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Abstract

Background

Time of day has been associated with variations in certain clinical practices such as cancer

screening rates. In this study, we assessed how more general process measures of physi-

cian activity, particularly rates of diagnostic test ordering and diagnostic assessments, might

be affected by time of day.

Methods

We conducted a retrospective chart review of 3,342 appointments by 20 attending physi-

cians at five outpatient clinics, matching appointments by physician and comparing the aver-

age diagnostic tests ordered and average diagnoses assessed per appointment in the first

hour of the day versus the last hour of the day. Statistical analyses used sign tests, two-sam-

ple t-tests, Wilcoxon tests, Kruskal Wallis tests, and multivariate linear regression.

Results

Examining physicians individually, four and six physicians, respectively, had statistically sig-

nificant first- versus last-hour differences in the number of diagnostic tests ordered and num-

ber of diagnoses assessed per patient visit (p� 0.04). As a group, 16 of 20 physicians

ordered more tests on average in the first versus last hour (p = 0.012 for equal chance to

order more in each time period). Substantial intra-clinic heterogeneity was found in both out-

comes for four of five clinics (p < 0.01).

Conclusions

There is some statistical evidence on an individual and group level to support the presence

of time-of-day effects on the number of diagnostic tests ordered per patient visit. These find-

ings suggest that time of day may be a factor influencing fundamental physician behavior

and processes. Notably, many physicians exhibited significant variation in the primary out-

comes compared to same-specialty peers. Additional work is necessary to clarify temporal

and inter-physician variation in the outcomes of interest.
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Introduction

Decision-making is fundamental to patient care, and patients and fellow healthcare profession-

als expect physicians to make clinical decisions in a consistent and deliberative evidence-based

manner. However, a growing body of evidence suggests that physicians are not as consistent as

expected and may be susceptible to decision fatigue, which is the depletion of self-control and

the reduced ability to make decisions and regulate behavior as a result of frequent and recur-

rent acts of decision making [1, 2].

The study of decision fatigue is derived from psychology studies assessing the nature of self-

control. A prominent model in the field is the Strength Model of Self-Control, which posits

that self-control originates from an unknown internal resource that functions similarly to a

muscle in that it fatigues over time, particularly due to sequential tasks that require self-control

[3]. When this internal resource is exhausted or fatigued, one becomes ego-depleted, which is

a “state of diminished [mental] resources following exertion of self-control” [4]. In this state,

one is more likely to perform worse on subsequent tasks requiring self-control, a phenomenon

known as the sequential task paradigm. Another model, the mechanistic Process Model of Ego

Depletion posits that ego depletion is less the result of the exhaustion of some internal resource

and more the product of subconscious shifts in motivation and attention over time that detract

from one’s ability to regulate impulses and exercise self-control [5]. While the two models

each have their merits, decreased cognitive performance over time is a central feature of both.

Decreased cognitive performance over time is particularly pertinent in the context of deci-

sion making and decision fatigue. Frequent and recurrent decisions over time have been

shown to impair the ability to exercise self-control and make appropriate decisions in ensuing

tasks. For instance, in a randomized controlled trial in which the degree of pain tolerance func-

tioned as a proxy for self-control, Vohs and colleagues found that shoppers who had to make

many shopping decisions at a grocery store subsequently demonstrated decreased pain toler-

ance compared to shoppers who only thought about the grocery choices without making deci-

sions [2]. A well-known 2011 study by Danziger et al. examined 1000+ parole decisions and

found that the percentage of favorable decisions for defendants gradually decreased from

~65% to near zero as decision making sessions progressed over the course of a day, and this

pattern reset and repeated after meal breaks [6]. Both studies arguably demonstrate a temporal

effect with decision making and decision fatigue.

In medicine, several studies have shown temporal variations in clinical outcomes that are

explained potentially by decision fatigue. For example, in one study by Persson et al., the probabil-

ity of orthopedic surgeons deciding to operate on a patient was strongly associated with a patient’s

appointment time, with probabilities steadily declining throughout the day [7]. Additionally, rates

of influenza vaccination and clinician ordering of cancer screening tests have been shown to signif-

icantly decline over the course of a day [8, 9], and similar patterns were observed in studies exam-

ining primary care providers’ antibiotic and opioid prescribing practices as well as hand-washing

compliance in hospitals [10–12]. These findings clearly suggest that physicians’ ability to make

rational, evidence-based patient care decisions may suffer as a day goes on, and patients seen later

in a clinic day may experience suboptimal care compared to those seen at the start of the day. Such

temporal variations in clinical outcomes have significant implications for healthcare quality.

To our knowledge, studies examining temporal variations and the potential influence of

decision fatigue on clinical decision making have been limited to assessing specific clinical

decisions. Therefore, we aimed to investigate variations in more general process measures of

clinical activity that could potentially reflect fundamental physician behavior on a more gener-

alizable dimension and spur greater thought and action to mitigate variation in healthcare

quality.
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We examined variations in two general process measures: the number of diagnostic tests

ordered and the number of diagnoses assessed per patient encounter. We are not aware of any

prior studies that have utilized these outcomes in the assessment of temporal variation and

decision fatigue. Both were chosen because unlike outcomes in prior studies, these are general-

izable to most physicians; almost all clinicians must go through the decision-making process

of ordering tests and assessing diagnoses in an electronic medical record (EMR) system in

order to properly care for patients. Also, given that those experiencing decision fatigue tend to

exhibit avoidant behaviors like procrastination, deferment, or complete avoidance of decisions

during subsequent decision making [1, 2, 7, 13], temporal variations in the number of these

decisions could be a suitable proxy for decision fatigue.

Moreover, these process measures can be used as markers of healthcare quality. Diagnostic

test ordering has important implications for the general practice of medicine, healthcare costs,

and clinical outcomes. Estimates of the rates of unnecessary tests vary from 10–50% of all

orders [14, 15], and such inappropriate testing can have significant downstream effects on

patients as a result of follow-up tests, prolonged hospital stays, patient dissatisfaction, and

unnecessary referrals or procedures [16, 17]. Alternatively, a landmark study showed that

patients seen by their physicians receive only approximately 55% of recommended care,

including diagnostic tests, for preventive, acute, and chronic conditions [18]. In considering

the number of diagnoses assessed per patient appointment, research has suggested that quality

of care typically rises as a patient’s number of medical conditions rises [19]. Assuming that the

number of diagnoses assessed by a physician rises with the number of medical conditions a

patient has, the number of diagnoses may be an indicator of healthcare quality, possibly as a

reflection of the thoroughness of a clinical encounter. How thoroughly clinicians evaluate

their patients may vary due to time of day and decision fatigue.

Based on the behavioral theories of ego depletion and evidence that both repeated decision-

making leads to decision fatigue and that those who are depleted are more likely to exhibit

avoidant behavior like deferring decisions [2, 7], we conducted a retrospective analysis of

patient records to assess the outcomes of the number of diagnostics tests ordered per patient

appointment and the number of diagnoses assessed per patient appointment. We hypothesized

that physicians ordered fewer diagnostic tests and assessed fewer diagnoses per patient

appointment for patients seen during the last hour versus the first hour of the day.

Methods

This study was approved by the institutional review board of New Brunswick Health Sciences,

Rutgers, the State University of New Jersey. A waiver of informed consent was granted due to the

study’s minimal risk and infeasibility of informed consent given the study’s retrospective design.

Setting and participants

Patient data from 5,354 unique appointments by 39 attending physicians from January 1 to

December 31, 2017 were gathered retrospectively from the AthenaFlow EMR (formerly

known as GE Centricity) used by outpatient clinics in the Department of Medicine of Rutgers

Robert Wood Johnson Medical School. The study authors captured all encounters from six dif-

ferent specialty clinics in order to control for inter-specialty differences in diagnostic test

ordering patterns. The cardiology, endocrinology, hematology, nephrology, general internal

medicine, and rheumatology practices clinics were chosen because they tend to differ in the

number and type of diagnoses managed and tests ordered. To preserve provider confidential-

ity, clinic identities were masked during data extraction and analysis, and physicians were des-

ignated by numbers.
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Outpatient clinic sessions generally occur in two 4-hour sessions, typically either morning

(8AM-12PM) or afternoon (1PM-5PM). Some physicians see outpatients only in the morning

or only in the afternoon, and some see patients for a full day. Providers and the associated

patient visit data were included in the study if 1) the providers held full clinic days (both morn-

ing and afternoon), since prior studies have demonstrated significant temporal differences in

decision outcomes between the start and end of days [6–8], 2) the clinicians had at least 25

patient-visits in the first hour (~8-9AM) and at least 25 patient-visits in the last hour (~4-

5PM) of the above-described days, cumulative over the entire year, to ensure adequate sample

size, and 3) the providers were attending-level physicians. Patient visits were excluded if

patients were seen by residents and fellows and if patients were younger than 18. Using these

criteria, data from 3,342 unique patient appointments by 20 attending physicians at five clinics

were included; no doctors from Clinic Two were included due to lack of physicians who saw

patients for a full day.

Data collection

Patient encounters were matched by physician, and to maximize potential for differential

cumulative work fatigue, only data from the morning’s first hour (~8-9AM) and the after-

noon’s last hour (~4-5PM) were analyzed. The start time of an encounter was defined as the

EMR time stamp on the first entry in the History of Present Illness section in the EMR.

Appointments were counted as first-hour appointments if the start time was within one hour

of the start of the first appointment of the day. For example, if the first appointment of the day

started at 8:00am, then an appointment that started at 8:59am was counted as occurring in the

first hour, while an appointment starting at or after 9:00am was not. Appointments were iden-

tified as last-hour appointments if, according to the clinic schedule, they ended less than one

hour prior to the end of the last appointment of the afternoon. For instance, if the last appoint-

ment ended at 5:15pm, an appointment that started at 3:50pm and ended at 4:20pm was cate-

gorized as being in the last hour, but one that started at 3:50pm and ended at or before 4:15pm

was not.

The number of diagnoses assessed during each encounter was determined by the number

of ICD-10 codes associated with the Evaluation and Management (E&M) billing code for the

encounter. In the AthenaFlow EMR, all diagnoses recorded in the Assessment and Plan por-

tion of EMR notes are automatically associated with the E&M code. Additional data collected

included patient age, sex, race, ethnicity, health insurance, number of diagnostic tests ordered,

number of diagnoses evaluated, and patient primary and secondary diagnoses via ICD-10

codes. Patients’ active problems were collected to calculate the Charlson comorbidity index

[20].

Statistical analysis

ANOVA models with physician as a covariate assessed the overall differences (first and last

hour combined) in means between physicians at the same clinic sites, and two sample t-tests

assessed the differences in first- versus last-hour means for the same physician for the primary

outcomes. As the distributions of numbers of diagnoses made and diagnostic tests ordered per

visit were often skewed, nonparametric Kruskal Wallis and Wilcoxon tests, respectively, were

also used to obtain p-values for the same-clinic site physician differences and the same-physi-

cian first versus last hour differences. To confirm that statistically significant Wilcoxon and

Kruskal Wallis p-values seen in unadjusted analyses remained statistically significant in case

mix-adjusted analyses (p< 0.05), to the best of our ability to do so, multivariate linear regres-

sion was used. Linear models of the primary outcomes comparing i) all physicians at the same
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site, and ii) within each individual physician, first versus last hour, were fit and adjusted for

patient age, sex, race, ethnicity, health insurance, and Charlson comorbidity index. No confir-

matory case mix-adjusted comparisons were made for physicians with nonsignificant Wil-

coxon and Kruskal Wallis p-values. For the number of diagnostic tests ordered per

appointment, the multivariate models also adjusted for number of diagnoses made per

appointment, and the overall comparisons of physicians within clinics were adjusted for first

versus last hour.

It should be noted that as a result of i) our belief that first versus last hour differences varied

from physician to physician, ii) skewness of the data and limited numbers of observations for

some physicians, and iii) other violations of needed assumptions, such as homogeneity of vari-

ance between physicians, we did not find it feasible nor informative to fit more complicated,

repeated measures linear models that pooled all physicians together. However, we did use the

sign test to compare numbers of physicians that had more diagnoses made (or more laboratory

tests ordered) in the first versus last hour to see if a directional, across-physician trend existed.

All p-values reported are two-sided. Analyses were conducted using SAS Version 9.4 (Cary,

NC), and statistical tests considered p< 0.05 to be statistically significant.

Results

The study included 20 physicians in five practices with 3,342 total patient appointments: 2,013

in the first hour and 1,329 in the last hour. Patient characteristics, except perhaps for sex, were

similar between patients seen in the first versus the last hour of the day (Table 1). About 55%

of first-hour appointments and 61% of last-hour appointments were with female patients, but

this difference varies by physician; the Breslow-Day test of homogeneity for equality of propor-

tion of female patients in the first versus last hour between physicians is 0.025. Fourteen physi-

cians had a greater proportion of female patients in last-hour visits. Eighteen physicians had

more patient encounters in the first hour of the day versus the last hour compared to only one

clinician with the opposite trend (sign test p< 0.001) (Table 2). A single physician had the

same number of appointments in each time period.

Primary outcomes for individual physicians

Tables 2 and 3 display results of the primary outcomes when comparing each individual physi-

cian to themselves at the beginning versus the end of the day. Medians for both primary out-

comes for each individual clinician is provided in S1 and S2 Tables.

Table 2 displays the within-physician time-of-day differences in the mean numbers of diag-

nostic tests ordered per patient appointment. For example, Physician 2 in Clinic 1 ordered an

average of 3.3 ± 2.13 diagnostic tests per patient visit in the first hour compared to 2.95 ± 2.2

in the last hour, corresponding to a mean difference of -0.35 tests per patient visit (p = 0.58 for

equality by the Wilcoxon test). Overall, for this outcome, sixteen physicians had no statistically

significant differences between the first and last hour. Only four physicians had both statisti-

cally significant, unadjusted (Wilcoxon) and adjusted multivariate linear regression differences

in diagnostic tests ordered per patient encounter between the first and last hours of their day.

Of these four, three had ordered more diagnostic tests per encounter on average in the first

hour compared to the last hour of the workday (adjusted p-values ranging from 0.012

to< 0.001). Conversely, Physician 37 had fewer mean tests per encounter in the first hour

(14.86 tests vs. 21.10 tests, adjusted p< 0.001).

Table 3 displays similar data for the number of diagnoses assessed per appointment. For

instance, Physician 2 in Clinic 1 assessed 3.12 ± 1.32 diagnoses per patient visit in the first

hour compared to 2.66 ± 1.19 in the last hour, corresponding to a mean difference of -0.46
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diagnoses per patient visit (p = 0.006 for equality by the Wilcoxon test). Because this p-value

was� 0.05, a confirmatory case mix-adjusted comparison was made, yielding a p-value of

0.01. Overall, for this outcome, 14 physicians had no statistically significant unadjusted or

adjusted differences between the first and last hour of their day, but six physicians did. Five of

these six physicians made more unadjusted and adjusted mean diagnoses per encounter in the

first hour of their day compared to the last hour (adjusted p-values ranging from 0.02 to

<0.001), while there was again one physician with the opposite pattern (Physician 35: 3.55

diagnoses assessed in the first hour vs. 3.86 in the last hour, adjusted p< 0.04).

Assessing for a collective temporal trend in the primary outcomes

Despite detecting only a handful of doctors with statistically significant time-of-day differences

in the primary outcomes, these findings do not statistically rule out time-of-day differences for

other physicians. Thus, we were interested in assessing post hoc if there was a statistically sig-

nificant group-level trend toward more tests ordered or more diagnoses assessed in the first

versus the last hour of the day. We found that 80% of the clinicians (16 of the 20) ordered

more diagnostic tests per appointment on average in the first hour of the day compared to

20% (4 out of 20) who ordered more in the last hour of the day (two-sided p = 0.012 by exact

test for each physician to have equal probability to order more during each time period). For

Table 1. Sample demographics of patients.

No. (%)

Characteristic First Hour Last Hour

Patients, No. 2013 1329

Age, mean (SD), years 56.4 (16.6) 56.3 (17.7)

Gender

Male 908 (45.1) 515 (38.8)

Female 1104 (54.8) 814 (61.2)

Unspecified 1 (0.0) 0 (0.0)

Ethnicity

Hispanic or Latino 317 (15.7) 192 (14.4)

Not Hispanic or Latino 1663 (82.6) 1120 (84.3)

Unspecified 33 (1.6) 17 (1.3)

Race

American Indian or Alaska Native 4 (0.2) 7 (0.5)

Asian 176 (8.7) 138 (10.4)

Black or African American 373 (18.5) 276 (20.8)

Native Hawaiian or Other Pacific Islander 6 (0.3) 6 (0.5)

White 1102 (54.7) 685 (51.5)

Unspecified 352 (17.5) 217 (16.3)

Insurance

Private 1224 (60.8) 770 (57.9)

Medicare 735 (36.5) 509 (38.3)

Medicaid 6 (0.3) 2 (0.2)

Not Recorded 48 (2.4) 48 (3.6)

Charlson Comorbidity Index

0 679 (33.7) 394 (29.6)

1 535 (26.6) 386 (29.0)

2+ 799 (39.7) 549 (41.3)

https://doi.org/10.1371/journal.pone.0257500.t001
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the diagnoses assessed outcome, 60% of doctors (12 out of 20) assessed more diagnoses on

average per patient encounter in the first hour compared to 40% (8 out of 20) who assessed

more diagnoses on average in the last hour (two-sided p = 0.50 by exact test).

Same-specialty variation in the primary outcomes

Finally, while not part of the original study objective, we noticed considerable variation in the

primary outcome data from physician to physician, prompting us to assess how physicians

performed relative to their same-specialty peers. Tables 4 and 5 display the aggregate mean

and median data for the primary outcomes for all physicians. Physicians in Clinics One,

Three, Five, and Six all had statistically significant within-clinic differences in their practice

patterns for each primary outcome compared to their same-specialty peers (p-values for equal-

ity ranging from 0.01 to<0.001). An evident example in Clinic Six is Physician 35 who had a

mean of 3.88 lab tests ordered per appointment while his or her peer, Physician 37, had a

much larger mean of 17.68 tests per appointment (Table 4). Only Clinic Four had statistically

nonsignificant within-clinic physician differences for both outcomes, except in the unadjusted

analysis of diagnostic test orders.

Discussion

Among a group of 20 outpatient physicians, there is statistical evidence to support the exis-

tence of time-of-day effects on diagnostic test ordering and diagnostic assessments, the study’s

proxies for physician decision making. Statistically significant time-of-day differences in the

Table 2. Differences in mean number of laboratory tests ordered.

Number of Appointments Means ± Std-Dev P Values

Clinic Location Provider First Hour Last Hour First Hour Last Hour Difference Wilcoxon P-Genmod

One 2 27 19 3.3 ± 2.13 2.95 ± 2.2 -0.35 0.58 �

6 33 21 0.52 ± 0.83 0.33 ± 0.91 -0.19 0.18 �

7 143 80 1.05 ± 1.38 0.81 ± 1.23 -0.24 0.18 �

8 21 16 0.38 ± 0.97 0.75 ± 1.48 0.37 0.55 �

10 294 172 0.59 ± 1.15 0.53 ± 1.02 -0.06 0.98 �

Three 17 29 29 4.59 ± 4.57 4.48 ± 4.01 -0.11 0.87 �

18 43 22 8.44 ± 2.6 7.95 ± 2.42 -0.49 0.74 �

Four 20 27 19 7.81 ± 6.14 6.96 ± 5.73 -0.85 0.46 �

22 48 27 5.39 ± 2.91 1.63 ± 2.16 -3.76 <0.001� <0.001�

Five 25 197 126 3.07 ± 2.58 1.83 ± 2.46 -1.24 <0.001� 0.012�

26 18 16 1.67 ± 2.2 1.81 ± 2.43 0.14 0.74 �

27 21 31 1.48 ± 2.04 1.29 ± 2.05 -0.17 0.74 �

29 32 19 3.09 ± 3.33 2.32 ± 2.5 -0.77 0.56 �

30 290 215 2.91 ± 3.14 1.84 ± 2.31 -1.07 0.0002� 0.002�

31 61 29 2.28 ± 2.41 2.14 ± 2.66 -0.14 0.58 �

32 64 36 2.52 ± 2.29 1.08 ± 1.73 -1.44 <0.001� 0.24

Six 34 188 130 8.15 ± 8.18 8.4 ± 9.22 0.35 0.68 �

35 213 132 5.45 ± 4.05 5.2 ± 3.61 -0.25 0.9 �

36 109 83 11.88 ± 9.25 11.82 ± 8.79 -0.06 0.98 �

37 141 93 14.96 ± 9.54 21.81 ± 10.76 6.85 <0.001� <0.001�

� Confirmatory adjusted p-values not taken due to low sample size and/or non-statistically significant unadjusted p-values.

�� Statistically significant p-values.

https://doi.org/10.1371/journal.pone.0257500.t002
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average number of tests ordered and diagnoses assessed per patient visit were found in a non-

negligible minority of physicians, and the directional trend at the group level for diagnostic

test orders support our hypothesis that clinicians would order more tests per patient in the

first hour compared to the last hour of the day. Interestingly, there was also substantial varia-

tion in the primary outcomes between physicians of the same specialty. Altogether, these find-

ings demonstrate the need for further investigation.

If time of day affects decision making related to test orders and diagnostic assessment for at

least some doctors, we believe that based on observations from prior clinical studies [7–11],

decision fatigue and ego depletion may be a mediating factor. Tasks like ordering lab tests and

assessing diagnoses require executive cognitive function, and as decision fatigue progresses as

a day goes on, physicians may become ego-depleted and subconsciously exhibit avoidant

behavior by forgoing additional tasks and decisions [2, 7]. This leads to fewer actions per-

formed per patient appointment. The statistically significant, within-physician level data and

the group level data is largely consistent with this hypothesis. For each outcome, all but one of

the minority of physicians with statistically significant differences ordered more tests or

assessed more diagnoses per patient in the first hour compared to the last hour of the day. The

group level data also demonstrated that most clinicians ordered more diagnostics tests per

patient encounter at the start versus the end of the day.

The fact that most individual physicians had statistically nonsignificant time-of-day differ-

ences can be interpreted in several ways. First, from a behavioral standpoint, it could suggest

Table 3. Differences in mean number of diagnoses assessed.

Number of

Appointments

Means ± Std-Dev P Values

Clinic

Location

Provider First Hour Last Hour First Hour Last Hour Difference Wilcoxon P-Genmod

One 2 27 19 6.37 ± 1.9 6.11 ± 2.11 -0.26 0.78 �

6 33 21 2.12 ± 0.78 1.71 ± 0.84 -0.41 0.06 �

7 143 80 3.12 ± 1.32 2.66 ± 1.19 -0.46 0.006� 0.01�

8 21 16 1.29 ± 0.46 1.38 ± 0.72 0.09 1 �

10 294 172 1.94 ± 0.94 1.92 ± 0.87 -0.02 0.19 �

Three 17 29 29 3.76 ± 0.51 3.9 ± 0.41 0.14 0.33 �

18 43 22 4.95 ± 1.56 5.41 ± 1.76 0.46 0.27 �

Four 20 27 19 2.73 ± 1.3 3.11 ± 1.12 0.38 0.13 �

22 48 27 2.85 ± 1.44 2.73 ± 1.44 -0.12 0.69 �

Five 25 197 126 3.93 ± 1.65 2.95 ± 1.65 -0.98 <0.001� <0.001�

26 18 16 3.61 ± 2.5 2.12 ± 1.89 -1.49 0.05� 0.02�

27 21 31 2.67 ± 1.11 2.39 ± 0.95 -0.28 0.48 �

29 32 19 3.19 ± 1.4 3.74 ± 1.88 0.55 0.45 �

30 290 215 2.83 ± 1.39 2.28 ± 1.34 -0.55 <0.001� <0.001�

31 61 29 3.16 ± 1.69 3.17 ± 1.83 0.01 0.92 �

32 64 36 3.98 ± 1.54 2.78 ± 1.57 -1.2 <0.001� 0.007�

Six 34 188 130 2.89 ± 1.67 2.78 ± 1.02 -0.11 0.34 �

35 213 132 3.55 ± 1.21 3.86 ± 1.22 0.31 0.004� 0.04�

36 109 83 2.94 ± 1.09 2.87 ± 1.12 -0.07 0.5 �

37 141 93 4.59 ± 1.69 4.68 ± 1.91 0.09 0.52 �

� Confirmatory adjusted p-values not taken due to low sample size and/or non-statistically significant unadjusted p-

values.

�� Statistically significant p-values.

https://doi.org/10.1371/journal.pone.0257500.t003
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that those doctors with no significant differences consistently engaged in behavior that miti-

gated time-of-day effects and ego depletion. Studies have shown that ego depletion of self-con-

trol can interestingly be countered by personal factors such as beliefs about self-control,

moods, and self-affirmations [21–23]. It is entirely plausible that most study physicians, who

by default are an accomplished group of individuals, held positive self-affirming thoughts

about their abilities and self-control, whereas a few doctors lacked those perspectives, leaving

them particularly susceptible to time-of-day effects. Alternatively, it is possible that the use of

EMR decision support tools, which aim to reduce the number of decisions and actions for phy-

sicians, varied amongst study physicians to the point that those who did not use such tools

were more susceptible to temporal effects. Indeed, a study by Kim et al. demonstrated a sub-

stantial role for EMR decision support in reducing same-day, temporal disparities in influenza

vaccination rates [9].

Second, from a statistical perspective, the lack of statistically significant temporal differences

for the majority of study physicians does not necessarily mean that such differences do not exist

for those clinicians. Instead, this result could be due to Type II error, as many of the clinicians

had small numbers of patient visits in the data set. Despite the inability to pinpoint with statisti-

cal certainty a temporal difference in primary outcomes for every individual doctor, the collec-

tive finding that i) some individual physicians had significant temporal differences, and ii) there

was a significant group-level temporal trend for diagnostic tests ordered, is considerable statisti-

cal evidence for an association between time of day and decision making. While the group-level

trend was statistically significant only for the diagnostic test outcome, this underscores that we

cannot rule out potential time-of-day effects on physician decision making.

Table 4. Overall number of laboratory tests ordered by providers in first and last hour combined.

Clinic

Locationa
Provider Total Appointments (First

+ Last Hour)

Mean Tests Ordered Per

Appointment ± Std-Dev

Median (95%

CI)

Q3 (95%

CI)

Kruskal Wallis p-

valueb
P-Genmod p-

valueb

One 2 46 3.15 ± 2.14 3 (2,4) 5 (4,6) <0.001 <0.001

6 54 0.44 ± 0.86 0 (0,0) 1 (0,2)

7 223 0.96 ± 1.33 0 (0,1) 1 (1,2)

8 37 0.54 ± 1.22 0 (0,0) 0 (0,2)

10 466 0.57 ± 1.10 0 (0,0) 1 (1,1)

Three 17 58 4.53 ± 4.25 4 (2,5) 7 (5,10) <0.001 <0.001

18 65 8.28 ± 2.53 8 (8,9) 10 (9,11)

Four 20 75 5.97 ± 1.94 7 (5,8) 10 (8,12) <0.001 0.22

22 74 3.72 ± 3.19 4 (2,5) 6 (6,7)

Five 25 323 2.59 ± 2.60 2 (2,2) 4 (4,5) 0.006 0.01

26 34 1.74 ± 2.27 1 (0,2) 3 (1,5)

27 52 1.38 ± 2.03 0 (0,1) 3 (1,4)

29 51 2.80 ± 3.05 1 (1,4) 6 (3,6)

30 505 2.46 ± 2.86 1 (1,2) 4 (3,5)

31 90 2.33 ± 2.48 1.5 (1,2) 4 (3,5)

32 100 2.21 ± 1.20 1 (1,2) 2 (3,4)

Six 34 318 8.25 ± 1.98 5 (4,7) 11 (10,14) <0.001 <0.001

35 345 3.88 ± 0.64 6 (5,6) 8 (7,9)

36 192 11.85 ± 9.03 10 (8,12) 18 (16,21)

37 234 17.68 ± 10.57 16 (15,18) 25 (23,28)

a Each Clinic Location represents a specific specialty.
b For within-clinic equality of providers.

https://doi.org/10.1371/journal.pone.0257500.t004
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Alternative explanations for time-of-day, decision fatigue-mediated associations include

the tendency for doctors to fall behind schedule as the clinic day progresses, compressing the

time available for assessment and task completion for each last-hour patient. This idea holds

less weight considering that collectively there were fewer visits in the last hour (1329 visits) com-

pared to the first hour (2013 visits), and only one doctor saw more patients in the last hour com-

pared to the first hour. Another alternative is that both patients and clinicians may experience a

desire to leave sooner at the end of the day [8], leaving less time for patients to participate in fur-

ther evaluation and for clinicians to perform additional tasks. Lastly, purposeful scheduling of

more or less complex patients for certain parts of the day is a possibility, although the temporal

differences for the minority of physicians persisted after case-mix adjustment.

It is important to note that in both subsets of physicians with statistically significant differ-

ences, one physician exhibited contrasting behavior by ordering more tests or assessing more

diagnoses per patient on average in the last hour of the day. This result may support an alterna-

tive or complementary hypothesis on the effect of decision fatigue on decision making–that

sometimes given an ego-depleted state, individuals may act more impulsively [24]. When phy-

sicians generate a diagnostic workup plan for patient care, an initial step is to think of what

diagnostics tests to order. To hone this plan, a second cognitive step involves assessing if each

test is truly necessary. This second step is arguably often skipped or forgotten, as evidenced by

the large estimated rates of unnecessary tests [14, 15]. From an ego-depletion perspective, Phy-

sician 37’s end-of-day behavior of ordering more tests per patient on average may represent

either an impulsive tendency to order more tests than necessary as a form of defensive medi-

cine, or an avoidance of the follow-up cognitive step to evaluate test necessity. For Physician

Table 5. Overall number of diagnoses assessed by providers in first and last hour combined.

Clinic

Locationa
Provider Total Appointments (First

+ Last Hour)

Mean Diagnoses Assessed Per

Appointment ± Std-Dev

Median (95%

CI)

Q3 (95%

CI)

Kruskal Wallis p-

valueb
P-Genmod p-

valueb

One 2 46 6.26 ± 2.02 5 (8,17) 8 (8,29) <0.001 <0.001

6 54 1.96 ± 0.75 2 (2,2) 2 (2,3)

7 223 2.96 ± 1.29 3 (3,3) 4 (4,4)

8 37 1.32 ± 0.58 1 (1,1) 2 (1,2)

10 466 1.90 ± 0.91 2 (2,2) 2 (2,3)

Three 17 58 3.83 ± 0.46 4 (4,4) 4 (4,4) <0.001 <0.001

18 65 5.11 ± 1.63 5 (5,6) 6 (6,7)

Four 20 75 2.87 ± 1.24 3 (2,3) 4 (3,4) 0.49 0.66

22 74 2.80 ± 1.43 3 (2,3) 3 (3,4)

Five 25 323 3.55 ± 1.69 4 (3,4) 5 (3,5) <0.001 <0.001

26 34 2.91 ± 2.33 2 (1,4) 4 (3,7)

27 52 2.50 ± 1.02 3 (2,3) 3 (3,3)

29 51 3.39 ± 1.60 3 (3,4) 4 (4,5)

30 505 2.59 ± 1.39 2 (2,3) 4 (3,4)

31 90 3.17 ± 1.72 3 (2,4) 4 (4,5)

32 100 3.55 ± 1.65 4 (3,4) 4.5 (4,5)

Six 34 318 2.84 ± 1.05 3 (3,3) 4 (3,4) <0.001 <0.001

35 345 3.67 ± 1.22 4 (4,4) 4 (4,4)

36 192 2.90 ± 0.78 3 (3,3) 3.5 (3,4)

37 234 4.62 ± 1.78 5 (4,5) 6 (5,6)

a Each Clinic Location represents a specific specialty.
b For within-clinic equality of providers.

https://doi.org/10.1371/journal.pone.0257500.t005
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35 who assessed more diagnoses per patient at the end of the day, their behavior could possibly

represent impulsive entry of unconfirmed differential diagnoses into the EMR or procrastina-

tion in the removal of disproved diagnoses from the EMR.

While the underlying causative factors are unclear, time-of-day differences in the primary

outcomes, and by extension physician decision making, would suggest that quality of clinical

care varies by time of day. Such variation carries important implications for healthcare opera-

tions and practices. However, this study was unable to determine how quality of care was tem-

porally affected since defining and assessing quality of care, including whether study

physicians were over or undertesting or over or underassessing patients by time of day, was

beyond the scope of the study data.

Interestingly, unanticipated nontemporal variation was observed between same-specialty

physicians with respect to the primary outcomes. Clinicians at four clinic locations had consid-

erable case mix-adjusted differences among themselves and their same-specialty peers in both

the numbers of diagnostic tests ordered and the number of diagnoses assessed per patient

appointment. While these differences likely reflect factors such as age, experience, within-spe-

cialty expertise around complex disorders, and different backgrounds in residency or fellowship

training [25], they do imply variation in quality of care delivered within singular outpatient clin-

ics. Whether one doctor delivers better or worse care compared to his or her same-specialty

peer at the same clinic location is unclear, but such variation alone merits further investigation.

This work has several important limitations. First, the study is observational, and conse-

quently, the results are subject to unmeasured confounders, one of which is true duration of

appointment. Because there was no reliable data point in the EMR system that accurately

reflected actual appointment end times, we made the assumption that the duration of the

appointment was the scheduled duration. Additionally, literature has suggested that the greater

the difficulty of the decision, the more decision fatigue an individual may face [26]. We

attempted to control for decision complexity using the Charlson comorbidity index as a proxy,

but this may be an imperfect measure. Second, because the initial EMR data extraction was

limited to a one-year period and many physicians at the study site do not often work full out-

patient days in the same clinic, this comparison of first versus last hour of a full day was signifi-

cantly underpowered for many of the original 39 physicians, resulting in fewer data points and

limited generalizability of the study. The single-site design of the study also contributed to its

limited generalizability. Additionally, no demographic data was collected on providers per IRB

concerns. While such data could have provided key insights into same-specialty physician dif-

ferences observed, possible unmeasured confounders of first versus last hour within-physician

differences, and physician susceptibility to decision fatigue, the provider population at the

study institution is sufficiently small that collecting and reporting clinician demographic data

could jeopardize provider confidentiality. Importantly, this study did not attempt to measure

physician decision fatigue directly, and as a result, relationships between the outcomes of

interest, decision fatigue, and time of day are limited to inferences. Lastly, some of the within-

physician mean time-of-day differences, while statistically significant, are small enough in

magnitude that they may not be clinically significant for individual patients. It should be

noted, however, that small differences can aggregate into large differences over time and

patient visit volume, which from a health systems perspective, may shed valuable light on the

quality of care delivered by physicians as a whole.

Conclusion

There is some statistical evidence on an individual and group level to support the existence of

time-of-day effects on clinician decision making, particularly on the number of diagnostic
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tests ordered per patient. These findings suggest that time of day may be a factor influencing

fundamental physician behavior and processes. Notably, many physicians also exhibited sig-

nificant variation in the primary outcomes compared to same-specialty peers. Additional work

is necessary to clarify time-of-day effects and inter-physician variation in the outcomes of

interest.

Supporting information

S1 Table. Differences in median number of laboratory tests ordered.
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