)
(0.75)
(3.05)
(3.15)

7.40 (0.99)
7.73 (0.97)
7.51 (0.90)

7.71 (1.01)
7.94 (1.01)
7.80 (0.95)

89.46 (7.95)

89.62 (7.88)

90.66 (7.62)

90.82 (7.52)

528.69 (68.03)
525.58 (80.87)

530.69 (66.11)
500.85 (77.80)

*Missing data: months of nonclinical/research, 4; average half days in clinic, 6; months of critical care,
6; months of pulmonary consults, 6; and program director ratings, 26.
†
Missing data: months of nonclinical/research, 4; average half days in clinic, 6; months of critical care,
7; months of pulmonary consults, 6; program director ratings, 1; critical care medicine certification
examination score, 1.
‡
Age at time of taking the certification examination.
x
On a 1–9 rating scale.
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all-possible-regressions procedure to select
the variables to be included in the ﬁnal
models. Multicollinearity was not judged to
be a problem (variance inﬂation factor
values were between 1 and 2 for both the
pulmonary disease and critical care
medicine models). The strongest
independent predictors of scores on the
ABIM Pulmonary Disease Certiﬁcation
Examination were second-year fellows’
scores on the pulmonary and critical
care ITE (b = 0.24, P , 0.001) and the
ABIM Internal Medicine Certiﬁcation
Examination (b = 0.49, P , 0.001). The
pulmonary and critical care ITE and
ABIM Internal Medicine Certiﬁcation
Examination were similarly predictive of
scores on the ABIM Critical Care Medicine
Certiﬁcation Examination (Table 2).
Male sex, graduation from a U.S./
Canadian medical school, and fellowship
program director ratings of medical
knowledge were weak predictors of higher
scores on the ABIM Pulmonary Disease
Certiﬁcation Examination. Male sex, birth
country, medical school graduation country,
fewer average number of half days in an

outpatient clinic, and program director ratings
of medical knowledge were weak predictors of
higher scores on the ABIM Critical Care
Medicine Certiﬁcation Examination. Number
of months spent on nonclinical/research
activity was not a signiﬁcant predictor,
regardless of whether it was a continuous
or a dichotomous variable. The adjusted R2
values were 0.48 and 0.45 for the pulmonary
disease and critical care medicine models,
respectively. That is, the set of predictors
explained 48% and 45%, respectively, of the
variance in scores on the two ABIM
subspecialty board certiﬁcation examinations.
Of note, the predictive value of
pulmonary and critical care ITE scores
among ﬁrst-year fellows on subsequent
ABIM subspecialty board certiﬁcation
examinations was comparable to second-year
fellows’ scores (b = 0.26 [P , 0.001] for the
ABIM Pulmonary Disease Certiﬁcation
Examination [n = 826 scores]; b = 0.24 [P ,
0.001] for the ABIM Critical Care Medicine
Certiﬁcation Examination [n = 734 scores]).
As expected, fewer participants who
completed the pulmonary and critical care
ITE as ﬁrst-year fellows had gone on to take

their ABIM certiﬁcation examinations at the
time of the analysis.
Table 3 summarizes the ﬁnal logistic
regression model of predictors of secondyear fellows’ passing each of the two ABIM
certiﬁcation examinations. Scores on the
pulmonary and critical care ITE and ABIM
Internal Medicine Certiﬁcation Examination
were signiﬁcant predictors of passing each
ABIM certiﬁcation examination. Figure 2
demonstrates the conditional probability of
second-year fellows’ passing the two ABIM
certiﬁcation examinations based solely on
their pulmonary and critical care ITE scores.
The estimated probability of passing both
ABIM certiﬁcation examinations is
approximately 95% for fellows achieving the
mean equated score on the pulmonary and
critical care ITE during these study years.
Furthermore, fewer average number of half
days in an outpatient clinic predicted a higher
likelihood of passing the ABIM Critical Care
Medicine Certiﬁcation Examination, but with
a wide conﬁdence interval. Other fellowship
training activities, including types of clinical
rotations, nonclinical/research time, program
director ratings, and fellow demographics

Table 2. Multiple regression analysis results predicting scores on the American Board of Internal Medicine Pulmonary Disease
Certiﬁcation Examination and Critical Care Medicine Certiﬁcation Examination
Predictor

Unstandardized Coefﬁcient
b-Value

Pulmonary Disease Certiﬁcation Examination score
of second-year fellows, n = 1,472*
ABIM Internal Medicine Certiﬁcation examination score
In-service training examination score
Sex, 1 = male vs. 0 = female
Medical school graduation country,
1 = United States/Canada vs. 0 = international
Months of nonclinical/research
Months of pulmonary consults
Medical knowledge†, 1 = high vs. 0 = low
Critical Care Medicine Certiﬁcation Examination
score of second-year fellows, n = 1,292‡
ABIM Internal Medicine Certiﬁcation examination score
In-service training examination score
Sex, 1 = male vs. 0 = female
Birth country, 1 = United States/Canada vs.
0 = international
Medical school graduation country,
1 = United States/Canada vs. 0 = international
Months of nonclinical/research
Average half days in clinic
Medical knowledge†, 1 = high vs. 0 = low

Standard
Error of b-Value

Standardized
Coefﬁcient

t Value

P Value

b-Value

0.58
2.53
12.06
14.36

0.03
0.24
3.39
3.29

0.49
0.24
0.07
0.09

21.79
10.39
3.55
4.37

,0.001
,0.001
,0.001
,0.001

20.49
20.82
15.82

0.29
0.51
3.19

20.04
20.03
0.10

21.73
21.61
4.95

0.08
0.11
,0.001

0.51
2.53
25.93
10.54

0.03
0.26
3.60
4.45

0.44
0.24
0.15
0.07

17.71
9.78
7.20
2.37

,0.001
,0.001
,0.001
0.02

16.90

4.59

0.11

3.68

,0.001

0.53
213.11
9.15

0.30
2.17
3.43

0.04
20.13
0.06

1.74
26.03
2.67

0.08
,0.001
0.01

Definition of abbreviation: ABIM = American Board of Internal Medicine.
*Twelve observations were excluded from the regression analysis because of missing values.
†
High is defined as a program director rating of 8 or 9; low is defined as a program director rating of 7 or less.
‡
Thirty-nine observations were excluded from the regression analysis because of missing values.
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Table 3. Logistic regression analysis results predicting passing status on the American Board of Internal Medicine Pulmonary
Disease Certiﬁcation Examination and Critical Care Medicine Certiﬁcation Examination
Predictor
Pulmonary Disease Certiﬁcation Examination of
second-year fellows (N = 1,472)*
ABIM Internal Medicine Certiﬁcation examination score
In-service training examination score
Sex, 1 = male vs. 0 = female
Birth country, 1 = United States/Canada vs.
0 = international
Medical school graduation country, 1 = United
States/Canada vs. 0 = international
Months of nonclinical/research
Months of pulmonary consults
Average half days in clinic
Medical knowledge†, 1 = high vs. 0 = low
Professionalism†, 1 = high vs. 0 = low
Overall clinical competence†, 1 = high vs. 0 = low
Critical Care Medicine Certiﬁcation Examination of
second-year fellows, n = 1,293‡
ABIM Internal Medicine Certiﬁcation examination score
In-service training examination score
Sex, 1 = male vs. 0 = female
Birth country, 1 = United States/Canada vs.
0 = international
Medical school graduation country, 1 = United
States/Canada vs. 0 = international
Months of nonclinical/research
Months of critical care
Average half days in clinic
Medical knowledge†, 1 = high vs. 0 = low
Professionalism†, 1 = high vs. 0 = low
Overall clinical competence†, 1 = high vs. 0 = low

b-Value

Standard Error of b-Value

P Value

OR (95% CI)

0.01
0.11
20.19
0.27

0.00
0.02
0.30
0.32

,0.001
,0.001
0.52
0.39

1.01
1.12
0.83
1.31

0.26

0.33

0.43

1.30 (0.68–2.46)

20.01
20.04
0.11
0.45
0.12
0.40

0.02
0.04
0.18
0.48
0.33
0.49

0.74
0.29
0.54
0.34
0.73
0.41

0.99
0.96
1.12
1.58
1.12
1.49

(0.95–1.04)
(0.88–1.04)
(0.79–1.58)
(0.62–4.00)
(0.58–2.16)
(0.57–3.88)

0.01
0.07
0.46
0.60

0.00
0.02
0.29
0.34

,0.001
,0.001
0.12
0.08

1.01
1.08
1.58
1.81

(1.01–1.02)
(1.03–1.12)
(0.89–2.81)
(0.93–3.53)

0.24

0.35

0.49

1.27 (0.65–2.50)

0.00
0.02
20.43
0.45
20.30
0.19

0.03
0.04
0.16
0.42
0.39
0.48

0.93
0.68
0.01
0.29
0.45
0.69

1.00
1.02
0.65
1.57
0.74
1.21

(1.01–1.02)
(1.07–1.16)
(0.46–1.48)
(0.71–2.44)

(0.95–1.06)
(0.94–1.11)
(0.47–0.90)
(0.68–3.59)
(0.34–1.61)
(0.48–3.07)

Definition of abbreviations: ABIM = American Board of Internal Medicine; CI = confidence interval; OR = odds ratio.
*Twelve observations were excluded from the regression analysis because of missing values.
†
High is defined as a program director rating of 8 or 9; low is defined as a program director rating of 7 or less.
‡
Thirty-eight observations were excluded from the regression analysis because of missing values.

were not predictive of passing the ABIM
certiﬁcation examinations.
Finally, among ﬁrst-year fellows,
performance on the pulmonary and critical care
ITE and ABIM Internal Medicine Certiﬁcation
Examination were also independently
predictive of passing each of the two subsequent
ABIM certiﬁcation examinations (odds ratios,
1.10 and 1.02, respectively, for both the ABIM
Pulmonary Disease Certiﬁcation Examination
and the ABIM Critical Care Medicine
Certiﬁcation Examination).

Discussion
This national study conﬁrms that a widely
used ITE that tests both pulmonary disease
and critical care medicine content is a valid
measure of medical knowledge for fellows
preparing for their subsequent ABIM
subspecialty board certiﬁcation
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examinations. Scores on the pulmonary and
critical care ITE independently predicted
performance on subsequent ABIM
certiﬁcation examinations in these two
internal medicine subspecialties, even after
controlling for prior assessments of medical
knowledge, fellow demographics, and
fellowship program characteristics. Scores on
the pulmonary and critical care ITE and
ABIM Internal Medicine Certiﬁcation
Examination were the strongest predictors of
scores on, as well as passing of, the ABIM
certiﬁcation examinations. Of note, the
scores of ﬁrst- and second-year fellows on the
pulmonary and critical care ITE were equally
predictive. A subset of demographic
variables, fellowship program director
ratings, and characteristics of fellowship
programs were weaker independent
predictors of subsequent performance on the
ABIM certiﬁcation examinations. Together,
these ﬁndings suggest that the pulmonary

and critical care ITE serves as a valuable
formative tool for assessing fellows’ readiness
for future ABIM certiﬁcation examinations.
The ﬁndings of the present study are
consistent with those of prior studies
demonstrating a positive relationship between
results on ITEs and subsequent performance
on certiﬁcation examinations in a variety of
medical ﬁelds (2–8) as well as internal
medicine subspecialties (9,10). Unlike the
aforementioned analyses of ITEs in infectious
disease and rheumatology, in the present
study we assessed the predictive value of
ﬁrst-year fellows’ ITE scores on ABIM
subspecialty board certiﬁcation examination
performance. Despite ﬁrst-year fellows’
having completed less of fellowship training,
the predictive value of their scores matched
that of second-year fellows. As previously
noted, scores on the ABIM Internal Medicine
Certiﬁcation Examination also strongly
predicted ABIM certiﬁcation examination
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Figure 2. Conditional probability of passing the American Board of Internal Medicine Pulmonary Disease Certification Examination and the Critical Care
Medicine Certification Examination based on Pulmonary and Critical Care In-Training Examination score. The x axis denotes scores on the in-service
training examination that were equated across the study years. ITE = in-service training.

performance. Similarly, studies of infectious
disease and rheumatology fellows revealed
scores on the ABIM Internal Medicine
Certiﬁcation Examination and on step 1 of
the United States Medical Licensing
Examination predicted fellows’ performance
on their subspecialty board certiﬁcation
examinations (9, 10).
To our knowledge, this study is the ﬁrst
exploration of whether speciﬁc characteristics
of fellowship training programs predict
performance on subsequent ABIM
certiﬁcation examinations. The number of
months that second-year fellows had spent on
inpatient pulmonary consult services versus
intensive care services was similar at the time
they completed the pulmonary and critical
care ITE, and neither was predictive of
subsequent performance on the ABIM
certiﬁcation examinations. More time
dedicated to an outpatient clinic was associated
with worse performance on the ABIM Critical
Care Medicine Certiﬁcation Examination
but did not predict results on the ABIM
Pulmonary Disease Certiﬁcation Examination.
However, the effect of clinic time on
ABIM Critical Care Medicine Certiﬁcation
Examination scores was modest and must be
viewed in light of fellows’ need to gain

expertise in evaluating patients with
respiratory disease in an ambulatory setting.
Relative to fellows at clinical fellowship
programs, trainees at research-intensive
programs dedicate fewer months to patient
care. However, this difference in clinical
training did not translate to worse
performance on the ABIM certiﬁcation
examinations, as the number of months
spent on nonclinical/research activity was
not signiﬁcantly predictive of examination
scores or of passing the examinations.
This ﬁnding is consistent with a previous
study in which researchers found that the
performance of internal medicine residents
in research-intensive tracks on the ABIM
Internal Medicine Certiﬁcation Examination
was similar to that of their peers in
traditional tracks, despite their spending
fewer months in clinical training (13).
Scores on the pulmonary and critical care
ITE and ABIM Internal Medicine Certiﬁcation
Examination predicted performance on ABIM
subspecialty board certiﬁcation examinations,
but various measures of clinical experience did
not, which raises the possibility that test-taking
ability is the more important determinant of
success on certiﬁcation examinations. This is
unlikely to be the case. First-year pulmonary

and critical care medicine fellows have already
accumulated a wealth of knowledge and
experience relevant to their specialties during
medical school, internal medicine residency,
and the ﬁrst 9 months of fellowship by the time
they take the pulmonary and critical care ITE.
The incremental gain in knowledge acquired
during the remainder of a fellowship is
relatively small, and this likely explains why the
ITE scores of ﬁrst- and second-year fellows
were equally predictive of ABIM certiﬁcation
examination performance, whereas the
number of months fellows spent on various
types of clinical rotations and the type of
fellowship (research focus vs. clinical focus)
were not predictive. Furthermore, the
predictive value of prior examination
performance is limited in that the statistical
models in the present study and previous
studies accounted for only about 50% of the
variance in test scores.
Previous studies from a variety of
medical ﬁelds showed a correlation between
program director ratings of resident clinical
competence and subsequent performance
on board certiﬁcation examinations (14, 15).
However, in the present study we found
that fellowship director ratings of medical
knowledge did not independently predict
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passing the two ABIM certiﬁcation
examinations and only weakly predicted
scores on these certiﬁcation examinations.
In prior studies, rheumatology and
infectious disease fellowship director
ratings similarly did not predict passing
and only weakly predicted scores on
certiﬁcation examinations (9, 10). We
found that director ratings of overall
clinical competence and professionalism
did not independently predict scores or
passing the ABIM certiﬁcation
examinations.
The limited range of values for some
variables may account for their reduced
capacity to predict performance. Program
director competency ratings were
uniformly high, especially for
professionalism; about 70% of critical care
medicine fellows received a rating of 8 or
higher for professionalism. In 2015,
assessments of fellows transitioned from
the previous rating system to the ACGME
Next Accreditation System, which
requires programs to report whether
fellows have achieved competency-based
milestones as well as the program’s board
certiﬁcation examination pass rates.
Additional research is needed to
determine whether ITE performance at
the fellowship level can be used by

program directors to identify targets for
curriculum improvement to meet these
goals (16).
A limitation of our study is that not all
fellows taking the pulmonary and critical
care ITE were enrolled in the study.
However, the results are likely generalizable
because over 80% of eligible fellows
participated, and, for the vast majority, their
scores could be matched to subsequent
performance on the two ABIM subspecialty
board certiﬁcation examinations.
Furthermore, demographic characteristics
of participants and nonparticipants did not
differ signiﬁcantly. Participants selfreported their clinical and nonclinical
activities, and the accuracy of this
information was not veriﬁed with individual
programs.
However, there is reason to believe
fellows would be able to recall this
information with reasonable accuracy,
given that it was collected at the time
of pulmonary and critical care ITE
administration. There are other factors that
could affect ABIM certiﬁcation examination
performance that were not measured and
included in the study (e.g., examination
preparation method). Also, the model used
to predict a passing outcome on each of the
ABIM certiﬁcation examinations based on
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