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ABSTRACT ARTICLE HISTORY
Background: Over the past 20 years, hospitalists have assumed a greater portion of health- iece"’e‘ilﬁ J&”“agyzé??
care service for hospitalized patients. This was mainly due to reducing the length of stay (LOS) ccepte arc

and hospital costs shown by many studies. In contrast, other studies suggested increased cost

and resources utilization associated with hospitalist-run care models. KEYWORDS

Aim: We aimed to provide class 1 evidence regarding the effect of hospitalist-run care models Hospital medicine;

on the efficiency of care and patient satisfaction. hospitalists; inpatient care;
Design: Meta-analysis. quality of life

Methods: Four electronic medical databases were searched to retrieve all relevant studies.
Two authors screened titles and abstracts of search results for eligibility according to
predefined criteria. Initially eligible studies were screened for full text inclusion. Included
studies were reviewed for data on LOS, hospital cost, readmission, mortality, and patient
satisfaction. Available data were abstracted and analyzed using Comprehensive Meta-
Analysis.

Results: Sixty-one studies were included for analysis. The overall effect size favored hospital-
ist-run care models in terms of LOS (MD = —0.67 day, 95% Cl [-0.78, —0.56], p < 0.001). There
was no significant difference in terms of hospital cost (MD = $92.1, 95% Cl [-910.4, 1094.6],
p = 0.86) whereas patient satisfaction was similar or even better in hospitalist compared to
non-hospitalist (NH) service.

Conclusion: Our analysis showed that hospitalist care is associated with decreased LOS and
increased patient satisfaction compared to NH. This indicates an increase in the efficiency of
care that does not come at the expense of care quality.

1. Introduction costs, Rachoin et al. published a meta-analysis in
2012 to summarize the conflicting evidence [12].
However, they used a limited search strategy that
was restricted to only one database so it is possible
that potentially eligible articles might be missed.
Authors reported data for LOS and hospital costs
only. To further, several studies that compared
hospitalist and NH care models have been pub-
lished thereafter [13-16] adding more to the far-
rago of existing literature.

This prompted us to a comprehensive systematic
review and meta-analysis to generate clear-cut evi-
dence regarding the impact of hospitalists on LOS,
costs, in-hospital mortality, readmission within
30 days, and patient satisfaction.

Hospital medicine is one of the fastest growing
medical specialties in the USA [1,2]. A major
cause of this growth has been empirical evidence
that hospitalists provide more efficient, less costly
inpatient care with equal or higher quality [3].
Several studies have investigated the impact of hos-
pitalists on the efficiency and quality of patients’
care. Results from these studies have been conflict-
ing; with many of them suggesting shorter hospital
stay and reduced cost for patients cared for by
hospitalists [3-9]. However, other investigators
failed to recognize significant advantages from
implementing hospitalist care models compared to
traditional care by non-hospitalists (NH) [10,11].
Given the non-conclusive results from different
hospitalist programs in various clinical settings 2. Experimental section
regarding the effect of hospitalist-based care

model on the length of stay (LOS) and hospital We followed the recommendation of the Preferred

Reporting Items for Systematic Review and Meta-
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analysis (PRISMA) statement [17] during the pre-
paration of this manuscript (Supplementary file 1).
Moreover, all steps were done according to Cochrane
handbook of systematic reviews of interventions [18].

2.1. Data sources and searches

We searched Medline via PubMed, the Cochrane
Central Register of Controlled Clinical Trials
(CENTRAL), Scopus, and ISI web of knowledge.
A combination of these keywords was tailored for
each database: (‘hospitalists’ OR ‘hospitalist system’
OR ‘non-hospitalists’) AND (‘length of hospital stay’
OR ‘length of stay’ OR ‘cost’ OR ‘Hospital Costs’ OR
‘economics’ OR ‘outcomes’ OR ‘outcome’ OR ‘mor-
tality’ OR ‘death’ OR ‘readmission’ OR ‘satisfaction’).
Results were imported to the reference manager
Endnote X7 for screening.

2.2. Inclusion and exclusion criteria

Studies were included if they used experimental
(randomized clinical trial) or observational, retro-
spective or follow-up designs that compared hos-
pitalists to non-hospitalists in terms of LOS, costs,
in-hospital mortality, readmission within 30 days,
or patient satisfaction. Pre-post designs were also
included. We excluded review articles, editorials,
case series and case reports. The corresponding
authors of studies that did not report enough
data were contacted for providing the missing
data. Otherwise, studies with no sufficient data
for meta-analysis were included for narrative
review.

2.3. Study selection

Two authors independently reviewed the titles and
abstracts of the retrieved articles against our inclusion
and exclusion criteria. Initially eligible articles were
considered for a second round of full-text screening.
Conflicts were resolved by consensus and discussion
with a third senior reviewer.

2.4. Data extraction

Data were extracted to a standard excel sheet that
was designed specifically for this study. The follow-
ing data were extracted from each study whenever
available: (1) Demographics and baseline character-
istics of the study’s participants; (2) Summary of the
study design, setting, year, timeline, and type of the
hospitalist and comparison groups; (3) the studied
outcomes including LOS, hospital costs, mortality or
readmission, and patients’ satisfaction. We extracted
mean and standard deviation (SD) [or median,

range/inter quartile range (IQR) or median and con-
fidence interval (CI)] and number per group for
numerical data, whereas number of events and
total number of participants were extracted for
dichotomous and categorical variables. Data were
abstracted and reviewed twice for integrity and
validity.

2.5. Data synthesis and analysis

Numerical data were pooled as mean and CI, and
dichotomous data were pooled as odds ratio (OR)
and CI. Whenever median and range/IQR were
reported, we used equations of Cochrane handbook
and Wan et al. [19] to get the approximate mean and
SD. Due to substantial variation in studies design and
setting, the Der-Simonian random effects model was
adopted for all analyses. We performed sensitivity
analysis to explore the effect of omitting single studies
on the overall effect size. Also, cumulative meta-
analysis was conducted to display the trend of LOS
and cost over time. Our study was eligible for such
analysis due to the high number of included studies
that allows for clear display of trends. This analysis
helps direct health care policy makers by showing
how hospitalists’ efficiency rise or decline over time.
Breakpoints were selected when there was a major
change in the mean difference between the hospitalist
and non-hospitalist group (shift from significant dif-
ference to no difference or vice versa). Heterogeneity
was quantified and assessed using the I-square test
and publication bias was explored according to
Egger’s regression test. P value< 0.05 was considered
statistically significant.

3. Results

3.1. Search results and characteristics of the
included studies

Database searching retrieved 2,195 results that were
abstracted to 1,291 unique records after automatic
duplicate removal by Endnote software. Titles and
abstracts were reviewed against our eligibility criteria,
and 87 articles were found initially eligible for our
review. Further screening of the full-text articles
resulted in 61 finally included studies [3-8,10,11,13-
16,20-68]; of them 47 were eligible for meta-analysis
and 14 articles were narratively summarized (Figure 1.
PRISMA Flow Diagram). Twenty-six studies were
rejected during full text screening because they did
not meet our eligibility criteria; 12 were single arm
studies, 3 were expert opinions, 7 editorials, and 4
were book chapters. Characteristics of the included
studies are summarized in Table 1.
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61 Articles Included: 47 for meta-analysis and 14 for narrative synthesis

Figure 1. PRISMA flow diagram.

3.2. Outcomes

3.2.1. Hospital length of stay (LOS)

Data of hospital LOS in the hospitalist and NH
groups were provided by 46 studies that enrolled
563,268 patients. Significant heterogeneity was iden-
tified among these studies (I = 92%, p < 0.001),
hence the random effects model was employed.
Overall mean difference favored the hospitalist versus
non-hospitalist healthcare models in terms of LOS
(MD = -067 day, 95% CI [-0.78, -0.56],
p < 0.001); Figure 2. This effect size persisted on
a leave-one-out sensitivity analysis that was per-
formed to explore the effect of single studies on the
overall effect estimate (Figure Al).

Interestingly, cumulative meta-analysis showed
decreasing trend of the MD in LOS between the
hospitalist and NH groups. From 1998 to 2003,
there was a cumulative MD of 2.4 days to 1 day
that declined to less than 1 day (0.95 to 0.67) after-
wards (Figure A2). Egger’s regression test showed
evidence of publication bias towards studies that
favored the hospitalist group (p = 0.01).

3.2.2. Costs

Twenty-four studies (227,372 participants) reported
data on the hospital costs for hospitalist- and NH-
based service. Data from these studies were substan-
tially heterogenous (I*> = 99%, p < 0.001) and the
random effects model was used for meta-analysis.
The pooled analysis showed no significant difference
in the cost of health care provided by hospitalists and
NH (MD = $92.1, 95% CI [-910.4, 1094.6], p = 0.86);
Figure 3. This result held true on sensitivity analysis
by removing each study data at a time (Figure A3).

Cumulative analysis showed that till 2008, the cost of
service was markedly decreased with hospitalists com-
pared to NH. After 2008, there was no significant dif-
ference between hospitalist and NH groups (Figure A4).
There was no dissemination bias as indicated by Egger’s
regression test (p = 0.79).

3.2.3. 30-day readmission or in-hospital mortality
Data from 39 heterogeneous studies (> = 80%,
p < 0.001) that included 375,570 participants contrib-
uted to the calculation of the summary effect estimate
for readmission/mortality. Under the random effects
model, the overall odds ratio showed marginal super-
iority of hospitalist over NH in terms of readmission/
mortality (OR = 0.95, 95% CI [0.89 to 1], p = 0.06);
Figure 4. However, this effect was sensitive to the
removal of single studies in sensitivity analysis, taking
the effect size towards significant superiority of hos-
pitalist over NH (Figure A5).

3.2.4. Patients’ satisfaction

Out of the included studies, six investigated patients’
satisfaction with the healthcare service provided in
both hospitalist- and non-hospitalist- based settings.
The Press-Ganey survey was used in three of these
studies. Pooled analysis of the commonly reported
items of the Press-Ganey survey showed no signifi-
cant difference in friendliness/courtesy of physician
(p = 0.15), how well physician kept the patient
informed (p = 0.13), skill of physician (p = 0.2), and
time spent with his patient (p = 0.08). Physician’s
concern for patients’s questions and worries
(p = 0.01) and the overall score (p < 0.001) tended
to favor the hospitalist over NH service (Figure 5).
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Study name Statistics for each study
Difference  Standard Lower Upper

in means error Variance  limit limit Z-Value p-Value
Aplin 2014 -0.440 0.025 0.001 -0.490 -0.390 -17.258 0.000
Burke 2013 -1.800 0.459 0211 -2700 -0.900 -3.921 0.000
Chadaga 2012 -0.100 0.056 0.003 -0.210 0.010 -1.782 0.075
Chavey 2014 -1.000 0.133 0.018 -1.260 -0.740 -7.538 0.000
Chin 2014 -0.160 0.066 0.004 -0.290 -0.030 -2412 0.016
Ding 2014 0.000 0.525 0276 -1.029 1.029 0.000 1.000
Douglas 2012 -1.700 0.326 0.106 -2.339 -1.061 -5214 0.000
Shu 2011 -3.800 0.713 0509 -5.198 -2402 -5.328 0.000
Duplantier 2016 -1.000 0.046 0.002 -1.090 -0.910 -21.786 0.000
Desai 2014 -5.000 2454 6.022 -9.810 -0.190 -2.037 0.042
Goldie 2012 0.000 3.030 9.179 -5.938 5.938 0.000 1.000
Gonzalo 2015 -0.010 0.071 0.005 -0.150 0.130 -0.140 0.889
Lee 2011 -1.100 0.281 0.079 -1.650 -0.550 -3.921 0.000
Hollier 2015 -3.800 1.043 1.088 -5.844 -1.756 -3.643 0.000
Howrey 2011 -0.330 0.087 0.008 -0.500 -0.160 -3.805 0.000
Huddleston 2004 -0.500 0.153 0.023 -0799 -0.201 -3.275 0.001
lannuzzi 2015 -0.960 0.204 0.042 -1.360 -0.560 -4.704 0.000
Iberti 2016 -1.000 0.133 0.018 -1.260 -0.740 -7.542 0.000
Kociol 2013 -0.400 0.071 0.005 -0.540 -0.260 -5.600 0.000
koo 2015 -0.400 0.382 0.146 -1.149 0.349 -1.047 0.295
Kuo 2011 -0.640 0.041 0.002 -0.720 -0.560 -15.680 0.000
okere 2016 -0.800 0.464 0215 -1.709 0.109 -1.724 0.085
singh 2011 -0.180 0.056 0.003 -0.290 -0.070 -3.208 0.001
Tadros 2015 -0.400 0.133 0.018 -0.660 -0.140 -3.019 0.003
Wise 2011 (1) -2.200 0.711 0.505 -3.593 -0.807 -3.096 0.002
Wise 2011 (2) -0.600 0.708 0.501 -1.988 0.788 -0.847 0.397
Wise 2011 (3) -2.500 1.350 1823 -5.146 0.146 -1.852 0.064
Auerbach 2002 -0.330 0.158 0.025 -0.640 -0.020 -2.087 0.037
Craig 1999 -0.400 0.102 0.010 -0.600 -0.200 -3.922 0.000
Davis 2000 -1.400 0.184 0.034 -1.760 -1.040 -7.626 0.000
Diamond 1998 -2.420 0.281 0079 -2970 -1.870 -8.627 0.000
Dynan 2009 -0.400 0.133 0.018 -0.660 -0.140 -3.016 0.003
Gregory 2003 -1.290 0.198 0.039 -1679 -0.901 -6.503 0.000
Hackner 2001 -1.000 0.133 0.018 -1.260 -0.740 -7.544 0.000
Halasyamani 2005 -0.875 0.115 0.013 -1.100 -0.650 -7.623 0.000
Lindenauer 2007 -0.360 0.046 0.002 -0450 -0.270 -7.840 0.000
Meltzer 2002 -0.190 0.179 0.032 -0.540 0.160 -1.064 0.287
Palacio 2009 -0.810 0.189 0.036 -1.180 -0.440 -4.292 0.000
Phy 2005 -2.200 0.707 0.500 -3.586 -0.814 -3.110 0.002
Rifkin 2007 -0.700 0.744 0554 -2159 0.759 -0.941 0.347
Rifkin 2002 -1.100 0.270 0073 -1629 -0.571 -4.079 0.000
Vasilevskis 2008 -0.380 0.031 0.001 -0.440 -0.320 -12.454 0.000
Tingle 2001 -1.270 0.290 0.084 -1.839 -0.701 -4.377 0.000
Southern 2007 -0.900 0.148 0.022 -1.190 -0.610 -6.083 0.000
Go 2010 -0.300 0.321 0.103 -0.928 0.328 -0.936 0.349
Carek 2008 -0.300 0.173 0.030 -0640 0.040 -1.730 0.084
Scheurer 2005 -0.100 0.148 0.022 -0.3%0 0.190 -0.676 0.499
Roy 2008 -0.080 0.153 0.023 -0.380 0220 -0.523 0.601
0.672 0.055 10,003 -0.781 -0.564 -12.131  0.000

Difference in means and 95% Cl

-10.00 -5.00 .00 5.00 10.00

Favours Hospitalist Favours NH

Figure 2. Forest plot of LOS in hospitalist- and non-hospitalist-based care models.
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0947
0.756
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Study name Statistics with study removed

Standard Lower  Upper

Point eror Variance limit limit  Z-Value p-Value

Chin 2014 -172696  107.600 11577.729 -383588 38196 -1.605
Douglas 2012 34920 522881273404302 -989.907 1059.748  0.067
Shu 2011 162638 522710 273225977 -861.856 1187.131 0311
Duplantier 2016  66.713  546.649 298825675 -1004.701 1138126  0.12
Lee 2011 112936  526.240 276928027 -918474 1144347 0215

Huddieston2004 106661  523.066 273598310 -918.531 1131852 0.204
lannuzzi 2015 88434 523654 274213500 -937.909 1114777  0.169
Kuo 2011 100577 528293 279093530 -925858 1145012 0.207

singh 2011 80375 525488 276137714 -949562 1110313  0.153
Auerbach2002 120308 523767 274332309 -906.258 1146873  0.230
Davis 2000 122215 523763 274327644 -904.342 1148771 0233

Diamond 1998 143052  523.108 273641984 -882221 1168324 0273
Gregory 2003 122250 525032 275658693 -906.794 1151204 0233
Hackner 2001 135881  523.912274483924 -890.968 1162730  0.259
Halasyamani 2005 104387  537.714 289136436 -949.513 1158287 0.194
Lindenauer2007 77539  530.684 281625.197 -962.582 1117660 0.146
Meltzer 2002 132232 523282 273823581 -893381 1157.845 0.253

Rifkin 2002 114863 523515 274067591 -911.207 1140933 0219
Vasilevskis2008 62410 522194 272686254 -961.071 1085891  0.120
Tingle 2001 117235 521673 272142385 -905224 1139695 0.25
Go 2010 -12285 522424 272926439 -1036.217 1011.646 -0.024
Carek 2008 91490 531537 282531.337 -950.303 1133283  0.172
Roy 2008 106287 525600 276254.968 -923.869 1136444  0.202

92078 511475 261606801 -910.394 1094551  0.180

0.830
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Figure 3. Forest plot of cost of service in Hospitalist- and Non-hospitalist-based care models.

The remaining three studies used self-designed
questionnaires and Picker-Commonwealth patient
satisfaction survey. Data provided by these studies
showed no difference between hospitalist- and NH-
treated cohorts in terms of physician ability to keep

the patient and family informed (p = 0.67), physician
courtesy and friendliness (p = 0.87), skill of the phy-
sician (p = 0.22), physician and staff ability to work
together (p = 0.30), or likelihood of recommending
the hospital (p = 0.13). Overall patient satisfaction
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Study name Statistics for each study

Odds Lower Upper

ratio  limit limit Z-Value p-Value
Everett 2011 0.700 0.493 0995 -1.989  0.047
Kuo 2011 1.080 1.022 1.142 2712  0.007
Aplin 2014 0.910 0720 1.150 -0.789  0.430
Burke 2013 1.380 1.123 1.695 3.069  0.002
Chavey 2014 0.910 0.880 0941 -5605 0.000
Chin 2014 0.880 0.813 0.953 -3.143  0.002
Ding 2014 1.030 0.829 1.279 0267 0.789
Douglas 2012 0.660 0370 1.179 -1.404 0.160
Shu 2011 1.130 0.848 1.506 0.834  0.404
Duplantier 2016  0.670 0.418 1.074 -1.662  0.096
Desai 2014 1.040 0.388 2787 0.078 0.938
Goldie 2012 1.000 0.259 3.863 0.000  1.000
Gonzalo 2015 1.040 0913 1.184 0592 0.554
Lee 2011 0.880 0.669 1.158 -0.913  0.361
Howrey 2011 1.110 1.001 1.231 1.976  0.048
lannuzzi 2015 1.080 0.962 1.212 1303 0.192
Iberti 2016 1.000 0.825 1.212 0.000  1.000
Kociol 2013 0.980 0912 1.053 -0.553  0.580
koo 2015 0.880 0.607 1.275 -0.676  0.499
okere 2016 0.940 0642 1375 -0.319 0.750
singh 2011 0.920 0817 1.036 -1.375 0.169
Tadros 2015 0.980 0739 1299 -0.141  0.888
Auerbach2002  0.750 0.619 0.909 -2.939  0.003
Davis 2000 0.800 0.489 1.308 -0.889 0.374
Diamond 1998  0.460 0.371 0.571 -7.044  0.000
Dynan 2009 0.980 0761 1262 -0.157 0.876
Gregory 2003 0.770 0.402 1476 -0.787  0.431
Hackner 2001 1.040 0793 1.365 0.283 0.777
Halasyamani 20051.420 1.278 1.578 6.528  0.000
Lindenauer 2007 0.950 0.911 0.991 -2.386  0.017
Meltzer 2002 0.870 0.694 1.091 -1.208 0.227
Palacio 2009 0.740 0630 0870 -3.657 0.000
Phy 2005 0.930 0549 1576 -0.270 0.787
Rifkin 2002 1.820 0.707 4.688 1241 0.215
Vasilevskis 2008 0.690 0.433 1.099 -1.564 0.118
Tingle 2001 0.940 0443 1994 -0.161 0.872
Go 2010 2620 1.171 5864 2343 0.019
Carek 2008 0.770 0560 1.059 -1.606 0.108
Roy 2008 0.980 0.758 1.267 -0.154  0.877

0.946 0.893 1.003 -1.868 0.062

0.01
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Figure 4.

Forest plot of readmission or mortality for Hospitalist- and Non-hospitalist-based care models.
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Figure 5. Forest plot of patient satisfaction for Hospitalist- and Non-hospitalist-based care models.

was not different according to the results of the
Picker-Commonwealth survey (p = 0.2).

3.2.5. Studies with incomplete published data

In 12 out of the 14 studies that reported incomplete
data, LOS was shorter for the hospitalist service.
Hospital cost was lower for the hospitalist model in
seven studies, similar in six, and higher in one study.

4. Discussion

Our analysis showed that hospitalists reduce LOS, read-
missions and in-hospital mortality. The overall sum-
mary estimate showed marginally significant result that
was sensitive to the effect of few singles studies which
removal draw the results towards favoring the hospital-
ist model. Hospitalists increased the efficiency of
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inpatient care without compromising the quality of
service. Inversely, patients’ satisfaction was similar or
even higher in patients cared for by hospitalists com-
pared to NH. On the other hand, there was no differ-
ence in terms of hospital cost between hospitalist and
NH services. Beyond these benefits, there is compelling
evidence that hospitalists promoted clinical care devel-
opment and integration [56,69,70]. Particularly, they
supported the development of patient safety guidelines
[71] and became more efficient in teaching [72]. Rifkin
et al. reported that hospitalists are more likely to comply
with national guidelines of care in pneumonia patients
[56]. Another report by Hauer et al. showed that trainee
satisfaction was higher in the case of hospitalist than
non-hospitalist teachers [72]. In our meta-analysis of
published studies to date, we found a significantly
shorter LOS among hospitalists compared with NHs,
which persisted on leave out one sensitivity analysis
even though cumulative meta-analysis showed decreas-
ing trend of the MD in LOS between the hospitalist and
NH groups from 2.4 days in 1998 to 0.67 in 2016.

Our results describe for the first time interesting
trends displayed by cumulative meta-analysis.
Cumulative analysis for the cost of service over years
revealed an interesting movement towards equality of
cost in both groups. From the inception of studies that
evaluated the hospitalist-based healthcare service till
2008, the cost of service was significantly decreased
with hospitalists compared to the NH groups. After
2008, there was no significant difference between hos-
pitalist and NH groups. Since last 10 years there is an
increasing role of hospitalists been primary attending
in higher risk patients with higher comorbidities
including intensive care units (Due to the concept of
Open ICU getting more popular with Intensivist and
surgeons taking the role of consultants) which might
explain change to overall cost after 2008.

The declined mean difference in hospital charges
overtime might be attributed to the increased average
case mix index (CMI) [73]. Despite being originally
created for calculating hospital costs, CMI has been
recently used as an indicator of disease severity and
the large volume of comorbidities being treated.
Tadros et al. argued that the increased cost of hospi-
talization is expected because of the increased
resources required to treat patients with higher CMI
[73,74].

Continuity of care for hospitalized patients was
documented to be associated with favorable outcomes
such as lower risk of hospitalization, fewer emergency
department visits, and higher patient satisfaction [75-
77]. In this regard, Turner and colleagues studied the
effect of discontinuity of hospitalist care on costs and
readmission. They showed that hospital physician dis-
continuity was associated modest rise in hospital
charges [78]. On the contrary Hansen et al did
a retrospective observational study, which concluded

that hospitalist physician continuity does not appear to
be associated with the incidence of adverse events [79].
From the conflicting studies we are unable to draw
conclusions regarding whether continuity of care
explained the declining mean differences in cost or
LOS. Perhaps, team dynamics and intra-hospitalist
variability should be indubitably researched.

Cross-Sectional study done by Kripalani et al from
Emory university showed that hospitalists are consid-
ered highly effective educators by trainees in setting of
academic center and were more effective than subspe-
cialists [80]. There has been an increase in academic
hospitalists serving as teaching faculty in academic cen-
ters. Chung et al studied the effectiveness of academic
Hospitalists on clinical education and concurred not
only more resident satisfaction among residents rotat-
ing under hospitalist teaching service but also cultivate
awareness of cost effectiveness and systems-based
improvements in the field of inpatient medicine [81].
As inpatient leaders hospitalists collaborate well with
emergency physicians in discharging patients, which
meet observation criteria but could be well managed
as outpatient. Hospitalists are also used to managing
complex patients themselves, minimizing use of sub-
specialists like nephrology and infectious diseases.
Hospitalists are well aligned with health care system
and collaborate well with primary care providers, case
managers and other subspecialists decreasing length of
stay and improving resource utilization and decreasing
readmissions [82,83]. Most hospitalists are acquiesced
taking care of immediate high acuity inpatient issues in
hospital, often deescalate treatment at the earliest, dele-
gating non-emergent tests to primary care and subspe-
cialists to be done as outpatient and been physically
onsite coordinating care in a timely manner all factors
leads to fewer resources utilized [32,36]. Primary pro-
viders can focus their practice more on outpatient care
avoiding complexities of hospital based medicine and
the physical need to be in the hospital to dealing with
inpatient emergencies.

Data from randomized controlled trials (RCTs) are
scarce on the discussion of hospitalist care model.
The majority of the included studies were retrospec-
tive with the exception of few RCTs that included
small number of participants [35,42]. The findings of
an RCT conducted by Huddleston et al. is consistent
with the results of the present study in terms of LOS
and hospital charges [42]. However, another RCT
with small sample size showed no difference in LOS
and readmission rate [35].

Future studies should adopt a randomized pro-
spective design to explore the effect of potential con-
founders that have not been controlled for so far.
Moreover, data are still not available to answer the
question raised by Rachion et al. [12] in 2012 regard-
ing the time of LOS and cost reduction after imple-
mentation of a hospitalist program. Therefore,
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further study of the issue in longitudinal studies with
extended follow-up periods would be of interest.

This study has some limitations. First, we could
not assess the risk of bias in the included studies due
to heterogenous study design adopted in different
settings. In addition, evidence from meta-analysis of
RCTs was lacking due to the paucity of randomized
data identified in the literature.

5. Conclusion

To recapitulate, the introduction of hospitalists to
inpatient service translates to changes in LOS and
readmission rates. Hospitalist model was beneficial
in the reduction of LOS and in-hospital mortality/30-
day readmission rates, yet not in the containment of
hospital costs. We acquiesce that there has been an
increase in academic hospitalists over time and the
role they undertake in furthering medical education.
Many questions still remain unanswered regarding
post-discharge short term mortality (90 Day
Mortality) for inpatients comparing programs using
hospitalists or NH which needs further investigation.
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Appendix

Study name
Point
Diamond 1998  -0.635
Craig 1999 -0.682
Davis 2000 -0.651
Hackner 2001  -0.661
Tingle 2001 -0.661
Auerbach 2002 -0.682
Meltzer 2002 -0.685
Rifkin 2002 -0.664
Gregory 2003 -0.656
Huddleston 2004 -0.678
Halasyamani 20050.666
Phy 2005 -0.664
Scheurer 2005  -0.688
Lindenauer 2007 -0.688
Rifkin 2007 -0.672
Southern 2007  -0.666
Vasilevskis 2008 -0.694
Carek 2008 -0.682
Roy 2008 -0.688
Dynan 2009 -0.681
Palacio 2009 -0.669
Go 2010 -0.678
Shu 2011 -0.654
Lee 2011 -0.664
Howrey 2011 -0.685
Kuo 2011 -0.679
singh 2011 -0.689
Wise 2011 (1) -0.664
Wise 2011 (2)  -0.673
Wise 2011 (3)  -0.669
Chadaga 2012 -0.689
Douglas 2012 -0.655
Goldie 2012 -0.673
Burke 2013 -0.660
Kociol 2013 -0.684
Aplin 2014 -0.698
Chavey 2014  -0.662
Chin 2014 -0.689
Ding 2014 -0.678
Desai 2014 -0.670
Gonzalo 2015 -0.691
Hollier 2015 -0.663
lannuzzi 2015 -0.665
koo 2015 -0.676
Tadros 2015 -0.681
Duplantier 2016 -0.645
Iberti 2016 -0.662
okere 2016 -0.671
-0.672

Standard

error

0.054
0.057
0.055
0.056
0.056
0.056
0.056
0.056
0.055
0.056
0.056
0.055
0.056
0.058
0.056
0.056
0.060
0.056
0.056
0.056
0.056
0.056
0.055
0.056
0.057
0.058
0.057
0.055
0.056
0.055
0.056
0.055
0.055
0.055
0.057
0.062
0.056
0.056
0.056
0.055
0.055
0.055
0.056
0.056
0.056
0.052
0.056
0.056
0.055

Variance

0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.004
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.004
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003

limit

-0.740
-0.793
-0.759
-0.771
-0.770
-0.792
-0.795
-0.773
-0.764
-0.788
-0.775
-0.772
-0.798
-0.802
-0.781
-0.775
-0.813
-0.792
-0.798
-0.792
-0.779
-0.788
-0.761
-0.773
-0.796
-0.793
-0.800
-0.772
-0.782
-0.778
-0.799
-0.763
-0.781
-0.768
-0.796
-0.820
-0.771
-0.800
-0.787
-0.778
-0.799
-0.771
-0.775
-0.785
-0.792
-0.746
-0.771
-0.780
-0.781

Statistics with study removed
Lower

Upper

limit

-0.529
-0.571
-0.543
-0.552
-0.5652
-0.572
-0.574
-0.554
-0.547
-0.567
-0.556
-0.555
-0.578
-0.574
-0.563
-0.556
-0.576
-0.572
-0.578
-0.570
-0.559
-0.569
-0.547
-0.555
-0.573
-0.565
-0.578
-0.555
-0.564
-0.560
-0.580
-0.546
-0.564
-0.551
-0.572
-0.576
-0.552
-0.579
-0.569
-0.561
-0.582
-0.555
-0.555
-0.566
-0.570
-0.544
-0.552
-0.562
-0.564

Z-Value

-11.765
-12.029
-11.801
-11.855
-11.872
-12.106
-12.185
-11.893
-11.815
-12.017
-11.872
-11.988
-12.251
-11.837
-12.092
-11.874
-11.501
-12.125
-12.263
-12.056
-11.921
-12.130
-11.953
-11.900
-12.056
-11.690
-12.190
-11.989
-12.098
-12.076
-12.363
-11.830
-12.126
-11.909
-11.964
-11.209
-11.855
-12.224
-12.178
-12.104
-12.475
-12.030
-11.887
-12.1056
-12.056
-12.482
-11.855
-12.041
-12.131

p-Value

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Difference in means (95% Cl) with study removed
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Figure A1. Forest plot of sensitivity analysis of LOS in Hospitalist- and Non-hospitalist-based care models.
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Study name Cumulative statistics Cumulative difference in means (95% Cl)
Standard Lower Upper
Point error Variance limit limit Z-Value p-Value

Diamond 1998  -2.420 0.281 0.079 -2.970 -1.870 -8.627 0.000 =
Craig 1999 -1.393 1.010 1.020 -3.372 0.586 -1.379 0.168 e
Davis 2000 -1.382 0.558 0.311 -2.475 -0.289  -2.478 0.013 L O]
Hackner 2001 -1.268 0.351 0.123 -1.956 -0.579  -3.610 0.000 —_—
Tingle 2001 -1.266 0.303 0.092 -1.860 -0.671  -4.174 0.000 -
Auerbach 2002 -1.101 0.260 0.068 -1.611 -0.590  -4.227 0.000 ==
Meltzer 2002 -0.967 0.236 0.056 -1.429 -0.505 -4.103 0.000 ==
Rifkin 2002 -0.981 0.216 0.047 -1.404 -0.558 -4.543 0.000 O=
Gregory 2003 -1.014 0.200 0.040 -1.407 -0.622  -5.070 0.000 O
Huddleston 2004 -0.957 0.179 0.032 -1.307 -0.607  -5.356 0.000 O
Halasyamani 20050.943 0.155 0.024 -1.247 -0.640  -6.096 0.000 O
Phy 2005 -0.985 0.154 0.024 -1.287 -0.683  -6.389 0.000 O
Scheurer 2005 -0.913 0.152 0.023 -1.211 -0.615 -6.008 0.000 O
Lindenauer 2007 -0.854 0.131 0.017 -1.111 -0.597  -6.521 0.000 (@]
Rifkin 2007 -0.850 0.129 0.017 -1.103 -0.597 -6.593 0.000 O
Southern 2007  -0.852 0.122 0.015 -1.091 -0.612 -6.979 0.000 O
Vasilevskis 2008 -0.790 0.095 0.009 -0.975 -0.604  -8.336 0.000 (@)
Carek 2008 -0.759 0.091 0.008 -0.937 -0.581  -8.364 0.000 (@)
Roy 2008 -0.718 0.088 0.008 -0.891 -0.546  -8.179 0.000 (@)
Dynan 2009 -0.697 0.083 0.007 -0.861 -0.534  -8.353 0.000 O
Palacio 2009 -0.702 0.081 0.007 -0.862 -0.543 -8.649 0.000 @)
Go 2010 -0.689 0.080 0.006 -0.845 -0.533 -8.666 0.000 (@)
Shu 2011 -0.729 0.083 0.007 -0.891 -0.566  -8.785 0.000 O
Lee 2011 -0.742 0.082 0.007 -0.903 -0.582  -9.064 0.000 (@)
Howrey 2011 -0.715 0.077 0.006 -0.866 -0.564  -9.284 0.000 O
Kuo 2011 -0.699 0.069 0.005 -0.834 -0.564 -10.119 0.000 (@)
singh 2011 -0.672 0.067 0.004 -0.803 -0.540 -10.017 0.000 O
Wise 2011 (1) -0.685 0.067 0.005 -0.817 -0.553 -10.168 0.000 (@]
Wise 2011 (2)  -0.684 0.067 0.004 -0.815 -0.553 -10.213 0.000 (@)
Wise 2011 (3)  -0.688 0.067 0.004 -0.820 -0.557 -10.273 0.000 (@)
Chadaga 2012 -0.662 0.066 0.004 -0.792 -0.533 -10.007 0.000 O
Douglas 2012 -0.689 0.067 0.004 -0.819 -0.558 -10.334 0.000 (@)
Goldie 2012 -0.688 0.067 0.004 -0.819 -0.558 -10.341 0.000 O
Burke 2013 -0.706 0.067 0.004 -0.837 -0.576 -10.587 0.000 O
Kociol 2013 -0.688 0.064 0.004 -0.812 -0.563 -10.820 0.000 O
Aplin 2014 -0.651 0.055 0.003 -0.759 -0.543 -11.860 0.000 (@]
Chavey 2014 -0.667 0.055 0.003 -0.774 -0.559 -12.173 0.000 O
Chin 2014 -0.646 0.054 0.003 -0.751 -0.541 -12.047 0.000 (@)
Ding 2014 -0.640 0.053 0.003 -0.745 -0.536 -12.002 0.000 (@)
Desai 2014 -0.643 0.054 0.003 -0.748 -0.538 -12.019 0.000 (@)
Gonzalo 2015 -0.623 0.054 0.003 -0.728 -0.518 -11.634 0.000 O
Hollier 2015 -0.633 0.054 0.003 -0.739 -0.627  -11.717 0.000 O
lannuzzi 2015 -0.642 0.054 0.003 -0.747 -0.5637 -11.985 0.000 (@)
koo 2015 -0.638 0.053 0.003 -0.742 -0.534 -12.017 0.000 (@)
Tadros 2015 -0.630 0.052 0.003 -0.732 -0.528 -12.113 0.000 (@]
Duplantier 2016 -0.660 0.056 0.003 -0.770 -0.550 -11.763 0.000 O
Iberti 2016 -0.671 0.056 0.003 -0.780 -0.562 -12.041 0.000 O
okere 2016 -0.672 0.055 0.003 -0.781 -0.564 -12.131 0.000 (@]

-0.672 0.055 0.003 -0.781 -0.564 -12.131 0.000 ¢

-8.00 -4.00 0.00 4.00 8.00
Favours Hospitalist Favours NH

Figure A2. Forest plot of cumulative LOS in Hospitalist- and Non-hospitalist-based care models.

Study name Statistics with study removed Difference in means (95% CI) with study removed
Standard Lower  Upper

Point error Variance limit limit  Z-Value p-Value
Chin 2014 -172.696  107.600 11577.729 -383.588 38.196 -1.605  0.108
Douglas 2012 34.920 522.881 273404.302 -989.907 1059.748 0.067 0.947
Shu 2011 162.638 522.710 273225.977 -861.856 1187.131 0.311 0.756
Duplantier 2016 66.713 546.649 298825.675 -1004.701 1138.126 0.122 0.903
Lee 2011 112936  526.240 276928.027 -918.474 1144.347  0.215  0.830
Huddleston 2004 106.661 523.066 273598.310 -918.531 1131.852 0.204 0.838
lannuzzi 2015 88.434 523654 274213.500 -937.909 1114.777  0.169  0.866
Kuo 2011 109.577  528.293 279093530 -925.858 1145.012  0.207  0.836
singh 2011 80.375 525.488 276137.714 -949.562 1110.313 0.153 0.878
Auerbach 2002  120.308  523.767 274332.309 -906.258 1146.873  0.230  0.818
Davis 2000 122.215 523.763 274327.644 -904.342 1148.771 0.233 0.815

Diamond 1998 143.052  523.108 273641.984 -882.221 1168.324 0.273 0.784
Gregory 2003 122250  525.032 275658.693 -906.794 1151.294 0.233 0.816
Hackner 2001 135.881 523.912 274483.924 -890.968 1162.730 0.259 0.795
Halasyamani 2005 104.387  537.714 289136.436 -949.513 1158.287 0.194 0.846
Lindenauer 2007 77.539  530.684 281625.197 -962.582 1117.660 0.146 0.884

Meltzer 2002 132232 523.282 273823581 -893.381 1157.845  0.253  0.801
Rifkin 2002 114.863  523.515 274067.591 -911.207 1140.933  0.219  0.826
Vasilevskis 2008~ 62.410 522194 272686.254 -961.071 1085.891  0.120  0.905
Tingle 2001 117.235  521.673 272142385 -905.224 1139.695  0.225  0.822
Go 2010 -12.285  522.424 272926.439 -1036.217 1011.646  -0.024  0.981
Carek 2008 91490  531.537 282531.337 -950.303 1133.283  0.172  0.863
Roy 2008 106.287  525.600 276254.968 -923.869 1136.444  0.202  0.840

92,078  511.475 261606.801 -910.394 1094.551  0.180  0.857

-10000.00 -5000.00 0.00 5000.00 10000.00
Favours Hospitalist Favours NH

Figure A3. Forest plot of cost of service in Hospitalist- and Non-hospitalist-based care models.
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Study name Cumulative statistics Cumulative difference in means (95% CI)
Standard Lower Upper
Point error Variance limit limit Z-Value p-Value
Diamond 1998  -1017.000 264.858 70149.895 -1536.113 -497.887  -3.840 0.000 O
Davis 2000 -756.823 226.294 51208.806 -1200.350 -313.295  -3.344 0.001 O
Hackner 2001 -807.128 102.948 10598.385 -1008.903 -605.352  -7.840 0.000 O
Tingle 2001 -809.083 91119 8302.603 -987.673 -630.494  -8.879 0.000 O
Auerbach 2002 -762.899 83.551 6980.747 -926.656 -599.143 -9.131 0.000 O
Meltzer 2002 -764.559 79.839 6374.287 -921.040 -608.077  -9.576 0.000 O
Rifkin 2002 -736.787 76.703 5883.318 -887.122 -586.452 -9.606 0.000 O
Gregory 2003 -680.831 65910 4344.084 -810.011 -551.650 -10.330 0.000 O
Huddleston 2004  -670.956 65.312 4265.630 -798.964 -542.947 -10.273 0.000 O
Halasyamani 2005 -566.216 135.014 18228.778 -830.839 -301.593  -4.194 0.000 O
Lindenauer 2007 -450.862 137.217 18828.455 -719.802 -181.922  -3.286 0.001 O
Vasilevskis 2008 -421.290 135.664 18404.809 -687.187 -155.393  -3.105 0.002 O
Carek 2008 -362.448 118.125 13953.573 -593.969 -130.927  -3.068 0.002 ©®
Roy 2008 -346.892 107.966 11656.696 -558.502 -135.282  -3.213 0.001
Go 2010 -292.232 111.632 12461.654 -511.026 -73.438 -2.618 0.009
Shu 2011 -336.791 111.712 12479.573 -555.742 -117.839  -3.015 0.003
Lee 2011 -338.310 102.443 10494.503 -539.094 -137.527  -3.302 0.001
Kuo 2011 -333.013 92391 8536.008 -514.095 -151.930 -3.604 0.000
singh 2011 -289.616 90.318 8157.376 -466.636 -112.595 -3.207 0.001
Douglas 2012 -257.064 90914 8265419 -435253 -78.875 -2.828 0.005
Chin 2014 61.679 560.361 314005.004 -1036.609 1159.967 0.110 0.912
lannuzzi 2015 66.713 546.649 298825.675 -1004.701 1138.126 0.122 0.903
Duplantier 2016 92.078 511.475 261606.801 -910.394 1094.551 0.180 0.857
92.078 511.475 261606.801 -910.394 1094.551 0.180 0.857
-10000.00 -5000.00 0.00 5000.00 10000.00
Favours Hospitalist Favours NH
Figure A4. Forest plot of cumulative cost in Hospitalist- and Non-hospitalist-based care models.
Study name S with study removed Odds ratio (95% Cl) with study removed
Lower Upper
Point  limit limit Z-Value p-Value
Everett 2011 0952 0.898 1.009 -1.671 0.095
Kuo 2011 0.940 0885 0.998 -2.037 0.042
Aplin 2014 0.947 0.893 1.005 -1.802 0.072
Burke 2013 0.936 0.883 0.991 -2.262 0.024
Chavey 2014 0945 0.886 1.008 -1.707 0.088
Chin 2014 0.949 0.894 1.008 -1.700  0.089
Ding 2014 0.944 0.890 1.001 -1.924 0.054
Douglas 2012  0.949 0.896 1.006 -1.759 0.079
Shu 2011 0.942 0889 0.999 -1.984  0.047
Duplantier 2016 0.950 0.897 1.007 -1.722 0.085
Desai 2014 0.946 0893 1.003 -1.874  0.061
Goldie 2012 0946 0.893 1.003 -1.868 0.062
Gonzalo 2015 0.942 0.888 1.000 -1.956 0.050
Lee 2011 0948 0.894 1.005 -1.784 0.074
Howrey 2011 0939 0.885 0.997 -2.070 0.038
lannuzzi 2015  0.941 0.886 0.998 -2.018 0.044
Iberti 2016 0.944 0890 1.002 -1.895 0.058
Kociol 2013 0.944 0.888 1.003 -1.858 0.063
koo 2015 0.947 0.894 1.004 -1.810 0.070
okere 2016 0946 0.893 1.003 -1.848 0.065
singh 2011 0.947 0.892 1.005 -1.781 0.075
Tadros 2015 0.945 0892 1.003 -1.872  0.061
Auerbach2002 0.954 0.900 1.011 -1.577 0.115
Davis 2000 0.948 0.894 1.005 -1.795 0.073
Diamond 1998  0.971 0.921 1.024 -1.097 0.273
Dynan 2009 0.945 0.891 1.003 -1.872 0.061
Gregory 2003  0.948 0.894 1.004 -1.813  0.070
Hackner 2001 0.944 0.8%0 1.001 -1.921 0.055
Halasyamani 2009.932 0.885 0.982 -2.623  0.009
Lindenauer 2007 0.943 0.884 1.006 -1.770 0.077
Meltzer 2002 0.949 0894 1006 -1.756  0.079
Palacio 2009 0956 0.902 1.013 -1.525 0.127
Phy 2005 0.946 0.893 1.003 -1.852 0.064
Rifkin 2002 0.944 0891 1.000 -1.943 0.052
Vasilevskis 2008 0.950 0.896 1.007 -1.730 0.084
Tingle 2001 0.946 0893 1.003 -1.861  0.063
Go 2010 0.942 0.890 0.998 -2.031  0.042
Carek 2008 0950 0.896 1.008 -1.708 0.088
Roy 2008 0945 0.891 1.003 -1.872 0.061
0.946 0893 1.003 -1.868  0.062
0.01 0.1 1 10 100
Favours Hospitalist Favours NH

Figure A5. Forest plot of readmission/mortality in Hospitalist- and Non-hospitalist-based care models.



	Abstract
	1.  Introduction
	2.  Experimental section
	2.1.  Data sources and searches
	2.2.  Inclusion and exclusion criteria
	2.3.  Study selection
	2.4.  Data extraction
	2.5.  Data synthesis and analysis

	3.  Results
	3.1.  Search results and characteristics of the included studies
	3.2.  Outcomes
	3.2.1.  Hospital length of stay (LOS)
	3.2.2.  Costs
	3.2.3.  30-day readmission or in-hospital mortality
	3.2.4.  Patients’ satisfaction
	3.2.5.  Studies with incomplete published data


	4.  Discussion
	5.  Conclusion
	Disclosure statement
	References
	Appendix



