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Association of the Work Schedules of Hospitalists
With Patient Outcomes of Hospitalization

James S. Goodwin, MD; Shuang Li, PhD; Yong-Fang Kuo, PhD

IMPORTANCE The working schedules of hospitalists vary widely. Discontinuous schedules,
such as 24 hours on and 48 hours off, result in several hospitalists providing care during a
patient’s hospital stay. Poor continuity of care during hospitalization may be associated with
poor patient outcomes.

OBJECTIVE To determine whether admitted patients receiving care from hospitalists with
more discontinuous schedules experience worse outcomes.

DESIGN, SETTING, AND PARTICIPANTS This retrospective cohort study used conditional models
to assess Medicare claims data for 114 777 medical admissions of patients with a 3-day to
6-day length of stay from January 1, 2014, through November 30, 2016, who received all
general medical care from hospitalists in 229 hospitals in Texas. Data were analyzed from
November 2018 to June 2019.

EXPOSURES For each admission, the weighted mean of schedule continuity for the treating
hospitalists, assessed as the percentage of all their working days in that year that were part of
a block of 7 or more consecutive working days, was calculated.

MAIN OUTCOMES AND MEASURES The primary outcome was patient mortality in the 30 days
after discharge. Secondary outcomes were readmission rates and Medicare costs in the 30
days after discharge, and discharge destination.

RESULTS Of the 114 777 patient admissions, the mean (SD) age was 79.9 (8.3) years, and

70 047 (61.0%) were women. For admissions in the lowest quartile for continuity of
hospitalist schedules, the hospitalists providing care worked 0% to 30% of their total
working days as part of a block of 7 or more consecutive days vs 67% to 100% for hospitalists
providing care for patients in the highest quartile for continuity. Patient characteristics were
not associated with the continuity of working schedules for the hospitalist(s) providing care.
In conditional logistic regression models, admitted patients cared for by hospitalists in the
highest quartile of schedule continuity (vs the lowest quartile) had lower 30-day mortality
after discharge (adjusted odds ratio [aOR], 0.88; 95% Cl, 0.81-0.95), lower readmission rates
(aOR, 0.94; 95% Cl, 0.90-0.99), higher rates of discharge to the home (aOR, 1.08; 95% Cl,
1.03-1.13), and lower 30-day postdischarge costs (-$223; 95% Cl, -$441to -$7). The results
were similar across a range of different methods for defining continuity of hospitalist
schedules and selecting the cohort.

CONCLUSIONS AND RELEVANCE Hospitalist schedules vary widely. Admitted patients receiving
care from hospitalists with schedules that promote inpatient continuity of care may
experience better outcomes of hospitalization.
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ontinuity of care is recognized as an important aspect

of medical care and is associated with fewer hospital-

izations, higher quality of life, and other notable health
outcomes."® A number of studies have found an association
of increasing discontinuities of care in different settings with
worse patient outcomes.” 8 This is the case for both ambula-
tory care and outpatient-to-inpatient transitions. For
example, continuity of care across the community-to-
hospital trajectory has decreased with the growth in the use
of hospitalists and is associated with lower community dis-
charge rates, higher costs, higher readmission rates, and in-
creased mortality after discharge.*”

One less-studied aspect of continuity of care involves the
medical care provided to hospitalized patients, in particular,
inpatient care provided by hospitalists.®° Work schedules for
hospitalists appear to differ greatly among different
hospitals.®?3 We recently used Medicare claims data to char-
acterize hospitalist work schedules.'® We found, for ex-
ample, that 665 of 2334 (28%) Texas hospitalists had O work-
ing days in a year that were part of a 7-day or longer block of
consecutive working days, whereas 591 of 2334 (25%) hospi-
talists had more than 54% of their working days as part of 7-day
or longer block.’® As expected, hospitalist schedules were
strongly associated with the continuity of care experienced by
hospitalized patients. For example, for routine medical ad-
missions with a 3-day length of stay, patients receiving care
from hospitalists in the highest quartile in terms of consecu-
tive working days in that year were 5.5-fold more likely to re-
ceive care from the same hospitalist throughout their
hospitalization.'® However, little is known about the out-
comes of discontinuities in the care of hospitalized patients.®

We studied the association of hospitalists’ schedules, from
those with more consecutive working days to those with more
intermittent working days, with mortality and readmissions
in the 30 days after discharge, the rate of discharge to the com-
munity, and the 30-day postdischarge costs of Medicare en-
rollees hospitalized with a medical diagnosis. We hypoth-
esized that provision of care from hospitalists with fewer
consecutive working days would be associated with worse pa-
tient outcomes after discharge.

Methods

Cohorts

We used 100% Texas Medicare data from January 1, 2014,
through November 30, 2016, for all analyses. Three sets of co-
horts were analyzed: one to identify hospitalist physicians
(steps 1-4 in eFigure 1 in the Supplement), another to charac-
terize their work schedules (steps 5-7in eFigure 1in the Supple-
ment), and a third to examine the associations of hospitalist
schedules with outcomes (eFigure 2 in the Supplement). Each
cohort was created separately for each year. The cohort toiden-
tify hospitalists comprised all fee-for-service Medicare enroll-
ees with both Parts A and B for the entire year. The cohort to
characterize work schedules comprised all inpatient evalua-
tion and management (E&M) claims from all hospitalistsin each
year. The cohort used in examining outcomes of admissions

JAMA Internal Medicine Published online November 25,2019

Association of the Work Schedules of Hospitalists With Patient Outcomes of Hospitalization

Key Points

Question Are hospitalist schedules associated with care
outcomes for patients?

Findings In this cohort study of 3 years of Medicare data from 229
hospitals in Texas, covering 114 777 medical admissions of patients
with a 3-day to 6-day length of stay, patients receiving care from
hospitalists whose schedules permitted continuity of care had
significantly better outcomes, including lower 30-day mortality
after discharge, lower readmissions, higher rates of discharge to
the home, and $223 lower 30-day postdischarge costs.

Meaning Hospitalist schedules promoting inpatient continuity of
care may be associated with better outcomes of hospitalization.

as a function of the continuity of hospitalist schedules in-
cluded all medical admissions with a 3-day to 6-day length of
stay and a maximum of 1 E&M charge each day from a hospi-
talist, and without an intensive care unit (ICU) stay and in which
all general medical care was provided by hospitalists. We ex-
cluded admissions with ICU stays and those with 2 or more
E&M charges from hospitalists in a day because both are as-
sociated with greater illness severity, which might lead to care
from different hospitalists (eg, an ICU physician or an on-call
hospitalist at night).

Continuity of Hospitalist Schedules

The distributions of consecutive working days for the hospi-
talists were highly skewed (eAppendix and eFigures 3-5in the
Supplement). Accordingly, we estimated the continuity of each
hospitalist’s schedule as the percentage of working days that
were part of a 7-day or longer block of consecutive working days
in that year (steps 5-7in eFigure 1 in the Supplement). In sen-
sitivity analyses, we also used 3, 4, 5, and 6 continuous work-
ing days to categorize schedules. We then calculated the av-
erage of the schedules of all hospitalists providing care for each
admission, weighted by each hospitalist’s number of E&M
claims for that admission. In an alternative analysis, we ex-
pressed continuity of each hospitalist schedule as the me-
dian number of consecutive days worked in a year (eAppen-
dix in the Supplement).

Admission and Hospital Characteristics

The Medicare Denominator File was used to extract informa-
tion on patient age, sex, and race/ethnicity (non-Hispanic
white, non-Hispanic black, Hispanic, and other). Medicaid eli-
gibility was measured using the state buy-in information in the
Medicare Denominator File. The percentage of high school
graduates in the patient’s zip code area was obtained from the
2015 five-year American Community Survey. Elixhauser co-
morbidities were assessed based on outpatient, inpatient, and
carrier claims in the 12 months prior to the hospital admission.'*
Medicare Provider Analysis and Review claims for the hospi-
talizations were used to determine the length of stay, admit-
ting diagnosis, ICU use, residence prior to hospitalization (com-
munity vs nursing facility/institution), and number of
hospitalizations in the prior 12 months. We used admitting di-
agnosis in the analyses rather than diagnosis-related group
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(DRG) because DRG is determined after the hospital stay and
might be affected by the quality of hospitalist care received.
We chose the 30 most frequent admission diagnoses as clas-
sified by Clinical Classifications Software.'>'® Hospital char-
acteristics included number of beds, location (rural vs ur-
ban), profit status (for profit, nonprofit, or government),
medical school affiliation (major, limited, graduate program,
or none), and patient satisfaction quality rating (1-2 stars,
3 stars, or 4-5 stars).1”-18

Outcomes

The main outcome was mortality within 30 days of dis-
charge. Secondary outcomes included discharge location (com-
munity vs other), 30-day readmission rate, and Medicare costs
within 30 days of discharge. Medicare costs were obtained from
inpatient, outpatient, professional, outpatient facility, and
medical equipment claims.

Statistical Analysis

Because hospitalist schedules varied widely among hospi-
tals, our main analyses used conditional models, in which the
association of hospitalist schedules with outcomes was as-
sessed within each hospital. For the 30-day mortality and dis-
charge to community outcomes, we used conditional logistic
regression models'® to determine the association of the quar-
tile of mean weighted hospitalist schedules with outcomes, ad-
justed for all patient characteristics listed in eTable 1 in the
Supplement. For 30-day readmission, we estimated the haz-
ard ratio between quartiles of mean weighted hospitalist sched-
ules using conditional Cox proportional hazard models.2° Death
was a competing risk in the survival analysis. In sensitivity
analyses, we also expressed continuity of hospitalist sched-
ule as a continuous variable.

We used a 2-level, 2-stage model for 30-day Medicare costs.
A 2-level model with gamma distribution was performed for
a positive cost, and a 2-level logistic model was performed
for a cost of 0.?! We combined the 2 results using the boot-
strap method.??

We performed sensitivity analyses using multilevel (ad-
mission and hospital) logistic regression analysis to estimate
the contribution of the hospital vs admission characteristics
to the variation in whether an admitted patient received care
from hospitalists whose weighted average schedules were in
the top quartile for continuity.?® All analyses were performed
using SAS version 9.4 (SAS Institute). We also performed analy-
ses using the median number of consecutive working days in
a year as a measure of the continuity of hospitalist schedule,
expressed as the weighted average of the median scores of the
hospitalists treating each admission (eAppendix in the Supple-
ment). We used x? statistics P value to test the associations be-
tween categorical covariates and the quartile of weighted av-
erage of hospitalist schedules, with a P value less than .05
considered significant. For continuous variables, to test the dif-
ference between group means, we used an ANOVA F statistic
Pvalue, with a Pvalue less than .05 considered significant. The
University of Texas Medical Branch Institutional Review Board
reviewed and approved this research and deemed it exempt
from requiring patient informed consent owing to the use of
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deidentified data. We followed the Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE)
reporting guideline.

|
Results

Using Medicare claims data, from January 1, 2014, to Novem-
ber 30, 2016, there were 114 777 admissions to 229 Texas hos-
pitals. These admissions included only patients with a 3-day
to 6-day length of stay and a medical DRG and excluded those
with an ICU stay or more than 2 E&M charges from a hospital-
ist on any 1 day. Patients included in the analysis received all
of their inpatient general medical care from 1 or more of 3098
hospitalists.

We estimated the continuity of the working schedules for
the treating hospitalists by calculating the percentage of their
total working days that year that were part of a 3-day, 5-day,
or 7-day block of consecutive working days. Then, for each ad-
mission, we calculated a measure of continuity as the aver-
age percentage of consecutive working days for each treating
hospitalist, weighted by their number of E&M charges for that
admission. We then ranked all admissions by the weighted
mean hospitalist schedules (Figure). Seven-day blocks pro-
duced the most separation by quartile. In the lowest quartile
of admissions, the weighted mean schedules of the hospital-
ists providing care had 0% to 30% of working days as part of
7-day or longer blocks, whereas in the highest quartile, the hos-
pitalists’ weighted mean schedules had 67% to 100% of work-
ing days as part of 7-day blocks.

Table 1 presents the characteristics of the admissions by
quartile of continuity of the schedules of the hospitalists. Small
but significant differences were observed in most admission
characteristics among quartiles, with admissions in the high-
est quartile having slightly higher age, length of stay, DRG
weight, and number of prior hospitalizations. As expected, ad-
missions in the highest quartile had fewer hospitalists provid-
ing their care. For example, admissions with a 6-day length of
stay in the lowest quartile had a mean of 2.11 (95% CI, 2.08-
2.14) hospitalists providing care vs 1.64 (95% CI, 1.62-1.67) hos-
pitalists for admissions in the highest quartile.

Much larger differences were observed among the quar-
tiles in hospital characteristics, with higher percentages of
admissions in the highest quartile of hospitalist continuity
occurring in larger, urban, nongovernment hospitals and
hospitals with a medical school affiliation (Table 1). In a
multilevel analysis (admission and hospital) of factors asso-
ciated with whether a patient received care from hospital-
ists with schedules in the highest quartile of continuity, the
hospital characteristics explained 41.9% of the variation,
whereas admission characteristics explained only 0.02%
(eTable 2 in the Supplement). Because of the large variation
in continuity in hospitalist schedules among hospitals, the
main analytic approaches to assessing the association of
hospitalist schedules with outcomes used conditional mod-
els in which comparisons among working schedules were
performed within each hospital, implicitly controlling for
differences among hospitals.
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Figure. Ranking of 114 777 Patients From 2014 Through 2016 by Weighted Average

of Continuity in Hospitalist Schedules
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Table 2 presents the results of the conditional logistic re-
gression and conditional Cox proportional hazard analyses of
the association of the continuity of hospitalist schedules with
30-day mortality, readmissions, and rate of discharge home,
controlling for admitting diagnosis, comorbidity, and other pa-
tient characteristics. A stepwise association was noted be-
tween the quartile of hospitalist schedule continuity and un-
adjusted and adjusted 30-day mortality. Admissions in the
highest quartile for hospitalist schedule continuity had a 6.47%
30-day mortality rate vs a 7.23% 30-day mortality rate for ad-
missions in the lowest quartile (adjusted odds ratio [aOR], 0.88;
95% CI, 0.81-0.95). The hazard of readmission also decreased
in the patients cared for by hospitalists in the highest quartile
of continuity scores (hazard ratio, 0.94; 95% CI, 0.90-0.99),
whereas the rate of patients who were discharged directly home
from the hospital increased (aOR, 1.08; 95% CI, 1.03-1.13).

Table 3 presents the Medicare costs in the 30 days after hos-
pital discharge as a function of the mean continuity scores for
the hospitalists providing care. Both unadjusted and ad-
justed costs decreased as the continuity score increased. Ad-
missions in the highest quartile of hospitalist schedule conti-
nuity had $223 (95% CI, -$441 to -$7) lower cost than those
in the first quartile. When stratifying by type of service, costs
were lower for additional hospitalization and for skilled nurs-
ing facility stays and higher for professional services and home
health services.

We conducted several sensitivity analyses. In one set of
analyses, we treated continuity of hospitalist schedules as a
continuous variable rather than by quartile (eTable 3 in the
Supplement). This did not change the associations between
hospitalist schedules and outcomes. In other analyses, we ex-
cluded the first hospitalist E&M claim in an admission in de-
termining the treating hospitalists because the first hospital-
ist to see a patient might be an on-call hospitalist if the patient
was admitted during off-hours. The results of these analyses
were similar to the main analyses, except that the differences
in 30-day readmission rates by quartile of hospitalist continu-
ity were not significant (eTable 4 in the Supplement). To as-
sess whether the association of work schedules with out-
comes varied between full-time and part-time hospitalists, we
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added total hospitalist working days in the year to the analy-
sis and tested for interactions between continuity of hospital-
ist schedule and total working days. No interactions were ob-
served. Also, adding discharge location to the analysis did not
change the association of continuity with outcomes.

We examined the influence of varying the number of con-
secutive working days in estimating the continuity of the work-
ing schedules of the hospitalists by calculating the percent-
age of each hospitalist’s working days in a year that were part
of a 3-day, 4-day, 5-day, 6-day, or 7-day block of continuous
working days. eFigure 6 in the Supplement presents aORs for
mortality for each 10% increase in continuity of mean weighted
hospitalist schedule, calculated by the different methods. The
aOR for mortality exhibited almost no change as a function of
the number of consecutive days used in estimating continu-
ity of hospitalist schedules (eFigure 6 in the Supplement).
In analyses to explore this lack of change, we found that the
relative ranking among the hospitalists in schedule continu-
ity changed little as the number of consecutive days used to
identify continuity varied (eTable 5 in the Supplement).

Finally, the analyses using the median number of con-
secutive working days for the treating hospitalists in the year
produced results nearly identical to the main analyses (eTable 6
in the Supplement). In a spline analysis, we found that the as-
sociation of hospitalist median working days and postdis-
charge mortality was linear between 1 and 14 days (eFigure 7
in the Supplement).

|
Discussion

In this study, we show that patients receiving care from hos-
pitalists who usually work several days in arow experience bet-
ter outcomes and lower costs after discharge compared with
those cared for by hospitalists with more intermittent sched-
ules. Continuity of care for hospitalized patients may be im-
portant for several reasons. It is unlikely that all relevant in-
formation communicated by patients and their families to a
physicianisincluded in the electronic medical record or trans-
mitted orally during handoffs. Another aspect of continuity of
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Table 1. Admission and Hospital Characteristics Associated With the Working Schedules of Hospitalists®

Quartile of Weighted Average of Hospitalist Schedules, %

Characteristic Q1 Q2 Q3 Q4 P Value
Admission Characteristics
Patient age, mean (95% Cl), y 79.85 (79.76-79.96) 79.90(79.81-80.00)  80.07 (79.97-80.16)  79.87(79.77-79.97)  .008
LOS, mean (95% Cl), d 3.95(3.94-3.96) 3.97 (3.96-3.99) 4.01 (4.00-4.02) 4.03 (4.02-4.04) .001
No. of hospitalists, mean (95% Cl)

3-dLOS 1.62 (1.61-1.63) 1.62 (1.61-1.64) 1.55 (1.53-1.56) 1.31(1.30-1.32) <.001

4-d LOS 1.80(1.78-1.81) 1.80(1.78-1.82) 1.71(1.69-1.72) 1.43(1.42-1.45) <.001

5-dLOS 1.97 (1.95-2.00) 1.97 (1.95-1.99) 1.87(1.85-1.89) 1.54(1.52-1.56) <.001

6-d LOS 2.11(2.08-2.14) 2.10(2.07-2.13) 1.97 (1.95-2.00) 1.64(1.62-1.67) <.001
No. of comorbidities, mean (95% CI) 5.35(5.31-5.39) 5.49 (5.44-5.53) 5.54 (5.49-5.58) 5.66 (5.62-5.70) <.001
No. of prior hospitalizations, mean (95% Cl) 1.00(0.98-1.01) 1.02 (1.01-1.04) 1.03(1.01-1.04) 1.05 (1.04-1.07) <.001
DRG weights, mean (95% Cl) 1.04(0.98-1.01) 1.06 (1.05-1.06) 1.07 (1.07-1.08) 1.07 (1.07-1.08) <.001
Male 38.90 38.76 39.06 39.18 .75
Medicaid 22.31 20.74 19.54 22.20 <.001
Race

White 74.72 74.26 75.92 73.04

Black 9.54 9.52 8.77 7.82 <.001

Hispanic 13.64 14.32 13.30 17.19
Education, mean (95% Cl), %° 82.45(82.32-82.58) 82.82(82.69-82.95) 83.49(83.37-83.62) 81.83(81.69-81.97) <.001
Admitted from community 94.74 94.90 94.32 94.19 <.001
Emergency hospitalization 80.37 83.69 81.01 80.62 <.001
Weekend hospitalization 30.64 31.09 30.85 30.36 .28
Hospital Characteristics
No. of beds, mean (95% Cl) 451.99 508.25 535.74 536.08 <.001

(447.03-456.95) (503.06-513.44) (530.66-540.32) (531.54-540.62)

Location

Rural 14.86 9.12 6.56 7.31

Urban 85.14 90.88 93.44 92.69 <001
Type of hospital

For profit 27.81 31.80 36.56 43.01

Government 17.93 11.23 7.17 6.14 <.001

Nonprofit 54.26 56.96 56.27 50.86
Medical school affiliation

Major 12.13 13.34 15.09 20.76

Limited 25.71 27.90 32.70 29.96

Graduate program 5.70 4.46 3.19 3.93 <001

None 56.46 54.31 49.02 45.35
HCAHPS summary star rating®

1-2 stars 12.89 13.88 10.00 13.61

3 stars 52.09 54.22 53.64 54.17 <.001

4-5 stars 35.02 31.90 36.36 32.23

Abbreviations: DRG, diagnosis-related group; HCAHPS, Hospital Consumer
Assessment of Healthcare Providers and Systems; LOS, length of stay.

@ For each admitted patient who received all their generalist care from

weighted mean continuity scores for each admission were then grouped by
quartile, from lowest continuity score to highest continuity score.

b persons 25 years and older in the zip code with a high school education.

hospitalists, we determined the continuity score for each hospitalist providing
care to that patient and calculated the average continuity score, weighted by
the number of days each hospitalist provided care for that patient. These

€ Summary star ratings were taken from HCAHPS, a patient satisfaction survey
mandated by the Centers for Medicare & Medicaid Services.

careis trust. Knowledge of patient values and active family in-
volvement are key in medical decision-making and discharge
planning. Patients and their families may be less comfortable
soliciting and following the advice of a physician they are see-
ing for the first time, particularly if the issue is value laden,
such as end-of-life issues or discharge destination.>242> How-
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ever, one could also make a case for benefits from discontinu-
ity—a fresh set of eyes might lead to more accurate diagnoses
and treatments. The point is, the question of whether conti-
nuity of care during hospitalization is associated with patient
care outcomes has largely gone unanswered.?-° A Joint Com-
mission Center for Transforming Healthcare report2® attrib-
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Table 2. Association of Continuity of the Weighted Mean Schedules of Hospitalists Providing Care for Patients

With Outcomes of Hospitalization by Quartile®

Quartile of Weighted Average of Hospitalist Schedules®

Outcome® Q1 Q2 Q3 Q4
Admissions, No. 29068 28967 28721 28291
30-d Mortality

Unadjusted rate, No. (%) 2101 (7.23) 1965 (6.85) 1905 (6.63) 1831 (6.47)

aOR (95% ClI)

30-d Readmission
Unadjusted rate, No. (%)
HR (95% CI)

Discharged home
Unadjusted rate, No. (%)
aOR (95% ClI)

1 [Reference]

4830 (16.62)

1 [Reference]

12778 (43.95)

1 [Reference]

0.92 (0.85-0.98) 0.90 (0.83-0.98)

4747 (16.54)
0.97 (0.93-1.01)

4746 (16.52)
0.96 (0.91-1.01)

12582 (43.84) 12658 (44.07)
1.05 (1.01-1.09) 1.03 (0.99-1.08)

0.88(0.81-0.95)

4701 (16.61)
0.94 (0.90-0.99)

13154 (46.50)
1.08 (1.03-1.13)

Abbreviations: E&M, evaluation and management; HR, hazard ratio;
a0R, adjusted odds ratio.

2 The schedule continuity of hospitalists was categorized as the percentage of
their working days in the year of the admission that were part of a block of at
least 7 consecutive working days. Each admission was then assigned a
weighted mean hospitalist schedule, which was the mean of the continuity of

each hospitalist providing care during that admission, weighted by the number
of days each hospitalist submitted an E&M claim.

b Adjusted odds ratios for 30-day mortality and discharge home were derived
from a conditional logistic regression model, and HRs for 30-day readmissions
were derived from a conditional Cox proportional hazard model, with death as
a competing risk.

uted the majority of serious medical errors to miscommuni-
cation between physicians during handoffs, but that finding
was based on studies of house officers.

We have previously shown that care by hospitalists
compared with care by primary care physicians is associ-
ated with higher readmission rates, higher costs after dis-
charge, and lower rates of discharge home.” More recently,
Stevens et al® reported higher 30-day mortality rates and
lower rates of discharge home with care by hospitalists com-
pared with care by primary care physicians. Results of the
current study suggest that the adverse outcomes associated
with hospitalist care might, in part, be because of disconti-
nuities during hospitalization, in addition to the disconti-
nuities experienced in the transitions from community to
hospital to community.>”

Much of the discontinuity of care experienced by hospi-
talized patients receiving care from hospitalists is a function
of the working schedules of hospitalists.!° The large variation
in hospitalist schedules among hospitals presumably reflects
choices between competing priorities, such as preventing phy-
sician burnout vs increasing continuity.>! Efforts by hospitals
and hospitalist groups to promote working schedules with
more continuity could lead to improved postdischarge out-
comes in patients receiving hospitalist care.

Limitations

The method of identifying hospitalist schedules in this study
has limitations. The method cannot distinguish between, for
example, a hospitalist working an 8-hour daily shift for a week
from a hospitalist working every other night, in which each
8-hour or 12-hour shift overlaps 2 consecutive calendar days.
Both would be categorized as having schedules with a high per-
centage of working days as part of a 7-day block of continu-
ous working days. However, the association of hospitalists’
schedules with the likelihood of a patient seeing just 1 hospi-
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talist shown in a prior study'® provides internal validation of
the method. Also, we excluded admissions with more than
1 hospitalist charge in a day and, in a sensitivity analysis, ex-
cluded the initial hospitalist charge, which reduced any con-
tribution from on-call or nocturnist hospitalists. This did not
change the results. Another limitation is that hospitalists car-
ing primarily for younger patients or patients who participate
in a health-maintenance organization might not generate
an E&M charge on a fee-for-service Medicare patient every day
that they work, which would bias the estimates of their
schedules.

A major challenge in virtually all observational studies is
selection bias. At the level of the patients, patients with more
complex illnesses might be more likely to see multiple gener-
alist physicians and also may be more likely to experience ad-
verse outcomes, producing a spurious association of discon-
tinuity with adverse outcomes. We addressed this bias in
several ways. First, we excluded the patient admissions most
likely to exhibit this bias: those with more than 1 E&M charge
for generalist care on any day and those with an ICU stay.
We also controlled for length of stay, admission diagnosis, and
all other available factors associated with the outcomes
examined.

Second, the most powerful way of reducing bias takes
advantage of the fact that continuity of care of admissions
varies greatly by the hospitalists providing the care.!° Thus,
these analyses were performed at the level of the hospital-
ist. We sought to determine whether patients cared for by
hospitalists with discontinuous work schedules had worse
outcomes, controlling for characteristics of the hospital and
the admission. At the hospitalist level, the selection bias
outlined above is less plausible; that is, a person would have
to postulate that hospitalists with discontinuous work
schedules are more likely to care for sicker patients. We
found no evidence of this. As summarized in Table 1,
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Table 3. Medicare Costs in the 30 Days After Hospital Discharge, Stratified by the Quartile of Continuity of the Mean Weighted Hospitalist Schedules

Quartile of Weighted Average of Hospitalist Schedules, $ (95% CI)

Costs? Q1 Q2 Q3 Q4
Admissions, No. (%) 29068 (25.3) 28967 (25.0) 28721 (25.0) 28291 (24.7)
Total cost

Unadjusted cost

Adjusted cost

Difference in adjusted cost from Q1
Inpatient cost

Unadjusted cost

Adjusted cost

Difference in adjusted cost from Q1
SNF cost

Unadjusted cost

Adjusted cost

Difference in adjusted cost from Q1
Professional charges cost

Unadjusted cost

Adjusted cost

Difference in adjusted cost from Q1
Home health cost

Unadjusted cost

Adjusted cost

Difference in adjusted cost from Q1
Outpatient facility cost

Unadjusted cost

Adjusted cost

Difference in adjusted cost from Q1
Medical equipment cost

Unadjusted cost

Adjusted cost

Difference in adjusted cost from Q1

8667.5 (8533.9t0 8301.0)
8366.7 (8149.6 t0 8583.8)
0 [Reference]

1957.8 (1886.0 to 2029.5)
1857.9 (1801.9 to 1913.9)
0 [Reference]

4568.7 (4463.11t04674.3)
4025.0(3918.4t04131.7)
0 [Reference]

962.2 (938.7 t0 985.8)
859.4 (840.2 t0 878.6)
0 [Reference]

726.2 (709.0 to 743.3)
859.4 (840.2 t0 878.6)
0 [Reference]

391.2 (376.7 t0 405.7)
344.9 (332.0t0 357.8)
0 [Reference]

61.4 (56.7 t0 66.1)
48.4 (46.1t050.7)
0 [Reference]

8575.3 (8445.0 t0 8705.7)
8229.6 (8026.4 t0 8432.7)
-137.1(-328.4t054.2)

1985.6 (1910.8 to 2060.4)
1837.1(1784.3 t0 1889.8)
-20.8 (-70.4 to 28.8)

4372.2 (4272.3 t0 4472.1)
3932.6 (3932.0t0 4033.3)
-44.0 (-138.6 t0 50.6)

998.4 (980.1 t0 1016.7)
872.7 (854.6t0 891.1)
13.48 (-3.60 to 30.56)

753.8 (736.1 t0 771.4)
872.9 (854.6 t0 891.1)
1.3(-12.1t014.7)

398.2(383.0t0413.4)
354.6 (342.0t0 367.3)
9.8 (-1.7t021.2)

67.2 (61.5t072.8)
48.5(46.3 10 50.7)
0.1(-1.9t02.1)

8484.6 (8356.4t0 8612.8)
8172.0(7983.1 t0 8360.8)
-194.7 (-399.6 t0 10.2)

1947.3 (1873.4t0 2021.1)
1765.4(1717.8 t0 1812.9)
-92.5 (-144.7 to -40.3)

4314.7 (4216.5 to 4412.9)
3991.5 (3894.6 to 4088.3)
-82.1(-182.6t018.4)

993.4 (975.8 t0 1011.0)
876.2 (859.1t0893.2)
16.8 (1.6 t0 35.2)

771.6 (753.7 to 789.5)
876.2 (859.1t0893.2)
15.3(1.1t029.6)

393.2 (377.7 to 408.7)
355.6 (343.8t0367.4)
10.8 (-1.7 to 23.1)

64.5 (59.6 t0 69.3)
45.5(43.6t0 47.4)
-2.8(-5.0t0-0.7)

8206.6 (8074.3t0 8338.9)
8143.0(7954.9t08331.1)
-223.7 (-440.8 t0 -6.6)

2030.1(1948.9t02111.4)
1780.6 (1733.8 to 1827.7)
=77.2 (-133.2t0-21.2)

3961.8 (3865.4 to 4058.3)
3890.8 (3812.3 to 3969.1)
-134.4 (-241.0to -27.7)

984.2 (966.6 t0 1001.8)
885.4 (868.5 t0 902.4)
26.1(6.9t045.2)

755.0(737.2t0772.8)
885.4 (868.5 t0 902.4)
16.9(2.2t0 31.6)

407.7 (391.7 to 423.7)
354.27 (342.6 t0 366.0)
9.4(-3.5t022.3)

67.7 (62.3t073.1)
47.4 (45.5t049.3)
-0.9(-3.2t01.4)

Abbreviation: SNF, skilled nursing facility.

@ The unadjusted costs are the actual mean costs to Medicare in each category.

that includes a logistic model for O cost and gamma distribution for nonzero

cost and is adjusted for all admission characteristics shown in eTable 1in the

The adjusted costs use a 2-stage multilevel model (admission and hospital) Supplement.
patients receiving care from hospitalists in the top quartile T ————
of schedule continuity compared with those in the bottom  Conclusions

quartile differed only slightly by characteristics of the

admission, and most of the differences were associated with
a slightly higher risk of adverse outcomes (eTable 1 in the
Supplement). Overall, patient characteristics contributed
only 0.02% to the variation in continuity of the hospitalist

schedules.
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