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Abstract 

Background: The Endocrine Self-Assessment Program In-Training Examination (ESAP-
ITE) has the novel formative approach of allowing open access to all questions and an-
swers after secure examination administration is complete, resulting in the creation of 
an entirely new in-training examination annually.
Objective: To determine whether scores on the novel ESAP-ITE predict pass/fail outcomes 
on the American Board of Internal Medicine Endocrinology, Diabetes, and Metabolism 
Certification Examination (ABIM-ECE).
Methods: All endocrine fellows-in-training who took the ESAP-ITE between 2016 and 
2019 and then subsequently attempted the ABIM-ECE within the same calendar year 
were included (n = 982). Primary analyses used the ESAP-ITE score from the final year of 
fellowship training. Covariates included sex, age on date of ABIM-ECE, medical school 
country, fellowship program region, pass/fail outcomes on the ABIM Internal Medicine 
Certification Examination, and ESAP-ITE score. All variables were analyzed using 
multivariable logistic regression.
Results: ESAP-ITE score (P < 0.001), ABIM Internal Medicine Certification Examination 
outcome (P < 0.001), and age (P = 0.005) were each significant predictors of passing the 
ABIM-ECE on the first attempt. ESAP-ITE score was the strongest predictor of passing 
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the ABIM-ECE, and this relationship was such that a score of 75% correct yielded a 97% 
probability of passing the ABIM-ECE, whereas a score of 50% correct generated only a 
70% probability of doing so. Sex, fellowship program region, and medical school country 
were not significant predictors of ABIM-ECE outcomes.
Conclusions: In addition to serving as an important learning instrument for endocrine 
fellowship programs, ESAP-ITE is a robust predictive tool for pass/fail outcomes on the 
ABIM-ECE.
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The use of an In-Training Examination (ITE) has long been 
an important component in the annual assessment of pro-
gress in medical knowledge during residency training in in-
ternal medicine [1]. The Internal Medicine ITE is composed 
and administered by the American College of Physicians 
and provides a postassessment report consisting of topical 
feedback to both residents and program directors. Results 
from this annual evaluation are used by program directors 
to focus educational topics in subsequent years, as well as 
to monitor trainees’ progress toward competency and pre-
paredness to sit for the board certification examination at 
the completion of training. Indeed, it is well-recognized 
that performance on the Internal Medicine ITE provides 
some predictive value for trainee success when attempting 
board certification [2, 3].

In recent years, ITE development and implementation 
has been part of most medical subspecialty fields [4-11]. The 
composition of these tools generally reflects the blueprint 
of content coverage in the respective American Board of 
Internal Medicine (ABIM) subspecialty certification exam-
inations. Each of these ITE products are given in an online, 
secure fashion and comprises multiple-choice questions. For 
nearly all subspecialties, the questions are developed, refined, 
and retained in a confidential manner to generate a secure 
question bank that can be reused over time, with feedback 
to the examinee only being provided by topical score with 
the number of correct/incorrect responses [12-16].

In response to the need for better tools by which to as-
sess endocrine trainee progress in medical knowledge, the 
Endocrine Society developed the Endocrine Self-Assessment 
Program ITE (ESAP-ITE). A unique feature of the ESAP-ITE 
is its design to serve as both an assessment of current med-
ical knowledge and a formative learning tool. As such, after 
secure examination delivery, all fellows-in-training and fel-
lowship programs: (1) receive performance feedback that 
includes all questions, answers, and an associated discus-
sion with learning objectives and references for each ques-
tion; and (2) are exclusively eligible to attend a 90-minute 
session at the annual Endocrine Society Scientific Meeting 
dedicated to reviewing that year’s examination. Given 
that all questions are released to participating programs, 

each year’s examination consists of an entirely new set of 
questions. When the Endocrine Society chose this unique 
model, it prioritized the educational value of participation 
in ESAP-ITE, while acknowledging that its ability to pre-
dict outcomes on the ABIM Endocrinology, Diabetes, and 
Metabolism Certification Exam (ABIM-ECE) might be lost. 
An important component of this decision included sur-
veying key stakeholders (eg, fellowship program directors) 
to determine if they would be willing to sacrifice the for-
mative uses of ESAP-ITE in favor of a secure, predictive 
examination. Survey respondents strongly indicated that 
the formative nature of the examination was more valuable 
than a secure, predictive examination because it allowed 
for more directed learning. The purpose of this investiga-
tion is to retrospectively determine if the ESAP-ITE can 
predict pass/fail outcomes on the ABIM-ECE and thereby 
serve as both a gauge of trainees’ knowledge as they pre-
pare for board certification and as a formative educational 
tool for fellowship program directors.

Materials and Methods

Study Sample

All data included in this study were deidentified and all proto-
cols were approved by the University of Virginia Institutional 
Review Board for Social and Behavioral Sciences (Protocol 
#2920). The study sample consisted of 982 endocrine 
fellows-in-training who took the ESAP-ITE between 2016 
and 2019 and then subsequently attempted the ABIM-ECE 
within the same calendar year. There were 1052 total endo-
crine fellows who met these criteria, and the ABIM was able 
to match 982 (93.3%) of them by first name, last name, and 
date of birth provided by the Endocrine Society. We note 
that 24/982 (2.4%) fellows completed 3 years of training (ie, 
academic training pathway), whereas the remaining fellows 
completed 2 years of training (ie, clinical training pathway).

ESAP-ITE

The ESAP-ITE is the only in-training examination avail-
able for endocrine fellows-in-training. The examination 
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consists of 90 case-based questions written in a single best 
answer, multiple-choice format, and is developed annu-
ally by a committee of volunteer medical educators from 
Endocrine Society membership. This committee (ESAP-ITE 
Steering Group) is responsible for the selection of examin-
ation content and decisions related to examination utility, 
with its ultimate mission being to ensure relevance and 
usefulness of the examination to endocrinology training 
programs and fellows-in-training. The ESAP-ITE Steering 
Group consists of a chair and 8 topical teams.

The examination-building process occurs each year from 
approximately May to December. Questions are drawn 
from banks of rigorously developed and peer-reviewed con-
tent available from other Endocrine Society question-based 
learning products (modified to be appropriate for fellows-
in-training). Topical teams select questions to align with the 
ABIM-ECE blueprint [17] and provide a balance of fun-
damental and advanced questions (based on judgment of 
the faculty members and any data available from prior use 
of that question) in each topical area. This is followed by 
several rounds of peer review and question editing, after 
which the examination is uploaded to the online platform 
and beta tested. The examination is proctored by fellow-
ship program administrators from mid-January to mid-
February annually and administered via a secure website. 
Each examination is graded with an overall score, as well 
as a score within each major content area. Scores are re-
ported as percent correct (ie, 45/90 correct responses 
overall would be reported as a score of 50%). In addition, 
percentile ranks are also provided to compare the perform-
ance of each fellow-in-training with that of other endocrine 
trainees. As expected, given the lack of ability to curate 
questions over time, each ESAP-ITE has demonstrated ac-
ceptable [18] but modestly lower examination reliability 
than is seen with high-stakes standardized examinations 
such as the ABIM-ECE. Specifically, ESAP-ITE reliability 
coefficients (ie, Cronbach’s alpha) [19] ranged from 0.72 
to 0.77 in the 2016 to 2019 examination administrations 
(Supplemental Table 1 [20]).

ABIM internal medicine certification examination

The ABIM Internal Medicine Certification Examination 
was developed to assess whether an individual has the 
knowledge, diagnostic reasoning, and clinical judgment 
skills expected of a certified internist. The examination is 
computer-based, consists of 205 live multiple-choice ques-
tions, and is generally taken within the first year after 
completion of internal medicine residency training. The 
examination score is computed using item response theory, 
and scores are equated and standardized on a scale of 200 
to 800 (with a mean of 500 and SD of 100 points) so that 

they are comparable across years. Reliability coefficients 
of the ABIM Internal Medicine Certification Examination 
were approximately 0.90 across recent administrations [8].

ABIM-ECE

Shortly after completion of Endocrinology, Diabetes, and 
Metabolism fellowship training, endocrinologists take 
the ABIM-ECE to gain certification in the subspecialty. 
Certification is not mandated for endocrinologists to 
practice medicine in the United States; however, it is often 
required by employers, hospitals, and payers [21]. The 
ABIM-ECE is designed to test the Accreditation Council 
for Graduate Medical Education core competencies of 
medical knowledge and patient care in the major endocrine 
areas, including adrenal disorders; pituitary disorders; 
lipids, obesity, and nutrition; female reproduction; male 
reproduction; diabetes mellitus and hypoglycemia; cal-
cium and bone disorders; and thyroid disorders [17]. The 
ABIM-ECE is administered via a secure computer-based 
format and is generally taken in the first year after com-
pletion of endocrinology fellowship training. Similar to 
the ABIM Internal Medicine Certification Examination, 
the ABIM-ECE consists of 200 live multiple-choice ques-
tions and is scored using item response theory. The scaled 
score ranges from 200 to 800 (with a mean of 500 and 
SD of 100 points) and are equated and standardized to 
ensure comparability across years. The ABIM-ECE has 
demonstrated good [18] reliability, with reliability co-
efficients consistently ranging from 0.85 to 0.86 in the 
2016 to 2019 examination administrations (Supplemental 
Table 1 [20]).

Statistical Analyses

Categorical scaled data were summarized by frequen-
cies and relative frequencies (ie, percentages). Continuous 
scaled data were summarized by mean, SD, and range of 
the empirical distribution.

Multivariable logistic regression (MVLR) analysis 
was used to determine if the ESAP-ITE score pro-
vided unique predictive information about a fellow-
in-training’s odds of passing the ABIM-ECE on the 
first attempt. Primary analyses used the ESAP-ITE 
score from the final year of fellowship training (ie, 
only 1 score per fellow-in-training). For model speci-
fication, the MVLR-dependent variable (Y) identified 
whether the fellow-in-training passed the ABIM-ECE 
on first-attempt (Y = 1) or failed to pass on first at-
tempt (Y = 0). MVLR model predictor variables were 
provided to us in the dataset received from the ABIM 
and Endocrine Society. These variables were consistent 
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with methodology from prior reports evaluating the 
predictive ability of internal medicine subspecialty ITEs 
for performance on board certification examinations 
[4, 5, 7, 9] and included sex (self-identified by each 
fellow), age on date of ABIM-ECE, country in which 
medical school degree was obtained (United States or 
international), fellowship program region (Northeast, 
South, Midwest, West, or Puerto Rico), performance on 
the ABIM Internal Medicine Certification Examination 
(pass/fail), and ESAP-ITE score. With regard to hypoth-
esis testing, the Wald type III χ 2 statistic was used to 
test the null hypothesis that the predictor variable pro-
vides no unique predictive information about whether a 
fellow-in-training will pass the ABIM-ECE on the first 
attempt above and beyond the predictive information 
attributed to the remaining MVLR predictor variables. 
An a priori P value ≤ 0.05 decision rule applied as the 
null hypothesis rejection criterion for each hypothesis 
test. Directionality and magnitude of the association 
between the odds of passing the ABIM-ECE on first 
attempt and the predictor variable were quantified by 
the MVLR adjusted odds ratio. Prespecified hypoth-
eses were that pass/fail outcomes on the ABIM Internal 
Medicine Certification Examination and ESAP-ITE 
score would each significantly predict ABIM-ECE pass/
fail outcomes. MVLR analysis was conducted via the 
statistical software package Spotfire Splus version 8.2 
(TIBCO Software, Inc; Palo Alto, CA).

Results

Demographic Characteristics and 
Examination Scores

Table 1 details pertinent descriptive statistics for the study 
cohort. From 2016 to 2019, there were 982 endocrine 
fellows-in-training who took the ESAP-ITE and were sub-
sequently matched with ABIM-ECE data. Each subject 
had ABIM Internal Medicine Certification Examination 
and ABIM-ECE outcome data available for study inclu-
sion. The final study cohort identified as 71.9% female, 
58.2% graduated from a medical school outside the 
United States, and 89.3% passed the ABIM-ECE on the 
first attempt.

Predictors of ABIM-ECE Outcomes

After MVLR analysis, ANOVA Wald Type III testing re-
vealed that ESAP-ITE score was the strongest predictor of 
first attempt passage of the ABIM-ECE (Table 2). Passing 
the ABIM-Internal Medicine Certification Examination on 
the first attempt and younger age on date of the ABIM-ECE 
were significant, but less strong, predictors of passing the 
ABIM-ECE. Sex, fellowship program region, and country 
in which medical school degree was obtained were not sig-
nificant predictors of ABIM-ECE outcomes.

Table 3 presents the adjusted odds ratios for passing 
the ABIM-ECE on the first attempt. Scoring 10 percentage 

Table 1. Demographic characteristics and examination performance of 982 endocrinology Fellows who took the ESAP-ITE 

between 2016 and 2019 and then subsequently attempted the ABIM-ECE within the same calendar year

Sex, n (%)
Female 706 (71.9)
Male 276 (28.1)
Medical school country, n (%)  
USA 410 (41.8)
International 571 (58.1)
Unknown 1 (0.001)
Age on date of ABIM-ECE, mean years ± SD (range) 34.5 ± 3.6 (28.5-56.8)
USA Fellowship program region, n (%)  
South 344 (35.0)
Northeast 271 (27.6)
Midwest 220 (22.4)
West 125 (12.7)
Puerto Rico 22 (2.2)
Passed ABIM-IMCE on first attempt, n (%) 917 (93.4)
Performance on ESAP-ITE  
Score, mean ± SD (range) 64.9 ± 8.7 (34.0-91.0)
Performance on ABIM-ECE  
Passed on first attempt, n (%) 877 (89.3)

Abbreviations: ABIM-ECE, American Board of Internal Medicine Endocrinology, Diabetes, and Metabolism Certification Examination; ABIM-IMCE, American 
Board of Internal Medicine Internal Medicine Certification Examination; ESAP-ITE, Endocrine Self-Assessment Program-In-Training Examination.
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points higher on the ESAP-ITE provided 2.68 times 
higher odds (95% CI, 2.05-3.51; P < 0.001) of passing 
the ABIM-ECE. In this scenario, a fellow-in-training 
who got 60% correct on the ESAP-ITE will have 2.68 
times higher odds of passing the ABIM-ECE on the first 
attempt than someone who got 50% correct. The odds 
ratio remained significantly higher when we examined 
the difference in scoring 5 points higher on the ESAP-ITE 
(odds ratio: 1.64; 95% CI, 1.43-1.87; P < 0.001). Passing 
the ABIM-Internal Medicine Certification Examination 
on the first attempt resulted in 3.18 times higher odds 
(95% CI, 1.68-6.00; P  < 0.001) for passing the ABIM-
ECE on the first attempt.

The predicted probability of passing the ABIM-
ECE based solely on ESAP-ITE score is presented in 
Fig. 1. An ESAP-ITE score of 75 (ie, 75% correct) gen-
erated a 97% probability of passing the ABIM-ECE, 
whereas a score of 50 provided only a 70% prob-
ability of doing so. Estimated probability of passing 
the ABIM-ECE increased by ≥2% for each 1-point 
increase in ESAP-ITE score up to 53, and increased 
by ≥1% for each 1-point increase in ESAP-ITE score 
from 54 to 63 (Table 4).

Discussion

The current study is the first to investigate performance 
on the ESAP-ITE, a formative ITE constructed by a novel 
process leading to an original examination each year, as 
predictor of ABIM-ECE pass/fail outcomes. Our ana-
lysis showed a significant positive correlation between 
increasing ESAP-ITE scores and probability of passing the 
ABIM-ECE on the first attempt. Indeed, the strongest pre-
dictor of passing the ABIM-ECE was ESAP-ITE score; fol-
lowed by previously passing the ABIM Internal Medicine 
Certification Examination on the first attempt. These 
findings are consistent with reports from other internal 
medicine subspecialties showing that ITEs and prior stand-
ardized testing performance also predict outcomes on their 
respective subspecialty certification examinations [4-9]. 
Younger age on date of ABIM-ECE was the only other sig-
nificant predictor, and this result also mirrors prior studies 
that found younger test-takers were more likely to pass ini-
tial board certification examinations on the first attempt [3, 
7, 22]. Although reasons for this are speculative, Jeffe and 
Andriole have suggested that such results indicate older 
graduates may experience greater difficulties in timely ad-
vancement toward board certification [22]. We suggest 

Table 2. ANOVA Wald type III test summary for testing the null hypothesis that there is no unique association between the 

predictor variable and log-odds that the fellow-in-training passed the ABIM-ECE on the first attempt

Predictor Wald χ 2 statistic DoF (Wald χ 2 statistic) – (DoF) P value

ESAP-ITE score 52.26 1 51.26 <0.001
Passed ABIM-IMCE on first attempt 12.74 1 11.74 <0.001
Age on date of ABIM-ECE 7.80 1 6.80 0.005
Fellowship program region 7.32 4 3.32 0.120
Sex 2.07 1 1.07 0.151
Medical school country 1.61 1 0.61 0.205
Total 91.14 9 82.14 0.000

Abbreviations: DoF, degrees of freedom; ABIM-ECE, American Board of Internal Medicine Endocrinology, Diabetes, and Metabolism Certification Examination; 
ABIM-IMCE, American Board of Internal Medicine Internal Medicine Certification Examination; ESAP-ITE, Endocrine Self-Assessment Program-In-Training 
Examination.

Table 3. Multiple logistic regression results for predicted probability of passing the ABIM-ECE on the first attempt

Predictor Odds ratio; 95% CI P- value

ESAP-ITE score (X + 10: X) 2.68; 2.05-3.51 <0.001
ESAP-ITE score (X + 5: X) 1.64; 1.43-1.87 <0.001
Passed ABIM-IMCE on first attempt (yes: no) 3.18; 1.68-6.00 <0.001
Age on date of ABIM-ECE (X - 5 years: X y) 1.50; 1.13-2.00 0.005
Sex (male: female) 1.48; 0.87-2.52 0.150
Medical school country (USA: international) 1.28; 0.82-2.28 0.205
Fellowship program region (global test) - 1.20

Abbreviations: ABIM-ECE: American Board of Internal Medicine- Endocrinology, Diabetes, and Metabolism Certification Examination; ABIM-IMCE, American 
Board of Internal Medicine Internal Medicine Certification Examination; ESAP-ITE, Endocrine Self-Assessment Program-In-Training Examination.
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that it may be prudent for older endocrine fellows (espe-
cially those with poorer performance on the ESAP-ITE) 
to consider starting a dedicated board examination study 
program early in their training and/or consider using a 
board review course before taking the ABIM-ECE. Finally, 
sex, fellowship program region, and country in which med-
ical school degree was obtained did not significantly affect 
odds of passing the ABIM-ECE, indicating that there are 
few biases in the examination itself. These results confirm 
the ESAP-ITE as a valuable assessment tool that offers sup-
port to endocrine fellows-in-training and their fellowship 
programs as they seek to identify and evaluate knowledge 
gaps for both clinical care and board certification purposes.

Before development of the ESAP-ITE, endocrine fellows-
in-training did not have a standardized tool for assessment 
of medical knowledge during training. Since inception of its 
current format in 2016, the ESAP-ITE has effectively filled 
this assessment gap and become the primary testing tool 
during Endocrinology, Diabetes, and Metabolism fellow-
ship training. Nearly all (≥98%) Accreditation Council for 
Graduate Medical Education-accredited Endocrinology, 
Diabetes, and Metabolism fellowship programs partici-
pate in the ESAP-ITE annually, and the examination is an 
important resource for fellowship program curriculum de-
sign and development across the country. However, 1 key 
unanswered question regarding ESAP-ITE was whether 
this novel test development process could provide ad-
equate examination reliability to predict ABIM-ECE out-
comes. The current study firmly establishes the relationship 

between ESAP-ITE scores during the final year of fellow-
ship training with pass/fail outcomes on the ABIM-ECE, 
and provides clear evidence that the ESAP-ITE can serve 
as a valuable tool by which fellowship program directors 
can assess fellow-in-training readiness for board certifi-
cation while not sacrificing its utility as a learning tool. 
Furthermore, these results combined with the consistent 
reliability coefficients between ESAP-ITE administrations 
(Supplemental Table 1 [20]) demonstrate that a de novo 
annual ITE (created without the benefit of being able to 
keep high-performing questions and modify or replace 
poor performing questions over serial examination admin-
istrations) can still provide trainees a useful tool for know-
ledge assessment. When used as intended, the ESAP-ITE 
represents an important resource for assessment of med-
ical knowledge and self-identification of potential know-
ledge gaps. McDonald et al have shown that “a systematic, 
frequent (eg, daily), modest (eg, ≤20 minutes per day), in-
tentional approach to medical knowledge acquisition” is 
associated with significant gains in knowledge over time 
[3, 23]. Such an approach, when guided by ESAP-ITE re-
sults, could conceivably increase odds of an “at-risk” test-
taker passing the ABIM-ECE. The success of this approach 
could also be assessed by serial performance on the ESAP-
ITE (ie, a personalized learning plan implemented after 
year 1 ESAP-ITE could be assessed by performance on the 
year 2 examination).

Although there are several strengths to our study, it is 
not without limitations. First, there are likely unknown 

Figure 1. Probability of passing the ABIM-ECE as a function of ESAP-ITE score. The solid black line identifies the predicted probability; the dashed 
lines identify the 95% simultaneous confidence band for the location of the solid black line. ABIM-ECE, American Board of Internal Medicine 
Endocrinology, Diabetes, and Metabolism Certification Examination; ESAP-ITE, Endocrine Self-Assessment Program-In-Training Examination.
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variables, interactions, and/or social dynamics not in-
cluded in this analysis that may be associated with ESAP-
ITE and/or ABIM-ECE performance. Second, we only 
had pass/fail results from each fellow-in-training’s ABIM 
Internal Medicine Certification examination; thus, we 
were unable to investigate whether exact scores on that 
examination predicted ABIM-ECE outcomes. Likewise, 
we only had access to ESAP-ITE scores from each fellow-
in-training’s final year of fellowship, so we were unable 
to assess whether first year performance or performance 
trends during fellowship (eg, increasing scores from year 
1 to year 2)  predicted ABIM-ECE outcomes. An earlier 
marker of board performance, such as ESAP-ITE in year 
1 of fellowship training, would allow for more lead time 
to assist at-risk fellows. Third, the ABIM-ECE had an ini-
tial pass rate that ranged from 84% to 91% during the 
study period [24], and this relatively high pass rate may 
limit generalizability to other specialties with substantially 
lower pass rates for initial certification examinations. 
Finally, although the ESAP-ITE process outlined above 
has yielded stable examination metrics (ie, difficulty, re-
liability) over several years with cumulative results that 
are highly predictive of ABIM-ECE pass rate, this can only 
suggest (but not guarantee) the predictive ability of any 
given individual ESAP-ITE.

In conclusion, the ESAP-ITE is a robust predictive tool 
for pass/fail outcomes on the ABIM-ECE. These results 
provide fellows-in-training and fellowship program dir-
ectors with important data and resources to help gauge 
trainee standing as they prepare for board certification 
while continuing to serve as a highly valued question-based 
learning tool.
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69 0.947; 0.928-0.961
70 0.952; 0.933-0.966
71 0.957; 0.938-0.969
72 0.961; 0.943-0.973
73 0.965; 0.947-0.976
74 0.968; 0.951-0.979
75 0.971; 0.955-0.982
76 0.974; 0.959-0.984
77 0.977; 0.962-0.986
78 0.979; 0.965-0.987
79 0.981; 0.967-0.989
80 0.983; 0.970-0.990
81 0.985; 0.972-0.991
82 0.986; 0.974-0.992
83 0.987; 0.976-0.993
84 0.989; 0.978-0.994
85 0.990; 0.980-0.995
86 0.991; 0.981-0.996
87 0.992; 0.983-0.996
88 0.993; 0.984-0.997
89 0.993; 0.985-0.997
90 0.994; 0.987-0.997
91 0.995; 0.988-0.998

Abbreviations: ABIM-ECE: American Board of Internal Medicine 
Endocrinology, Diabetes, and Metabolism Certification Examination; ESAP-
ITE: Endocrine Self-Assessment Program-In-Training Examination.
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