
T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med  nejm.org 1

The authors’ full names, academic de‑
grees, and affiliations are listed in the Ap‑
pendix. Address reprint requests to Dr. 
Desai at Johns Hopkins University 
School of Medicine, Rm. 9029, 1830 E. 
Monument St., Baltimore, MD 21205, or 
at sanjayvdesai@jhmi.edu.

*A complete list of the members of the 
iCOMPARE Research Group is provided 
in the Supplementary Appendix, avail‑
able at NEJM.org.

This article was published on March 20, 
2018, at NEJM.org.

DOI: 10.1056/NEJMoa1800965
Copyright © 2018 Massachusetts Medical Society.

BACKGROUND
Concern persists that inflexible duty-hour rules in medical residency programs may 
adversely affect the training of physicians.

METHODS
We randomly assigned 63 internal medicine residency programs in the United States 
to be governed by standard duty-hour policies of the 2011 Accreditation Council for 
Graduate Medical Education (ACGME) or by more flexible policies that did not specify 
limits on shift length or mandatory time off between shifts. Measures of educational 
experience included observations of the activities of interns (first-year residents), surveys 
of trainees (both interns and residents) and faculty, and intern examination scores.

RESULTS
There were no significant between-group differences in the mean percentages of 
time that interns spent in direct patient care and education nor in trainees’ percep-
tions of an appropriate balance between clinical demands and education (primary 
outcome for trainee satisfaction with education; response rate, 91%) or in the as-
sessments by program directors and faculty of whether trainees’ workload ex-
ceeded their capacity (primary outcome for faculty satisfaction with education; 
response rate, 90%). Another survey of interns (response rate, 49%) revealed that 
those in flexible programs were more likely to report dissatisfaction with multiple 
aspects of training, including educational quality (odds ratio, 1.67; 95% confidence 
interval [CI], 1.02 to 2.73) and overall well-being (odds ratio, 2.47; 95% CI, 1.67 to 
3.65). In contrast, directors of flexible programs were less likely to report dissat-
isfaction with multiple educational processes, including time for bedside teaching 
(response rate, 98%; odds ratio, 0.13; 95% CI, 0.03 to 0.49). Average scores (percent 
correct answers) on in-training examinations were 68.9% in flexible programs and 
69.4% in standard programs; the difference did not meet the noninferiority margin 
of 2 percentage points (difference, −0.43; 95% CI, −2.38 to 1.52; P = 0.06 for non-
inferiority).

CONCLUSIONS
There was no significant difference in the proportion of time that medical interns 
spent on direct patient care and education between programs with standard duty-
hour policies and programs with more flexible policies. Interns in flexible programs 
were less satisfied with their educational experience than were their peers in stan-
dard programs, but program directors were more satisfied. (Funded by the National 
Heart, Lung, and Blood Institute and the ACGME; iCOMPARE ClinicalTrials.gov 
number, NCT02274818.)
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I n 2003, the Accreditation Council for 
Graduate Medical Education (ACGME) estab-
lished resident duty-hour policies that limit-

ed resident workweeks to 80 hours and shifts to 
30 hours. Further restrictions that limited shifts 
to 16 hours for first-year residents (interns) were 
implemented in 2011.1 Early evaluations of both 
policies revealed essentially no differences in pa-
tient outcomes after implementation.2-6

After the 2011 policies were implemented, 
program directors reported a reduced quality of 
training and professional maturation, increased 
frequency of handoffs of care, and decreased con-
tinuity, without improved patient safety or quality 
of care.7,8 Observational studies have shown that 
time spent in direct patient care by interns de-
creased from 25% in 1994 to 9 to 12% more re-
cently,9-12 and systematic reviews concluded that 
stricter duty-hour policies reduced resident edu-
cation without improving resident well-being.13,14

The Individualized Comparative Effectiveness 
of Models Optimizing Patient Safety and Resident 
Education (iCOMPARE) trial is a national cluster-
randomized trial that compared patient safety, 
education of trainees (both interns and residents), 
and intern sleep and alertness in internal medicine 
residency programs that were regulated by the 
2011 duty-hour policies with programs that were 

regulated by more flexible policies. Flexible poli-
cies had no limits on shift length or mandatory 
time off between inpatient shifts. The outcomes 
for patient safety and sleep are not yet available. 
Here, we report the educational experiences of 
trainees and perceptions of program directors and 
faculty. We prespecified four hypotheses regarding 
trainee education: that interns in flexible pro-
grams would spend more time involved in direct 
patient care and in education, that trainees and 
faculty in flexible programs would report greater 
satisfaction with their educational experience, 
and that interns in flexible programs would have 
noninferior standardized test scores to those in 
standard programs.

Me thods

Trial Design and Program Selection

From July 1, 2015, to June 30, 2016, we compared 
a variety of measures in internal medicine resi-
dency programs in the United States that were 
randomly assigned to be regulated by standard 
2011 ACGME duty-hour policies or by more flex-
ible policies that did not specify any limits on 
shift length or mandatory time off between shifts 
(Table 1). The protocol (available with the full text 
of this article at NEJM.org) was approved by the 

Policy Flexible Programs Standard Programs

Difference between groups

Maximum length of shift

PGY‑1 No restriction Duty‑hour periods must not exceed 16 hr

PGY‑2 or higher No restriction Duty‑hour periods must not exceed 24 hr, 
with an additional 4 hr permitted for tran‑
sitions in care

Mandatory time off between shifts No restriction All residents must have ≥14 hr off after 24 hr 
of in‑house duty and ≥8 hr (and should 
have ≥10 hr) off after a regular shift

No difference between groups

Weekly maximum work hr 80 hr 80 hr

Minimum no. of days off 1 day off every 7 days 1 day off every 7 days

Frequency of in‑house call In‑house call no more frequent 
than every third night

In‑house call no more frequent than every 
third night

*  Residency programs that were assigned to be governed by flexible policies were allowed to waive limits on maximum 
shift length and mandatory time off between shifts. In a practical sense, this policy affected only inpatient rotations be‑
cause outpatient rotations did not include shifts with lengths that would be affected. Flexible programs were provided 
duty‑hour waivers from the Accreditation Council for Graduate Medical Education (ACGME). Time periods were aver‑
aged over a 4‑week period. PGY denotes postgraduate year.

Table 1. Duty-Hour Policies for Inpatient Rotations in Flexible Programs and Standard Programs.*
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institutional review board at the University of 
Pennsylvania or by the review board at each trial 
center. We measured education outcomes using 
time–motion observations of intern activity at six 
programs, responses by trainees and faculty on 
surveys administered by both iCOMPARE inves-
tigators and ACGME staff members, and scores 
on the American College of Physicians Internal 
Medicine In-Training Examination.

We selected programs to meet sample-size re-
quirements for the primary hypothesis that the 
30-day patient mortality under a flexible policy 
would not be inferior to that under the standard 
policy by more than 1 percentage point. (Mortal-
ity outcomes will be assessed with the use of 
2015 and 2016 Medicare data, when available.) 
We included only programs that had at least one 
affiliated hospital in both the upper half of resi-
dent-to-bed ratios and the upper three quartiles 
of patient volume for diagnoses used to measure 
mortality. We excluded New York programs be-
cause state legislation prevented the necessary 
duty-hour waivers. Of the 179 eligible programs, 
63 volunteered and were randomly assigned to 
be governed by flexible policies (32 programs) or 
standard policies (31 programs). Directors were 
informed about the assignment of their program 
at the time of randomization.

The decision to be included in the iCOMPARE 
trial was made by the leadership at each program, 
not by individual trainees or faculty. Prospective 
interns could choose which programs they ap-
plied to; almost all the programs had undergone 
randomization by November 2014 and could in-
form applicants of their duty-hour assignment 
during recruitment. Each intern who participated 
in the time–motion observations provided written 
informed consent. Trainees who responded to 
surveys that were administered by iCOMPARE in-
vestigators were assumed to have provided consent 
at the time of survey completion.

Time–Motion Observations

We conducted time–motion observations of interns 
to address our hypothesis that trainees in flexi-
ble programs would spend more time on direct 
patient care and education than their colleagues 
in standard programs. From March through May 
2016, we conducted time–motion observations at 
three flexible and three standard programs, both 
community and university-based, located in the 
mid-Atlantic region. Preliminary data9,10 suggest-

ed that the mean (±SD) percentage of time that 
would be spent in direct patient care in standard 
programs was 13±4%. We prespecified that the 
observation of 30 intern shifts on general inter-
nal medicine inpatient rotations at each program 
(180 total) would provide a power of at least 80% 
to detect an absolute difference of 3 percentage 
points in the percentage of time spent in direct 
patient care. Observers were scheduled to cover 
the entire shift. The types and lengths of shifts 
that were observed reflected the site-specific dis-
tribution of shifts in terms of shift length and 
overnight schedules. A total of 80 interns (44 in 
flexible programs and 36 in standard programs) 
who provided consent were observed for 2173 
hours over 194 shifts (1072 hours in 96 shifts in 
flexible programs and 1101 hours in 98 shifts in 
standard programs). The mean length of ob-
served shifts was 11.2 hours in both flexible and 
standard programs, the median length was 10.1 
and 11.8 hours, respectively, and the maximum 
length was 27.8 and 14.5 hours. In the flexible 
programs, 4.2% of the shifts lasted more than 
24 hours.

The observations, which were restricted to 
shifts beginning on weekdays, were performed by 
23 trained observers. During the training of the 
observers, the median kappa coefficient among 
pairs of observers was 0.67, and the median agree-
ment was 90%. During the trial, 10% of shifts 
were simultaneously observed by two observers 
(median kappa, 0.74; median agreement, 89%). 
Activity was recorded in milliseconds with the 
use of custom-built tablet-based software, with 
choices of direct patient care, education, indirect 
patient care, handoffs, rounds, or miscellaneous; 
more than one category could be selected if dif-
ferent types of activities occurred simultaneously.

Medical Knowledge

We used the score (percent of questions answered 
correctly) on the American College of Physicians 
In-Training Examination to address our hypoth-
esis that the medical knowledge acquired by in-
terns in flexible programs would not be inferior 
to the knowledge of those in standard programs. 
The American College of Physicians shared de-
identified 2015 and 2016 scores for trainees who 
had provided consent for research. (A total of 88% 
of all test takers provided such consent in 2016. 
Not all programs require trainees to take the ex-
amination.) In 2016, a total of 1687 trainees (852 
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of 1228 in flexible programs [69%] and 835 of 
1300 in standard programs [64%]) took the ex-
amination as second-year residents. A total of 
1766 trainees were included in 2015 baseline 
data (882 in f lexible programs and 884 in stan-
dard programs).

Trainee Experiences

We used three surveys to address our hypothesis 
that the trainees’ satisfaction with their educa-
tional experience would be superior in flexible 
programs. In accordance with the data-use policy 
of the ACGME, the iCOMPARE research team 
specified the analyses to be conducted on ACGME 
data and provided statistical code, and ACGME 
researchers completed the analyses and provided 
summary results. ACGME researchers performed 
and provided analyses of responses to their 2015 
and 2016 annual resident surveys. The primary 
outcome for this hypothesis about trainee satis-
faction with their educational experience was a 
single statement from the ACGME resident sur-
vey: “Major assignments provide an appropriate 
balance between education and other clinical de-
mands.” Potential responses were “never,” “rare-
ly,” “sometimes,” “often,” and “very often.” Addi-
tional ACGME measures were questions in seven 
content areas. (Details are provided in the Supple-
mentary Appendix, available at NEJM.org.)

For each content area, ACGME dichotomized 
the 5-level response to each component question 
into “compliant” or “noncompliant” and pooled 
the dichotomized responses to provide a content-
level dichotomized response. For example, for the 
question listed above, the options “sometimes,” 
“rarely,” and “never” would be considered non-
compliant. The response for a content area was 
noncompliant if the respondent provided a non-
compliant response to any of the questions in the 
content area. The mean rates of response among 
flexible and standard programs were 91% and 
90%, respectively, in 2015 and 91% each in 2016.

Investigators administered an end-of-year sur-
vey to all trainees in May 2015 in 55 programs 
(which served as a baseline survey before the start 
of the trial) and in May 2016 in 62 programs 
(end-of-trial survey). The instrument was devel-
oped for the FIRST (Flexibility in Duty Hour 
Requirements for Surgical Trainees) trial5 in 
surgery and adapted for internal medicine (Table 
S1 in the Supplementary Appendix). The 5-level 
response for each question was dichotomized 

into a “positive” or “negative” response to paral-
lel the results of the ACGME resident survey. The 
survey ended with the Maslach Burnout Inven-
tory–Human Services Survey, a 22-item scale as-
sessing emotional exhaustion, depersonalization, 
and perception of personal accomplishment.15 The 
survey response rates among trainees were 58% in 
flexible programs and 57% in standard programs 
in 2015 and 46% and 44%, respectively, in 2016. 
(In 2016, overall response rates were 45% for all 
trainees and 49% for interns.)

Investigators administered end-of-shift surveys 
to all trainees (60 programs) every 2 weeks from 
September 2015 through April 2016. The surveys 
reflected trainees’ perceptions of their experience 
with education, ownership, work intensity, and 
continuity; 72% of interns in flexible programs 
and 67% of those in standard programs (64% 
and 61% of all trainees in flexible and standard 
programs, respectively) participated in at least 
one survey cycle.

Faculty Experiences

To address our hypothesis that faculty in flexible 
programs would report greater satisfaction with 
clinical teaching experiences and perceptions of 
patient safety, teamwork, and supervision, we used 
ACGME faculty surveys and an iCOMPARE survey 
of program directors. Using the same process 
that has been described for ACGME resident sur-
veys, the ACGME provided analyses of responses 
to their 2015 and 2016 annual faculty surveys. 
The primary outcome for this hypothesis about 
faculty satisfaction was a single statement from 
the ACGME faculty survey: “Residents’ clinical 
workload exceeds their capacity to do the work.” 
Response options were “never,” “rarely,” “some-
times,” “often,” and “very often.” Additional mea-
sures were questions in six content areas, with 
responses in each component of the content area 
dichotomized and pooled, as described for the 
ACGME resident survey. (Details are provided in 
the Supplementary Appendix.)

Mean rates of survey response among flexible 
and standard programs were 90% each in 2015 
and 91% each in 2016. In addition, iCOMPARE 
investigators surveyed program directors in May 
2015, when 63 programs were surveyed (response 
rate, 88% in flexible programs and 100% in stan-
dard programs, although a data-acquisition er-
ror limited secondary analyses to 19 flexible and 
18 standard programs), and in May 2016 (63 pro-
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grams, with a survey response rate of 100% for 
flexible programs and 97% for standard pro-
grams). The survey instrument mirrored the one 
used in a previous survey of program directors16 
(Table S2 in the Supplementary Appendix). The 
5-level response for each question was dichoto-
mized into “positive” or “negative” to provide 
parallel reporting to the results of the ACGME 
faculty survey.

Statistical Analysis

The sample-size calculation of 58 programs (29 per 
group) was based on the primary hypothesis 
that the 30-day patient mortality under a flexible 
policy would not be inferior to that under a stan-
dard policy by more than 1 percentage point. The 
achieved sample size of 63 programs provides a 
power of more than 80% in the comparison of 
each of the four prespecified education hypoth-
eses. The hypothesis regarding medical knowl-
edge is a noninferiority hypothesis with a non-
inferiority margin of 2 percentage points that 
was chosen by consensus of the investigators. 
We hypothesized that interns in flexible pro-
grams would spend more time in direct patient 
care and education and would be more satisfied 
with their education and that faculty in flexible 
programs would be more satisfied with their 
teaching experiences, patient safety, teamwork, 
and supervision than their peers in standard pro-
grams.

We used a mixed-effects linear-regression 
model with a random intercept for each program 
cluster to determine the between-group differ-
ence in outcomes obtained from the time–motion 
observations; for each activity, we analyzed the 
mean percentage of the observed shift time that 
was spent in the activity over all shifts observed 
for the intern. We used mixed-effects linear or 
logistic regression with a random intercept for 
each program cluster to determine the between-
group difference in ordinal outcomes obtained 
from the ACGME surveys of trainees and faculty 
and the binary outcomes obtained from the end-
of-year trainee surveys. We used logistic regres-
sion with generalized estimating equations and 
robust variance estimation to account for the 
correlations between responses from respondents 
at the same program to determine the between-
group difference in binary outcomes obtained 
from the ACGME trainee and faculty surveys. Exact 
logistic regression was used to determine the 

difference in outcomes obtained from the end-
of-year survey of program directors. We used 
mixed-effects linear regression with a random 
intercept for each program cluster to determine 
the between-group difference in outcomes ob-
tained from the end-of-shift surveys; for each 
question, we analyzed the mean of all ratings 
provided by the trainee over the survey cycles in 
which the trainee participated. When program-
level data were available for the baseline year, we 
completed secondary analyses after adjustment 
for the respondent’s trial-year outcome for the 
baseline year program-level mean outcome.

Here, we report marginal duty-hour group 
effects; observed effects and variance compo-
nents from the mixed-effects regression models 
are provided in the Supplementary Appendix. Each 
marginal effect is similar to an observed mean 
or percentage but is derived from the regression 
model and accounts for correlations between re-
spondents at the same program, averaging across 
random effects caused by variation in respondent 
outcomes within programs. Each linear mixed-
effects model provides a measure and test of the 
clustering effect of programs on the outcome 
(program variance and P value) and a measure of 
the variability of the respondent’s response (error 
variance). Each logistic mixed-effects model pro-
vides a measure and test of the clustering effect 
of programs on the outcome (random program 
variance and P value).

Data were analyzed according to the inten-
tion-to-treat principle. We assumed that missing 
responses were missing completely at random 
and analyzed all available responses. We report 
P values for the primary outcome measures. For 
the secondary outcome measures, we report 95% 
confidence intervals without P values, given the 
multiplicity of comparisons. Analyses were con-
ducted with the use of SAS and Stata software.

R esult s

Program Characteristics

The characteristics of the trainees and programs 
that participated in the trial and those that did 
not participate did not differ significantly ac-
cording to group assignment (Table 2). However, 
participating programs were larger and more 
likely to be university-based and had higher resi-
dent-to-bed ratios than eligible programs that 
chose not to participate. All the programs that 
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were assigned to the flexible group made use of 
the flexible rules and implemented them in an 
average of three rotations. At any one time, about 
two thirds of the interns in those hospitals were 

on a rotation with flexible hours, and the average 
maximum shift length across different rotations 
was about 24 hours (Table S3 in the Supplemen-
tary Appendix).

Characteristic
Eligible Programs 

 Not Included Eligible Programs Included

P Value for 
Flexible vs. 
Standard 

Programs†

P Value for 
Not Included 
vs. Included 
Programs‡

Flexible Programs§ Standard Programs

Programs

No. of programs 116 32 31

Program type — no. (%) 0.07¶ 0.48¶

Community 12 (10) 1 (3) 3 (10)

University 45 (39) 20 (62) 20 (65)

Both community and university 57 (49) 11 (34) 8 (26)

Military 2 (2) 0 0

Geographic region — no. (%) 0.18¶ 0.30¶

Northeast 30 (26) 8 (25) 14 (45)

Midwest 40 (34) 8 (25) 5 (16)

South 30 (26) 13 (41) 8 (26)

Mountain or Pacific 16 (14) 3 (9) 4 (13)

Residents

Mean no. of residents per program (±SD) 70.0±32.2 94.5±39.1 98.9±45.8 <0.001‖ 0.68**

Resident‑to‑bed ratio 0.46 0.61 0.59 0.004‖ 0.82**

No. of residents with available information 3099 3214

Sex — no./total no. (%)†† 0.34¶

Male 683/1299 (53) 622/1207 (52)

Female 614/1299 (47) 585/1207 (48)

Other 2/1299 (<1) 0

Missing data 1800 2007

Residency year — no./total no. (%)†† 0.96¶

PGY‑1 800/1844 (43) 767/1788 (43)

PGY‑2 551/1844 (30) 538/1788 (30)

PGY‑3 or higher 493/1844 (27) 483/1788 (27)

Missing data 1255 1426

*  Percentages may not total 100 because of rounding.
†  The P value is for the comparison between flexible programs and standard programs that were included in the study.
‡  The P value is for the difference between eligible programs that did not volunteer to participate in the trial and those that volunteered to 

participate and underwent randomization to be governed by flexible duty‑hour policies or standard duty‑hour policies.
§  Residency programs that were assigned to be governed by flexible policies were allowed to waive limits on maximum shift length and 

mandatory time off between shifts.
¶  The P value was calculated with the use of a two‑tailed chi‑square test.
‖  The P value was calculated with the use of one‑way analysis of variance.
**  The P value was calculated with the use of a Student’s t‑test.
††  These data were collected from iCOMPARE surveys of trainees. The question regarding sex was not asked in seven programs owing to 

original agreements with institutional review boards. In addition, many trainees did not complete the survey.

Table 2. Characteristics of the Residency Programs and Trainees.*
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Time–Motion Observations

There was no significant between-group differ-
ence in the mean percentage of observed shift 
time that was spent on direct patient care, with 
13.0% in the flexible programs and 11.8% in the 
standard programs (difference in the mixed-effects 
model, 1.2 percentage points; 95% confidence 
interval [CI], −0.7 to 3.1; P = 0.21), or in the mean 
percentage of time spent on education. The time 
spent on other activities was similar in the two 
groups (Table 3, and Table S4 in the Supplemen-
tary Appendix). The variance among the programs 
in each group was large and significant for most 
activities, which indicated a large variation in 
how interns spent their time across all the pro-
grams in the trial.

Medical Knowledge

Average scores (percent correct answers) on in-
training exams were 68.9% in the flexible pro-
grams and 69.4% in the standard programs. The 
between-group difference in examination scores 
did not meet the margin of 2 percentage points 
for noninferiority of the flexible programs, as 
compared with the standard programs (differ-
ence in the mixed-effects linear-regression model, 
−0.43; 95% CI, −2.38 to 1.52; P = 0.06 for nonin-
feriority). However, after adjustment of the 2016 
scores for the 2015 mean program score, nonin-
feriority was confirmed (difference, 0.64; 95% CI, 
−0.56 to 1.84; P<0.001 for noninferiority) (Table 
S5 in the Supplementary Appendix). This analy-
sis was not prespecified in the protocol but was 
planned before any data were analyzed. The vari-
ance among the programs in each group was sig-
nificant for this outcome, which indicated a large 
variation in scores across programs.

Trainee Experiences

There was no significant between-group differ-
ence in the responses to the prespecified primary 
question on the ACGME survey regarding appro-
priate balance for education. The mean score on 
scale of 1 (never) to 5 (very often) was 3.87 for 
the flexible programs and 3.85 for the standard 
programs (difference, 0.02; 95% CI, −0.12 to 
0.17; P = 0.74). Trainees in each group had simi-
lar responses in the seven content areas provided 
by the ACGME. Analyses after adjustment of the 
2016 responses for the 2015 mean program re-
sponse provided results that were consistent with 

the unadjusted analyses (Table S6 in the Supple-
mentary Appendix).

Interns in the two groups often differed in 
responses to iCOMPARE end-of-year surveys (Ta-
bles 4 and 5, and Table S7 in the Supplementary 
Appendix). Interns in flexible programs were more 
likely than those in standard programs to report 
dissatisfaction with the overall quality of education 
(odds ratio, 1.67; 95% CI, 1.02 to 2.73), with over-
all well-being (odds ratio, 2.47; 95% CI, 1.67 to 
3.65), and with the effect of the program on their 
personal lives (e.g., time with family and friends) 
(odds ratio, 6.11; 95% CI, 3.76 to 9.91). In con-
trast, interns in flexible programs were less likely 
to report dissatisfaction with the number of ad-
missions that they were able to complete (odds 

Activity
Flexible 

Programs
Standard 
Programs

Difference 
(95% CI)

P 
Value†

mean percentage of shift 
time percentage points

Primary outcomes

Direct patient care‡ 13.0 11.8 1.2 (−0.7 to 3.1) 0.21

Education§ 7.3 7.3 0.0 (−5.9 to 5.9) >0.99

Secondary outcomes

Indirect patient care¶ 67.9 63.7 4.2 (−6.7 to 15.1)

Handoffs 2.7 4.0 −1.3 (−3.8 to 1.1)

Rounds 22.4 19.0 3.4 (−7.6 to 14.5)

Miscellaneous‖ 5.6 9.7 −4.2 (−7.8 to −0.6)

*  Each intern who was observed is included in each model. The quantity ana‑
lyzed was the intern’s mean percentage of shift time observed in the activity 
overall. If an activity was not observed during a shift, the time spent on the 
activity was 0 minutes. In six flexible programs, 44 interns were observed for 
1072 hours during 96 shifts. In six standard programs, 36 interns were ob‑
served for 1101 hours during 98 shifts. The sum of the percentages may ex‑
ceed 100% because more than one activity could occur simultaneously.

†  The mean percentages (marginal means) and differences were estimated 
from a mixed‑effects linear‑regression model. Observed mean percentages 
and random‑effect variance components are provided in Table S4 in the 
Supplementary Appendix, which shows P<0.05 for between‑program variance 
on all activities except direct patient care and miscellaneous. This finding re‑
flects a large variation across all programs, independent of assignment to 
flexible or standard policies.

‡  Direct patient care includes evaluation and in‑person communication with pa‑
tients or their families.

§  Educational activities include teaching or being taught (including teaching 
rounds), educational conferences, and reading about medicine.

¶  Indirect patient care includes activities such as interacting with the electronic 
chart, viewing imaging, attending rounds not involving the patient directly, 
and discussing care with a consultant.

‖  Miscellaneous activities include eating and sleeping.

Table 3. Percentage of Observed Shift Time Spent on Activity by Interns.*
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ratio, 0.48; 95% CI, 0.27 to 0.85) and were less 
likely to perceive negative effects of duty-hour 
rules on the continuity of care (odds ratio, 0.35; 
95% CI, 0.22 to 0.57).

Reports of burnout were high in each group. 
The interns in each group had a similar likelihood 
of having high or moderate scores on the Maslach 
Burnout Inventory subscale for emotional exhaus-
tion (79% in flexible programs and 72% in stan-
dard programs; odds ratio in mixed-effects logis-

tic-regression model, 1.43; 95% CI, 0.96 to 2.13), 
high or moderate scores on the depersonalization 
subscale (75% and 72%, respectively; odds ratio, 
1.18; 95% CI, 0.81 to 1.71), and low or moderate 
scores on the personal accomplishment subscale 
(71% and 69%, respectively; odds ratio, 1.12; 
95% CI, 0.84 to 1.49) (Table 6, and Table S8 in 
the Supplementary Appendix). These prevalences 
were slightly higher than those of emergency 
medicine trainees17 and slightly lower than those 

Survey Item with Negative Effect
Flexible 

Programs
Standard 
Programs

Odds Ratio 
(95% CI)†

percentage of interns

Safety of patient care 14 6 2.71 (1.65–4.48)

Continuity of care 11 26 0.35 (0.22–0.57)

Ability to acquire clinical skills 10 10 1.01 (0.62–1.63)

Intern autonomy 6 8 0.68 (0.40–1.14)

Availability for urgent patient care encounters 7 10 0.68 (0.44–1.05)

Availability for elective patient care encounters 15 11 1.47 (0.94–2.30)

Ability to attend required educational conferences 22 10 2.61 (1.77–3.85)

Relationship between interns and residents 7 3 2.21 (1.20–4.06)

Time for teaching of medical students 22 17 1.44 (1.02–2.04)

Need for performing work related to patient care outside 
the hospital 24 25 0.94 (0.65–1.36)

Ability to participate in research 26 11 2.88 (2.01–4.12)

Professionalism 8 3 3.26 (1.72–6.16)

Job satisfaction 21 6 4.32 (2.72–6.85)

Satisfaction with career choice 18 5 4.26 (2.52–7.20)

Intern morale 24 4 8.14 (4.65–14.26)

Time with family and friends 33 7 6.11 (3.76–9.91)

Time for hobbies and outside interests 31 8 5.20 (3.17–8.54)

Health 29 7 5.53 (3.32–9.20)

Ability to acquire clinical reasoning skills 9 6 1.47 (0.87–2.51)

Pace of intern’s workday 19 17 1.14 (0.76–1.71)

Intern’s overall well‑being 26 6 5.27 (3.22–8.64)

*  Data are from end‑of‑year surveys of interns in 30 flexible programs (with 638 interns) and 31 standard programs (with 
608 interns). Two of the flexible programs did not provide survey data for inclusion in this analysis. Interns were asked 
their perceptions of 21 aspects of their trainee experiences in relation to duty‑hour rules; response choices were a nega‑
tive effect, no effect, or positive effect. For each item, the response choice was dichotomized into a binary response of 
negative effect versus no effect or positive effect. In the flexible programs, 622 of 1228 interns (51%) answered every 
survey question, and 16 (1%) answered one or more but not all questions. In the standard programs, 594 of 1300 in‑
terns (46%) answered every survey question, and 14 (1%) answered one or more but not all questions.

†  The percentages (marginal means) and odds ratios were estimated from a mixed‑effects logistic‑regression model. 
Observed percentages and random program variances are provided in Table S7 in the Supplementary Appendix, which 
shows P<0.05 for between‑program variance on many outcomes. This finding reflects a large variation across all pro‑
grams, independent of assignment to flexible or standard programs.

Table 4. Percentage of Interns Who Reported That Flexible or Standard Duty-Hour Rules Had a Negative Effect  
on Their Training and Personal Experiences.*
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of surgical trainees.18 On the subscales of emo-
tional exhaustion and depersonalization, the mean 
scores were higher than those in the general popu-
lation,15 and the prevalences are much higher than 

those reported in many other professions, such as 
university faculty.19 However, there is variability 
in the cutoffs that have been used to determine 
burnout across studies.20

Survey Item
Flexible 

Programs
Standard 
Programs

Odds Ratio 
(95% CI)†

percentage of interns

Interns reporting dissatisfaction with:‡

Overall quality of resident education 13 8 1.67 (1.02–2.73)

Overall well‑being 30 15 2.47 (1.67–3.65)

Patient safety 6 4 1.40 (0.83–2.36)

Continuity of care 5 7 0.80 (0.46–1.41)

Quality and ease of handoffs and transitions in care 6 7 0.89 (0.54–1.46)

Duty‑hour regulations of the program 13 5 2.78 (1.69–4.57)

Work hours and scheduling 21 11 2.21 (1.45–3.37)

Time for rest 34 17 2.43 (1.62–3.63)

Level of attending supervision 3 2 1.45 (0.69–3.03)

Ability to follow the clinical care of patients admitted by the in‑
tern 5 6 0.83 (0.49–1.39)

No. of admissions handled entirely by intern 5 9 0.48 (0.27–0.85)

Interns perceiving that their fatigue:§

Almost always or often affected their personal safety 16 8 2.01 (1.28–3.14)

Almost always or often affected patient safety 12 7 1.64 (1.06–2.52)

Interns reporting at least 1 problematic occurrence during their 
most recent month on an internal medicine rotation¶

Left during an encounter with a patient because of duty‑hour 
limits 5 5 0.98 (0.56–1.73)

Missed an encounter with a patient because of duty‑hour limits 18 15 1.29 (0.80–2.09)

Handed off an issue involving active patient care because of  
duty‑hour limits 28 32 0.81 (0.53–1.22)

Left or missed educational conference during a scheduled shift 
because of duty‑hour limits 31 27 1.22 (0.87–1.71)

Worked more than 16 hr continuously in‑house 58 31 3.02 (1.79–5.10)

Had less than 8 hr off between daily shifts 30 32 0.90 (0.56–1.44)

*  Data are from end‑of‑year surveys of interns, with the same numbers as described in Table 4. Interns were asked to 
score 19 aspects of their trainee experiences in relation to satisfaction with education and their assessments of fatigue, 
patient safety, and continuity of care. For each item, the response choices were dichotomized into a binary response, as 
indicated for each question theme.

†  The percentages (marginal means) and odds ratios were estimated from a mixed‑effects logistic‑regression model. 
Observed percentages and random program variances are provided in Table S7 in the Supplementary Appendix, which 
shows P<0.05 for between‑program variance on many outcomes. This finding reflects a large variation across all pro‑
grams, independent of assignment to flexible or standard programs.

‡  In the section on dissatisfaction, responses were “very dissatisfied” or “dissatisfied” versus “neutral,” “satisfied,” or 
“very satisfied.”

§  In the section on fatigue, responses were “always” or “often” versus “sometimes,” “rarely,” or “never.”
¶  In the section on problematic occurrences, responses were one or more occurrences in the past month versus no oc‑

currence.

Table 5. Measures of Intern Satisfaction with Education and Assessment of Fatigue, Patient Safety, and Continuity  
of Patient Care.*
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Analyses of responses from all trainees (Table 
S9 in the Supplementary Appendix) and analyses 
after adjustment of the 2016 survey responses for 
the 2015 mean program responses (Tables S7, 
S8, and S9 in the Supplementary Appendix) pro-
vided results that were consistent with those in 
the unadjusted analyses. In more than 11,000 end-
of-shift surveys, interns in each group were simi-
lar in their perceptions of their experience with 
respect to education, sense of ownership, work 
intensity, and continuity over the previous 24 
hours, findings that were consistent with analyses 
from all the trainees (Table S10 in the Supple-
mentary Appendix).

Faculty Experiences

There was no significant between-group differ-
ence in faculty responses to the prespecified 
primary question on the ACGME survey asking 
whether residents’ workload exceeded their ca-
pacity to do the work, which ranged from 1 (very 
often) to 5 (never) (mean score, 4.22 in the flex-
ible programs and 4.18 in the standard pro-
grams; difference, 0.04; 95% CI, −0.04 to 0.12; 
P = 0.46). There also was no significant between-

group difference in faculty responses for the six 
content areas provided by the ACGME. Analyses 
after adjustment of the 2016 responses for the 
2015 mean program responses provided results 
that were consistent with those in the unadjust-
ed analyses (Table S11 in the Supplementary 
Appendix).

In contrast, in responses to items on the 
iCOMPARE end-of-year survey of program direc-
tors, directors in flexible programs were less 
likely than those in standard programs to report 
dissatisfaction with many elements of training, 
including aspects of the learning environment, 
such as intern ownership of patient care, intern 
morale, time for trainees to reflect, ability of at-
tending physician to provide real-time feedback, 
frequency of handoffs, intern workload, educa-
tional opportunities (e.g., time for teaching at 
bedside), and continuity of care for patients (Ta-
ble 7). Analyses after adjustment of the 2016 re-
sponses for the 2015 responses were limited to 
the 37 programs for which 2015 responses were 
available and provided results that were similar 
to those in the unadjusted analysis (Table S12 in 
the Supplementary Appendix).

Subscale and Scoring
Flexible 

Programs
Standard 
Programs

Odds Ratio 
(95% CI)

Emotional exhaustion subscale (scored 0–54)

Observed score 25.9±11.7 24.7±12.0

High or moderate score (≥17) (% of interns)† 79 72 1.43 (0.96–2.13)

Depersonalization subscale (scored 0–30)

Observed score 11.9±6.8 11.3±6.9

High or moderate score (≥7) (% of interns)† 75 72 1.18 (0.81–1.71)

Personal accomplishment subscale (scored 0–48)

Observed score 33.5±8.4 34.2±8.1

Low or moderate score (0–38) (% of interns)† 71 69 1.12 (0.84–1.49)

*  Plus–minus values are means ±SD. Data are for 30 flexible programs (594 interns) and for 31 standard programs (563 
interns). Two of the flexible programs did not provide survey data for inclusion in this analysis. The Maslach Burnout 
Inventory–Human Services version is a 22‑item scale that assesses how respondents in the human services or helping 
professionals view their job and the persons with whom they work closely.15 The respondent rates how often each item 
(statement) is true from 0 (never) to 6 (every day). Three subscales are scored for rating emotional exhaustion (9 items 
scored from 0 to 54), depersonalization (5 items scored from 0 to 30), and personal accomplishment (8 items scored 
from 0 to 48); on all three subscales, higher scores indicate a greater level of response. In the flexible groups, 594 of 
1228 interns (48%) completed all the items; in the standard programs, 563 of 1300 interns (43%) completed all the 
items.

†  The percentages (marginal means) and odds ratios were estimated from a mixed‑effects logistic‑regression model. 
Observed percentages and random program variances are provided in Table S8 in the Supplementary Appendix, which 
shows P<0.05 for between‑program variance on all subscales except personal accomplishment. This finding reflects a 
large variation across all programs, independent of assignment to flexible or standard programs.

Table 6. Interns’ Scores on the Maslach Burnout Inventory.*
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Discussion

In this cluster-randomized trial, we compared 
the standard 2011 ACGME duty-hour policies for 
medical trainees with more flexible policies man-
dating no limits on shift length or mandatory 
time off between shifts. Outcomes with respect to 
patient mortality and intern sleep and alertness, 
which are important in interpreting the complete 
results of the trial, are not reported here.

The design of the trial called for evaluating 
four primary educational hypotheses. We found 
no significant between-group differences in how 
interns who were exposed to the different duty-
hour rules spent their time. The primary unad-
justed analysis of difference in knowledge acquired 
by interns did not confirm the noninferiority of 
the flexible programs. In a secondary analysis 
that was planned before any data had been ana-
lyzed but was not specified in the protocol, in 
which we adjusted the 2016 in-training examina-
tion scores for 2015 mean program scores, the 
criterion for noninferiority was met. In addition, 
there was no significant between-group differ-
ence in the primary outcomes of trainee satisfac-
tion with the balance between education and 
work or in faculty satisfaction with trainee work-
load relative to their capacity. However, in the 
flexible programs, interns were substantially 
less satisfied with many aspects of the learning 
environment and directors were more satisfied 
with the educational processes than their peers 
in standard programs.

The similarities in the clinical and educational 
activities of residents in programs governed by 
different duty-hour rules suggest that programs 
can adapt their activities to preserve exposure to 
such activities. Indeed, the end-of-shift survey data 
from more than 11,000 shifts and the ACGME 
survey data from thousands of trainees and hun-
dreds of faculty showed no significant between-
group differences in any of the educational do-
mains. Even so, directors of standard programs 
were more likely than their peers in flexible pro-
grams to be dissatisfied with educational pro-
cesses (e.g., opportunities for bedside teaching 
or providing interns with real-time feedback), a 
finding that was consistent with reported opin-
ions.7,8,16 In contrast, interns in flexible programs 
were more likely to be dissatisfied with their 
overall educational experience, especially its ef-

fect on their personal lives, a finding that was 
consistent with the results among surgical train-
ees in the FIRST trial.5 This discrepancy may re-
flect different perspectives of educators who are 
focused on teaching processes and learners who 
are focused on overall life experiences during 
training.

The trial has several limitations. Because the 
overall response rate for the iCOMPARE trainee 
survey was only 45%, we cannot be sure that 
survey respondents reflect the eligible pool. Re-
sponse rates were in the ranges that have been 
reported in studies of graduate medical educa-
tion.21 Our analyses reflect a comparison between 
two duty-hour policies, as implemented by inter-
nal medicine residency programs, and we have no 
reason to postulate an interaction between trial 
group and systematic nonresponse, but we also 
have no way to exclude such bias. Although it is 
a large trial, statistical resolution required that 
we exclude smaller programs. The time–motion 
substudy was further restricted to six programs 
in the mid-Atlantic states. Although we have no 
reason to believe intern time distributions dif-
fered according to program type, we included an 
increased number of large-sized and university-
based programs, and other programs may have 
different effects from flexible rules. We did not 
measure the actual numbers of hours that were 
worked, but interns in the two groups were lim-
ited to the same average total number of hours 
worked per week. The trial included only inter-
nal medicine programs, so the results may not 
apply to other specialties. Trainees and program 
directors were all aware of their program assign-
ments, so survey responses could reflect precon-
ceptions about the effect of the assignments. In 
addition, there was a large variation across pro-
grams in how interns spent their time and in 
trainee responses on many of the iCOMPARE 
survey items, as indicated by the estimates of vari-
ance among the programs in each group, a fac-
tor that limits the reliability and interpretability 
of comparisons between the two duty-hour groups. 
Accounting for this variation in the model helps 
with the reliability and interpretability of the 
comparisons.

The ACGME duty-hour rules aim to protect 
patients and trainees at the same time that they 
ensure a workforce capable of caring for future 
patients. Despite concerns of program directors 
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Survey Item
Flexible 

Programs
Standard 
Programs

Odds Ratio 
(95% CI)

percentage of program directors

Dissatisfaction with learning environment

Ownership of patient care

Interns 0 23 0.08 (0.00–0.57)

Residents 0 10 0.23 (0.00–2.22)

Ability of interns to manage the patients they admit 0 13 0.16 (0.00–1.36)

Morale

Interns 3 27 0.09 (0.00–0.77)

Residents 9 20 0.42 (0.06–2.22)

Time for trainees to reflect 25 57 0.26 (0.07–0.84)

Effectiveness in performing clinical duties

Interns 0 10 0.23 (0.00–2.22)

Residents 0 3 0.94 (0.00–36.6)

Ability of attending physician to provide real‑time feed‑
back on patient care activities

Interns 3 63 0.02 (0.00–0.15)

Residents 3 43 0.04 (0.00–0.34)

Frequency of handoffs 6 67 0.04 (0.00–0.19)

Quality of handoffs 13 40 0.22 (0.04–0.87)

Ability of residents to work in interprofessional teams 3 3 0.94 (0.01–75.9)

Dissatisfaction with workload

Type of staff member

Faculty 29 40 0.62 (0.18–2.02)

Residents 10 33 0.22 (0.03–1.00)

Interns 6 37 0.12 (0.01–0.66)

Program director 29 43 0.54 (0.16–1.74)

Opportunity for residents to transition care when fa‑
tigued 13 14 0.93 (0.15–5.55)

Ability of trainees to perform necessary work during 
the scheduled duty period 10 55 0.09 (0.01–0.40)

Reliance on residents to provide clinical service 29 31 0.91 (0.26–3.18)

Dissatisfaction with educational opportunities

Adequacy of time for bedside teaching

Interns 13 55 0.13 (0.03–0.49)

Residents 13 52 0.14 (0.03–0.56)

Ability to attend conferences while on inpatient rota‑
tions

Interns 19 55 0.20 (0.05–0.70)

Residents 17 38 0.33 (0.08–1.27)

Ability to participate in teaching rounds by attending 
physicians

Interns 7 31 0.16 (0.02–0.91)

Residents 7 17 0.35 (0.03–2.37)

Table 7. Survey Responses of Program Directors.*
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that ACGME duty-hour rules diminish the train-
ing and professional development of physicians, 
we found little evidence to support variations in 
activities and knowledge acquisition within the 
ranges tested in this trial. However, the satisfac-
tion of interns and program directors were mean-
ingfully different in programs with flexible poli-
cies. Given that trainees in flexible programs in 
both medicine and surgery perceived more bur-

dens on their personal lives, program directors 
may see a need to better understand their dis-
satisfaction and develop mechanisms to address 
these effects.
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Survey Item
Flexible 

Programs
Standard 
Programs

Odds Ratio 
(95% CI)

percentage of program directors

Ability to attend meetings of patients’ families

Interns 7 17 0.35 (0.03–2.37)

Residents 3 7 0.47 (0.01–9.54)

Balance of service versus education

Interns 17 34 0.39 (0.09–1.49)

Residents 17 24 0.63 (0.14–2.71)

Elective rotation time for house staff 17 21 0.74 (0.15–3.36)

Time for house staff to do research 13 28 0.41 (0.08–1.79)

Time for house staff to engage in medical‑student edu‑
cation or quality improvement 30 17 2.03 (0.51–9.01)

Amount of time that house staff need to spend on 
night rotations 3 28 0.09 (0.00–0.79)

Dissatisfaction with program administration and orga-
nization

Financial support

For nonteaching services 27 57 0.28 (0.08–0.93)

For hiring allied health professionals (e.g., nurse 
practitioners) for clinical care delivery 50 72 0.39 (0.11–1.27)

For hiring hospitalists or additional faculty mem‑
bers for clinical care delivery 43 66 0.41 (0.12–1.30)

Relationship of residency program with hospital ad‑
ministration 3 17 0.17 (0.00–1.67)

Program director morale 7 25 0.22 (0.02–1.31)

Effort of tracking duty hours 33 55 0.41 (0.12–1.31)

Dissatisfaction with patient outcomes

Continuity of care for patients 7 52 0.07 (0.01–0.36)

Safety of patients 0 17 0.13 (0.00–0.98)

Graduates’ preparedness for practice after residency 0 14 0.17 (0.00–1.40)

*  Data are from end‑of‑year surveys of directors of 32 flexible programs and 30 standard programs. Program directors 
were asked to score 43 aspects of the educational environment of their internal medicine training program; response 
choices were “very dissatisfied,” “dissatisfied,” “neutral,” “satisfied,” and “very satisfied.” For each item, these re‑
sponse choices were dichotomized into a binary response of “very dissatisfied” or “dissatisfied” versus “other.” In the 
flexible programs, 30 of 32 directors (94%) answered every survey question, and 2 (6%) answered at least one question 
but not all. In the standard programs, 26 of 30 program directors (87%) answered every survey question, and 4 (13%) 
answered at least one question but not all.

Table 7. (Continued.)
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