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ABSTRACT
The American College of Cardiology In-Training Exam (ACC-ITE) is incorporated into most U.S. training programs, but
its relationship to performance on the American Board of Internal Medicine Cardiovascular Disease (ABIM CVD)
Certiﬁcation Examination is unknown. ACC-ITE scores from third-year fellows from 2011 to 2014 (n ¼ 1,918) were
examined. Covariates for regression analyses included sex, age, medical school country, U.S. Medical Licensing
Examination Step, and ABIM Internal Medicine Certiﬁcation Examination scores. A secondary analysis examined fellows
(n ¼ 511) who took the ACC-ITE in the ﬁrst and third years. ACC-ITE scores were the strongest predictor of ABIM
CVD scores (p < 0.0001), and the most signiﬁcant predictor of passing (p < 0.0001). The change in ACC-ITE scores
from ﬁrst to third year was a strong predictor of the ABIM CVD score (p < 0.001). The ACC-ITE is strongly
associated with performance on the ABIM CVD Certiﬁcation Examination. (J Am Coll Cardiol 2017;69:2862–8)
© 2017 by the American College of Cardiology Foundation.
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academic year (9). Whether or not FIT performance

trainees at the same year of training within

on the ITE correlates with future scores on the ABIM

programs and across the United States.

CVD Certiﬁcation Examination is not known. This

Percentile ranks are also provided. Program

analysis was performed to determine the association

directors receive a histogram to describe the

between FIT performance on the ACC-ITE to subse-

distribution of mean percent correct scores of

quent ABIM CVD Certiﬁcation Examination scores.

all programs, in addition to the performance
report of each of their FITs.

METHODS

FITs who took the ACC-ITE between 2011 and 2014,
and subsequently attempted the ABIM CVD Certiﬁcation Examination. CVD FITs were matched with
ABIM data by ﬁrst name, last name, and date of birth.
FITs that lacked program director ratings were
excluded. The primary analyses used the ACC-ITE
score from the third year of fellowship training,
with a secondary analysis that incorporated performance from the ﬁrst year of fellowship training.
Performance-related

covariates

included

ﬁrst-

attempt scores on the ABIM CVD Certiﬁcation
Examination, the ABIM Internal Medicine (IM) Certi-

Internal Medicine

ACC = American College of
Cardiology

CVD = cardiovascular disease
FIT = fellow-in-training
IM = internal medicine

USMLE. The USMLE Steps are intended to

STUDY SAMPLE. The study sample consisted of CVD

ABIM = American Board of

assess knowledge and patient care principles,
and are taken at 3 different time points in

ITE = in-training examination
NBME = National Board of
Medical Examiner

medical school and training. Satisfactory

USMLE = U.S. Medical

completion of these examinations is required

Licensing Examination

for medical licensure of allopathic physicians. The
USMLE Steps included here are computer-based
examinations, which include both multiple choice
questions and case simulations. Each Step examination is scored with item response theory on a range
from 1 to 300, with a mean set to 200 and SD of 20.
The reliability coefﬁcient (Cronbach’s alpha) (11)
for the USMLE Steps has been reported as at least
0.87 (4,5).

ﬁcation Examination, and the U.S. Medical Licensing

ABIM IM CERTIFICATION EXAMINATION. The ABIM

Examination (USMLE) Steps 1, 2 (clinical knowledge),

IM Certiﬁcation Examination is generally taken

and 3. Demographic data included sex, age at the

within the ﬁrst year after completion of IM resi-

ACC-ITE, and medical school country.

dency training. The ABIM IM Certiﬁcation Exami-

ACC-ITE EXAMINATION. The ACC-ITE has been pre-

viously described (6). In brief, this examination was
developed by a committee (Online Appendix), the
majority of whom are cardiology fellowship program
directors, and all of whom were trained in question

nation is a computer-based examination of 240
multiple choice questions, of which 205 compose
the overall score. The score is computed using item
response theory, and scores are equated and standardized on a scale of 200 to 800, mean of 500 and

writing by the National Board of Medical Examiners.
The ITE uses the blueprint from the ABIM CVD
Certiﬁcation Examination. All ITE questions are
written in a single best answer, multiple choice
format, and still images and videos are often incorporated. The examination comprises a total of 150

T A B L E 1 Demographic Characteristics and Examination Scores

Sex
Men
Women
Age at time of ACC-ITE

questions. The National Board of Medical Examiners

Medical school country

oversees the performance of questions, including

United States/Canada

psychometric analyses. The examination is given on

International

speciﬁc dates in the fall via a secure website. Scores
are equated using item response theory (10), allowing
for comparisons between different FIT years and
across years, and are scaled to a standardized score

1,571 (81.9)
347 (18.1)
33.5  3.1
1,126 (58.7)
792 (41.3)

USMLE Step scores
1

226.3  20.4

2

229.6  22.8

3

216.7  17.3

ACC-ITE scores and ABIM certiﬁcation examination scores

scale ranging from 1 to 999, with a mean of 500 and

ACC-ITE, third-yr FITs

SD of 100 points.

ABIM IM certiﬁcation examination

534.2  67.9

ABIM CVD certiﬁcation examination

489.3  86.0

A unique aspect of the ACC-ITE is the feedback

582.3  118.3

provided to each trainee and program director. A
report is generated that includes the diagnosis tested
and the ACC curricular competency (8) for each
question answered incorrectly. Each examination is
graded with an overall score, as well as a score within

Values are n (%) or mean  SD.
ABIM ¼ American Board of Internal Medicine; ACC ¼ American College of
Cardiology; CVD ¼ cardiovascular disease; FIT ¼ fellow-in-training; IM ¼ internal
medicine; ITE ¼ in-training examination; USMLE ¼ U.S. Medical Licensing
Examination.
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F I G U R E 1 ABIM CVD Certiﬁcation Examination Scores in Relation to Performance of

Third-Year Fellows on the ACC-ITE

taken in the ﬁrst year after completion of general CVD
fellowship training. Similar to the ABIM IM Certiﬁcation Examination, the ABIM CVD Certiﬁcation Examination consists of 240 multiple choice questions, of

800
Cardiology Certification Examination Score

which 200 compose the overall multiple choice
questions score. The scaled score is from 200 to 800,
with a mean of 500 and SD of 100 points. The examination’s reliability coefﬁcient (Cronbach’s alpha) (11)
600

was 0.85 to 0.87 across administrations in our
study period.
The ABIM CVD Certiﬁcation Examination also has
separate portions of the examination for electrocardiography and cardiovascular imaging interpretation.

400

A passing score on these parts is required to pass the
ABIM CVD Certiﬁcation Examination. In this investigation, we only analyzed the multiple choice question
section of the ABIM CVD Certiﬁcation Examination.

200
1

2

3

4

STATISTICAL ANALYSES. Descriptive data are pre-

5

sented as mean  SD, and statistical analyses were on

In-Training Examination Quintiles

the basis of scaled scores. A Pearson correlation
coefﬁcient was used to assess the correlation between

Box plots represent the 25th to 75th percentiles; whiskers represent maximum and
minimum values. Within the boxes, mean values are denoted by dots, and median values

the ACC-ITE and ABIM CVD Certiﬁcation Examination

are denoted by horizontal lines. The ﬁrst quintile depicts the lowest scores; the

scores. Multiple linear regression was used to

ﬁfth quintile depicts the highest. ABIM ¼ American Board of Internal Medicine;

examine the relationship between scores on the

CVD ¼ Cardiovascular Disease; ACC ¼ American College of Cardiology; ITE ¼ in-training
examination.

ACC-ITE and the ABIM CVD Certiﬁcation Examination. Multiple logistic regression was used to assess
the association between ACC-ITE score and passing
the ABIM CVD Certiﬁcation Examination. Covariates

SD of 100 points. The reliability coefﬁcient (Cron-

in both models included scores on the ACC-ITE taken

bach’s alpha) (11) of the ABIM IM Certiﬁcation

in the third year of fellowship training, USMLE Steps

Examination has ranged from 0.89 to 0.91 across

1, 2 (clinical knowledge), and 3 (ABIM IM Certiﬁcation

administrations.

Examination), as well as categorical demographic
EXAMINATION. The

variables, including sex (women as reference group)

ABIM CVD Certiﬁcation Examination is generally

and medical school country (United States/Canadian

ABIM

CVD

CERTIFICATION

or

international),

with

international

being

the

reference group. A receiver-operating characteristic
T A B L E 2 Multiple Linear Regression Model to Predict ABIM CVD Certiﬁcation

analysis was performed to assess the overall accuracy

Examination Score

of the model’s ability to predict passing the ABIM CVD
Unstandardized
Coefﬁcient

b

SE of b

ACC-ITE score

0.28

0.01

ABIM-IM certiﬁcation examination
score

0.32

0.03

Predictor

Certiﬁcation Examination. The ACC-ITE score from

Standardized
Coefﬁcient

b

the third year of fellowship training was used for
t Value

p Value

0.38

20.31

<0.0001

0.25

12.32

<0.0001

these primary analyses.
In a secondary analysis, the ACC-ITE score from the
ﬁrst year of fellowship training was used for a subset

USMLE step 1 score

0.50

0.09

0.12

5.48

<0.0001

of individuals who had taken the examination in both

USMLE step 2 (clinical knowledge)
score

0.18

0.09

0.05

2.00

0.045

the ﬁrst and third years of fellowship training to

USMLE step 3 score

0.51

0.11

0.10

4.88

<0.0001

Age at time of ACC-ITE

2.90

0.42

0.11

6.85

<0.0001

Sex (male, female*)

20.71

3.32

0.09

6.24

<0.0001

5.29

3.02

0.03

1.75

0.080

Medical school country
(U.S., international*)
*Reference group.

SE ¼ standard error. Abbreviations as in Table 1.

assess the relative predictability of examination attempts in the ﬁrst compared with the third year, and
for the change in examination score from the ﬁrst to
the third year. Regression (b ) coefﬁcients (unstandardized and standardized) are reported for linear
regression, and odds ratios for logistic regression.
Adjusted R 2 and maximum rescaled R 2 values are
reported to describe the strength of the models.
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Signiﬁcance was set at p < 0.05. Statistical tests were
performed using SAS 9.3 software (SAS Institute Inc.,

T A B L E 3 Multiple Logistic Regression Model to Predict Passing the ABIM CVD

Certiﬁcation Examination

Cary, North Carolina). Data were deidentiﬁed, and
SE

Chi-Square

p Value

OR (95% CI)

ACC- ITE score

Predictor

0.01

0.00

66.06

<0.0001

1.01 (1.01–1.01)

ABIM-IM certiﬁcation examination
score

0.01

0.00

25.13

<0.0001

1.01 (1.01–1.01)

0.03

0.01

13.61

0.01

0.01

2.73

Institutional Review Board approval with exempt
status was granted by the American Institutes for
Research, Washington, DC.

Estimate

USMLE Step 1 score

RESULTS

USMLE Step 2 (clinical knowledge)
score

From 2011 to 2014, there were 2,015 third-year CVD
FITs who took the ACC-ITE, of whom 2,011 matched
with ABIM examination data. Of these 2,011 FITs, 77
had no ABIM CVD Certiﬁcation Examination score. An
additional 16 FITS were excluded for missing program
director ratings (although this parameter was not

USMLE Step 3 score

0.0002
0.098

1.03 (1.01–1.04)
0.99 (0.98–1.00)

0.01

0.01

0.61

0.435

1.01 (0.99–1.02)

0.10

0.03

10.37

0.001

0.91 (0.85–0.96)

Sex (male, female)

0.33

0.12

7.74

0.005

1.95 (1.22–3.11)

Medical school country
(U.S., international)

0.12

0.12

1.00

0.318

1.27 (0.79–2.04)

Age at time of ACC-ITE

R2 ¼ 0.15; Max-rescaled R2 ¼ 0.38.
CI ¼ conﬁdence interval; OR ¼ odds ratio; SE ¼ standard error; other abbreviations as in Table 1.

used in analyses), yielding a study population of 1,918
individuals. Men were 82% of the cohort, and 59% of
individuals attended medical school in the United
The model included the ACC-ITE score in the ﬁrst

States or Canada (Table 1).
ACC-ITE scores (from the third year of fellowship

year, the change in ITE score from the ﬁrst to third

training) were signiﬁcantly correlated with scores on

year, ABIM IM Certiﬁcation Examination score,

the ﬁrst attempt at the ABIM CVD Certiﬁcation

USMLE Step examination scores, age, sex, and med-

Examination, with a correlation coefﬁcient of 0.68

ical school country. There were 511 individuals who

(p < 0.0001) (Figure 1). In a multiple linear regression

had taken the ACC-ITE in both the ﬁrst and third

analysis, ACC-ITE score was the strongest predictor of
the ABIM CVD Certiﬁcation Examination score,
( b ¼ 0.38; t ¼ 20.31; p < 0.0001), followed by ABIM IM

F I G U R E 2 ROC Curve

Certiﬁcation Examination score ( b ¼ 0.25; t ¼12.32;
ROC Curve for Model
Area Under the Curve = 0.8996

p < 0.0001). In other words, higher scores on the
ACC-ITE and the ABIM IM Certiﬁcation Examination
1.00

predicted higher scores on the ABIM CVD Certiﬁcation

Examination.

Other

signiﬁcant

predictors

included USMLE Steps 1, 2, and 3 scores, age, sex, and
medical school country (Table 2). Simply stated,
0.75

better performance on the Step exams, being younger
when taking the ITE examination, being male, and
dicted higher scores on the ABIM CVD Certiﬁcation
Examination. The adjusted R2 for the full model
was 0.61.

Sensitivity

having trained in the United States or Canada pre0.50

In the multiple logistic regression model, the
strongest predictors of passing the ABIM CVD Certiﬁcation Examination on the ﬁrst attempt were the

0.25

ACC-ITE and ABIM IM Certiﬁcation Examination
scores (Table 3). The maximum rescaled R 2 for the
full

logistic

model

incorporating

all

covariates

was 0.38. The area under the curve was 0.9 in a
receiver-operating characteristic analysis for the
model (Figure 2). The probability of passing the ABIM

0.00
0.00

0.25

0.50

0.75

1.00

1 - Specificity

CVD Certiﬁcation Examination exceeded 90% for an
ACC-ITE score of approximately 500 (Central Illustration).
A secondary analysis was performed to assess the
predictive strength of the change in ACC-ITE score
from the ﬁrst to the third year of fellowship training.

An ROC curve was computed to assess the accuracy of the model’s ability to predict
passing the ABIM CVD Certiﬁcation Examination. The area under the curve of the model
was 0.90. ROC ¼ receiver-operating characteristic; other abbreviations as in Figure 1.
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C E N T R A L IL LU ST R A T I O N Cumulative Probability Curve for the Prediction of Passing the ABIM

Probability of Passing CVD Examination

CVD Certiﬁcation Examination

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
200

400

600
ACC-ITE Score

800

1000

Indik, J.H. et al. J Am Coll Cardiol. 2017;69(23):2862–8.

The cumulative probability curve is shown according to score on the ACC-ITE taken in the third year of fellowship training. For an ACC-ITE
score of 500, the probability of passing the ABIM CVD Certiﬁcation Examination was >90%. ABIM ¼ American Board of Internal Medicine;
CVD ¼ Cardiovascular Disease; ACC ¼ American College of Cardiology; ITE ¼ in-training examination.

fellowship years. The multiple linear regression

T A B L E 4 Multiple Linear Regression Model to Predict ABIM CVD Certiﬁcation

Examination Score of Trainees With First and Third Year ACC-ITE Examination Scores
Unstandardized
Coefﬁcient
Predictor

b

SE of b

year to be the strongest predictor ( b ¼ 0.46; t ¼ 11.42;

Standardized
Coefﬁcient

b

model (Table 4) showed the ACC-ITE score in the ﬁrst
p < 0.001), followed by the change in ITE score

t Value

p Value

( b ¼ 0.29; t ¼ 9.45; p < 0.001), and the ABIM IM

ACC-ITE score in ﬁrst yr

0.39

0.03

0.46

11.42

<0.001

Certiﬁcation Examination score ( b ¼ 0.24; t ¼ 5.97;

ACC-ITE score change from ﬁrst to
third yr

0.28

0.03

0.29

9.45

<0.001

p < 0.001).

ABIM-IM certiﬁcation examination
score

0.32

0.05

0.24

5.97

<0.001

USMLE step 1 score

0.25

0.20

0.05

1.28

0.200

USMLE step 2 (clinical knowledge)
score

0.36

0.18

0.09

2.00

0.046

USMLE step 3 score

0.23

0.21

3.42

0.81

Sex (male, female*)

19.94

6.40

*Reference group.
Abbreviations as in Tables 1 and 3.

This

analysis

showed

a

signiﬁcant

correlation

between scores on the ACC-ITE and the ABIM CVD

Age at time of ACC-ITE
Medical school country
(U.S., international*)

DISCUSSION

8.84

5.84

0.04
0.12
0.09
0.05

1.09

0.278

4.22

<0.001

3.12

0.002

1.51

0.131

Certiﬁcation Examination. In fact, the strongest predictor of the ABIM CVD Certiﬁcation Examination
score was the ITE score, followed by scores on prior
standardized testing, such as the ABIM IM Certiﬁcation Examination and USMLE Step examinations. This
indicates that the ACC-ITE is a valuable predictive
tool, and the results should be taken seriously by both
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the trainee and the training program. In addition, the

including arrhythmias, coronary artery disease, acute

secondary analysis demonstrated that the improve-

coronary syndromes, valvular disorders, congenital

ment in scores from the ﬁrst to the third year was

disorders, pericardial disease, aortic and peripheral

independently predictive of passing the ABIM CVD

vascular

Certiﬁcation Examination. This supports a strategy to

hypertension, pharmacology, congestive heart fail-

disease,

hypertension

and

pulmonary

use the ITE examination in all years of training to

ure, physiology, and biochemistry (7). Candidates are

identify knowledge gaps and provide program di-

assessed with multiple choice questions, and a

rectors the opportunity to address these gaps early on

separate section of image and electrocardiogram

so as to improve the likelihood of passing the ABIM

analysis. Certiﬁcation is not government mandated

CVD Certiﬁcation Examination.

for physicians to practice medicine; rather, it is used

Since 2011, the ACC-ITE has made a substantial

as

an

indicator

of

competency,

and

is

often

impact on fellows and training programs by assess-

mandated by employers, hospitals, and payers (12).

ing

medical

knowledge

direct

With regard to IM, certiﬁcation by the ABIM has been

direct learning. Nearly all

shown to be associated with providing better care to

ACMGE-accredited cardiology fellowship programs

patients (13), and ABIM certiﬁcation, as well as a high

(210 programs as of the academic year 2016 to 2017)

performance on the ABIM-IM examination, is asso-

(9) participate in the ACC-ITE examination, with 195

ciated with a lower risk of disciplinary actions from

cardiology fellowship programs having participated

state medical boards (14,15). A majority of ﬁrst-time

in 2014, the last year of this analysis. Thus, the

takers (>90%) pass the ABIM CVD Certiﬁcation

feedback to further

and

providing

ACC-ITE has become the primary testing tool during

Examination (16). Before the development of the

training in U.S. CVD fellowship programs. ACC-ITE

ACC-ITE, cardiology FITs did not have a standardized

questions are developed by cardiologists, and focus

tool to measure medical knowledge and assess the

on key learning objectives and competencies. It was

likelihood of passing the ABIM CVD Certiﬁcation

previously reported that ACC-ITE scores increase

Examination.

with each fellowship year as a cohort progresses

Numerous graduate medical training programs,

through training (6). The report given to the trainee

including specialty programs, use ITEs to help

and program director provides the competency

trainees identify knowledge gaps and prepare for

statement and diagnosis of every question answered

certiﬁcation. Previous studies have shown a positive

wrong, which gives program directors and trainees

correlation between ITEs and outcomes of certifying

the level of detail they need to formulate educa-

examinations in both specialty and subspecialty

tional interventions. The ACC-ITE has become an

programs (2–5). The USMLE Steps have also been

important aid for curriculum design and tailored

correlated with perform ance on the IM ITE (17). This

learning

improved

study adds to the growing body of published reports

understanding of the educational needs and gaps

demonstrating the association of an ITE to board

among cardiology FITs throughout the 3 years of

certiﬁcation examination performance. ITEs serve as

fellowship training. Until now, it has been unclear as

an objective guide for personal and curricular devel-

to whether or not scores on the ITE correlate

opment. The ITE can also inform trainees and

with outcomes on the ABIM CVD Certiﬁcation

program directors about potential risks of failing an

activities,

by

providing

an

Examination. This investigation now establishes the

upcoming

association between performance on the ACC-ITE

scores, which can have future implications for the

examination taken in the third year of training

early career professional.

certiﬁcation

examination

and

likely

with performance on the ABIM CVD Certiﬁcation
Examination, and provides evidence that closing

STUDY LIMITATIONS. There may be other variables

knowledge gaps reﬂected in an increasing ACC-ITE

or interactions with unknown factors not included in

score from the ﬁrst to third years also is indepen-

this analysis that may be associated with performance

dently associated with better performance on the

on

ABIM CVD Certiﬁcation Examination.

Although the entire cohort was large, the secondary

the

ABIM

CVD

Certiﬁcation

Examination.

Shortly after the completion of general cardiovas-

analysis to assess the predictive strength of the

cular fellowship training, cardiologists take the ABIM

change in ACC-ITE score from the ﬁrst to the third

CVD

ABIM CVD

fellowship year was limited to only approximately

Certiﬁcation Examination is designed to test the

one-fourth of the group. Second, the data only reﬂect

Accreditation Council for Graduate Medical Educa-

training programs in the United States. Certainly,

tion core competencies of medical knowledge and

because the ITE is administered across the world,

patient care in the major cardiovascular areas,

further global and regional analyses are warranted.

Certiﬁcation

Examination. The
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Finally, although passing the ABIM CVD Certiﬁcation

importantly, is a predictor of passing the ABIM CVD

Examination is an important milestone, assessment

Certiﬁcation Examination. The ITE should help

of

cardiology FITs and program directors to focus on

physician

competency

does

not

rest

on

1

examination.

learning and curricular development during the

Given the acceptance of the ACC-ITE in general

training years to improve medical knowledge and

cardiology training programs across the United

address knowledge deﬁcits. In addition, the ITE is a

States, along with its prognostic importance, there is

good indicator of how a trainee will perform on the

growing interest in developing subspecialty ITEs

ABIM CVD Certiﬁcation Examination.

in electrophysiology, heart failure, interventional
cardiology, and adult congenital heart disease, to
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