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Abstract
Objectives—To assess how reductions in length of stay associated with hospitalist care vary by
patient and hospital characteristics and explore whether these reductions in length of stay changed
over time in the Medicare population.

Design—Retrospective cohort study using data from a 5% national sample of Medicare
beneficiaries.

Setting—Hospital.

Participants—To examine temporal trends, 1,981,654 Medicare admissions in 2001 to 2006 at
5036 U.S. hospitals were used. To examine the influence of patient and hospital characteristics,
314,590 admissions in 2006 were used.

Measurements—Hospital length of stay.

Results—In multivariable analyses controlling for patient and hospital characteristics, the
reductions in length of stay associated with hospitalist care increased from 0.02 days in 2001-02 to
0.22 days in 2003-04, and 0.35 days in 2005-06. For 2006 admissions, reductions in length of stay
were greater in older patients and patients with a higher DRG weight. The reductions were three
times greater for medical than for surgical DRGs, with greater reductions in length of stay at non-
profit vs. for profit hospitals, and at community vs. teaching hospitals.

Conclusion—The reductions in length of stay associated with hospitalist care would appear to
be greatest in older, complicated, non-surgical patients cared for at community hospitals.
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INTRODUCTION
In the U.S. the growth of hospitalists started in the 1990s, coincident with the shift to
managed care and pressures to reduce costs (1-4). Prospective trials and observational or
quasi experimental studies have compared hospitalists to non-hospitalists in caring for
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general medical admissions (1-2,5-12). Almost all of these studies found that patients cared
for by hospitalists experienced a modest decrease in hospital length of stay. It is not yet clear
what effect this shift in care delivery will have on the care of the elderly population. The
elderly tend to have multiple hospitalizations and longer lengths of stay due to their complex
disease status and multiple comorbidities. This poses substantial challenges and
opportunities for hospitalists (13-14).

Almost all prior studies of hospitalist care were from single institutions, and from academic
hospitals. Because of that, there is little information on whether the impact of hospitalists
varies by type of hospital. For example, academic hospitals are typically less efficient
because of the presence of trainees (15-16). One might posit that hospitalists would have a
greater impact in academic than in community hospitals. Lindenauer et al. (12) recently
studied patients cared for by hospitalists and non-hospitalists at 45 hospitals, and reported
little variation in the effect of hospitalists on length of stay. Specifically, they found no
variation by teaching status of the hospital in the differences in length of stay of patients
cared for by hospitalists vs. non-hospitalist general internists or family physicians.

In addition, very little investigation has focused on how the impact of hospitalists might vary
by patient characteristics, such as advanced age and higher number of comorbidities (17).
Also, hospitalists initially were utilized in the care of general medical patients, but have
increasingly been involved in co-management of surgical patients (4,18). Is the impact on
length of stay similar in both groups?

Finally, no information exists on whether the impact of hospitalists on length of stay has
been maintained over time. It is possible that the physicians who participated in the early
trials of hospitalist care were enthusiasts, motivated to show that this model was superior.
Such bias, if present, should diminish over time.

In this report we examine the effect of hospitalists on length of stay in Medicare patients
hospitalized at 5036 U.S. hospitals from 2001 to 2006. The availability of the national
Medicare data allows us to examine the influence of time, and patient and hospital
characteristics on the effect of hospitalists on length of stay. We hypothesized that
reductions in length of stay associated with care by hospitalists would be greater in more
complex cases, greater in teaching than in non-teaching hospitals, and that differences in
length of stay between patients cared for by hospitalists vs. non-hospitalists would decrease
over time.

METHODS
Source of Data

Claims from the period 2001 to 2006 from a 5% national sample of Medicare beneficiaries
were used. We used Medicare enrollment files, Medicare Provider Analysis and Review
(MEDPAR) files, Outpatient Statistical Analysis File (OUTSAF), Medicare Carrier files,
Provider of Services (POS) file, and DRG weight files.

Establishment of the Study Cohort
All 3,811,864 hospital admissions from 2001 to 2006 in MEDPAR were selected. Because
our study focused on hospitalist care, and >95% hospitalists treating adult patients are
generalist physicians (19), admissions not involving an Evaluation and Management (E&M)
charge by a general internist, family physician, general practitioner or geriatrician were
excluded (n=1,628,912). Also excluded were 10,158 admissions which could not be linked
to the POS file and 191,140 admissions in which patients received care from both
hospitalists and non-hospitalists, leaving 1,981,654 admissions in 2001-2006.
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Analyses examining the influence of hospital and patient characteristics on reductions in
length of stay associated with hospitalist care were limited to 2006 data, the most recent year
available. For those analyses, beneficiaries enrolled in HMOs or without both Medicare
Parts A and B for the entire 12 months prior to the admission (n=22,899) were excluded.
Also excluded were 5,986 admissions which could not be linked to the DRG weight file.
This left 91,065 admissions cared for by hospitalists and 223,525 admissions cared for by
non-hospitalists in 2006.

Measures
Medicare enrollment files were used to categorize patients by age, gender and ethnicity
(White, Black, other). A Medicaid indication in the enrollment file was used as a proxy for
low socioeconomic status. Information regarding origin of admission (emergency
department vs. other), weekend vs. weekday admission, admission with intensive care unit
(ICU) stay and discharge diagnosis-related group (DRG) were obtained from the Medicare
Provider Analysis and Review (MEDPAR) files. DRG weight reflects the average amount of
resource utilization for each DRG. Residence in a nursing facility prior to admission, and
discharge to home or to another health care facility was obtained from the MEDPAR files,
as well as by searching for any evaluation and management codes associated with nursing
facilities (20) in the 3 months prior to admission. Elixhauser comorbidity measures (21)
were generated using both inpatient and physician claims from MEDPAR, Outpatient
Statistical Analysis File (OUTSAF), and Carrier files. Total number of hospitalizations and
total number of outpatient visits in the year prior to the index hospitalization were generated
from MEDPAR and Carrier files.

Hospital information — zip code, county, state, total number of hospital beds, type of
hospital and medical school affiliation — were obtained from the POS file. Metropolitan
size was generated from 2000 Census data. Both metropolitan size and total number of
hospital beds were categorized by quartiles; states were grouped by census region; type of
hospital was categorized as non-profit, for profit or public; and medical school affiliation
was categorized as none, minor or major.

Hospitalists were identified as generalist physicians who had at least five Medicare
Evaluation and Management claims and generated ≥ 90% of these claims from care
provided to hospitalized patients in the years studied. This definition was shown to have
84.2% sensitivity and 96.5% specificity when validated at seven hospitals (4).

Study Outcome
Our study outcome was hospital length of stay, obtained from MEDPAR files.

Statistical Analyses
The relationship of hospitalist care to length of stay was evaluated using generalized
estimating equations (GEE) with log link normal distribution. These models accounted for
the clustering of patients within hospitals and controlled for both hospital characteristics
(region, metropolitan size, total number of beds, type of hospital and teaching affiliation)
and patient characteristics (age, gender, race, socioeconomic status, DRG group, ER
admission, admission with ICU stay, weekend admission, comorbidity, DRG weight and
total number of hospitalizations and provider visits in the 12 months before the index
admission). The interactions between hospitalist care and hospital/patient characteristics on
length of stay were tested. To reduce skew and account for outliers, we repeated our
analyses, excluding admissions in which length of stay was > 3 standard deviations above
the mean. To remove the cluster effect within patients, analyses were repeated to include
only the first admission in a year for each patient.
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We assessed the association between decrease in length of stay associated with hospitalist
care and overall length of stay by linear regression using the top 25 medical and 15 surgical
DRGs, which accounted for 57.5% of all admissions. All tests of statistical significance
were 2-sided. Bonferonni corrected p-values and 95% confidence intervals corresponding to
corrected p-values were reported to account for multiple comparisons. Analyses were
performed with SAS version 9.1 (SAS Inc., Cary, NC).

Selection Bias: In preliminary analyses we found that patients cared for by hospitalists were
less likely to have an identified primary care physician (PCP) prior to admission (22).
Patients with an established PCP differ from those without, in that they are younger and
have fewer comorbidities. Therefore, in order to reduce the baseline differences between the
cohorts of patients receiving hospitalist care vs. non-hospitalist care, we repeated all
analyses restricting the cohort to patients with an identified PCP.

Additionally, propensity score analyses were conducted (23,24) for admissions cared for by
hospitalists and non-hospitalists in 2006. The propensity that an admission would be cared
for by a hospitalist was generated from a logistic regression model that incorporated the
potential confounders listed in Table 1. We grouped the admissions into 5 strata representing
quintiles of the propensity score. The Cochran-Mantel-Haenszel Chi-square was used to
determine whether the covariance was balanced after adjusting for propensity quintiles.
Covariates that retained a significant difference between patients cared for by hospitalists
and non-hospitalists were age (p=0.005), the comorbidities of alcohol use (p=0.040) and
drug abuse (p=0.008), the number of provider visits in the 12 months before admission
(p=0.013), ER admission (p<0.001), hospital size (p<0.001), hospital medical school
affiliation (p<0.001) and metropolitan size (p<0.001). These variables were adjusted
together with the propensity score in the GEE models. The association between hospitalist
care and length of stay within each quintile of propensity were reported.

RESULTS
Table 1 provides hospital and patient characteristics stratified by whether patients received
hospital care from a hospitalist or non-hospitalist in the 2006 cohort. The two groups
differed by number of comorbidities, average number of doctor visit in the year before index
admission, DRG weight, percentages with ER admission, ICU utilization, residence in a
nursing home prior to admission, discharge location, and by hospital teaching status,
hospital size, and size of the metropolitan area. Because of the very large sample size,
almost all differences between the two groups were statistically significant. It is more
important to focus on the magnitude of any differences rather than their level of statistical
significance. Inpatient mortality was similar (3.6% vs. 3.5%) between the two groups.

Table 2 shows the differences in length of stay between patients cared for by hospitalists and
those cared for by non-hospitalists for all hospital admissions and for the top 10 DRG
admissions in 2006. The table presents the unadjusted mean lengths of stay for patient cared
for by hospitalists vs. non-hospitalists, plus the difference in length of stay between the two
groups, unadjusted and also adjusted for all the variables in Table 1. For all admissions, the
adjusted average length of stay was 0.36 (95% CI: 0.26-0.46) days shorter for patients cared
for by hospitalists, a reduction of 7.1%. A significantly shorter length of stay was associated
with hospitalist care for nine out of the top 10 DRGs, ranging from 0.18 to 0.88 days. There
were only small differences between the unadjusted and adjusted differences in length of
stay.

We repeated the analyses shown in Table 2 twice: 1) restricting it to data on a maximum of
one admission per patient per year, and 2) excluding admissions with lengths of stay or total
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charges greater than three standard deviations above the mean. These modifications had
little effect on the results in Table 2. To reduce baseline differences between the hospitalist
and non-hospitalist groups, we also restricted the analyses to admissions where the patient
had an identifiable PCP prior to admission. In those analyses, the difference in adjusted
length of stay between the hospitalist and non-hospitalist groups was 0.44 days (95% CI:
0.35-0.52), compared to the 0.36 days reported in Table 2. We also performed propensity
analyses, stratifying admissions in quintiles based on propensity to receive hospitalist care.
The differences in length of stay between the hospitalist and non-hospitalist group ranged
from 0.25 days (95% CI: 0.12-0.37) to 0.52 days (95% CI: 0.38-0.65), with greater
differences in length of stay in the quintiles with the highest propensity to receive hospitalist
care.

To examine whether the shorter length of stay associated with hospitalist care varied by
patient and hospital characteristics, two-way interactions were performed between
hospitalist care and each of the characteristics included in the models in Table 2. The impact
of hospitalist care on length of stay varied significantly by age, medical vs. surgical DRG,
DRG weight, type of hospital, hospital teaching status, and ICU stay, but did not vary
significantly by region, metropolitan size or patient socioeconomic status. Table 3 shows the
differences in adjusted average length of stay between those cared for by hospitalists vs.
non-hospitalists, stratified by each of those characteristics. The reductions are expressed as
adjusted differences in days and also as the percent decrease in length of stay.

The differences in length of stay were greater in older patients and in those without an ICU
stay (Table 3). Adjusted length of stay differences between patients cared for by hospitalists
and non-hospitalists were about three times as great for medical patients as for surgical
patients. Similarly, there was a strong association between DRG weight and the impact of
hospitalist care on length of stay. Length of stay differences between hospitalist and non-
hospitalist care were three times greater in the highest vs. lowest quartile of DRG weight
(0.26 vs. 0.78 days). Lengths of stay differences were greater in public and non-profit vs. for
profit hospitals, and in non-teaching vs. teaching hospitals.

In Table 3, the results expressed as a percent reduction in average adjusted length of stay
were similar to the results expressed as difference in length of stay in days, with the
exception of DRG weight. Because underlying length of stay increased with increasing DRG
weight, the percent reductions in length of stay did not vary as greatly by DRG weight.

Figure 1 presents analyses for the top 25 medical and top 15 surgical DRGs. The adjusted
differences in length of stay between hospitalist and non-hospitalist care are plotted against
the average total length of stay for patients receiving non-hospitalist care. Two findings are
apparent. First, there is a strong association between the magnitude of the decrease in length
of stay associated with hospitalist care and overall length of stay. Second, the association is
different for admissions with surgical DRGs vs. medical DRGs.

For both medical and surgical DRGs, the correlation between decrease in length of stay and
overall length of stay is strong (r=0.67 for medical DRGs and r=0.73 for surgical DRGs).
Also, the slopes of the two regression lines do not differ significantly (P>0.56). However,
the intercepts of the two curves are quite different (p=0.001). In the case of surgical DRGs,
the impact of hospitalists on length of stay became apparent only when the overall length of
stay for a given DRG was approximately 4 days or longer. With medical admissions, the
impact of hospitalist care was apparent even in DRGs with very short overall mean lengths
of stay.

Compared to patients cared for by non-hospitalists, patients cared for by hospitalists were
less likely to be discharged to home (59.1% vs. 61.6%). We assessed whether the reduction
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in length of stay was associated with discharge location. The unadjusted differences in
length of stay between patients cared for by hospitalists and non-hospitalists were similar for
those discharged to home (0.39 days, 95 CI: 0.36-0.43) and those discharged to another
health care facility (0.41 days, 95% CI: 0.33-0.49). Also, the interaction between hospitalist
care and discharge location on length of stay was not significant (p=0.6826) in the
multivariable GEE model.

We next assessed whether the impact of hospitalists on length of stay decreased over time.
We compared the effect of hospitalist care on reduction of length of stay in 2001-2002,
2003-2004, and 2005-2006. The difference in adjusted average length of stay associated
with hospitalist care was 0.02 (95% CI: 0.09-0.12) days in 2001-2002, 0.22 (95% CI:
0.14-0.30) days in 2003-2004, and 0.35 (95% CI: 0.29-0.41) days in 2005-2006 (p<0.001).

DISCUSSION
The reductions in length of stay associated with hospitalist care in 5036 hospitals nationally
in the Medicare population are in line with findings from prospective trials and
observational studies (1,2,7-11). In an observational study of 47 hospitals, Lindenauer et al.
(12) reported an adjusted 0.4 days shorter length of stay. A prospective trial by Meltzer et al.
(8) found an adjusted length of stay 0.49 days shorter in the second year of the trial, while
the trial by Wachter et al. (5) reported a decrease of 0.6 days. Since reductions in length of
stay associated with hospitalist care differ by DRG and hospital type (Table 2, Figure 1),
differences among studies might be explained by hospital difference or differences in the
distribution of diagnoses in the studied populations.

The amount of decrease in length of stay associated with hospitalist care varied significantly
by age, complexity of disease and whether the patient had an ICU stay during admission. As
hypothesized, reductions in length of stay were greater among older patients and those with
complex disease. This is consistent with analyses from one academic hospital showing a
greater impact of hospitalists in more complicated patients (17). These results support the
concept that hospitalist care has a meaningful effect on reducing length of stay in geriatric
medicine. Among the 25 most common medical and 15 most common surgical DRGs, there
was a strong linear association between reductions in length of stay associated with
hospitalist care and average length of stay for that DRG. Overall, the reduction in length of
stay associated with hospitalist care was lower among surgical DRGs than medical DRGs. A
number of investigators have reported on hospitalist care in surgical patients, particularly in
orthopedic surgery, and have found reductions in length of stay (25-27), but no prior studies
have compared the impact of hospitalists on surgical vs. medical patients, or by specific
DRGs.

We also hypothesized that the effect of hospitalists on length of stay would be greater in
academic than community hospitals, given the inefficiencies in care associated with teaching
services (15,16). In fact, the opposite was the case; community hospitals had greater length
of stay reductions associated with hospitalist care. Hospitalist care was associated with
greater reductions in length of stay at non-profit than at for-profit hospitals. This may be
because for-profit hospitals have multiple mechanisms in place to reduce length of stay in
addition to hospitalist care (28). Alternatively, different types of hospitals may attract
different kinds of patients, and these differences may not be entirely controlled for in
multivariable analyses.

We hypothesized that the magnitude of length of stay reductions associated with hospitalist
care would diminish over time. We reasoned that the prospective trials of hospitalist care
would have attracted highly motivated physicians as hospitalists, which may have resulted in
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decreases in length of stay resulting more from increased physician motivation than from the
hospitalist model per se. In fact, we found that the association of hospitalist care with
reduction in length of stay actually increased over time, from 0.02 days in 2001-2002 to 0.22
days in 2003-2004, and 0.35 days in 2005-2006. This finding argues against any Hawthorne
effect, and is more consistent with the concept proposed by Meltzer et al. (8) and Auerbach
et al. (11) that hospitalists get more efficient with experience. We recently reported that
career stability and experience of hospitalists improved during the 2001 to 2006 period (4).

Our research has certain limitations. First, we did not assess hospital costs. Medicare claims
data only provide information on charges, which are variably related to costs (29). In
preliminary analyses, we found that the correlation of total hospital charges to length of stay
was 0.73. We focused on length of stay because we felt it to be a more direct measure of
resource utilization than charges. Second, we used a functional definition of a hospitalist, a
generalist physician who derived ≥ 90% of Evaluation and Management charges from
hospitalized patients (4). Prior works on hospitalists have used different definitions (5-8).
Our definition did not reflect physician’s experience, nor did it take into account physician’s
time spent on teaching and research. This definition also excluded medical subspecialists
who are hospitalists (30,31). Third, our study has a very large sample size. This allows us to
test many interactions and control for multiple covariates, but the large sample size also
causes the analyses to be overpowered. However, we focused on the magnitude of
differences between two groups, not statistical significance. We feel that the 0.36 day
reduction in mean length of stay likely translates into meaningful cost savings. Lindenauer
et al. (12) reported a $268 average lower cost among patients cared for by hospitalists with a
similar reduction in length of stay as our study.

Another limitation is that patients cared for by hospitalists differed from those cared for by
non-hospitalists. For example, they were on average slightly younger and more likely to be
in large hospitals and large metropolitan areas. We addressed these differences in several
ways. First, we adjusted for these differences in patient and hospital characteristics in
multilevel, multivariable analyses. Second, we repeated our analyses, restricting them to
patients with an identified PCP, reducing the baseline differences between patients seen by
hospitalists and non-hospitalists. Third, we stratified admissions into quintiles based on
propensity to receive hospitalist care. These maneuvers did not substantially affect the
estimates of reductions in length of stay associated with hospitalist care. Overall, we did not
address the quality of hospitalist care, patient and family satisfaction with care, regional
variation in length of stay associated with hospitalist care, and the outcomes of hospitalist
care such as readmission rates. Further studies in these areas will give a more
comprehensive understanding of hospitalist care.

In summary, the overall reduction in length of stay associated with hospitalist care in the
Medicare population is modest, but has increased over time. The reduction varies by patient
and hospital characteristics, with the greatest percent reductions in length of stay found in
the very old and those with complicated disease.
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Figure 1.
Differences in adjusted length of stay between patients cared for by hospitalists and non-
hospitalists versus adjusted average length of stay for non-hospitalists, among the top 25
Medical DRGs and top 15 Surgical DRGs for 199,280 admissions in 4272 hospitals in 2006.
The linear regression lines for Medical and Surgical DRGs were fitted separately.
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Table 1

Hospital and patient characteristics* stratified by whether hospitalized Medicare patients were cared for by
hospitalists or non-hospitalists in 4359 hospitals in 2006.

Characteristics Non-hospitalist Hospitalist p-value**

(n = 223525) (n = 91065)

Age < 65 12.8% 15.5%

65 - 74 24.9% 24.9%

75 - 84 36.6% 35.0%

85 + 25.7% 24.6%

Mean age 76.2±12.2 75.3±13.0 <0.001

Gender Male 40.5% 41.9% <0.001

Female 59.5% 58.1%

Race/ethnicity White 84.3% 82.2% <0.001

Black 11.2% 13.0%

Other 4.5% 4.9%

Low socioeconomic status 26.2% 28.7% <0.001

Emergency admission 66.5% 72.3% <0.001

Weekend admission 25.6% 25.5% 1.000

Diagnosis related group Surgical Orthopedic 7.4% 8.9% <0.001

Surgical Gastroenterology 2.8% 2.2%

Surgical Cardiology 4.3% 3.9%

Surgical Other 4.4% 4.6%

Medical Neurology 5.6% 6.7%

Medical Pulmonary 16.3% 15.3%

Medical Cardiology 19.7% 17.9%

Medical Gastroenterology 11.1% 10.4%

Medical Other 28.4% 30.2%

Diagnosis related group weight 1.4±1.3 1.3±1.2 <0.001

Elixhauser Comorbidity Congestive heart failure 28.5% 26.1% <0.001

Valve disease 12.6% 11.9% <0.001

Pulmonary circulation disease 2.3% 2.3% 1.000

Peripheral vascular disease 16.0% 17.0% <0.001

Hypertension 71.5% 68.8% <0.001

Paralysis 3.5% 3.9% <0.001

Neurological disorders 12.4% 13.5% <0.001

Chronic pulmonary disease 30.7% 28.3% <0.001

Diabetes Mellitus without complication 34.3% 32.8% <0.001

Diabetes Mellitus with complication 12.4% 12.0% 0.122

Hypothyroidism 15.4% 15.1% 0.587

Renal failure 14.6% 15.0% 0.210

Liver disease 2.1% 2.4% <0.001

Peptic ulcer 0.1% 0.1% 1.000
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Characteristics Non-hospitalist Hospitalist p-value**

Acquired Immune Deficiency Syndrome 0.3% 0.5% <0.001

Lymphoma 1.4% 1.3% 1.000

Metastatic cancer 2.4% 2.3% 1.000

Solid tumor w/out metastasis 10.6% 10.2% 0.208

Rheumatoid arthritis 4.8% 4.7% 0.999

Coagulopathy 5.3% 5.7% <0.001

Obese 5.1% 5.2% 0.988

Weight loss 5.4% 5.9% <0.001

Fluid and electrolyte disorders 25.4% 26.9% <0.001

Chronic blood loss anemia 3.5% 3.4% 1.000

Deficiency Anemia’s 29.0% 28.3% 0.004

Alcohol abuse 2.2% 2.9% <0.001

Drug abuse 1.6% 2.4% <0.001

Psychoses 8.2% 9.1% <0.001

Depression 12.8% 13.3% <0.001

Total number of comorbidities 3.7± 2.8 3.8 ± 2.7 <0.001

Mean number of hospitalizations in 1 year prior to studied admission 1.8 ± 2.8 1.8 ± 2.6 1.000

Mean number of doctor visits in 1 year prior to studied admission 16.3 ± 17.2 17.4 ± 16.8 <0.001

Geographic region Middle Atlantic 15.0% 11.9% <0.001

New England 4.0% 6.7%

East North Central 21.2% 15.3%

West North Central 8.1% 7.6%

South Atlantic 20.1% 24.6%

East South Central 9.0% 7.3%

West South Central 11.6% 11.0%

Mountain 3.5% 6.5%

Pacific 7.4% 9.1%

Size of metropolitan area <100,000 26.7% 19.0% <0.001

100,000 - 249,999 9.9% 8.3%

250,000 - 999,999 17.7% 18.9%

>=1,000,000 45.7% 53.8%

Medical school affiliation None 61.7% 54.6% <0.001

Minor 21.5% 22.5%

Major 16.8% 22.9%

Hospital Size, No. of beds < 200 35.7% 26.9% <0.001

200 – 349 27.7% 25.1%

350 – 499 17.6% 20.3%

>= 500 19.0% 27.7%

Type of Hospital Nonprofit 73.4% 75.9% <0.001

For profit 11.6% 11.1%

Public 15.0% 13.0%

Admission with Intensive care unit stay No 68.1% 67.4% 0.006
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Characteristics Non-hospitalist Hospitalist p-value**

Yes 31.9% 32.6%

Inpatient mortality 3.5% 3.6% 1.000

PCP prior to admission*** 63.3% 48.3% <0.001

Admitted from nursing facility 11.3% 12.8% <0.001

Discharge to home 61.6% 59.1% <0.001

*
Race/ethnicity was self-reported during initial enrollment with Social Security Administration. Low socioeconomic status was defined as whether

the beneficiary applied for eligibility and met the low income requirement for Medicaid. See “Methods” section for definition of Elixhauser
comorbidity measure. Medical and Surgical diagnosis related group was based on the groupings published in our previous study (18).

**
p-value was from chi-square test for categorical variables and from t-test for continuous variables. A Bonferonni correction was used to account

for multiple comparisons. P-values shown have been calculated by using the following formula: 1 − (1 − original p-value)50. There are a total of
50 comparisons in the table. The p-values listed as 1.000 on the table have been rounded from >0.9999.

***
A general practitioner, family physician, general internist, or a geriatrician who had billed an outpatient E&M code for the patient on 3 or more

occasions in the 12 months before the hospitalization.

J Am Geriatr Soc. Author manuscript; available in PMC 2011 September 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kuo and Goodwin Page 14

Ta
bl

e 
2

A
ve

ra
ge

 le
ng

th
 o

f s
ta

y 
fo

r p
at

ie
nt

s c
ar

ed
 fo

r b
y 

ho
sp

ita
lis

ts
 v

s. 
no

n-
ho

sp
ita

lis
ts

, a
nd

 d
iff

er
en

ce
s i

n 
ad

ju
st

ed
 a

ve
ra

ge
 le

ng
th

 o
f s

ta
y*  b

et
w

ee
n 

th
e 

tw
o

gr
ou

ps
 fo

r a
ll 

ad
m

is
si

on
s a

nd
 fo

r t
he

 to
p 

te
n 

D
R

G
s i

n 
43

59
 h

os
pi

ta
ls

 in
 2

00
6.

D
R

G
N

on
-H

os
pi

ta
lis

t
H

os
pi

ta
lis

t
U

na
dj

us
te

d 
di

ffe
re

nc
e 

(9
5%

 C
I*

* )
A

dj
us

te
d 

di
ffe

re
nc

e
(9

5%
 C

I*
* )

A
ll

# 
of

 a
dm

is
si

on
s

22
35

25
91

06
5

M
ea

n
5.

51
 ±

 5
.2

7
5.

17
 ±

 5
.2

7
0.

34
 (0

.2
8,

 0
.4

0)
 0

.3
6

(0
.2

6,
 0

.4
6)

M
ed

ia
n 

(Q
1-

Q
3)

4 
(3

 –
 7

)
4 

(2
 –

 6
)

H
ea

rt 
Fa

ilu
re

 &
 S

ho
ck

# 
of

 a
dm

is
si

on
s

15
17

7
52

74

M
ea

n
5.

19
 ±

 3
.9

1
4.

53
 ±

 3
.2

9
0.

66
 (0

.4
9,

 0
.8

3)
 0

.6
0

(0
.4

3,
 0

.7
7)

M
ed

ia
n 

(Q
1-

Q
3)

4 
(3

 –
 6

)
4 

(2
 –

 6
)

Si
m

pl
e 

Pn
eu

m
on

ia
 &

 P
le

ur
is

y,
 a

ge
 >

17
 W

 C
C

# 
of

 a
dm

is
si

on
s

12
74

1
47

77

M
ea

n
5.

44
 ±

 3
.5

1
4.

66
 ±

 3
.1

4
0.

77
 (0

.6
1,

 0
.9

4)
 0

.7
4

(0
.5

7,
 0

.9
0)

M
ed

ia
n 

(Q
1-

Q
3)

5 
(3

 –
 7

)
4 

(3
 –

 6
)

C
hr

on
ic

 O
bs

tru
ct

iv
e 

Pu
lm

on
ar

y 
D

is
ea

se
# 

of
 a

dm
is

si
on

s
97

94
33

49

M
ea

n
4.

82
 ±

 3
.2

9
4.

15
 ±

 3
.0

1
0.

66
 (0

.4
8,

 0
.8

5)
 0

.6
6

(0
.4

6,
 0

.8
5)

M
ed

ia
n 

(Q
1-

Q
3)

4 
(3

 –
 6

)
3 

(2
 –

 5
)

M
aj

or
 Jo

in
t &

 L
im

b 
R

ea
tta

ch
m

en
t P

ro
ce

du
re

s o
f L

ow
er

 E
xt

re
m

ity
# 

of
 a

dm
is

si
on

s
73

22
33

38

M
ea

n
4.

70
 ±

 2
.7

0
4.

62
 ±

 2
.4

6
0.

08
 (-

0.
07

, 0
.2

4)
 0

.1
8

(0
.0

1,
 0

.3
5)

M
ed

ia
n 

(Q
1-

Q
3)

4 
(3

 –
 5

)
4 

(3
 –

 5
)

Es
op

ha
gi

tis
, G

as
tro

en
te

rit
is

 &
 M

is
ce

lla
ne

ou
s D

ig
es

tiv
e 

D
is

or
de

rs
, a

ge
 >

17
 W

 C
C

# 
of

 a
dm

is
si

on
s

78
71

29
67

M
ea

n
4.

45
 ±

 3
.8

5
4.

10
 ±

 3
.4

9
0.

35
 (0

.1
2,

 0
.5

8)
 0

.4
1

(0
.1

7,
 0

.6
4)

M
ed

ia
n 

(Q
1-

Q
3)

3 
(2

 –
 5

)
3 

(2
 –

 5
)

In
tra

cr
an

ia
l H

em
or

rh
ag

e 
or

 C
er

eb
ra

l I
nf

ar
ct

io
n

# 
of

 a
dm

is
si

on
s

58
48

28
01

M
ea

n
5.

19
 ±

 4
.0

1
4.

89
 ±

 3
.8

9
0.

30
 (0

.0
4,

 0
.5

6)
 0

.3
6

(0
.0

7,
 0

.6
3)

M
ed

ia
n 

(Q
1-

Q
3)

4 
(3

 –
 6

)
4 

(3
 –

 6
)

R
en

al
 F

ai
lu

re
# 

of
 a

dm
is

si
on

s
48

09
26

61

M
ea

n
6.

09
 ±

 4
.9

7
5.

29
 ±

 4
.6

8
0.

81
 (0

.4
7,

 1
.1

4)
 0

.7
6

(0
.2

9,
 1

.1
9)

M
ed

ia
n 

(Q
1-

Q
3)

5 
(3

 –
 8

)
4 

(3
 –

 7
)

K
id

ne
y 

&
 U

rin
ar

y 
Tr

ac
t I

nf
ec

tio
ns

, a
ge

 >
17

 W
 C

C
# 

of
 a

dm
is

si
on

s
60

26
25

67

M
ea

n
4.

90
 ±

 3
.4

8
4.

63
 ±

 4
.6

7
0.

27
 (0

.0
1,

 0
.5

3)
 0

.2
9

(-
0.

06
, 0

.6
2)

M
ed

ia
n 

(Q
1-

Q
3)

4 
(3

 –
 6

)
4 

(3
 –

 5
)

J Am Geriatr Soc. Author manuscript; available in PMC 2011 September 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kuo and Goodwin Page 15

D
R

G
N

on
-H

os
pi

ta
lis

t
H

os
pi

ta
lis

t
U

na
dj

us
te

d 
di

ffe
re

nc
e 

(9
5%

 C
I*

* )
A

dj
us

te
d 

di
ffe

re
nc

e
(9

5%
 C

I*
* )

G
.I.

 H
em

or
rh

ag
e 

W
 C

C
# 

of
 a

dm
is

si
on

s
60

34
24

64

M
ea

n
4.

68
 ±

 3
.5

4.
22

 ±
 3

.2
3

0.
47

 (0
.2

3,
 0

.7
0)

 0
.4

8
(0

.2
3,

 0
.7

1)

M
ed

ia
n 

(Q
1-

Q
3)

4 
(3

 –
 6

)
3 

(2
 –

 5
)

Se
pt

ic
em

ia
, a

ge
 >

17
# 

of
 a

dm
is

si
on

s
50

29
24

53

M
ea

n
7.

39
 ±

 6
.0

1
6.

62
 ±

 5
.1

4
0.

77
 (0

.3
7,

 1
.1

7)
 0

.8
8

(0
.4

6.
 1

.2
6)

M
ed

ia
n 

(Q
1-

Q
3)

6 
(4

 –
 9

)
5 

(3
 –

 8
)

* D
iff

er
en

ce
s i

n 
le

ng
th

 o
f s

ta
y 

ar
e 

ad
ju

st
ed

 fo
r c

ov
ar

ia
te

s, 
w

hi
le

 th
e 

av
er

ag
e 

le
ng

th
s o

f s
ta

y 
pr

es
en

te
d 

fo
r h

os
pi

ta
lis

ts
 a

nd
 n

on
-h

os
pi

ta
lis

ts
 a

re
 u

na
dj

us
te

d.
 D

iff
er

en
ce

s i
n 

ad
ju

st
ed

 le
ng

th
 o

f s
ta

y 
ar

e 
th

e 
an

til
og

of
 m

ea
n 

va
lu

es
 o

f l
en

gt
h 

of
 st

ay
 fo

r a
dm

is
si

on
s c

ar
ed

 fo
r b

y 
ho

sp
ita

lis
ts

 a
nd

 n
on

-h
os

pi
ta

lis
ts

, a
dj

us
tin

g 
fo

r a
ll 

co
va

ria
te

s -
 a

ge
, g

en
de

r, 
ra

ce
, l

ow
 so

ci
oe

co
no

m
ic

 st
at

us
, E

lix
ha

us
er

 c
om

or
bi

di
ty

 m
ea

su
re

s,
D

R
G

 g
ro

up
, D

R
G

 w
ei

gh
t, 

nu
m

be
r o

f h
os

pi
ta

liz
at

io
ns

 in
 1

 y
ea

r p
rio

r t
o 

ad
m

is
si

on
, n

um
be

r o
f d

oc
to

r v
is

its
 in

 1
 y

ea
r p

rio
r t

o 
ad

m
is

si
on

, e
m

er
ge

nc
y 

ad
m

is
si

on
, w

ee
ke

nd
 a

dm
is

si
on

, a
dm

is
si

on
 w

ith
 in

te
ns

iv
e

ca
re

 u
ni

t s
ta

y,
 a

nd
 th

e 
cl

us
te

r e
ff

ec
t o

f h
os

pi
ta

l a
nd

 h
os

pi
ta

l c
ha

ra
ct

er
is

tic
s o

f g
eo

gr
ap

hi
c 

re
gi

on
s, 

m
et

ro
po

lit
an

s s
iz

es
, t

yp
e 

of
 h

os
pi

ta
l, 

ho
sp

ita
l s

iz
e,

 a
nd

 m
ed

ic
al

 sc
ho

ol
 a

ff
ili

at
io

n.

**
Th

e 
95

%
 c

on
fid

en
ce

 in
te

rv
al

s w
er

e 
ad

ju
st

ed
 w

ith
 a

 B
on

fe
ro

nn
i c

or
re

ct
io

n.

A
bb

re
vi

at
io

n:
 D

R
G

, d
ia

gn
os

is
 re

la
te

d 
gr

ou
p;

 L
O

S,
 le

ng
th

 o
f s

ta
y;

 C
I, 

co
nf

id
en

ce
 in

te
rv

al
; C

C
, c

om
pl

ic
at

io
ns

 a
nd

 c
om

or
bi

di
te

s;
 G

I, 
ga

st
ro

in
te

st
in

al
.

J Am Geriatr Soc. Author manuscript; available in PMC 2011 September 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kuo and Goodwin Page 16

Ta
bl

e 
3

D
iff

er
en

ce
s i

n 
ad

ju
st

ed
 le

ng
th

 o
f s

ta
y*  b

et
w

ee
n 

ad
m

is
si

on
s w

ith
 h

os
pi

ta
lis

t c
ar

e 
an

d 
no

n-
ho

sp
ita

lis
t c

ar
e,

 a
nd

 p
er

ce
nt

 d
ec

re
as

e 
in

 a
dj

us
te

d 
le

ng
th

 o
f s

ta
y**

as
so

ci
at

ed
 w

ith
 h

os
pi

ta
lis

t c
ar

e,
 st

ra
tif

ie
d 

by
 h

os
pi

ta
l a

nd
 p

at
ie

nt
 c

ha
ra

ct
er

is
tic

s, 
in

 4
35

9 
ho

sp
ita

ls
 in

 2
00

6.

A
dj

us
te

d 
L

O
S 

fo
r 

ad
m

is
si

on
s w

ith
 n

on
-

ho
sp

ita
lis

t c
ar

e
D

iff
er

en
ce

 in
 a

dj
us

te
d 

L
O

S
(9

5%
 C

I)
%

 d
ec

re
as

e 
in

 A
dj

us
te

d 
L

O
S 

as
so

ci
at

ed
 w

ith
ho

sp
ita

lis
t c

ar
e

A
ge

< 
65

5.
03

0.
41

(0
.2

9,
 0

.5
3)

8.
2%

65
 –

 7
4

4.
97

0.
42

(0
.3

3,
 0

.5
0)

8.
4%

75
 –

 8
4

5.
09

0.
47

(0
.3

9,
 0

.5
4)

9.
2%

85
 +

5.
22

0.
63

(0
.5

5,
 0

.7
1)

12
.1

%

A
dm

is
si

on
 w

ith
 IC

U
 st

ay
N

o
4.

59
0.

52
(0

.4
6,

 0
.5

8)
11

.3
%

Y
es

6.
31

0.
37

(0
.2

7,
 0

.4
7)

5.
9%

D
ia

gn
os

is
 re

la
te

d 
gr

ou
p

Su
rg

ic
al

5.
85

0.
19

(0
.0

5,
 0

.3
2)

3.
2%

M
ed

ic
al

4.
92

0.
54

(0
.4

9,
 0

.6
0)

11
.1

%

D
ia

gn
os

is
 re

la
te

d 
gr

ou
p 

w
ei

gh
t

Q
1

3.
70

0.
26

(0
.1

9,
 0

.3
2)

6.
9%

Q
2

4.
76

0.
45

(0
.3

8,
 0

.5
2)

9.
5%

Q
3

5.
28

0.
56

(0
.4

9,
 0

.6
3)

10
.6

%

Q
4

7.
01

0.
78

(0
.6

6,
 0

.8
9)

11
.1

%

Ty
pe

 o
f H

os
pi

ta
l

N
on

pr
of

it
5.

06
0.

48
(0

.4
1,

 0
.5

4)
9.

5%

Fo
r p

ro
fit

4.
97

0.
34

(0
.1

6,
 0

.5
1)

6.
8%

Pu
bl

ic
5.

32
0.

67
(0

.5
1,

 0
.8

2)
12

.5
%

M
ed

ic
al

 sc
ho

ol
 a

ff
ili

at
io

n
N

on
4.

96
0.

55
(0

.4
7,

 0
.6

2)
11

.0
%

M
in

or
5.

08
0.

38
(0

.2
4,

 0
.5

3)
7.

6%

M
aj

or
5.

50
0.

41
(0

.2
5,

 0
.5

7)
7.

5%

* D
iff

er
en

ce
s i

n 
ad

ju
st

ed
 le

ng
th

 o
f s

ta
y 

w
er

e 
es

tim
at

ed
 fr

om
 th

e 
m

od
el

 in
cl

ud
in

g 
al

l s
ig

ni
fic

an
t t

w
o-

w
ay

 in
te

ra
ct

io
ns

 (p
<0

.0
00

1)
 b

et
w

ee
n 

th
e 

ch
ar

ac
te

ris
tic

s l
is

te
d 

on
 ta

bl
e 

an
d 

ho
sp

ita
lis

t c
ar

e,
 a

nd
 th

ei
r m

ai
n

ef
fe

ct
s, 

ad
ju

st
in

g 
fo

r a
dd

iti
on

al
 h

os
pi

ta
l c

ha
ra

ct
er

is
tic

s (
m

et
ro

po
lit

an
 si

ze
, t

ot
al

 n
um

be
r o

f b
ed

s)
 a

nd
 p

at
ie

nt
 c

ha
ra

ct
er

is
tic

s (
ge

nd
er

, r
ac

e/
et

hn
ic

ity
, l

ow
 so

ci
oe

co
no

m
ic

 st
at

us
, w

ee
ke

nd
 a

dm
is

si
on

, t
ot

al
nu

m
be

r o
f h

os
pi

ta
liz

at
io

ns
 a

nd
 to

ta
l n

um
be

r o
f p

ro
vi

de
r v

is
its

 in
 o

ne
 y

ea
r p

rio
r t

o 
ad

m
is

si
on

).

**
Pe

rc
en

t d
ec

re
as

e 
in

 a
dj

us
te

d 
le

ng
th

 o
f s

ta
y 

w
as

 c
al

cu
la

te
d 

by
 d

iff
er

en
ce

 in
 a

dj
us

te
d 

LO
S 

di
vi

de
d 

by
 a

dj
us

te
d 

LO
S 

fo
r a

dm
is

si
on

s w
ith

 n
on

-h
os

pi
ta

lis
t c

ar
e.

A
bb

re
vi

at
io

n:
 L

O
S,

 le
ng

th
 o

f s
ta

y;
 C

I, 
co

nf
id

en
ce

 in
te

rv
al

.

J Am Geriatr Soc. Author manuscript; available in PMC 2011 September 1.


