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ABSTRACT

Objective: This study aimed to assess the economic feasibility of the acute medical unit (AMU)
hospitalist care model, utilizing patient outcomes from a previous investigation.

Design: A retrospective cohort study was conducted using benefit-cost analysis in terms of a societal
perspective. Data relating to clinical factors, outcomes, and medical costs were obtained from the
electronic medical record database at our institution. Literature-based costing was applied to determine
direct non-medical costs and indirect costs that could not be obtained directly.

Setting: A tertiary care hospital in the Republic of Korea

Participants: We evaluated 6391 medical inpatients admitted through the emergency department (ED)
from June 1, 2016, to May 31, 2017.

Interventions: The study compared multiple types of costs and benefits among inpatients from the ED
between a non-hospitalist group and an AMU hospitalist group.

Results: This investigation found a significant 30% reduction in medical costs and a 24.3% reduction
in total costs in the AMU hospitalist group compared to the non-hospitalist group (e%3%5 = 0.701,
P=0.000; ¢°27°=0.757, P=0.000). Furthermore, significant reductions in direct and indirect costs 0of 21.3%
and 23.3% were found in the AMU hospitalist group compared to the non-hospitalist group (e%24 =
0.787, P=0.000; ¢°2%5=0.767, P= 0.000; respectively). The net-benefit and benefit-cost ratio (BCR) of
the AMU hospitalist care group were US $8067 and 1.33 per capita, respectively.

Conclusions: The AMU hospitalist care model was associated with remarkable reductions in multiple
costs. The net-benefit and BCR of the AMU hospitalist care showed consistent stability in the sensitivity

analysis. Thus, AMU hospitalist care was found to be economically efficient.
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Strengths and limitations of this study

-This is the first comprehensive benefit-cost analysis undertaken on a substantial cohort of inpatients to
evaluate the economic feasibility of acute medical unit (AMU) hospitalist care in comparison to non-
hospitalist care in terms of a societal perspective.

-The study encompassed all medical inpatients who were admitted from the emergency department to
medical wards throughout the specified timeframe of June 1, 2016, to May 31, 2017. Having such broad
inclusion criteria is likely to have enhanced the validity of the findings.

-It is challenging to make generalizations regarding this retrospective study due to its singular institution
of origin.

-Expenditures apart from medical costs were not obtained directly but were calculated after consulting
relevant sources; therefore, this is some degree of uncertainty in the cost estimates.

-As was the case in previous research on patient outcomes, this study could not quantify the potential
benefits associated with a reduction in admissions to the intensive care unit. Therefore, it is possible

that the benefits determined in this study were undervalued.
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INTRODUCTION

In South Korea, a pilot hospitalist care system was implemented from 2016 to address reduced
numbers of medical personnel and improve the quality of inpatient care [1]. The pilot project was
integrated within the general hospital care system after 5 years and the number of hospitalists in Korea
has increased to approximately 250 [2].

Since the implementation of the hospitalist care system in Korea, research on patient outcomes has

been conducted [3-9] in terms of in-hospital mortality (IHM), intensive care unit (ICU) admission,

emergency department-length of stay (ED-LOS) and total length of stay (LOS). Although there have
been many studies on the effectiveness of the hospitalist system, few studies have been undertaken on
costs or involving economic evaluations. While some studies have reported on the medical costs of
hospitalist care in South Korea [7, 10], no economic evaluations from a societal perspective have been
reported concerning hospitalist care in South Korea. Therefore, it is necessary to evaluate the economic
feasibility of hospitalist care considering both its costs and effects in terms of whether it is efficient
within the overall medical system.

In this study, a societal-perspective economic evaluation was conducted to estimate the overall costs
and benefits of the acute medical unit (AMU) hospitalist care model implemented at our institution,
based on patient outcomes. We aimed to provide new evidence on the economic efficiency of the AMU

hospitalist care model.
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METHODS

Study participants and AMU setting

We evaluated 6391 medical inpatients admitted through the emergency department (ED) of our
institution from June 1, 2016, to May 31, 2017, who were assigned to AMU hospitalist care and non-
hospitalist care groups (2426 and 3965 patients, respectively). The AMU patients were evaluated and
treated by four hospitalists with an average of ten years of clinical experience in infectious diseases,
pulmonology and critical care, nephrology, and endocrinology [9]. Seven days per week, two AMU
hospitalists were responsible for the care of the AMU patients admitted during the day. In addition,
non-hospitalist inpatient care was provided by subspecialists and residents in a specialty medical ward,
where residents were primarily responsible for inpatient care under the supervision of an attending
physician [9]. While hospitalist care in the AMU focused on general acute care, non-hospitalist care in

the specialty medical ward emphasized long-term and specialized treatment [9].

Study design

This retrospective cohort study compared and analyzed the cost-saving benefits, calculated based on
costs and patient outcomes, between AMU hospitalist care and non-hospitalist care groups for patients
admitted through the ED at a tertiary hospital.

We conducted a benefit-cost analysis and divided costs into medical costs, non-medical costs, and
time costs in terms of productivity loss [11]. This investigation was conducted in accordance with
Consolidated Health Economic Evaluation Reporting Standards 2022 (CHEERS 2022) [12]. A flow

diagram of the study population and benefit-cost factors is presented in Supplementary 1.

Ethics statement

The study protocol was approved by the Institutional Review Board of Seoul National University

Bundang Hospital (approval number: B-1711/435-107) and the need for informed consent was waived.
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Outcomes and clinical variables

Outcomes and clinical variables were obtained from the electronic medical records (EMRs) at our
institution. Among the outcome variables, IHM, LOS and ED-LOS were used to calculate costs and
benefits as well as the time cost of productivity loss.

We analyzed the following clinical variables of the participants: age, sex, prior hospitalization history,
cardiopulmonary resuscitation (CPR) incidence, cause of ICU admission, referral to a specialty,
consultations, surgical intervention (cases performed during the hospitalization, not before), major
diagnosis (based on the International Statistical Classification of Diseases and Related Health Problems,
10t Revision, Australian Modification [ICD-10-AM]), and Korean Triage and Acuity Scale (KTAS),
Age-adjusted Charlson Comorbidity Index (ACCI), and Acute Physiology and Chronic Health
Evaluation (APACHE) II scores. The ACCI score is derived from the sum of 1, 2, 3, and 6 weighted
values for 17 disease groups, ranging from 0 to 29; higher scores indicate higher severity [13]. The
KTAS, which is currently applied in emergency medical centers in Korea, is a national standardized
classification tool for evaluating illness severity [14]. We used the APACHE II score to compare the
disease severity among ICU admissions; this score (range: 0-71) has been found to closely correlate
with the risk of hospital death [15]. Baseline characteristics of the study population are presented in

Table 1 [9].
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Table 1. Baseline characteristics of patients cared for by hospitalists and non-hospitalists (N=6391)
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Baseline Characteristics H?;E;T;lg)t S Non(-llllzgggg)llsts Pvalue
Sex
Male 1387 (57.2) 2188 (55.2) 0.120
Female 1039 (42.8) 1777 (44.8) '
Age (years) 63.24+16.20 67.38+16.52 <0.001
<50 488 (20.1) 610 (15.4)
50-59 401 (16.5) 499 (12.6)
60-69 542 (22.3) 733 (18.5) <0.001
70-79 632 (26.1) 1131 (28.5)
>80 363 (15.0) 992 (25.0)
Prior hospitalization 2101 (86.6) 3373 (85.1) 0.090
Number of prior hospitalizations 3.16+4.07 3.24+4.20 0.480
Korean Triage and Acuity Scale
1 (Resuscitation) 12 (0.5) 69 (1.7)
2 (Emergency) 324 (13.4) 941 (23.7)
3 (Urgent) 1699 (70.0) 2511 (63.3) <0.001
4 (Less urgent) 367 (15.1) 403 (10.2)
5 (Non-urgent) 24 (1.0) 41 (1.0)
Major disease
Malignant neoplasms 845 (34.8) 890 (22.4)
Diseases of the circulatory system 48 (2.0) 552 (13.9)
Diseases of the respiratory system 266 (11.0) 875 (22.1)
Diseases of the digestive system 441 (18.2) 424 (10.7)
Diseases of the genitourinary system 202 (8.3) 375 (9.5)
Symptoms, signs, and abnormal clinical and
laboratory findings 15285 167 (4.2)
Certain infectious and parasitic diseases 86 (3.5) 204 (5.1) <0.001
Endocrine, nutritional, and metabolic diseases 95 (3.9) 158 (4.0)
Diseases of the blood and blood-forming organs
and certain disorders involving the immune | 130 (5.4) 47 (1.2)
mechanism
Disease§ of ‘Fhe musculoskeletal system and 58 (2.4) 89 (2.2)
connective tissue
Others 93 (3.8) 184 (4.6)
Age-adjusted Charlson Comorbidity Index 3.82+2.63 3.77£2.19
Median [IQR] 4 [2-5] 4 [2-5] 0.055
<2 729 (30.0) 1018 (25.7)
3 436 (18.0) 733 (18.5) 0.001
4 502 (20.7) 943 (23.8) ’
>5 759 (31.3) 1271 (32.1)
Surgical intervention 282 (11.6) 560 (14.1) 0.004
CPR incidence 15 (0.6) 35(0.9) 0.244
Consultation 1830 (75.4) 2946 (74.3) 0.312
7
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Baseline Characteristics Hz:g;t:;;s)t S Non(-:;);[;;t;l)llsts Pvalue
Number of consultations 3.50+6.18 3.99+7.02 0.004
Referral to a specialty 1613 (66.5) 450 (11.3) <0.001
Type of specialty referral (n=2063)
Hematology & Oncology 658 (40.8) 114 (25.3)
Gastroenterology 360 (22.3) 20 (4.4)
Respiratory 174 (10.8) 53 (11.8)
Nephrology 96 (6.0) 11(2.4) <0.001
Infection 96 (6.0) 8 (1.8)
Geriatrics 80 (5.0) 9 (2.0)
Others 149 (9.2) 235 (52.2)
Outcomes
In-hospital mortality 117 (4.8) 361 (9.1) <0.001
ICU admission 95 (3.9) 343 (8.7) <0.001
Cause of ICU admission (n=438)
Close mf)nitoring after procedure or surgical 55 (57.9) 223 (65.0)
ntervention
Respiratory failure or insufficiency 23 (24.2) 78 (22.7)
Septic shock 7(7.4) 17 (5.0)
Cardiovascular failure or insufficiency 7(7.4) 12 (3.5) 0.077
Metabolic/Renal failure 0(0.0) 8(2.3)
GI bleeding 3(3.2) 2(0.6)
Neurogenic dysfunction 0(0.0) 3(0.9)
APACHE II score at ICU admission (n=438) 25.20+10.62 21.26+12.03 0.004
Length of hospital stay (days) 10.56+11.68 11.40+12.36
Median [IQR] 7 [4-12] 8 [5-13] 0.007
ED-LOS (hours) 11.24+8.49 13.74+10.11
Median [IQR] 8.4[6.1-12.7] | 10.2 [6.7-19.0] <0.001
Re-admission within 10 days 117 (4.8) 177 (4.5) 0.507
Re-admission within 30 days 277 (11.4) 416 (10.5) 0.248

Data are presented as the mean + standard deviation, number (%), or median [IQR], as indicated.
"surgical intervention” implies the patient underwent surgery during the hospital stay, not before.

IQR, interquartile range; CPR, cardiopulmonary resuscitation; ICU, intensive care unit; APACHE,

Acute Physiology and Chronic Health Evaluation; ED-LOS, emergency department length of stay

Cost measures

Micro-costing and gross-costing were used for cost calculation in this study. Micro-costing was
applied to directly calculate the medical costs during the total hospital stay [16]. Gross-costing was used

to calculate all costs other than medical costs (Supplementary 2). The costs were classified into direct

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

Y

* (s3gv) Inaladns juswaublaosug


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

costs and indirect costs [17], with all unit costs converted to United States (US) dollars as of 2017.

Direct costs

Direct costs comprised medical costs (micro-costing), family caregiver transportation fares, paid care
costs, and doctor labor costs in hospitalization (gross-costing). Specifically, medical cost data were
obtained from hospital administrative information in the EMRs at our institution regarding consultation
fee, admission fee, medication fee (medication / injection / anesthesia / whole blood (WB) and blood
product), treatment and surgery fee, medical examination fee (inspection / medical imaging / computed
tomography [CT] / magnetic resonance imaging [MRI] / positron emission tomography [PET] /
ultrasonography), therapeutic materials, and other factors (prosthetics, orthodontics / rehabilitation and
physiotherapy / psychotherapy). The family caregiver transportation fare in relation to hospitalization
was estimated by multiplying referenced costs (2017 Korea Health Panel Study [18] and the 2017
Consumer Price Index [19]) by patient individual LOS. The paid care cost was calculated by multiplying
referenced average costs [20] by patient individual LOS. The doctor labor cost was calculated by
dividing the doctors into hospitalists and residents and estimating the expenses in both groups based on
daytime employment, as hospitalists were only present during this period. Resident doctor labor costs
per patient were estimated using the following variables: the average after-tax salary (2017 resident
training environment evaluation survey results [21]), four major social insurance scheme classifications
(national pension, health insurance, employment insurance, and workers’ compensation insurance [22])
and tax (income tax and resident tax [23]), the number of patients per physician [24], and the total LOS
in the non-hospitalist care group. The AMU hospitalist labor costs per patient were calculated using a

referenced average labor cost [25] and the AMU-LOS in the hospitalist care group.

Indirect costs
Indirect costs (time costs) were calculated by applying the gross-costing method. Patient productivity

loss during hospitalization (time costs) was calculated by multiplying the average daily wage by gender

9
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and age [26], by individual LOS, and by the labor force participation rate [27]. Family caregiver
productivity loss was calculated by multiplying the average daily wage of all workers [26] by individual
LOS. Patient productivity loss due to ED-LOS was calculated by multiplying the average hourly wage
by gender and age [26], by individual ED-LOS, and by the labor force participation rate [27]. Patient
productivity loss due to death in hospitalization was calculated by multiplying the average annual wage
by gender and age [26], by the labor force participation rate [27], and by individual life years gained in
relation to death [28]. Individual life years gained were estimated by subtracting life expectancy reduced
by major diseases from life expectancy by gender and age, in reference to life tables available from the

Korean Statistical Information Service (KOSIS, 2017) [28].

Benefit measure
In this study, the human capital approach was used as a method of evaluating the value of “health”
or “life” in monetary units [16]. Benefits, in the form of cost savings, were then estimated based on

direct and indirect costs.

Economic evaluation: benefit-cost analysis

In benefit-cost analysis, the benefit-cost ratio (BCR) and net-benefit are used as indicators for decision
indices. Net benefit refers to benefit minus the cost, with a larger net benefit indicating a more favorable
benefit-cost situation [16]. Therefore, we used BCR and net-benefit as indicators in terms of decision

indices.

Sensitivity analysis
This study is a retrospective study of costs incurred. Since the study period comprised only one year,
a discount rate was not applied to the costs and a sensitivity analysis was performed on uncertain

variables [29]. The results of the sensitivity analysis are presented in a tornado diagram.

10
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First, a sensitivity analysis was conducted on LOS and ED-LOS, which showed a skewed distribution.

We analyzed the 1%-trimmed mean by calculating the average of the remaining values while excluding
some (1%) from the extremes of the data. In addition, patients in the top 3% of LOS and ED-LOS were
excluded as there were minimal numbers of patients from each group within this category.

Second, a sensitivity analysis was conducted on paid care costs among the direct non-medical costs
that were considered to have high uncertainty. Assuming that no caregiver was hired, the baseline paid
care costs were set at $64 [20], and the maximum daily paid care costs for hospitalized patients were
set at $149) [20].

Third, a sensitivity analysis was conducted on doctor labor costs among the direct non-medical costs
that were considered to have high uncertainty, with both one-way and two-way sensitivity analyzes
conducted. Resident labor costs were set at $53,977 as a baseline, with a minimum value of $45,633
and a maximum value of $64,349 [21]. Hospitalist labor costs were set at $141,056 as a baseline [25],

with a minimum value of $93,414 and a maximum value of $186,829.

Statistical analysis

Categorical variables are reported as percentages, and continuous variables as mean + standard
deviation (SD). Groups were compared using Pearson’s chi-square tests or t-tests, as appropriate. ACCI,
LOS, and ED-LOS were expressed as the median and interquartile range (IQR). For these variables,
groups were compared using the Mann-Whitney U test, owing to their skewed distributions. We
performed subgroup analyses of costs and benefits according to age, severity of the patient’s condition
(based on the KTAS score), the degree of comorbidity (based on the ACCI score), and the major disease
category (based on the ICD-10). Natural log-transformed multivariate regression analysis was
conducted in relation to the costs. Since the unit cost was large, using a natural logarithm can increase
normality and enable accurate values to be obtained during analysis as well as reduce skewness and
kurtosis of the data. Regression analysis for the costs was used to adjust for the following factors: age,
sex, prior hospitalization, referral to specialty, consultation, CPR, KTAS score, ACCI score, surgical

11
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intervention, major disease, ICU admission, IHM, LOS, and ED-LOS. Using the estimates from the
regression models, we presented differences between AMU hospitalized and non-hospitalized groups

in terms of medical, direct, indirect, and total costs.

Patient and public involvement

This was a non-interventional study conducted retrospectively. Consequently, no patients
participated directly in the study's conception, formulation of research objectives and queries, or
execution. In addition, patients were not involved in the interpretation of results or production of the

manuscript. It is not currently in our intentions to disseminate the findings to the study participants.
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RESULTS

Costs

All costs are presented as costs per capita in this study. The estimated 2017 costs (US $1=1070.5
KRW, year: 2017 [30]) between the hospitalist group and the non-hospitalist group are shown in
Table 2. The total costs were significantly lower in the hospitalist group than in the non-hospitalist
group, with a difference of more than $8000 (24509110990 vs. 32576+124893, P=0.009). The direct
medical costs were significantly lower in the hospitalist group than in the non-hospitalist group, with
a difference of more than $1,000 (4978+7946 vs. 6170+£8864, P= 0.000).

Among the subcategories of medical costs, the biggest difference was found in relation to the admission
fee and medical examination fee (1083+2029 vs. 1425+2073, P=0.000; 1551£1991 vs. 1912+2048,
P=0.000; respectively). Among the direct non-medical costs, the family caregiver transportation fare
and paid care costs were significantly lower in the hospitalist group than in the non-hospitalist group
(P=0.007 and P=0.007, respectively).

However, doctor labor costs were approximately three times higher in the hospitalist group than in the
non-hospitalist group (299+168 vs. 99+£108, P=0.000). The indirect costs were significantly lower in
the hospitalist group than in the non-hospitalist group, with a difference of more than $6000
(18312+£109195 vs. 25313+£123018, P=0.021). Among the indirect costs, family caregiver productivity
loss according to LOS and patient productivity loss according to ED-LOS and IHM were significantly
lower in the hospitalist group than in the non-hospitalist group (P=0.007, P=0.000 and P=0.023,
respectively). However, there were no significant differences between the two groups in terms of patient

productivity loss according to LOS (684+955 vs. 670+963, P=0.570).
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1

2

3

: Table 2. Costs of patients cared for by hospitalists and non-hospitalists (N=6391)

6 Cost per capita (USD) HG (n=2426) NHG (n=3965) P value

7 Total costs 24509+110990 32576+124893 0.009

8 Direct costs 6198+8915 7263+9823 0.000

?O Direct medical costs 4978+7946 6170+8864 0.000

11 Consultation fee 307+270 329+290 0.003

12 Admission fee 1083+£2029 142542073 0.000

13 Medication fee 1108+2865 10862839 0.774

12 Treatment and surgery fee 325+1334 528+2102 0.000

16 Medical examination fee 1551£1991 191242048 0.000

17 Therapeutic materials 372+1058 675+£1804 0.000

18 Others 2344728 2154571 0.249

o Direct non-medical costs 121941119 1093+1185 0.000

2 Family caregiver transportation 24924967 2614283 0.007

22 fare in hospitalization ’

23 Paid care cost in hospitalization 679+£750 733+£794 0.007

24 Doctor's labor cost 299+168 99+108 0.000

25 Indirect costs 18312+109195 25313+123018 0.021

26 Patient productivity loss accordin

27 p Y £ 684955 670+963 0.570

2 oLOS -

29 Family caregiver productivity loss 137441519 148341608 0.007

30 according to LOS ’
Patient productivity loss accordin

31 p y g

i to ED-LOS 93491 105+110 0.000

33 Patient productivity loss according - ¢y 61118778 23056122666 0.023

34 to IHM

35 Data are presented as mean + standard deviation. HG, hospitalist group; NHG, non-hospitalist group;

36 ED-LOS, emergency department length of stay; LOS, length of hospital stay; IHM, in hospital mortality;

37 Cost unit: USD (U.S. Dollar), ($1=1070.5 KRW, year: 2017)

38
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Subgroup cost differences according to KTAS scores, comorbidity severity, major disease, and
age

Cost analysis was performed according to subgroups of patients stratified by KTAS scores, ACCI
scores, major disease, and age to determine differences between the two groups (Supplementary 3, 4, 5
and 6). Compared to the non-hospitalist group, the hospitalist group's overall costs for more urgent
cases were significantly reduced by more than $9000 (P=0.002). In low-to-moderate comorbidity
groups (ACCI = 0-2, 3 and 4 points), there was a greater cost reduction in the hospitalist group than in
the non-hospitalist group ($15485, P=0.036; $11886, P=0.163; $9688, P=0.019; respectively).

Among the major diseases, in all but three disease types, the overall costs in relation to the hospitalist
group decreased compared to the non-hospitalist group. In a subgroup analysis by age, total costs in the
hospitalist group decreased in almost all age groups (P=0.256, P=0.004, P=0.001, P=0.003;

respectively).

Natural log-transformed multivariate regression analysis of costs

We performed natural log-transformed multivariate regression analysis to adjust for clinical variables
and outcome variables potentially associated with costs, namely, medical, direct, indirect, and total
costs (Supplementary 7 and 8). Regression analysis revealed a significant 30% reduction in medical
costs and a 24.3% reduction in total costs in the hospitalist group compared to the non-hospitalist group
(e03%=0.701, P=0.000; e027°=0.757, P=0.000). Furthermore, there was a significant reduction of 21.3%
in direct costs and a 23.3% reduction in indirect costs in the hospitalist group compared to the non-

hospitalist group (¢4 = 0.787, P=0.000; e-26>=0.767, P= 0.000; respectively).

Benefit-cost analysis

Net-benefit and BCR analysis were conducted according to total and subgroups of patients stratified
by clinical variables, KTAS scores, ACCI scores, major diagnoses, and age (Table 3). Among the total
group of patients, the net-benefit and BCR of the AMU hospitalist care group were $8067 and 1.33 per
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capita, respectively; AMU hospitalist care was evaluated as economically feasible. Among the patients
stratified by clinical variables, net-benefit and BCR analysis results indicated that AMU hospitalist care
was economically feasible in all but five 5 subgroups (urgent; ACCI >5; diseases of the circulatory

system; diseases of the genitourinary system; and endocrine, nutritional and metabolic diseases).
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Table 3. Benefit-cost analysis 2 %
g §et-beneﬁt B/A ratio
Total Cost per capita (USD) HG (A) NHG (B) > (B-A) (benefit cost
c © ratio, BCR)
Total (N=6391) 24509 32576 ® %867 1.33
KTAS e
More urgency (n=5556) 24214 34596 S A R381 1.43
Less urgency (n=835) 26045 16562 = ?;9}83 0.64
ACCI ==
ACCI 22 (n=1747) 20003 35488 =51 5485 1.77
ACCI=3 (n=1169) 29935 41822 %’_%%886 1.40
ACCI=4 (n=1445) 16921 26609 o g)§88 1.57
ACCI>5 (n=2030) 30740 29339 %’;;5100 0.95
Major disease e
Malignant neoplasms (n=1735) 44490 76101 =8%612 1.71
Diseases of the circulatory system (n=600) 25810 12727 € B083 0.49
Diseases of the respiratory system (n=1141) 14341 21647 5 7%06 1.51
Diseases of the digestive system (n=865) 12333 23432 g. 18099 1.90
Diseases of the genitourinary system (n=577) 16620 13842 5 -Z778 0.83
Symptoms, signs and abnormal clinical and laboratory findings (n=329) 7800 12610 g 4811 1.62
Certain infectious and parasitic diseases (n=290) 6126 26372 2 28246 431
Endocrine, nutritional and metabolic diseases (n=253) 16495 6323 g @171 0.38
Dlseasps of thg blood and blooq-forrrilng organs and certain disorders 14823 78742 5 63919 531
involving the immune mechanism (n=177) ~ S
Diseases of the musculoskeletal system and connective tissue (n=147) 10444 22650 § 12207 2.17
Others (n=277) 22861 33371 a 1RS510 1.46
Age (years) g §
<50 (n=1098) 41296 55982 2 14686 1.36
50-59 (n=900) 43701 80904 - 32203 1.85
60-69 (n=1275) 16962 26750 9239 1.58
70-79 (n=1763) 13784 18436 4852 1.34
>80 (n=1355) 10683 14300 3817 1.34

Data are presented as mean. HG, hospitalist group; NHG, non-hospitalist group; KTAS, Korean Triage and Aculty Scale; ACCI, Age-adjusted Charlson
Comorbidity Index; Cost unit: USD (U.S. Dollar), ($1=1070.5 KRW, year: 2017)
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Sensitivity analysis

The sensitivity analysis results for LOS and ED-LOS are shown in Figures 1-1 and 1-2. We analyzed
the 1%-trimmed mean and excluded patients with extreme values, as noted. After excluding extreme
values related to LOS, the results were stable (net-benefit; $7162 to $8555, BCR; 1.30 to 1.38) and
showed no significant difference from the initial analysis. Sensitivity analysis for ED-LOS revealed
that the results were consistent (net-benefit; $7412 to $7860, BCR; 1.30 to 1.33) and showed no
significant difference from the initial analysis. After varying paid care costs from $0 to $149, the
sensitivity analysis results were stable, with the net benefit ranging from $8013 to $8138 and the BCR
from 1.32 to 1.34 (Figure 1-3). One-way sensitivity analysis results showed comparative values of
resident labor costs and hospitalist labor costs (Supplementary materials 9 and 10), with resident labor
costs ranging from $45,633 to $64,349, which indicated a net benefit ranging from $8062 to $8073
(BCR, 1.33) (Supplementary 9). After varying hospitalist labor costs from $93,414 to $186,829, the
results were stable, with net benefit ranging from $7991 to $8145 (BCR, 1.33) (Supplementary 10).
Two-way sensitivity analysis results on doctor labor costs are presented in Figure 2 and Supplementary
11. These indicated consistent and stable outcomes, with the net benefit ranging from $7986 to $8152

(BCR, 1.33).

DISCUSSION
Study summary
This study is the first to report on the economic efficiency of a Korean AMU hospitalist care model

while controlling for clinical factors. We found a notable cost reduction with AMU hospitalist care
compared to non-hospitalist care in all areas; medical costs, direct costs, indirect costs, and total costs.
In this study, medical costs included hospitalist care fees. The same trend toward cost reduction was
observed in the subgroup and regression analyses.

The net-benefit and BCR analysis results of the AMU hospitalist care group were $8067 and 1.33 per

capita, respectively; AMU hospitalist care was evaluated as economically efficient. Sensitivity analysis
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showed that the net-benefit and BCR results in terms of AMU hospitalist care were stable. Direct, real-
time communication among our multidisciplinary team members, which enables appropriate and quick
decision-making on treatments for patients with acute diseases, is a key component of our AMU care
[3]. As a result, direct medical expenses have decreased. Furthermore, our previous study reported that
AMU hospitalist care considerably improved patient outcomes in terms of IHM, ICU admission rate,
LOS and ED-LOS [9]. This enhanced performance has led to a reduction in indirect expenses and in

productivity loss.

Direct medical costs

Some previous studies that investigated the costs of hospitalist care have reported reduced medical
costs in hospitalist care [10, 31-38]. In contrast, other studies have reported no significant difference in
total medical costs between patients treated by hospitalists and those treated by non-hospitalists [7, 39]
and that the costs of care for hospitalists were more than those for specialists but less than those for
generalists [40]. Our study showed that there was a marked cost reduction in consultation, admission,
treatment and surgery, medical examination, and therapeutic materials fees among the medical cost
subcategories. Even when hospitalist care fees were included in medical costs, the hospitalist group's
medical costs were lower, which indicates that the difference would be even greater if hospitalist care
fees were excluded. Among the previous studies, one study that evaluated Korean hospitalists reported
that medical costs reduced by $255 in terms of hospitalist care [10]. However, in our study, medical
expenses per admission decreased by more than $1000 in the hospitalist care group. The findings of
research on medical cost reduction are consistent, but our study's findings on cost-reduction suggest a
more substantial reduction is involved.

The patient group in our study consisted of patients with acute medical conditions admitted through
the ED of a tertiary general hospital, with their disease severity being higher than that among those in
the total group of patients, which may explain the difference in study results. However, the regression
analyses showed a significant 30% reduction in medical costs in the hospitalist group after adjusting for
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clinical factors. Despite the conflicting results reported in earlier studies, our research findings offer
compelling evidence supporting the effectiveness of the AMU hospitalist care model in reducing

medical costs.

Direct non-medical costs compared with indirect costs

Studies are lacking on the economic implications of hospitalist care from a societal perspective.
Hence, we conducted an estimation and analysis of non-medical expenses to assess the economic
feasibility of AMU hospitalist care from a societal perspective.

In a previous study, we reported that AMU hospitalist care considerably improved patient outcomes
in terms of IHM, ICU admission rate, LOS, and ED-LOS [9]. In this study, we used patient outcomes
from that study to estimate the following costs: family caregiver transportation fares in hospitalization,
paid care costs in hospitalization, patient productivity loss based on LOS, family caregiver productivity
loss based on LOS, patient productivity loss based on ED-LOS, and patient productivity loss based on
[HM.

The hospitalist care group's decreased LOS resulted in a notable reduction in expenses related to
family caregiver transportation and paid care during patient hospitalization. However, the doctor labor
cost in the hospitalist group was almost three times higher than that in the non-hospitalist group.
Therefore, direct non-medical costs were higher in the hospitalist group.

With the exception of patient productivity loss based on LOS, substantial reductions in expenses
were shown for family caregiver productivity loss based on LOS and patient productivity loss based on
ED-LOS and IHM. The hospitalist group exhibited a considerably reduced LOS in comparison to the
non-hospitalist group [9]. However, it is possible that the lower age of the patients in the hospitalist
group may account for the larger patient productivity loss based on LOS observed in this group.
Nevertheless, AMU hospitalist care resulted in notable reductions in the indirect costs, surpassing
$7000 in savings when compared to the non-hospitalist group. This improvement in patient outcomes
played a pivotal role in achieving these cost reductions. Therefore, the overall costs in relation to the
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AMU hospitalist care group showed a notable decrease in comparison to the non-hospitalist group.

Benefit-cost analysis

The net-benefit and BCR analysis of the AMU hospitalist care group gave results of $8067 and 1.33
per capita, respectively, indicating that AMU hospitalist care was economically feasible. However,
variations in net-benefit and BCR analysis ranges were seen across different subgroups (-$13083 to
$63919, 0.38 to 5.31; respectively). This indicates that the economic efficacy of AMU hospitalist care
varies based on the clinical characteristics of patients. Nevertheless, in terms of net-benefit and BCR
results, AMU hospitalist care was found to be economically feasible in 17 subgroups and not feasible
in five subgroups. These findings might potentially serve as a valuable reference for the development
of a more efficient hospitalist care paradigm in further research.

A one-way sensitivity analysis was conducted to examine the impact of variations in the LOS, ED-
LOS, paid care costs, and doctor labor costs. The net-benefit and BCR analysis results of AMU
hospitalist care were stable based on a one-way sensitivity analysis using these four variables. The
results of a two-way sensitivity analysis indicated that the net-benefit and BCR results of AMU

hospitalist care remained consistent despite fluctuations in labor costs for both residents and hospitalists.

Limitations

This study had some restrictions. First, it employed a retrospective design, which posed challenges
in mitigating the effect of confounding factors and discerning whether the observed results were
attributable to the AMU environment or the treatment administered by the hospitalists. Second, the
study was conducted at a single site, which limits the extent to which our findings may be generalized.
Third, other expenditures, excluding medical expenses, were not directly obtained but rather calculated
by consulting relevant sources, which introduced a degree of uncertainty into the cost estimations.
Fourth, the present study could not provide a quantifiable assessment of the potential benefits associated
with the reduction of ICU admissions, which has also been a limitation in related prior research on

patient outcomes. Hence, it is possible that the advantages identified in this study may have been
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undervalued.
CONCLUSION

This study showed that AMU hospitalist care significantly reduced costs in nearly all categories,
including medical costs, direct costs, indirect costs, and total costs. Moreover, in the benefit-cost
analysis, the net-benefit and BCR results of the AMU hospitalist care group were consistently shown
to be greater than $8000 and 1.30 per capita, respectively. These results indicate that AMU hospitalist

care is economically efficient.
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Supplementary 2. Type of costs, cost estimation formula and data source

Type of costs

Cost estimation formula & data source

Direct costs

Cl+C2+C3+C4

Direct medical costs

Cl1

Total medical expense in hospitalization
(CD)

Individual medical treatment bill receipt (real data)

@ consultation fee

@ admission fee

@ medication fee
(including medication / injection / anesthesia / WB and blood product)

@ treatment and surgery fee

(® medical examintaion fee
(including inspection / medical imaging / CT / MRI/PET / Ultrasonography)

® therapeutic materials

(@ the others (prosthetics, orthodontics / rehab and physiotherapy /
psycotherapy)

Direct non-medical costs

C2+C3+C4

Family caregiver transportation fare in
hospitalization (C2)

$23 *LOS

2017 Korea health panel study / 2019 Annual report on the consumer price
index (referenced data), LOS : real data

Paid care cost in hospitalization (C3)

$64 *LOS

The Social Cost of Informal Nursing Care and its Policy Implications for
Integrated Nursing and Care Services (2021)(referenced data),
LOS : real data

Doctor's labor cost (C4)
Resident's labor costs (day shift)

Salary after tax
Resident's labor costs per doctor

Resident's average labor costs per doctor
Number of inpatient per day per doctor

Number of inpatients per year per doctor

Total number of resident assigned to the
NHG group

Total Resident's labor costs in the in the
NHG group

Resident's labor costs per patient per day in
the NHG group

Resident's labor costs per patient in the
NHG group

Hospitalist's labor costs (day shift)

Hospitalist's labor costs per doctor

Total number of hospitalist assigned to the
HG group

Hospitalist's labor costs per patient per day
of AMU in the HG group

2017 resident training environment evaluation survey results
$32695 ~ $43905, average salary after tax : 37693 $

$45633 ~ $64349

Estimating using 4 Major SIS’s (Social Insurance Schemes; national
pension, health insurance, employment insurance, workers’ compensation
insurance) and tax (income tax and resident tax)

$53977

17

17*365=6,205

Total LOS of the control group (45,196) / 6,205 =7.3
$53977 * 7.3 = $394035

$394035 /45,196 = $9

$9 * LOS per admission

A study on the implementation and the evaluation of Korean hospitalist
system to improve the quality of hospitalization (phase 2)(2018)

average 141056 $ (including salary and operation cost)

4

$564222 / 7216 (Total AMU-LOS) = $78
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Type of costs

Cost estimation formula & data source

Doctor's labor cost per patient in the HG
group
1) No referral patients

2) Referral patients

$78 * AMU-LOS
($78 * AMU-LOS) + ($9 * referral medical ward-LOS)

Indirect Costs

C5+C6+C7+C8

Family  caregiver  productivity loss
according to LOS (C5)

$130 *LOS

2017 Survey report on labor conditions by employment type (referenced
data), LOS (real data)

Patient productivity loss according to ED-
LOS (C6)

Hourly wage * ED-LOS * labor force participation rate (age, gender)

2017 Survey report on labor conditions by employment type (referenced
data)

2017 Annual report on the the economically active population survey
(referenced data), ED-LOS (real data)

Patient productivity loss according to LOS
(C7)

Daily wage * LOS * labor force participation rate (age, gender)

2017 Survey report on labor conditions by employment type (referenced
data)

2017 Annual report on the the economically active population survey
(referenced data)

Patient productivity loss according to IHM
(C8)

Annual wage * deceased patients' expected LY Gs * labor force participation
rate (age, gender)

Statistics Korea. LIFE TABLES FOR KOREA, 2017 (referenced data)
2017 Survey report on labor conditions by employment type (referenced
data)

2017 Annual report on the the economically active population survey
(referenced data)

In hospital mortality (real data)

HG, hospitalist group; NHG, non-hospitalist group; AMU, acute medical unit; LOS, length of hospital

stay; ED, emergency department; Cost unit: USD ($1=1070.5 KRW, year: 2017)
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Supplementary 3. Cost analysis for urgent and non-urgent cases treated by hospitalists or non-hospitalists (N=63%) E
KTAS 1-3: More Urgent (N=5556) ST@ 4-5: Less Urgent (N=835)
Cost per capita (USD) HG (n=2035) NHG (n=3521) P value HG (n=391) NHG (n=444) P value
Total costs 24214+110059 34596130253 0.002 26045+115849 ¢ o 16562+66914 0.155
=
Direct costs 6280+8991 737510045 0.000 57708507 & §~2 6375+7795 0.284
3 =N
Direct medical costs 505547979 627549075 0.000 4578+7774 ;'—;“g Q 5340+6923 0.135
ISECIEN
Consultation fee 3124278 332+291 0.009 2844224 3 3o 301£279 0.319
Admission fee 1100+2143 144642109 0.000 993+1278 ° i % 1260+1751 0.013
]
Medication fee 11212477 1101£2835 0.791 103944362 =258 973+£2870 0.794
Q
Treatment and surgery fee 334+1368 55442196 0.000 277£1139 2 %- § 321+1080 0.564
Medical examination fee 1574+£2057 157442057 0.000 1432+1599 gi 3 17121747 0.016
Therapeutic materials 1574+2057 157442057 0.000 333+838 ; % i 573+1578 0.007
Others 236+719 236+719 0.275 221774 g:@g 1994485 0.619
Direct non-medical costs 1225+1155 1100+£1196 0.000 11914905 ‘i' § 10351094 0.026
Family ~caregiver transportation 3, 74 2434276 0.014 2344216 = 3 2474261 0.433
fare in hospitalization g 2
Paid care cost in hospitalization 683+775 683+775 0.014  657+606 2 g 694+733 0.433
Doctor's labor cost 298+167 100+109 0.000 301171 o E 94+99 0.000
Indirect costs 179344108137 27221+128328 0.006 20276+114665 ; 3 10188+£65615 0.114
. .. . 3 o
ifii;‘; productivity loss according o3, g 662926 0254 6424704  F 2 73441215 0.189
. . .. g 32
Family caregiver productivity loss 05,1569 14921623 0014 13301226 S ® 14041484 0.433
according to LOS SN
. .. . 5 Q
f;a;%“L%gducumy loss according o, o 105+111 0.000  88+89 S 104+106 0.015
- PR
Patient productivity loss according 3
15766+107595 24961+127964 0.006 18217+£114567 o) 7945+65363 0.107
o

to IHM

Data are presented as mean + standard deviation. HG, hospitalist group; NHG, non-hospitalist group; ED-LOS, emerge&tcy department length of stay; LOS,

length of hospital stay; IHM, in hospital mortality; KTAS, Korean Triage and Acuity Scale; Cost unit: USD (U.S. Doll%), ($1=1070.5 KRW, year: 2017)
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3 Supplementary 4. Cost analysis for patients with different comorbidity severities treated by hospitalists or non—ho‘éoitaﬁists (N=6391)
‘5‘ ACCI: 0-2 (N=1747) 5 £ ACCI: 3 (N=1169)
6 ost per capita n= n= value n= n= value
C ita (USD) HG (n=729) NHG (n=1018) Pval HG (n=436)> NHG (n=733) Pval
7 Total costs 20003118820 35488+172186 0.036 299351355365 & 41822+144012 0.163
=
g Direct costs 45835747 5909+10111 0001 54967177 ©2< 71839436 0.001
10 Direct medical costs 3611+£5114 50469305 0.000 433246230 ;'—;‘% § 6117+8476 0.000
= o
11 Consultation fee 253+199 2754265 0.065  277+198 a3 317266 0.007
12 Admission fee 7484970 1040+1589 0000 9852267  S=2 g 145542272 0.001
1 j Medication fee 8172017 967+3591 0308  1004:2683 2E£g 106042413 0.712
15 Treatment and surgery fee 230+872 42742642 0.053 233+588 3 %E 559+1885 0.000
16  Medical examination fee 1182+1397 1603+1937 0.000 1352+1519 gi 3 1905+2043 0.000
17 Therapeutic materials 276+749 6051663 0.000 2824540 ; %i 625+1429 0.000
19 Others 104183 1294242 0.023  199:562  2.0F 1954483 0.905
5o Direct non-medical costs 973+750 863+999 0.012 1164+1044 ‘i' § 1067+1160 0.149
21 Family ~caregiver transportation ¢, 159 2064238 0.017  225:248 5 9 2554277 0.065
22 fare in hospitalization £ 9
23 Paid care cost in hospitalization 508+504 578+670 0.017 631697 2 g 715778 0.065
2% Doctor's labor cost 283146 78491 0.000  308:184 =z 3 97+106 0.000
56 Indirect costs 15420+117878 29579+169837 0.052  24439+1339134 3 34638+142528 0.227
. .. . 3 o
2 i)atﬁi;‘; productivity loss according )|, 3, 83841229 0026 7344995 & 2 71441055 0.749
%0 ) . . g 3
S Family caregiver productivity 1oss 9. 14, 1170£1356 0017  1278:1411 2 ® 144741574 0.065
31 according to LOS SN
. . . s S
32 Pa;%“ng‘;d“C“V“y loss according 17, 145 1474131 0.000 94487 S & 1124132 0.011
5 EDLOS 3 2
3 i Productivity foss accordiie 3553, 117618 27424169279 0.057  22334+133250 @ 32365142238 0.233
o
36 w
37 =2
38 &
39 g
40 =
41 E
42 a
@
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Supplementary 5. Cost analysis for patients with different comorbidity severities treated by hospitalists or non-hogpitatists (N=6391)
ACCI: 4 (N=1445) S ACCI: >5 (N=2030)
Cost variable (USD) HG (n=502) NHG (n=943) P value HG (n=759¢ NHG (n=1271) P value
Total costs 16921+56921 26609+82829 0.019 30740+114253 5 rng 30740+114253 0.757
Direct costs 5888+7505 731748745 0.002  8356+12175  92< 835410421 0.997
Direct medical costs 4683+6785 6205+7858 0.000 6859+10889 %% § 7075+9321 0.635
Consultation fee 3024201 3304247 0.025 3804371 % 3o 378+341 0.939
Admission fee 1074+1414 149342024 0.000 146642782 % a % 166642279 0.078
Medication fee 1132+3997 1068+2464 0.709 143042732 ;5«% 3 1211£2635 0.073
@

Treatment and surgery fee 205+454 486+1525 0.000 547+2135 2 }[;E 62242099 0.437
Medical examination fee 1496+1602 1958+2000 0.000 2055+2715 ;E 3 212842142 0.504
Therapeutic materials 306+712 685+1937 0.000 560+1576 ; % i 751£1994 0.024
Others 169+341 185+379 0.428 421£1162 gfgé 3184843 0.021
Direct non-medical costs 1205888 1111+£1065 0.092 1497+1476 ‘i ' c;r 1279+1374 0.001
Family  caregiver transportation 3¢, 2654254 0.038 3124353 5 2 3054328 0.643

fare in hospitalization 5 g
Paid care cost in hospitalization 668+587 745+714 0.038 877+991 @ g 8574921 0.643
Doctor's labor cost 300+180 101+97 0.000 307170 8 ‘_8 116+125 0.000
Indirect costs 11033+£54908 19293480063 0.039 223844111513 o 3 20986+86969 0.753

. .. . 3 o
i)atﬁtg‘; productivity loss according gy, 3 505+570 0.863  735+1139 2 o 6334869 0.023

. : .. 3 2
Eiifilfgﬁgfgé productivity loss 351, 11gg 15081445 0.038  1775+2006 S @ 173541864 0.643

o N

= o

Patient productivity loss according a N
to ED-LOS 67161 7777 0.010 8690 o o 8886 0.643

Patient productivity loss according a
9105+54666 17203+79712 0.042 19787+110881 o 18530+86796 0.776

o

to IHM

Data are presented as mean + standard deviation. HG, hospitalist group; NHG, non-hospitalist group; ED-LOS, emergafncy department length of stay; LOS,
=2
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Supplementary 5. Cost analysis according to major diseases between hospitalist and non-hospitalist groups (N=6@l)g

Malignant neoplasms (N=1735) Disez{ti;es :gf the circulatory system (N=600)
ost per capita n= n= value n n= value
C ita (USD HG (n=845 NHG (n=890 Pval HG (n=48) NHG (n=552) Pval
Total costs 44490+156505 76101+199695 0.000 25810+1036155 g 12727445059 0.096
Direct costs 7453+8256 8726+9323 0.003  6621£7677 42< 752611864 0.604
Direct medical costs 6073+7384 7423+8443 0.000 5468+7155 %% § 6733£11030 0.435
Consultation fee 341+254 375+269 0.007 285+170 %?D o 2574244 0.438
Admission fee 1302+1625 1655+1810 0.000 978+1023 %a% 1057+1850 0.772
Medication fee 157443576 1933+3647 0.039 9842438 ;i% 3 50742209 0.156
@

Treatment and surgery fee 283+692 457£1540 0.003 4671859 2 }[;E 650+3247 0.700
Medical examination fee 1756+1862 2082+1862 0.001 1748+1605 ;E 3 20772164 0.303
Therapeutic materials 4514938 5414944 0.045 843+3480 ; %i 204243805 0.035
Others 3661033 3804997 0.780 1634232 ggé 143+376 0.710
Direct non-medical costs 1380+1053 1303+1121 0.141 1153+789 ‘i ' c;r 793+1029 0.018
Family ~caregiver transportation a,, » g 3114268 0028  223+173 5 © 1894245 0.357

fare in hospitalization 5 g
Paid care cost in hospitalization 797+700 874+752 0.028 625+486 @ g 532+690 0.357
Doctor's labor cost 300+£165 119+102 0.000 305+249 8 ‘:3 72494 0.000
Indirect costs 37037+154884 67375+199297 0.000 191894102860 w3 5201+43086 0.066

. .. . 3 o
i)atﬁtg‘; productivity loss according  g5q, 166 880+1019 0674  649:834 & o 4394795 0.082

. : .. 3 2
Family caregiver productivity loss 15,1416 176841521 0.028 12654983 3 @ 10761396 0.357

according to LOS S N

Patient productivity loss according a N
to ED-LOS 103+103 134+£147 0.000 91+£73 o o T8£T7 0.283

Patient productivity loss according a
34462+154418 64593+£199177 0.000 17184+102641 o 3607+43035 0.074
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upplementary 5. Costs analysis according to major diseases between hospitalist and non-hospitalist groups (N=
2 Suppl y5.C lysi ding jor di b hospitali d hospitalist g N=691
5 Diseases of the respiratory system (N=1141) Diseasgi; ofi%he digestive system (N=865)
6 Cost per capita (USD) HG (n=266) NHG (n=875) P value HG (n=441)3 NHG (n=424) P value
7 Total costs 14341+33698 21647+70991 0.105 12333+£80610 5 rng 23432+115109 0.100
g Direct costs 7039+15706 7216+8429 0.811 4497+6214 ‘g g‘i 5608+7606 0.019
10 Direct medical costs 5647+14057 5982+7408 0.610 3594+5627 %% § 4804+7047 0.005
11 Consultation fee 335+396 342+257 0.713 256+184 3?, g 280+202 0.072
=4 o
12 Admission fee 153644601 1764+2373 0.283 6844986 % ag 95441406 0.001
1> Medication fee 79341866 8001322 0.947  667+1663 255 876+1970 0.092
(0]
15 Treatment and surgery fee 583+2813 5861443 0.982 361+£1249 2 }[;E 503+£1795 0.176
16  Medical examination fee 184243462 1891+2015 0.773 1157+1466 EE 3 1527£1719 0.001
17" Therapeutic materials 336+1404 392+1055 0486  369+728 = §§ 568+1318 0.006
19 Others 223605 206+396 0.609  100+370 205 97+160 0.866
20 Direct non-medical costs 1392+1795 1234+1180 0.094 903+724 ‘i' c;r 803+731 0.044
21 Family caregiver ~transportation )4, 4, 2954282 0.617 169174 S S 192+175 0.060
22 fare in hospitalization 5 g
23 Paid care cost in hospitalization ~ 796+1214 827+791 0.617  476+490 3 g 539+490 0.060
;g Doctor's labor cost 313+179 112+107 0.000 258+100 2 ‘_8 73+£67 0.000
26 Indirect costs 7302+25809 14431+£69239 0.100 7836+77605 o 3 17824+112939 0.129
. . . . 3 o
27 2.
o i)atﬁtg‘; productivity loss according s, 4 659+719 0292 535+733 2 o 5194580 0.728
29 . . o . (F%" g
3o Family caregiver productivity loss o\ )57 167441601 0.617  963+992 S ® 10904992 0.060
according to LOS 2 N
3] Patient productivity loss accordin S S
2 WED L%s ’ ® 74567 81+75 0.176 95492 5 o 133+124 0.000
33 lonb o | s
2‘5‘ E)a;flrﬁtd productivity loss according 5, 55767 1201669041 0.105  6243+76629 ?  16082+112722 0.132
o
36 i
37 =2
38 S
39 g 2
40 =
Qo
41 s
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Supplementary 5. Costs analysis according to major diseases between hospitalist and non-hospitalist groups (N=6§91§§
. . . _ Symptoms, si sns and abnormal clinical and laboratory
Diseases of the genitourinary system (N=577) %: S fin dings (N=329)
Cost per capita (USD) HG (n=202) NHG (n=375) P value HG (n=162 __gNO NHG (n=167) P value
Total costs 1662098690 1384272463 0.700  7800£11363 2zE5 1261061380 0.327
Direct costs 5095+6616 5609+5862 0.338 5098+5326 f_;«;; § 4742+4662 0.519
Direct medical costs 3948+5768 4665+5147 0.127 4062+4766 T3 -g 4102+4239 0.935
Consultation fee 2934263 3244237 0.159 263+179 53 2 230+138 0.061
Admission fee 866+1310 11111524 0.054 815+1257 2%’% 812+1096 0.978
Medication fee 595+1129 6174841 0.797 504+1066 gg_% 332+1000 0.133
Treatment and surgery fee 306+1059 487+1175 0.069 233+1030 %g ; 176+685 0.555
Medical examination fee 1478+1746 1648+1420 0.206 174241362 g%g 192641523 0.249
Therapeutic materials 258+905 3224816 0.391 350+£726 5 m_g 5424839 0.027
Others 1524416 158+264 0.833 155+445 cg . § 85+£108 0.049
Direct non-medical costs 1147+915 943+808 0.006 1037+732 ? % 640£550 0.000
. . . - o
Family  caregiver transportation )¢5, 2254193 0.679  191+162 S 2 1532131 0.017
fare in hospitalization 2 T
Paid care cost in hospitalization 612+619 632+542 0.679 538+455 o % 429+368 0.017
>
Doctor's labor cost 318+171 8674 0.000 307+£217 o S 58+50 0.000
Indirect costs 11524+98067 8233+72269 0.647 2701+9309 i ° 7868+60493 0.283
. .. . 5 o
Patient productivity loss according - 1¢, 5 486490 0827  528+632 = S 3844415 0.015
. . .. ®
Family caregiver productivity loss 3¢, 1555 12801097 0.679 1089920 5 N 8684746 0.017
according to LOS 8 B
Patient productivity loss according 2
+ + + . +
to ED-LOS 76+69 88473 0.061 91485 > 80+70 0.201
Patient productivity loss according 3
9733+97932 6379+72352 0.640 99549321 3 653660486 0.250
to [HM o
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Supplementary 5. Costs analysis according to major diseases between hospitalist and non-hospitalist groups (N=6&91
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Certain infectious and parasitic diseases (N=290)

(=
Endocrine, nufriti

)g’69f80

al and metabolic diseases (N=253)

Cost per capita (USD) HG (n=86) NHG (n=204) P value HG (n=95)5 2 NHG (n=158) P value
Total costs 6126+5154 26372+111599 0.094 16495495205 S mc 632349347 0.183
Direct costs 4258+3834 738311679 0.016  4841+7708 ©2< 4447+6963 0.676
Direct medical costs 313843131 626010687 0.008 3725+6559 %% § 359145971 0.868
Consultation fee 262+189 328+326 0.081 301+364 %?D o 301+364 0.382
Admission fee 8454956 177442516 0.001 78541072 =2 % 9431639 0.403
Medication fee 525+580 123344195 0.120  600+1858 558 408902 0.272
(0]
Treatment and surgery fee 131+467 50542175 0.116 339+1414 2 }[;E 230+889 0.450
Medical examination fee 1068+998 1908+2394 0.002 1285+1626 S5 1410+1825 0.582
Therapeutic materials 161+461 363+863 0.042 245+879 ; % i 181+473 0.451
Others 1444209 148209 0.890 1694455 S0 151412 0.745
Direct non-medical costs 1120+762 1123+£1219 0.985 11161242 ‘i ' c;r 856+£1036 0.073
Family -~ caregiver transportation ., ¢, 2684291 0.096 2124299 S 2 2044247 0.818
fare in hospitalization 5 g
Paid care cost in hospitalization 594+508 753+817 0.096 596+841 @ g 574+695 0.818
Doctor's labor cost 315+180 102111 0.000  308+158 5 % 78194 0.000
Indirect costs 1867+1395 18989104949 0.132 11653494525 o 3 1876+2502 0.194
. . . . 3 o
i)atﬁtg‘; productivity loss according  s¢, 1 72541113 0248  669+1717 2 o 605:1132 0.722
) . . g 3
Family caregiver productivity loss 0, 105 152441653 0.096  1206+1702 S5 ® 11611406 0.818
according to LOS S N
Patient productivity loss according ¢/, -, 120£124 0014 8682 & B 0.061
to ED-LOS ' & i ‘
Patient productivity loss according 16620103886 0.139 969394472 2 0 0.198
to IHM 3
®
=2
g
Q 4
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2 Supplementary 5. Costs analysis according to major diseases between hospitalist and non-hospitalist groups (N=6§i91%
5 Diseases of the blood and blood-forming organs and certain Diseases of thg masculoskeletal system and connective
6 disorders involving the immune mechanism (N=177) — S tissue (N=147)
7 Cost per capita (USD) HG (n=130) NHG (n=47) P value HG (n=58) __gNO NHG (n=89) P value
8 Total costs 14823+68773 78742287398 0019  10444£14436 Q7S  22650+48811 0.066
?O Direct costs 6070+10356 12352420159 0.007 7613+11259 93_;&;”'% 10391£16172 0.256
11 Direct medical costs 5004+9275 10886+18407 0.006 6000+9919 T3 -g 8392413430 0.246
12 Consultation fee 264+265 454+499 0.001 3894396 53 2 527+711 0.181
13 Admission fee 9961598 1829+2601 0.011 1368+1956 2%’)% 2051+3835 0.212
1;‘ Medication fee 2262+5608 5095+10972 0.026 971+2231 %’_ 3 % 137542668 0.340
16 Treatment and surgery fee 123+470 429+1357 0.027 485+2049 %g ; 828+2651 0.405
17 Medical examination fee 1072+1779 254243572 0.000 194842545 gg g 253743011 0.221
18 Therapeutic materials 1334393 298+621 0.038 446+1450 5 m_g 678+1715 0.396
;g Others 1554300 238+395 0.136 393+1201 @- 5 396+702 0.982
7 Direct non-medical costs 10661159 1467+1865 0.001 1613+£1490 § % 1999+2899 0.351
. . . - o
22 Family caregiver —transportation ), ¢, 350445 0.009 327351 S S 4772692 0.128
23 fare in hospitalization 2 T
24 Paid care cost in hospitalization 566787 983+1250 0.009 917+987 P % 1340+1944 0.128
>
;2 Doctor's labor cost 299+147 133£170 0.000 369+308 " S 1824264 0.000
57 Indirect costs 8753+66519 66390+£275040 0.027 2831+3318 i = 12260+37835 0.061
. .. . 5 o
28 Patient productivity loss according ¢\, g5¢ 132642366 0006  885+1437 & S 1189+1468 0.218
29 to LOS 5 )
30 . . .. ®
S, Family caregiver productivity loss )5, 1593 1990+2530 0.009 185741998 2 B 2712+3934 0.128
2 according to LOS 8 B
. . . 2,
33 fa;%ltL%gd““V“y loss according g3 75 97484 0760  89+88 5 2 6«18 0.149
7 I;) ti _t ductivity 1 di 3
>
;2 toalflrﬁd PrOGUEHIVILY 1055 accotdiNg  ¢902+65811 62978+272001 0.030 0 5 8243435817 0.082
us]
37 =2
38 S
39 g 5
40 =
41 s
42 o
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Supplementary 5. Costs analysis according to major diseases between hospitalist and non-hospitalist groups (N=6§91§§
Others (N=277) z 2
Cost per capita (USD) HG (n=93) NHG (n=184) Pvalueg 2
Total costs 22861129109 333714141104 0.548 S m;
Direct costs 7009+7284 8562+14556 0334 922
Direct medical costs 5575+6273 7242413280 0.253 %% §
Consultation fee 337309 399456 0238 835
S o
Admission fee 1139+1185 1713£2917 0.070 % i%
Medication fee 161743111 147543315 0.732 ;4% 3

@
Treatment and surgery fee 266822 855+4645 0.226 2 }[;E
Medical examination fee 1585+1534 2071£2527 0.090 ;E 3
Therapeutic materials 422+1203 512+1393 0.597 ; %i
Others 210+350 218+369 0869 205
Direct non-medical costs 1434+1220 1320£1612 0.549 ‘i ' c;r
Family ~ caregiver transportation o, g 3154385 0646 5 32
fare in hospitalization 5 g
Paid care cost in hospitalization 826+839 885+1081 0.646 @ g
Doctor's labor cost 314+140 120+147 0.000 g ‘_8
Indirect costs 15852+127947 24809+136150 0.598 o 3
Patient productivity loss according = S
857+1035 962+1849 0.612 D o
to LOS % <
. . .. 3
Famlly. caregiver productivity loss 167141608 179042187 0.646 % s
according to LOS S N
Patient productivity loss according a N

+ + o

10 ED-LOS 100127 124+114 0.111 2 gi
Patient productivity loss according 132244127529 219334135026 0.606 E
o

to IHM

Data are presented as mean + standard deviation. HG, hospitalist group; NHG, non-hospitalist group; ED-LOS, emergajncy department length of stay; LOS,
=2
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2 Supplementary 6. Cost analysis according to age between hospitalist and non-hospitalist groups (N=6391) 2 E
5 Age < 50yrs (N=1098) 3 ;gAge : 50-59yrs (N=900)
6 Cost per capita (USD) HG (n=488) NHG (n=610) P value HG (n=401), NHG (n=499) P value
7 Total costs 41296+190798 559824228897 0.256 437011589425 m & 80904+219290 0.004
5 Direct costs 553748024 638211606 0.172 63357699 4 g< 785210437 0.015
10 Direct medical costs 4414+7103 543510664 0.070 5118+6808 %% § 676639428 0.003
11 Consultation fee 279+268 2904283 0.508 301256 835 3294320 0.151
=4 o
12 Admission fee 943+1676 11871990 0.030 1004£1254 2 ag 1333+1881 0.003
1 j Medication fee 11002312 113843614 0840  1333#3165 =58 153844070 0.407
(0]
15 Treatment and surgery fee 2701267 491+£3229 0.155 2641667 2 }[;E 529+1809 0.006
16 Medical examination fee 1292+1774 1665+2267 0.003 1556+1806 ;E 3 2009+2151 0.001
17" Therapeutic materials 3124873 500+1586 0.019  383+841 = §§ 777+1627 0.000
19 Others 218+756 164+357 0.118 2774862  20F 2504758 0.611
20 Direct non-medical costs 112241055 947+1111 0.008 12171013 ‘i' c;r 1086+1277 0.096
21 Family ~caregiver —transportation 5, 226+265 0.573 2414243 ] 259305 0.327
22 fare in hospitalization 5 g
23 Paid care cost in hospitalization 610708 635+745 0573 677682 3 § 728+856 0.327
;‘5‘ Doctor's labor cost 295+166 86+101 0.000 299+158 2 B 99+116 0.000
26 Indirect costs 357604188566 49600226007 0.279 37366+1574280 3 730524217444 0.006
. .. . 3 o
i i)atﬁtg‘; productivity loss according 1615141 10481423 0673 1190:1249 & o 129141588 0.298
30 Ejgfi;artzgivg; productivity loss 535, 1433 1285+1507 0573  1370+1380 2 & 14741732 0.327
31 Patient grod ctivity loss accordin CO_’ §
2. 40 L%s uctivity £ 1324110 168+150 0.000 155+124 E o 208+168 0.000
33 o . . T2
- E)a;flrﬁta productivity loss according 3310, 1 g7¢35 47099225426 0281  34651:156938 @ 70079217136 0.006
o
36 w
37 =2
38 8
39 g
40 =
41 =
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Supplementary 6. Cost analysis according to age between hospitalist and non-hospitalist groups (N=6391) 2 g
Age : 60-69yrs (N=1275) Age: 70-79yrs  (N=1763)
Cost per capita (USD) HG (n=542) NHG (n=733) P value HG (n=633 NHG (n=1131) P value
Total costs 16962+43491 26750+54996 0.001 13784+27205 & rng 18436+34130 0.003
Direct costs 59447639 7909410615 0.000 681211712 “3< 7523+10269 0.186
Direct medical costs 4783+6983 6741£9593 0.000 5498+10457 %% § 6393+£9222 0.063
Consultation fee 293+197 349+311 0.000 3234280 % 3o 338+300 0.300
Admission fee 1045+1425 1476+2092 0.000 1251+3122 % a % 1464+2251 0.098
Medication fee 11363927 1383+3514 0.239 110242467 E% g’_J 1000+£2127 0.359
@
Treatment and surgery fee 277976 555+2052 0.004 414+£1962 2z § 616+2248 0.058
Medical examination fee 1478+1656 203242122 0.000 1741+2608 ;E 3 2004+2224 0.025
Therapeutic materials 336+808 685+1485 0.000 402+1188 ; % i 74242091 0.000
Others 219+666 262+701 0.264 266+819 g&% 228+609 0.269
Direct non-medical costs 1161+833 1168+1302 0.910 131441369 ‘i ' c;r 1130+1270 0.005
Family - caregiver transportation ) g 2794311 0.001 265327 52 2704303 0.750
fare in hospitalization 5 g
Paid care cost in hospitalization 636+548 783+873 0.001 744+920 @ g 758+852 0.750
Doctor's labor cost 298+172 106+118 0.000 305+182 g Toa 103116 0.000
Indirect costs 11018+40113 18842451892 0.004 6973+21476 z 3 10913+£30046 0.004
. .. . 3 o
i)atﬁtg‘; productivity loss according ¢, 4 515569 0.002 4704558 R o 488581 0.526
) . . g 3
Family caregiver productivity loss a0, 1109 158541767 0.001  1505+1862 3 ©  1533+1724 0.750
according to LOS S N
Patient productivity loss according a N
to ED-LOS 64455 80+68 0.000 66158 o o 73+58 0.011
. .. . o>
E)a;flr;d productivity loss according o) ), 39777 1666251527 0.005  4932:20981 ®  8819+29646 0.004
o
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2 Supplementary 6. Cost analysis according to age between hospitalist and non-hospitalist groups (N=6391) % E
5 Age > 80yrs (N=1355) 3 ;ﬁ
6 Cost per capita (USD) HG (n=363) NHG (n=992) Pvalue S 2
7 Total costs 1068315847 1430019144 0.001 S m;
@D =
: Direct costs 62437253 67356609 0.238 S
10 Direct medical costs 4968+6284 5648+5809 0.062 %% §
11 Consultation fee 3454348 328+246 0.298 8(3[, o
S o
12 Admission fee 1122+1399 1536+1976 0.000 % i%
I Medication fee 8361711 708+1135 0.111 258
@
15 Treatment and surgery fee 381+1053 430+854 0.377 2 }[;E
16 Medical examination fee 1670+1607 1821+1503 0.109 ;E 3
17 Therapeutic materials 440+1496 646+1871 0.059 - % 3
o Others 174+347 179+378 0.810 ERGES
20 Direct non-medical costs 1275+1188 1087+963 0.003 ‘i ' c;r
2] Fam%ly caregiver transportation 2584285 259+230 0.903 3 )
22 fare in hospitalization 5 g
23 Paid care cost in hospitalization 724+801 729+646 0.903 @ g
o Doctor's labor cost 294150 9988 0.000 5 5
o
26 Indirect costs 4440+11651 7565+16499 0.001 w 3
. .. . 3 o
27 Patient productivity loss according 4454504 4494431 0.886 = 3
28 to LOS = 5
29 . . o . o o
% Famlly. caregiver productivity loss 146541620 147541307 0.903 S
according to LOS 2 N
3] Patient productivity loss according S S
> 10 ED-LOS 61+47 68+52 0.026 2 gi
Patient ductivity 1 di Q@
34 atient proquctivity f0ss according  »469+11331 557316326 0.001 o
35 to IHM 5
36 Data are presented as mean + standard deviation. HG, hospitalist group; NHG, non-hospitalist group; ED-LOS, emergency department length of stay; LOS,
37 o
38 Q
39 g 3
40 =
41 <
42 o
(0]
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3 Supplementary 7. Natural log-transformed multivariate regression analysis for medical costs and total costs (N=6§91£
g Variables Ln(medical costs) = Ln(total costs)
6 coefficient SE P value ?oeﬁicient SE P value
7 (constant) 14.601 0.030 0.000 15.583 0.031 0.000
8 HG (ref= NHG) -0.355 0.016 0.000 DRF 0.016 0.000
9 Female (ref= male) -0.063 0.012 0.000 0D 0.012 0.000
10 Age 0.001 0.000 0.001 =] 0.000 0.000
11 ACCI 0.019 0.003 0.000 6.813 0.003 0.000
12 KTAS? (ref= more urgency) -0.054 0.018 0.003 PHZ7 0.018 0.133
13 Prior hospitalization history -0.002 0.001 0.247 8.005 0.001 0.002
14 LOS 0.034 0.001 0.000 808 0.001 0.000
12 ED-LOS 0.006 0.001 0.000 .80 0.001 0.000
17 CPR (ref = No) -0.170 0.071 0.016 5939 0.072 0.675
18 ICU admission (ref = No) 0.711 0.027 0.000 8.419 0.027 0.000
19 Referral to specialty (ref = No) 0.391 0.017 0.000 g§.2x 0.017 0.000
20 Consultation 0.007 0.002 0.000 =0.084 0.002 0.035
21 IHM 0.127 0.024 0.000 2.87% 0.025 0.000
22 Surgical intervention (ref = No) 0.282 0.019 0.000 8.2 @ 0.020 0.000
23 Major diseases (ref= malignant neoplasms) =
24 Circulatory system -0.031 0.025 0.220 . 1%7 0.026 0.000
25 Respiratory system -0.162 0.020 0.000 20.154 0.021 0.000
26 Digestive system -0.166 0.021 0.000 %.233 0.022 0.000
27 Genitourinary system -0.199 0.024 0.000 $.163 0.025 0.000
28 Symptoms, signs and abnormal clinical and laboratory findings -0.068 0.030 0.022 g). 153 0.030 0.000
;g Certain infectious and parasitic diseases -0.207 0.031 0.000 EI).ZQ)O 0.032 0.000
31 Et}docrine, nutritional and metabolic d.iseases _ -0.330 0.033 0.000 ?2@8 0.033 0.000
32 ]glseases Qf the l?lood ar}d blood- formmg organs and certain 20,062 0.038 0.103 9.1 'g’s 0.039 0.000
33 isorders involving the immune mechanism 0w =
34 Diseases of the musculoskeletal system and connective tissue -0.326 0.042 0.000 -0.385 0.042 0.000
35 Others -0.200 0.032 0.000 -0.184 0.032 0.000
36 Adj- R2=0.686, F = 583.730 AdjZR2 =0.823, F = 1237.996
37 (p =0.000) (p =.000)
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HG, hospitalist group; NHG, non-hospitalist group; ACCI, Age-adjusted Charlson Comorbidity Index; KTAS, Koregn Tﬁage and Acuity Scale; CPR, Cardio-
pulmonary resuscitation; IHM, in-hospital mortality; ICU, intensive care unit; LOS, length of hospital stay; ED—L@, ¢thergency department length of stay;
SE, standard error < S
"surgical intervention” implies the patient underwent surgery during the hospital stay, not before.

%the less urgent group with KTAS = 4-5 was compared to the more urgent group with KTAS = 1-3.
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3 Supplementary 8. Natural log-transformed multivariate regression analysis for direct costs and indirect costs (N=@9]§
g Variables Ln(direct costs) s £ Ln(indirect costs)
6 coefficient SE Pvalue ?oeﬁicient SE P value
7 (constant) 14.821 0.027 0.000 14.582 0.030 0.000
8 HG (ref= NHG) -0.240 0.015 0.000 DDEs 0.016 0.000
9 Female (ref= male) -0.054 0.011 0.000 =001 36 0.012 0.000
10 Age 0.001 0.000 0.002 =N 0.000 0.000
11 ACCI 0.018 0.003 0.000 6.804 0.003 0.229
12 KTAS? (ref= more urgency) -0.039 0.016 0.016 f.808 0.017 0.651
13 Prior hospitalization history -0.001 0.001 0.462 8,005 0.001 0.000
14 LOS 0.037 0.001 0.000 8.040 0.001 0.000
12 ED-LOS 0.005 0.001 0.000 8.80R 0.001 0.000
17 CPR (ref = No) -0.181 0.064 0.005 839 0.069 0.004
18 ICU admission (ref = No) 0.633 0.024 0.000 40 0.026 0.127
19 Referral to specialty (ref = No) 0.336 0.015 0.000 g% 0.017 0.000
20 Consultation 0.004 0.002 0.006 =0.080 0.002 0.000
21 IHM 0.082 0.022 0.000 219 0.024 0.000
22 Surgical intervention (ref = No) 0.246 0.017 0.000 QO@ 0.019 0.000
23 Major diseases (ref= malignant neoplasms) =
24 Circulatory system -0.048 0.023 0.038 ';,0.2%8 0.025 0.000
25 Respiratory system -0.132 0.018 0.000 20.030 0.020 0.000
26 Digestive system -0.159 0.019 0.000 %.235 0.021 0.000
27 Genitourinary system -0.164 0.022 0.000 $.085 0.024 0.000
28 Symptoms, signs and abnormal clinical and laboratory findings -0.076 0.027 0.005 ;—D.Z%O 0.029 0.000
29 Certain infectious and parasitic diseases -0.166 0.028 0.000 PD.134 0.031 0.000
;? Endocrine, nutritional and metabolic diseases -0.276 0.030 0.000 g)lgS 0.032 0.000
32 ]glseases Qf the l?lood ar}d blood- formmg organs and certain 0.074 0.035 0.032 %153 0.037 0.000
33 isorders involving the immune mechanism 0w =
34 Diseases of the musculoskeletal system and connective tissue ~ -0.262 0.038 0.000 -0.183 0.041 0.000
35 Others -0.159 0.029 0.000 -0.089 0.031 0.027
36 Adj- R2=0.707, F = 644.685 AdjZR2 =0.891, F = 2173.571
37 (p =0.000) (p =.000)
38 S
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HG, hospitalist group; NHG, non-hospitalist group; ACCI, Age-adjusted Charlson Comorbidity Index; KTAS, Koregn Tﬁage and Acuity Scale; CPR, Cardio-
pulmonary resuscitation; IHM, in-hospital mortality; ICU, intensive care unit; LOS, length of hospital stay; ED—L@, ¢thergency department length of stay;
SE, standard error < S
"surgical intervention” implies the patient underwent surgery during the hospital stay, not before.

%the less urgent group with KTAS = 4-5 was compared to the more urgent group with KTAS = 1-3.
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ABSTRACT

Objective: This study aimed to assess the economic efficiency of the acute medical unit (AMU)
hospitalist care model, utilizing patient outcomes (length of hospital stay, emergency department-length
of hospital stay, in hospital mortality) from a previous investigation.

Design: A retrospective cohort study was conducted using benefit-cost analysis from a societal
perspective. Data relating to clinical factors, outcomes, and medical costs were obtained from the
electronic medical record database at our institution. Literature-based costing was applied to determine
direct non-medical costs and indirect costs that could not be obtained directly.

Setting: A tertiary care hospital in the Republic of Korea.

Participants: We evaluated 6391 medical inpatients admitted through the emergency department (ED)
from June 1, 2016, to May 31, 2017.

Interventions: The study compared multiple types of costs and benefits among inpatients from the ED
between a non-hospitalist group and an AMU hospitalist group.

Results: This investigation found a significant 30% reduction in medical costs and a 29.3% reduction
in total costs in the AMU hospitalist group compared to the non-hospitalist group (e3%=0.701,
P=0.000; e034=0.707, P=0.000; respectively). Furthermore, significant reductions in direct and
indirect costs of 28.6% and 23.3% were found in the AMU hospitalist group compared to the non-
hospitalist group (e330=0.714, P=0.000; e%26=0.767, P=0.000; respectively). The net-benefit and
benefit-cost ratio (BCR) of the AMU hospitalist care group were US $6846 and 1.33 per patient
admission, respectively.

Conclusions: The AMU hospitalist care model was associated with remarkable reductions in multiple
costs. The results of the sensitivity analysis indicated that the net-benefit estimates of AMU hospitalist
care were similar to the baseline estimates. Thus, the overall net-benefit of AMU hospitalist care was

found to be largely positive.
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Strengths and limitations of this study
e In this study, extensive cost analysis was conducted from a societal perspective.
e The study encompassed all medical inpatients who were admitted from the emergency

department to medical wards throughout the specified time frame of June 1, 2016, to May 31,

2017. Having such broad inclusion criteria is likely to have enhanced the validity of the findings.

e Making generalizations regarding this retrospective study is challenging because of its singular
institution of origin.

e Expenditures apart from medical costs were not obtained directly but were calculated after

consulting relevant sources; therefore, there may be a degree of uncertainty in the cost estimates.

e This study could not quantify the potential benefits associated with a reduction in admissions
to the intensive care unit. Therefore, it is possible that the benefits determined in this study were

undervalued.
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INTRODUCTION

In South Korea, a pilot hospitalist care system was implemented from 2016 to address reduced
numbers of medical personnel and improve the quality of inpatient care [1]. The pilot project was
integrated within the general hospital care system after 5 years and the number of hospitalists in Korea
has increased to approximately 250 [2]. Under the hospitalist care model, a dedicated specialist takes
comprehensive responsibility directly and provides managed care to patients during admission, whereas
under the non-hospitalist care model, a resident provides care to patients during admission under the
supervision of a specialist.

Since the implementation of the hospitalist care system in Korea, research on patient outcomes has
been conducted [3-9] in terms of in-hospital mortality (IHM), intensive care unit (ICU) admission,
emergency department-length of stay (ED-LOS), and total length of stay (LOS). Although there have
been many studies on the effectiveness of the hospitalist system, few studies have been undertaken on
costs or involving economic evaluations. While some studies have reported on the medical costs of
hospitalist care in South Korea [7, 10], no economic evaluations from a societal perspective have been
reported concerning hospitalist care in South Korea. Therefore, it is necessary to evaluate the economic
efficiency of hospitalist care considering both its costs and effects in terms of whether it is efficient
within the overall medical system. In this study, economic efficiency was defined by a positive net-
benefit and benefit-cost ratio (BCR) exceeding 1. Hence, we conducted an economic evaluation that
accounted for both costs and benefits for the same patient population whose outcomes had been
previously assessed [9].

In this study, a societal-perspective economic evaluation was conducted to estimate the overall costs
and benefits of the acute medical unit (AMU) hospitalist care model implemented at our institution,
based on patient outcomes. We aimed to provide new evidence on the economic efficiency of the AMU

hospitalist care model.
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METHODS
Study participants and AMU setting

We evaluated 6391 medical inpatients admitted through the emergency department (ED) of our
institution from June 1, 2016, to May 31, 2017, who were assigned to AMU hospitalist care and non-
hospitalist care groups (2426 and 3965 patients, respectively). The AMU patients were evaluated and
treated by four hospitalists with an average of ten years of clinical experience in infectious diseases,
pulmonology and critical care, nephrology, and endocrinology [9]. Seven days per week, two AMU
hospitalists were responsible for the care of the AMU patients admitted during the day. In addition,
non-hospitalist inpatient care was provided by subspecialists and residents in a specialty medical ward,
where residents were primarily responsible for inpatient care under the supervision of an attending
physician [9]. While hospitalist care in the AMU focused on general acute care, non-hospitalist care in

the specialty medical ward emphasized long-term and specialized treatment [9].

Study design

This retrospective cohort study compared and analyzed the cost-saving benefits, calculated based on
costs and patient outcomes, between AMU hospitalist care and non-hospitalist care groups for patients
admitted through the ED at a tertiary hospital.

We conducted a benefit-cost analysis and divided costs into medical costs, non-medical costs, and
time costs in terms of productivity loss [11]. This investigation was conducted in accordance with
Consolidated Health Economic Evaluation Reporting Standards 2022 (CHEERS 2022) [12]. A flow

diagram of the study population and benefit-cost factors is presented in Supplementary 1.

Ethics statement

The study protocol was approved by the Institutional Review Board of Seoul National University

Bundang Hospital (approval number: B-1711/435-107) and the need for informed consent was waived.
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Outcomes and clinical variables

Outcomes and clinical variables were obtained from the electronic medical records (EMRs) at our
institution. Among the outcome variables, IHM, LOS, and ED-LOS were used to calculate costs and
benefits as well as the time cost of productivity loss. Productivity loss is the time cost incurred as a
result of mortality or disease-related restrictions on productive activities due to admission [13].

We analyzed the following clinical variables of the participants: age, sex, prior hospitalization history,
cardiopulmonary resuscitation (CPR) incidence, cause of ICU admission, referral to a specialty,
consultations, surgical intervention (cases performed during the hospitalization, not before), major
diagnosis (based on the International Statistical Classification of Diseases and Related Health Problems,
10t Revision, Australian Modification [ICD-10-AM]), and Korean Triage and Acuity Scale (KTAS),
Age-adjusted Charlson Comorbidity Index (ACCI), and Acute Physiology and Chronic Health
Evaluation (APACHE) II scores. The ACCI score is derived from the sum of 1, 2, 3, and 6 weighted
values for 17 disease groups, ranging from 0 to 29; higher scores indicate higher severity [14]. The
KTAS, which is currently applied in emergency medical centers in Korea, is a national standardized
classification tool for evaluating illness severity [15]. We used the APACHE II score to compare the
disease severity among ICU admissions; this score (range: 0—71) has been found to closely correlate
with the risk of hospital death [16]. Baseline characteristics of the study population are presented in

Table 1 [9].
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Table 1. Baseline characteristics of patients cared for by hospitalists and non-hospitalists (N=6391)
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Baseline Characteristics H?;E;T;lg)t S Non(-llllzgggg)llsts Pvalue
Sex
Male 1387 (57.2) 2188 (55.2) 0.120
Female 1039 (42.8) 1777 (44.8) '
Age (years) 63.24+16.20 67.38+16.52 <0.001
<50 488 (20.1) 610 (15.4)
50-59 401 (16.5) 499 (12.6)
60-69 542 (22.3) 733 (18.5) <0.001
70-79 632 (26.1) 1131 (28.5)
>80 363 (15.0) 992 (25.0)
Prior hospitalization 2101 (86.6) 3373 (85.1) 0.090
Number of prior hospitalizations 3.16+4.07 3.24+4.20 0.480
Korean Triage and Acuity Scale
1 (Resuscitation) 12 (0.5) 69 (1.7)
2 (Emergency) 324 (13.4) 941 (23.7)
3 (Urgent) 1699 (70.0) 2511 (63.3) <0.001
4 (Less urgent) 367 (15.1) 403 (10.2)
5 (Non-urgent) 24 (1.0) 41 (1.0)
Major disease
Malignant neoplasms 845 (34.8) 890 (22.4)
Diseases of the circulatory system 48 (2.0) 552 (13.9)
Diseases of the respiratory system 266 (11.0) 875 (22.1)
Diseases of the digestive system 441 (18.2) 424 (10.7)
Diseases of the genitourinary system 202 (8.3) 375 (9.5)
Symptoms, signs, and abnormal clinical and
laboratory findings 15285 167 (4.2)
Certain infectious and parasitic diseases 86 (3.5) 204 (5.1) <0.001
Endocrine, nutritional, and metabolic diseases 95 (3.9) 158 (4.0)
Diseases of the blood and blood-forming organs
and certain disorders involving the immune | 130 (5.4) 47 (1.2)
mechanism
Disease§ of ‘Fhe musculoskeletal system and 58 (2.4) 89 (2.2)
connective tissue
Others 93 (3.8) 184 (4.6)
Age-adjusted Charlson Comorbidity Index 3.82+2.63 3.77£2.19
Median [IQR] 4 [2-5] 4 [2-5] 0.055
<2 729 (30.0) 1018 (25.7)
3 436 (18.0) 733 (18.5) 0.001
4 502 (20.7) 943 (23.8) ’
>5 759 (31.3) 1271 (32.1)
Surgical intervention 282 (11.6) 560 (14.1) 0.004
CPR incidence 15 (0.6) 35(0.9) 0.244
Consultation 1830 (75.4) 2946 (74.3) 0.312
7
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Baseline Characteristics Hz:g;t:;;s)t S Non(-:;);[;;t;l)llsts Pvalue
Number of consultations 3.50+6.18 3.99+7.02 0.004
Referral to a specialty 1613 (66.5) 450 (11.3) <0.001
Type of specialty referral (n=2063)
Hematology & Oncology 658 (40.8) 114 (25.3)
Gastroenterology 360 (22.3) 20 (4.4)
Respiratory 174 (10.8) 53 (11.8)
Nephrology 96 (6.0) 11(2.4) <0.001
Infection 96 (6.0) 8 (1.8)
Geriatrics 80 (5.0) 9 (2.0)
Others 149 (9.2) 235 (52.2)
Outcomes
In-hospital mortality 117 (4.8) 361 (9.1) <0.001
ICU admission 95 (3.9) 343 (8.7) <0.001
Cause of ICU admission (n=438)
Close mf)nitoring after procedure or surgical 55 (57.9) 223 (65.0)
ntervention
Respiratory failure or insufficiency 23 (24.2) 78 (22.7)
Septic shock 7(7.4) 17 (5.0)
Cardiovascular failure or insufficiency 7(7.4) 12 (3.5) 0.077
Metabolic/Renal failure 0(0.0) 8(2.3)
GI bleeding 3(3.2) 2(0.6)
Neurogenic dysfunction 0(0.0) 3(0.9)
APACHE II score at ICU admission (n=438) 25.20+10.62 21.26+12.03 0.004
Length of hospital stay (days) 10.56+11.68 11.40+12.36
Median [IQR] 7 [4-12] 8 [5-13] 0.007
ED-LOS (hours) 11.24+8.49 13.74+10.11
Median [IQR] 8.4[6.1-12.7] | 10.2 [6.7-19.0] <0.001
Re-admission within 10 days 117 (4.8) 177 (4.5) 0.507
Re-admission within 30 days 277 (11.4) 416 (10.5) 0.248

Data are presented as the mean + standard deviation, number (%), or median [IQR], as indicated.
“Surgical intervention” implies the patient underwent surgery during the hospital stay, not before.

IQR, interquartile range; CPR, cardiopulmonary resuscitation; ICU, intensive care unit; APACHE,

Acute Physiology and Chronic Health Evaluation; ED-LOS, emergency department-length of stay

Cost measures

Micro-costing and gross-costing were used for cost calculation in this study. Micro-costing was
applied to directly calculate the medical costs during the total hospital stay [17]. Gross-costing was used

to calculate all costs other than medical costs (Supplementary 2). The costs were classified into direct
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costs and indirect costs [13], with all unit costs converted to United States (US) dollars as of 2023.

Direct costs

Direct costs comprised medical costs (micro-costing), family caregiver transportation fares, paid care
costs, and doctor labor costs in hospitalization (gross-costing). Healthcare in South Korea is a single-
payer system organized through the National Health Insurance Service (NHIS). Nearly all citizens
receive universal medical care through this system [18]. The governance of National Health Insurance
in South Korea is presented in Supplementary 3. The health security system in Korea has two
components: mandatory social health insurance and medical aid. In Korea, fee-for-service has been the
standard payment model for outpatient care and the majority of inpatient care, leading to an increase in
the volume of services that healthcare professionals can provide [19]. Medical costs in this study
comprised reimbursements issued to medical providers by the NHIS and co-payments paid to medical
providers by patients.

Medical cost data were obtained from hospital administrative information in the EMRs at our
institution regarding consultation fee, admission fee (mainly hospital room expense, including for
isolation, intensive care, and general hospital room), medication fee (medication / injection / anesthesia
/ whole blood and blood product), treatment and surgery fee, medical examination fee (inspection /
medical imaging / computed tomography / magnetic resonance imaging / positron emission tomography
/ ultrasonography), therapeutic materials, and other factors (prosthetics, orthodontics / rehabilitation
and physiotherapy / psychotherapy).

The family caregiver transportation fare in relation to hospitalization was estimated by multiplying
referenced costs (2017 Korea Health Panel Study [20] and the 2017 Consumer Price Index [21]) by
patient individual LOS. The term “family caregiver transportation costs” referred to the mean expenses
for round-trip transportation for each visit of a family caregiver to a medical facility during the patient’s
hospitalization [20]. The paid care cost was calculated by multiplying referenced average costs [22] by
patient individual LOS. During the day, hospitalists administer care to patients in the hospitalist care

9
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group while residents provide care under the direction of a subspecialist. During the night, residents
care for patients in both groups. The daytime doctor labor costs were estimated and analyzed separately
for residents, subspecialists, and hospitalists (Supplementary 2 and 4). Resident doctor labor costs per
patient were estimated using the following variables: the average after-tax salary (2017 resident training
environment evaluation survey results [23]), four major social insurance scheme classifications
(national pension, health insurance, employment insurance, and workers’ compensation insurance [24])
and tax (income tax and resident tax [25]), the number of inpatients per physician [26], and the total
patient days (The total number of days for all inpatients) in the non-hospitalist care group. Subspecialist
labor costs were calculated using a referenced average labor cost [27], the number of inpatients per
physician [28, 29], and the total patient days in the non-hospitalist care group.

The AMU hospitalist labor costs per patient were calculated using a referenced average labor cost
[30], number of AMU hospitalists, and AMU-LOS in the hospitalist care group. In addition, doctor
labor costs for night shifts were estimated by reflecting the number of patients under the charge of

residents [31], residents’ average wage, and total patient days in the non-hospitalist care group.

Indirect costs

Indirect costs (time costs) were calculated by applying the gross-costing method. Patient productivity
loss during hospitalization (time costs) was calculated by multiplying the average daily wage by gender
and age [32], by individual LOS, and by the labor force participation rate [33]. Family caregiver
productivity loss was calculated by multiplying the average daily wage of all workers [32] by individual
LOS. Patient productivity loss due to ED-LOS was calculated by multiplying the average hourly wage
by gender and age [32], by individual ED-LOS, and by the labor force participation rate [33]. Patient
productivity loss due to death in hospitalization was calculated by multiplying the average annual wage
by gender and age [32], by the labor force participation rate [33], and by individual life years gained in
relation to death [34]. Individual life years gained were estimated by subtracting life expectancy reduced

by major diseases from life expectancy by gender and age, in reference to life tables available from the

10
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Korean Statistical Information Service (KOSIS, 2017) [34].

Benefit measure
In this study, the human capital approach was used as a method of evaluating the value of “health”
or “life” in monetary units [17]. Benefits, in the form of cost savings, were then estimated based on

direct and indirect costs.

Economic evaluation: benefit-cost analysis
In benefit-cost analysis, the BCR and net-benefit are used as indicators for decision indices. Net-
benefit refers to benefit minus the cost, with a larger net-benefit indicating a more favorable benefit-

cost situation [17]. Therefore, we used BCR and net-benefit as indicators in terms of decision indices.

Sensitivity analysis
This study is a retrospective study of costs incurred. As the study period comprised only one year, a
discount rate was not applied to the costs and a sensitivity analysis was performed on uncertain variables

[35]. The results of the sensitivity analysis are presented in a tornado diagram (Figure 1).

First, a sensitivity analysis was conducted on LOS and ED-LOS, which showed a skewed distribution.

We analyzed the 1%-trimmed mean by calculating the average of the remaining values while excluding
some (1%) from the extremes of the data.

Second, a sensitivity analysis was conducted on paid care costs among the direct non-medical costs
that were considered to have high uncertainty. Assuming that no caregiver was hired, the baseline paid
care costs were set at $53 [22], and the maximum daily paid care costs for hospitalized patients were
set at $122 [22].

Third, a sensitivity analysis was conducted on doctor labor costs among the direct non-medical costs

that were considered to have high uncertainty, with both one-way and two-way sensitivity analyses

11
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conducted. Resident labor costs were set at $44,180 as a baseline, with a minimum value of $37,350
and a maximum value of $52,669 [23]. Hospitalist and specialist labor costs were set at $115,452 as a

baseline [27, 30], with a minimum value of $76,458 and a maximum value of $152,917.

Statistical analysis

Categorical variables are reported as percentages, and continuous variables as mean + standard
deviation (SD). Groups were compared using Pearson’s chi-square tests or t-tests, as appropriate. ACCI,
LOS, and ED-LOS were expressed as the median and interquartile range (IQR). For these variables,
groups were compared using the Mann-Whitney U test, owing to their skewed distributions. We
performed subgroup analyses of costs and benefits according to age, severity of the patient’s condition
(based on the KTAS score), the degree of comorbidity (based on the ACCI score), and the major disease
category (based on the ICD-10). Natural log-transformed multivariable regression analysis was
conducted in relation to the costs. As the unit cost was large, using a natural logarithm can increase
normality and enable accurate values to be obtained during analysis as well as reduce skewness and
kurtosis of the data. Regression analysis for the costs was used to adjust for the following factors: age,
sex, prior hospitalization, referral to specialty, consultation, CPR, KTAS score, ACCI score, surgical
intervention, major disease, ICU admission, IHM, LOS, and ED-LOS. Using the estimates from the
regression models, we presented differences between AMU hospitalized and non-hospitalized groups

in terms of medical, direct, indirect, and total costs.

Patient and public involvement

This was a non-interventional study conducted retrospectively. Consequently, no patients
participated directly in the study's conception, formulation of research objectives and queries, or
execution. In addition, patients were not involved in the interpretation of results or production of the

manuscript. It is not currently in our intentions to disseminate the findings to the study participants.
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RESULTS
Costs

All costs are presented as costs per patient admission in this study. The estimated costs (US $1 =
1307.9 KRW, year: 2023 [36]) between the hospitalist group and the non-hospitalist group are shown
in Table 2. The total costs were significantly lower in the hospitalist group than in the non-hospitalist
group, with a difference of more than $6000 (20570+91024 vs. 27416+102360, P=0.007). The direct
medical costs were significantly lower in the hospitalist group than in the non-hospitalist group, with a
difference of more than $900 (4075+6504 vs. 50507255, P= 0.000).

Among the subcategories of medical costs, the biggest difference was found in relation to the
admission fee and medical examination fee (8861661 vs. 1167£1697, P=0.003; 1269+1629 vs.
15651676, P=0.000; respectively). Among the direct non-medical costs, the family caregiver
transportation fare, paid care costs, and doctor labor costs were significantly lower in the hospitalist
group than in the non-hospitalist group (P=0.007, P=0.007, and P=0.000; respectively).

The indirect costs were significantly lower in the hospitalist group than in the non-hospitalist group,
with a difference of more than $5000 (14988+89375 vs. 20719+100689, P=0.021). Among the indirect
costs, family caregiver productivity loss according to LOS and patient productivity loss according to
ED-LOS and IHM were significantly lower in the hospitalist group than in the non-hospitalist group
(P=0.007, P=0.000, and P=0.023, respectively). However, there were no significant differences
between the two groups in terms of patient productivity loss according to LOS (560+782 vs. 549+788,

P=0.570).
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Table 2. Costs of patients cared for by hospitalists and non-hospitalists (N=6391)

Cost per patient admission (USD) HG (n=2426) NHG (n=3965) P value

Total costs 20570+£91024 27416+102360 0.007

Direct costs 558248003 6697+8729 0.000

Direct medical costs 4075+6504 5050£7255 0.000 |
Consultation fee 2514221 269+238 0.003
Admission fee 886+1661 1167+1697 0.000 |
Medication fee 907+2345 88942324 0.774
Treatment and surgery fee 2661092 432+1720 0.000 ‘
Medical examination fee 1269+1629 1565+1676 0.000 }
Therapeutic materials 304+£866 552+1477 0.000 |
Others 1914£596 176467 0.249

Direct non-medical costs 1508+1688 1647+1786 0.002
lf:;f‘rgligho‘;;ﬁfﬁvz Zrﬁogampo“a“on 1984219 213231 0.007 :
Paid care cost in hospitalization 556614 600+£650 0.007 |
Doctor's labor cost 754+855 8344904 0.000 ‘

Indirect costs 14988+89375 20719+£100689 0.021 |
f;aieglé productivity loss according 5604782 5494788 0.570 ‘
Efgfgiggr;g‘LVgSpmd“CtW“y 10ss 112441243 1213£1316 0.007 ‘
ﬁ)at};;l_t If)(r)osductwlty loss according 76275 2690 0.000 :
Patient productivity loss according 13228488992 188714100401 0.023

to IHM

Data are presented as mean + standard deviation. HG, hospitalist group; NHG, non-hospitalist group;
ED-LOS, emergency department-length of stay; LOS, length of hospital stay; IHM, in-hospital

mortality; Cost unit: USD (US Dollar), ($1 = 1307.9 KRW, year: 2023)
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Subgroup cost differences according to KTAS scores, comorbidity severity, major disease, and
age

Cost analysis was performed according to subgroups of patients stratified by KTAS scores, ACCI
scores, major disease, and age to determine differences between the two groups (Supplementary 5, 6,
7, and 8). Compared to the non-hospitalist group, the hospitalist group’s overall costs for more urgent
cases were significantly reduced by more than $8000 (P=0.002). In low-to-moderate comorbidity
groups (ACCI = 0-2, 3, and 4 points), there was a greater cost reduction in the hospitalist group than in
the non-hospitalist group ($12941, P=0.033; $10017, P=0.152; $8199, P=0.016; respectively).

Among the major diseases, in all but three disease types, the overall costs in relation to the hospitalist
group decreased compared to the non-hospitalist group (Supplementary 7). In a subgroup analysis by
age, total costs in the hospitalist group decreased in almost all age groups (P=0.248, P=0.004, P=0.000,

P=0.002, P=0.001, respectively).

Natural log-transformed multivariable regression analysis of costs

We performed natural log-transformed multivariable regression analysis to adjust for clinical
variables and outcome variables potentially associated with costs, namely, medical, direct, indirect, and
total costs (Supplementary 9 and 10). Regression analysis revealed a significant 30% reduction in
medical costs and a 29.3% reduction in total costs in the hospitalist group compared to the non-
hospitalist group (e-333=0.701, P=0.000; e°-34¢=0.707, P=0.000; respectively). Furthermore, there was
a significant reduction of 28.6% in direct costs and a 23.3% reduction in indirect costs in the hospitalist
group compared to the non-hospitalist group (e%3¢=0.714, P=0.000; e029=0.767, P= 0.000;

respectively).

Benefit-cost analysis
Net-benefit and BCR analysis were conducted according to total and subgroups of patients stratified
by clinical variables, KTAS scores, ACCI scores, major diagnoses, and age (Table 3). Among the total
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group of patients, the net-benefit and BCR of the AMU hospitalist care group were $6846 and 1.33 per
patient admission, respectively; overall net-benefit of AMU hospitalist care was found to be largely
positive. Among the patients stratified by clinical variables, net-benefit and BCR of AMU hospitalist
care was found to be largely positive in all but five 5 subgroups (less urgent; ACCI >5; diseases of the
circulatory system; diseases of the genitourinary system; and endocrine, nutritional, and metabolic

diseases).
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Table 3. Benefit-cost analysis 2 %
= St beneit B/A ratio
Total Cost per patient admission (USD) HG (A) NHG (B) g e 13 ‘:le ! (benefit cost
- _flg (B-A) ratio, BCR)
Total (N=6391) 20570 27416 ® 5846 1.33
KTAS e
More urgency (n=5556) 20334 29074 S R0 1.43
Less urgency (n=835) 21801 14269 = ?;@32 0.65
ACCI ==
ACCI 22 (n=1747) 16700 29640 ~512941 1.77
ACCI=3 (n=1169) 24948 34965 %’_‘:Dl_g()ﬂ 1.40
ACCI=4 (n=1445) 14346 22545 o %@9 1.57
ACCI>5 (n=2030) 25890 24894 %’;‘5%6 0.96
Major disease e
Malignant neoplasms (n=1735) 37059 63186 =95127 1.71
Diseases of the circulatory system (n=600) 21568 10963 € B604 0.51
Diseases of the respiratory system (n=1141) 12369 18568 ? 6—?99 1.50
Diseases of the digestive system (n=865) 10408 19732 g. 9324 1.90
Diseases of the genitourinary system (n=577) 14018 11979 El %)39 0.85
(n:ngrrgq))toms, signs, and abnormal clinical and laboratory findings 6724 10762 % 4E38 1.60
Certain infectious and parasitic diseases (n=290) 5411 22358 © 18947 4.13
Endocrine, nutritional, and metabolic diseases (n=253) 13906 5765 % -%1 42 0.41
Dlseasps of th§ blood and bloo@-forrn_mg organs and certain disorders 12512 65460 = 5§9 48 593
involving the immune mechanism (n=177) E oo
Diseases of the musculoskeletal system and connective tissue (n=147) 9269 19916 3 10047 2.15
Others (n=277) 19377 28223 S 8Ru6 1.46
Age (years) 2 2
<50 (n=1098) 34234 46473 - 12238 1.36
50-59 (n=900) 36276 66967 3I691 1.85
60-69 (n=1275) 14345 22699 8854 1.58
70-79 (n=1763) 11861 15868 4@)7 1.34
>80 (n=1355) 9310 12453 3843 1.34

Data are presented as mean. HG, hospitalist group; NHG, non-hospitalist group; KTAS, Korean Triage and Acuity %ale ACCI, Age-adjusted Charlson
Comorbidity Index; Cost unit: USD (US Dollar), (§1 = 1307.9 KRW, year: 2023)
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Sensitivity analysis

The sensitivity analysis results for LOS and ED-LOS are shown in Figures 1-1 and 1-2. We analyzed
the 1%-trimmed mean and excluded patients with extreme values, as noted. After excluding extreme
values related to LOS, the results were stable (net-benefit: $7162 to $8067, BCR: 1.31 to 1.33) and
showed no significant difference from the baseline analysis. Sensitivity analysis for ED-LOS revealed
that the results were similar to (net-benefit: $6311 to $6846, BCR: 1.31 to 1.33) the baseline analysis.
After varying paid care costs from $0 to $122, the sensitivity analysis results were stable, with the net-
benefit ranging from $8013 to $8138 and the BCR from 1.32 to 1.34 (Figure 1-3). One-way sensitivity
analysis results showed comparative values of resident, specialist, and hospitalist labor costs
(Supplementary 11,12, and 13), with resident labor costs ranging from $37,350 to $52,669, which
indicated a net-benefit ranging from $6841 to $6851 (BCR, 1.33) (Supplementary 11). After varying
specialist labor costs from $76,458 to $152,917, the results were similar to baseline estimates, with net-
benefit ranging from $6764 to $6924 (BCR, 1.33) (Supplementary 12).

After varying hospitalist labor costs from $76,458 to $152,917, the results were stable, with net-
benefit ranging from $6784 to $6910 (BCR, 1.33) (Supplementary 13).

Two-way sensitivity analysis results on hospitalist and resident labor costs showed that net-benefit
ranged from $6779 to $6916 and BCR from 1.33 to 1.34 (Supplementary 14). Moreover, Two-way
sensitivity analysis results on hospitalist and specialist labor costs showed that net-benefit ranged from

$6703 to $6988 and BCR from 1.33 to 1.34 (Supplementary 15).

DISCUSSION
Study summary

This study is the first to report on the economic efficiency of a Korean AMU hospitalist care model
while controlling for clinical factors. We found a notable cost reduction with AMU hospitalist care
compared to non-hospitalist care in all areas: medical costs, direct costs, indirect costs, and total costs.

In this study, medical costs included hospitalist care fees. The same trend toward cost reduction was
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observed in the subgroup and regression analyses. In this study, the cost of doctor labor was estimated
separately for each hospitalization flow and day and night shifts (Supplementary 4).

The net-benefit and BCR analysis results of the AMU hospitalist care group were $6846 and 1.33 per
patient admission, respectively; overall, net-benefit of AMU hospitalist care was found to be largely
positive. Sensitivity analysis showed that the net-benefit and BCR results of AMU hospitalist care were
similar to baseline analysis.

In the present resident training system, which lacks a structured curriculum, training has taken the
form of encountering more patients and accumulating experience over time. Many institutions still use
the apprenticeship model of training to become specialists. The Medical Resident Act has been enacted
to address this issue; however, the situation remains ambiguous in the field [37]. Moreover, residents
who rotate annually or monthly will inevitably experience strained relationships with other professional
teams, and medical treatment is frequently interrupted due to complications such as doctor-nurse
disputes [2]. However, direct, real-time communication among our multidisciplinary team members,
which enables appropriate and quick decision-making on treatments for patients with acute diseases, is
a key component of our AMU care [3].

Further, consultation, formulation, and implementation of treatment plans and the treatment itself are
responsibilities shared among residents, fellows, and attending specialists in the context of
resident/attending specialist care. However, hospitalists carry the sole responsibility for all these tasks
[38]. Moreover, hospitalists have extensive knowledge and proficiency in managing patients who are
hospitalized. Their level of professionalism is unparalleled compared to that of residents with 1-2 years
of experience, as evidenced by their critical thinking skills, patient communication capabilities, and
accountability for treatment [38]. Consequently, these characteristics are believed to help reduce overall
costs, including medical cost.

Furthermore, our previous study reported that AMU hospitalist care improved patient outcomes in
terms of IHM, ICU admission rate, LOS, and ED-LOS [9]. This enhanced performance may have led
to a reduction in indirect expenses and productivity loss.
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Direct medical costs

Some previous studies that investigated the costs of hospitalist care have reported reduced medical
costs in hospitalist care [10, 39-46]. In contrast, other studies have reported no significant difference in
total medical costs between patients treated by hospitalists and those treated by non-hospitalists [7, 47]
and that the costs of care for hospitalists were more than those for specialists but less than those for
generalists [48]. Our study showed that there was a marked cost reduction in consultation, admission,
treatment and surgery, medical examination, and therapeutic materials fees among the medical cost
subcategories. Even when hospitalist care fees were included in medical costs, the hospitalist group’s
medical costs were lower, which indicates that the difference would be even greater if hospitalist care
fees were excluded. Among the previous studies, one study that evaluated Korean hospitalists reported
that medical costs reduced by $208 in terms of hospitalist care [10]. However, in our study, medical
expenses per admission decreased by nearly $1000 in the hospitalist care group. The findings of
research on medical cost reduction are consistent, but our study’s findings on cost-reduction suggest a
more substantial reduction is involved.

The patient group in our study consisted of patients with acute medical conditions admitted through
the ED of a tertiary general hospital, with their disease severity being higher than that among those in
the total group of patients, which may explain the difference in study results. However, the regression
analyses showed a significant 30% reduction in medical costs in the hospitalist group after adjusting for
clinical factors. Despite the conflicting results reported in earlier studies, our research findings offer
compelling evidence supporting the effectiveness of the AMU hospitalist care model in reducing

medical costs.

Direct non-medical costs compared with indirect costs

Studies are lacking on the economic implications of hospitalist care from a societal perspective.
Hence, we conducted an estimation and analysis of non-medical expenses to assess the economic
feasibility of AMU hospitalist care from a societal perspective.
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In a previous study, we reported that AMU hospitalist care considerably improved patient outcomes
in terms of IHM, ICU admission rate, LOS, and ED-LOS [9]. In this study, we used patient outcomes
from that study to estimate the following costs: family caregiver transportation fares in hospitalization,
paid care costs in hospitalization, patient productivity loss based on LOS, family caregiver productivity
loss based on LOS, patient productivity loss based on ED-LOS, and patient productivity loss based on
IHM.

The hospitalist care group’s decreased LOS resulted in a notable reduction in expenses related to
family caregiver transportation and paid care during patient hospitalization.

With the exception of patient productivity loss based on LOS, substantial reductions in expenses
were shown for family caregiver productivity loss based on LOS and patient productivity loss based on
ED-LOS and IHM. The hospitalist group exhibited a considerably reduced LOS in comparison to the
non-hospitalist group [9]. However, it is possible that the lower age of the patients in the hospitalist
group may account for the larger patient productivity loss based on LOS observed in this group.
Nevertheless, AMU hospitalist care resulted in notable reductions in the indirect costs, surpassing
$7000 in savings when compared to the non-hospitalist group. This improvement in patient outcomes
played a pivotal role in achieving these cost reductions. Therefore, the overall costs in relation to the

AMU hospitalist care group showed a notable decrease in comparison to the non-hospitalist group.

Benefit-cost analysis

The net-benefit and BCR analysis of the AMU hospitalist care group yielded results of $6846 and
1.33 per patient admission, respectively, indicating that the overall net-benefit of AMU hospitalist care
was found to be largely positive. However, variations in net-benefit and BCR analysis ranges were seen
across different subgroups (-$10604 to $52948, 0.41 to 5.23; respectively). This indicates that the
economic efficacy of AMU hospitalist care varies based on the clinical characteristics of patients.
Nevertheless, in terms of net-benefit and BCR results, the overall net-benefit of AMU hospitalist care
was found to be largely positive in 17 subgroups and negative in five subgroups (less urgent; ACCI >5;
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diseases of the circulatory system; diseases of the genitourinary system; and endocrine, nutritional, and
metabolic diseases). It is possible that this population has a greater demand for specialized care;
furthermore, treatment modalities and expenses can vary substantially based on the reason for admission
even for the same disease. In our study, clinical variables were adjusted for factors such as age, severity,
the major disease, and KTAS. To determine the precise reason for the negative results reported in these
five groups, more research into the variables leading to hospitalization or disease-specific clinical
outcomes is required.

These findings might potentially serve as a valuable reference for the development of a more efficient
hospitalist care paradigm in further research.

A one-way sensitivity analysis was conducted to examine the impact of variations in the LOS, ED-
LOS, paid care costs, and doctor labor costs. The net-benefit and BCR analysis results of AMU
hospitalist care were stable based on a one-way sensitivity analysis using these four variables. The
results of a two-way sensitivity analysis indicated that the net-benefit and BCR results of AMU
hospitalist care were similar to the baseline estimates despite fluctuations in labor costs for resident,

specialist, and hospitalist.

Limitations

This study had some limitations. First, it employed a retrospective design, which posed challenges in
mitigating the effect of confounding factors and discerning whether the observed results were
attributable to the AMU environment or the treatment administered by the hospitalists. Second, the
study was conducted at a single site, which limits the extent to which our findings may be generalized.
Third, other expenditures, excluding medical expenses, were not directly obtained but rather calculated
by consulting relevant sources, which introduced a degree of uncertainty into the cost estimations.
Fourth, the present study could not provide a quantifiable assessment of the potential benefits associated
with the reduction of ICU admissions. Five, the value and benefits of teaching services were not

evaluated in this study. Even if costs are higher for teaching services compared to non-teaching services,
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training future physicians is a valuable goal. Hence, further investigation to ascertain the value and

benefits of teaching services from a societal perspective is required.

CONCLUSION

This study showed that AMU hospitalist care significantly reduced costs in nearly all categories,
including medical costs, direct costs, indirect costs, and total costs. Moreover, in the benefit-cost
analysis, the net-benefit and BCR results of the AMU hospitalist care group were shown to be greater
than $6000 and 1.30 per patient admission, respectively. These results indicate that the overall net-
benefit of AMU hospitalist care is largely positive. Nevertheless, further investigation is necessary to

identify the factors that contribute to hospitalization or disease-specific clinical outcomes.
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Supplementary 2. Type of costs, cost estimation formula and data source

Type of costs

Cost estimation formula & data source

Direct costs

Cl+C2+C3+C4

Direct medical costs

Cl1

Total medical expense in hospitalization
(CD)

Individual medical treatment bill receipt (real data)

@ consultation fee

@ admission fee

@ medication fee
(including medication / injection / anesthesia / WB and blood product)

@ treatment and surgery fee

(® medical examintaion fee
(including inspection / medical imaging / CT / MRI/PET / Ultrasonography)

® therapeutic materials

(@ the others (prosthetics, orthodontics / rehab and physiotherapy /
psycotherapy)

Direct non-medical costs

C2+C3+C4

Family caregiver transportation fare in
hospitalization (C2)

$19* LOS

2017 Korea health panel study / 2019 Annual report on the consumer price
index (referenced data), LOS : real data

Paid care cost in hospitalization (C3)

$53 *LOS

The Social Cost of Informal Nursing Care and its Policy Implications for
Integrated Nursing and Care Services (2021)(referenced data),
LOS : real data

Doctor's labor cost (C4)
Resident's labor costs (day shift)

Salary after tax
Resident's labor costs per doctor

Resident's average labor costs per doctor
Number of inpatient per day per doctor

Number of inpatients per year per doctor

Total number of resident assigned to the
NHG group

Total Resident's labor costs in the in the
NHG group

Resident's labor costs per patient per day in
the NHG group

Resident's labor costs per patient in the
NHG group

Resident's labor costs (night shift)

Number of inpatient per day per doctor

Number of inpatients per year per doctor

Total number of resident assigned to the
NHG group

2017 resident training environment evaluation survey results
$26,760 ~ $35,935, average salary after tax : $30,851

$37,350 ~ $52,669
Estimating using 4 Major SIS’s (Social Insurance Schemes; national

pension, health insurance, employment insurance, workers’ compensation
insurance) and tax (income tax and resident tax)

$44,180
17

17*365=6,205

Total patient days of NHG group (45,196) / Number of inpatients per year
per doctor (6,205) =7.3

$44,180 * 7.3 = $322,514
$322,514 /45,196 = §7

$7 * LOS per admission

2017 resident training environment evaluation survey results

41.8
41.8%365=15,257

Total patient days of NHG group (45,196) / Number of inpatients per year
per doctor (15,257) =2.96 (3)
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Type of costs Cost estimation formula & data source
Total Resident's labor costs in the in the $44.180 * 3 = $132,540
NHG group
Resident's labor costs per patient per day in _
the NHG group $132,540 /45,196 = $3

Resident's labor costs per patient in the
NHG group

Specialist's labor costs (day shift)

Specialist's average labor costs per doctor

Number of average inpatient per day per
doctor

Number of inpatients per year per doctor
Total number of specialist assigned to the
NHG group

Total specialist's labor costs in the NHG
group

Specialist's labor costs per patient per day in
the NHG group

Specialist's labor costs per patient in the
NHG group

Hospitalist's labor costs (day shift)

Hospitalist's labor costs per doctor

Total number of hospitalist assigned to the
HG group

Hospitalist's labor costs per patient per day
of AMU in the HG group

Doctor's labor cost per patient in the HG

group
1) No referral patients

2) Referral patients

$3 * LOS per admission

2017 Specialist salary evaluation survey results
average $115,452

5

5*365=1825
Total patient days of the control group (45,196)/1825 =45196/1825=24.7

$115,452 *24.7=$2,851,664
$ 2,851,664/ 45196 (total patient days) = $63
$63 * LOS per admission

A study on the implementation and the evaluation of Korean hospitalist
system to improve the quality of hospitalization (phase 2)(2018)

average $115452
4

$461,808 / 7216 (Total AMU-LOS) = $64

($64 +$3)* AMU-LOS
($64 +$3)* AMU-LOS+ ($63+ $7 + $3)* referral medical ward-LOS

Indirect Costs

C5+C6+C7+C8

Family  caregiver
according to LOS (C5)

productivity  loss

$106 * LOS

2017 Survey report on labor conditions by employment type (referenced
data), LOS (real data)

Patient productivity loss according to ED-
LOS (C6)

Hourly wage * ED-LOS * labor force participation rate (age, gender)

2017 Survey report on labor conditions by employment type (referenced
data)

2017 Annual report on the the economically active population survey
(referenced data), ED-LOS (real data)

Patient productivity loss according to LOS
(€7)

Daily wage * LOS * labor force participation rate (age, gender)

2017 Survey report on labor conditions by employment type (referenced
data)

2017 Annual report on the the economically active population survey
(referenced data)

Patient productivity loss according to IHM
(C8)

Annual wage * deceased patients' expected LY Gs * labor force participation
rate (age, gender)

Statistics Korea. LIFE TABLES FOR KOREA, 2017 (referenced data)
2017 Survey report on labor conditions by employment type (referenced
data)

2017 Annual report on the the economically active population survey
(referenced data)

In hospital mortality (real data)
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HG, hospitalist group; NHG, non-hospitalist group; AMU, acute medical unit; LOS, length of hospital
stay; ED, emergency department; Cost unit: USD ($1=1307.9 KRW, year: 2023)
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3 Supplementary 5. Cost analysis for urgent and non-urgent cases treated by hospitalists or non-hospitalists (N=63%) E
g KTAS 1-3: More Urgent (N=5556) ST@ 4-5: Less Urgent (N=835)
6 Cost per patient admission (USD) HG (n=2035) NHG (n=3521) P value HG (n=31)2, NHG (n=444) P value
7 Total costs 20334+90283 29074+£106747 0.002 21801+94897 ¢ o 14269+54923 0.155
=
g Direct costs 56558094 679448918 0.000  5205+7510 @< 59317013 0.150
T2
10 Direct medical costs 413846531 51367428 0.000 3747+6363 ;'—;“g § 4371+£5666 0.135
= @
11 Consultation fee 255+228 272+239 0.009 232+183 g 39 2474229 0.319
12 Admission fee 900+1754 1184+1726 0.000 813+1046 ° a% 1031+1434 0.013
@
1 j Medication fee 917+2027 901+2321 0.791 85043570 2535 7962349 0.794
QO
15 Treatment and surgery fee 273+1120 454+1797 0.000 2274932 2 %E 2631884 0.564
16  Medical examination fee 1288+1684 1585+1704 0.000 1172+1309 gi 3 1402+1430 0.016
17 Therapeutic materials 310+896 563+1498 0.000 272+686 ; éi 469+1292 0.007
=m=
19 Others 193588 178+475 0275  181%634  30F 1634397 0.619
5o Direct non-medical costs 15171744 1658+1803 0.005 1458+1363 ‘i' § 1560+1649 0.335
21 Family ~caregiver transportation g, )¢ 2154234 0.014  191+176 3 o 2024214 0.433
22 fare in hospitalization £ 9
23 Paid care cost in hospitalization 559+634 604+656 0.014 538+496 2 g 568+600 0.433
2% Doctor's labor cost 759883 840+913 0.001 729691 & 3 790+835 0.255
26 Indirect costs 14679+88509 22280+105035 0.006 16595493852 » 3 8338453705 0.114
. .. . 3 o
2 ifii;‘; productivity loss according s ¢ 5 5424758 0254 5254576 & o 600994 0.189
29 . : .. 3 2
S [amily caregiver productivity 1oss 3y, 150y 122241328 0.014 10881003 2= ® 114941215 0.433
31 according to LOS SN
. . . 5 9
32 Pa;%“ng‘;d“‘mV“y loss according ., 75 8691 0.000 72473 S & 8687 0.015
;o LEDLOS 3 e
2‘5‘ toatl‘lir;:[ productivity loss according 1540488065 204304104737 0.006  14910£93772  ® 650353499 0.107
o
36 Data are presented as mean + standard deviation. HG, hospitalist group; NHG, non-hospitalist group; ED-LOS, emerge&tcy department length of stay; LOS,
37 length of hospital stay; IHM, in hospital mortality; KTAS, Korean Triage and Acuity Scale; Cost unit: USD (U.S. Doll%), ($1=1307.9 KRW, year: 2023)
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Supplementary 6. Cost analysis for patients with different comorbidity severities treated by hospitalists or non—ho‘éoitaﬁists (N=6391)
ACCI: 0-2 (N=1747) S: iﬁ ACCI: 3 (N=1169)
Cost per patient admission (USD) HG (n=729) NHG (n=1018) P value HG (n=436)2, NHG (n=733) P value
Total costs 16700+97346 29640+141104 0.033 24948+111135 5 o 34965+117962 0.152
=
Direct costs 407945180 5430+8851 0000  4945:6561 ©2< 66148410 0.000
Direct medical costs 295544186 4130+7616 0.000 354545099 ;'—;‘% § 50066938 0.000
5o
Consultation fee 207+163 2254216 0.065 227+162 3 3o 259+218 0.007
Admission fee 612+794 852+1301 0.000 806+1855 %i% 1191+£1860 0.001
Medication fee 669+1650 79242939 0.308 822+2196 ;é-g 3 868+£1975 0.712
Treatment and surgery fee 188+713 350+2163 0.053 1914481 3 %- § 457+1543 0.000
Medical examination fee 968+1143 131241586 0.000 11071243 EE 3 1559+1672 0.000
Therapeutic materials 226+613 495+1361 0.000 231+442 ; § i 512+1170 0.000
Others 85+150 105198 0.023  163+460 05 160+395 0.905
Direct non-medical costs 1123+1134 1300+1506 0.008 1399+1568 ‘i ' § 1608+1749 0.041
Family -~ caregiver transportation ¢,/ 168195 0.017 1844203 = 3 2084227 0.065
fare in hospitalization g 2
Paid care cost in hospitalization 416+412 473+548 0.017  517+571 2 g 5854637 0.065
Doctor's labor cost 5594575 658+763 0.003 699+794 o E 814+885 0.026
Indirect costs 12621+£96482 24210+139010 0.052 20003109606 ; 3 28351+116657 0.227
. .. . 3 o
Patient productivity loss according 5, c¢3 686+1006 0026 601814 5 o 5854864 0.749
to LOS - =
Family caregiver productivity loss 5 @
. 842+835 958+1110 0.017 10461155 3 @ 1184+1288 0.065
according to LOS SN
Patient productivity loss according a N
to ED-LOS 96186 120+108 0.000 T7£T71 2 2 924108 0.011
Patient productivity loss according 3
t0 THM 11093+£96269 22446+138553 0.057 18280109064 @ 26491+116420 0.233
o
@
=
5
g
=.
<
D
Q.
°
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3 Supplementary 5. Cost analysis for patients with different comorbidity severities treated by hospitalists or non-hoSpitafists (N=6391
2 y Y y y
. ACCI: 4 (N=1445) S ACCI: 25 (N=2030)
6 Cost per patient admission (USD) HG (n=502) NHG (n=943) P value HG (n=759¢ NHG (n=1271) P value
7 Total costs 14346+46751 22545+67961 0.016 25890+93774 Sm g 24894+72473 0.789
g Direct costs 531546670 67547792 0.000  7569£10891  %2< 77189325 0.745
10 Direct medical costs 3833+5553 5079+6432 0.000 5614+8912 %% § 5791+7629 0.635
11 Consultation fee 247+165 270+202 0.025 3114304 3 3o 310£279 0.939
=4 o
12 Admission fee 879+1158 122241657 0.000 120042277 %ag 1364+1865 0.078
1> Medication fee 92643272 87442016 0.709  1171£2236 A5S 99142157 0.073
(0]
15 Treatment and surgery fee 168+372 398+1248 0.000 448+1747 2 }[;E 509+1718 0.437
16  Medical examination fee 1224+1311 16031637 0.000 168242223 EE 3 1742+1753 0.504
17" Therapeutic materials 250+583 561+1586 0.000  458+1290 = §§ 615+1632 0.024
19 Others 138+279 151310 0428  345+951 S0E 2604690 0.021
20 Direct non-medical costs 1482+1320 16751606 0.021 1956+2229 ‘i ' c;r 1927+2071 0.771
21 Family = caregiver transportation o5, ) 2174208 0.038  256+289 S S 2502268 0.643
22 fare in hospitalization 5 g
23 Paid care cost in hospitalization ~ 546+480 610+585 0.038  718+811 3 T 702754 0.643
;g Doctor's labor cost 7414668 848+813 0.012 982+1129 8 ‘:3 976+£1049 0.902
26 Indirect costs 9031+£44942 15791+65530 0.039 18321491272 o 3 17176+71183 0.753
. .. . 3 o
27 =
o i)atﬁtg‘; productivity loss according ¢, ¢ 4132467 0.863  602+932 2 oo S18711 0.023
29 . . o e § g
3o Family caregiver productivity loss ¢, q7) 1234+1183 0.038  1453+1642 S ®  1420+1526 0.643
according to LOS 2 N
3] Patient productivity loss accordin S 5
2 oEDLOS © 5450 63+63 0010  70+74 = a8 7270 0.643
33 lonb o | s
g‘S‘ E)a;flr;d productivity loss according ) 44743 14081:£65244 0.042  16195£90754 ®  15167+71041 0.776
o
36 Data are presented as mean + standard deviation. HG, hospitalist group; NHG, non-hospitalist group; ED-LOS, emergegv;cy department length of stay; LOS,
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Supplementary 7. Cost analysis according to major diseases between hospitalist and non-hospitalist groups (N=631)=

y Y g J g 5

Malignant neoplasms (N=1735) Disez{ti;es :gf the circulatory system (N=600)
Cost per patient admission (USD HG (n=845 NHG (n=890 P value HG (n=388) > NHG (n=552) Pvalue

N
Total costs 37059+128241 63186163463 0.000 21568+84888 & rng 1096337071 0.100
Direct costs 6745+7389 804048268 0.001  5861+6678 4g< 6706+10303 0.577
Direct medical costs 4971+6044 6076+6910 0.000 44755856 %% § 5511+£9028 0.435
Consultation fee 279+208 3074220 0.007 233+140 %?D o 210+200 0.438
Admission fee 1066+1330 1355+1482 0.000 801+838 % a % 865+1514 0.772
Medication fee 128842927 158242985 0.039 805+1995 ;i% 3 415+1808 0.156

@

Treatment and surgery fee 231+566 374+1261 0.003 382+1522 2 }[;E 53242658 0.700
Medical examination fee 1437+1524 1704+1524 0.001 1431+1314 gi 3 1700+1771 0.303
Therapeutic materials 369+767 443+773 0.045 690+2848 ; % i 167243114 0.035
Others 300+846 311+816 0.780 134£190 ggé 117£308 0.710
Direct non-medical costs 1774+1573 1964+1690 0.007 13861089 ‘i ' c;r 1195+1550 0.404
Family - caregiver transportation 3, 2554219 0.028  182+141 5 2 1554201 0.357

fare in hospitalization 5 g
Paid care cost in hospitalization 652+573 715+615 0.028 512+397 @ g 435+564 0.357
Doctor's labor cost 890796 995+856 0.009 692+550 g ‘_8 605+785 0.453
Indirect costs 303144126770 55146+163122 0.000 15706484189 » 3 4257435265 0.066

. .. . 3 o
i)atﬁtg‘; productivity loss according ., ¢ 7214834 0674  531:683 & o 3594651 0.082

. : .. 3 2
Family caregiver productivity loss 3,5, 159 14471245 0.028  1036£804 3 @ 8811142 0.357

according to LOS S N

Patient productivity loss according a N
to ED-LOS 84+85 109+121 0.000 74+£60 o o 64163 0.283

Patient productivity loss according a
28206+126390 52868+163024 0.000 1406584010 o 2953435224 0.074

o
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Supplementary 5. Costs analysis according to major diseases between hospitalist and non-hospitalist groups (N=6§91§§
Diseases of the respiratory system (N=1141) Diseasgi; ofi%he digestive system (N=865)
Cost per patient admission (USD) HG (n=266) NHG (n=875) P value HG (n=441)3 NHG (n=424) P value
Total costs 12369+28381 18568+58264 0.904 10408+66247 5 rng 19732+94288 0.092
Direct costs 639214038 67567626 0.585 399445522 2 514346628 0.006
Direct medical costs 4622+11505 48966064 0.610 2942+4606 %% § 3932+5768 0.005
Consultation fee 274+324 280+211 0.713 210£151 % 3o 229+166 0.072
Admission fee 125743766 144441942 0.283 560+807 %a% 781+1151 0.001
Medication fee 649+1527 655+1082 0.947 546+1361 ;5«% S 717£1612 0.092
@
Treatment and surgery fee 47742303 480+1181 0.982 29641022 2 }[;E 412+1469 0.176
Medical examination fee 1508+2834 1548+1650 0.773 947+1200 ;E 3 1250£1407 0.001
Therapeutic materials 275+1149 321+864 0.486 302+596 ; %i 4651079 0.006
Others 182+495 169+324 0.609 824303 gi’)% 79+131 0.866
Direct non-medical costs 1770+2731 1860+1779 0.529 1052+1103 ‘i ' c;r 1211£1102 0.035
Family - caregiver transportation 3, 55, 2414231 0.617  139+143 S 2 1574143 0.060
fare in hospitalization 5 g
Paid care cost in hospitalization 651+994 6771648 0.617 389+401 @ g 4414401 0.060
Doctor's labor cost 887+1384 942+901 0.450 524+559 2 ‘_8 613+558 0.020
Indirect costs 5977+21125 11812+56671 0.100 6414+63518 o 3 14589+92439 0.129
. . . . 3 o
i)atﬁtg‘; productivity loss according o5, ¢ 539589 0292 4384600 B o 4253475 0.728
. : . 3 2
Family caregiver productivity loss 316,50 1370541311 0.617 7884812 S ® 8924812 0.060
according to LOS S N
Patient productivity loss according a N
to ED-LOS 61+55 67161 0.176 78+75 o o 109+102 0.000
. .. . o>
E)a;flrﬁta productivity loss according 43 ,50597 983556509 0.105  5110£62720 2 13163292261 0.132
o
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2 Supplementary 5. Costs analysis according to major diseases between hospitalist and non-hospitalist groups (N=6§91§§
. . . Symptoms, si sns and abnormal clinical and laboratory
5 =
. Diseases of the genitourinary system (N=577) %: S fin dings (N=329)
7 Cost per patient admission (USD) HG (n=202) NHG (n=375) P value HG (n=162 __gNO NHG (n=167) P value
8 Total costs 1401880863 11979459324 0730 672449524 225 10762+50267 0.316
?O Direct costs 4586+6045 5240+5305 0.179 451344763 ?—;‘é% 432244123 0.698
11 Direct medical costs 323244721 3819+4212 0.127 332443901 T3 -g 3358+3469 0.935
12 Consultation fee 240+216 265194 0.159 215+147 g3 2 188+113 0.061
13 Admission fee 709+1072 909+1247 0.054 667+£1029 2-%) = 664+897 0.978
1‘5‘ Medication fee 487+924 505+688 0.797 4124873 2 92 2724819 0.133
16  Ireatment and surgery fee 251+867 398+962 0.069 1914843 %g ; 1444561 0.555
17 Medical examination fee 1209+1429 134941163 0.206 1425+1115 g% 3 15761247 0.249
18 Therapeutic materials 211£740 263+668 0.391 287+594 5 m_g 443+687 0.027
;g Others 124+341 1294216 0.833 1274364 &5 69488 0.049
51 Direct non-medical costs 1354+1393 1422+1218 0.548 1188+1020 ? % 965+828 0.029
. . . - o
22 Family ~caregiver transportation ¢, g, 184158 0.679  157+132 S 2 125:107 0.017
23 fare in hospitalization 2 T
24 Paid care cost in hospitalization 501+506 518+443 0.679 4404372 P % 3514302 0.017
>
;2 Doctor's labor cost 675+706 720+617 0.433 5914516 = S 488+419 0.048
57 Indirect costs 9432+80267 6739+59151 0.647 22117619 i ° 6440+49512 0.283
. .. . 5 o
28 Patient productivity loss according 35, 433 3984401 0827 4324518 = S 3154339 0.015
29 to LOS S ®
30 . . .. ®
S, Family caregiver productivity loss g3, 10)5 1048+898 0.679 891753 5 N 7112610 0.017
2 according to LOS 8 B
. . . 2,
33 Patient productivity loss according 63156 79460 0.061 74469 3 ﬂi 65457 0.201
34 1o ED-LOS @
. .. . 0]
35 Patient productivity loss according  ;0, ¢ 56 5221:£59220 0.640 8147629 S 5349:49507 0.250
3¢ toIHM o
37 =2
38 S
39 g 3
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41 s
42 o
Zi For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml ™~
45

46


http://bmjopen.bmj.com/

oNOYTULT D WN =

26

o O
BMJ Open s 3 Page 44 of 62
@]
_g ©
< 3
R
= ¥
> (=]
Supplementary 5. Costs analysis according to major diseases between hospitalist and non-hospitalist groups (N=6& IE
Certain infectious and parasitic diseases (N=290) Endocrine, nqﬁ"itignal and metabolic diseases (N=253)
Cost per patient admission (USD) HG (n=86) NHG (n=204) P value HG (n=95)5 2 NHG (n=158) P value
Total costs 5411+4722 22358+91703 0.088 13906+78014 S rng 5765+8350 0.194
Direct costs 388343635 681610268 0.010  4368+7154 52 422946390 0.873
Direct medical costs 2568+2562 5124+8747 0.008 3049+5368 %% § 2940+4887 0.868
Consultation fee 215+154 269+267 0.081 247+298 g?b o 220+£190 0.382
S o
Admission fee 692+782 145242060 0.001 643+877 % ié 772+1342 0.403
Medication fee 430+475 10103434 0.120 491+£1521 ;5«% S 3344739 0.272
@
Treatment and surgery fee 107+382 414+£1780 0.116 278£1157 2z § 188+727 0.450
Medical examination fee 874+817 1562+1959 0.002 1052+1331 gi 3 1154+1493 0.582
Therapeutic materials 132+378 297706 0.042 201£719 ; % i 148+388 0.451
Others 118171 121£171 0.890 138+373 gif’,% 123+337 0.745
Direct non-medical costs 1315+1144 1693+1837 0.078 1320+1893 ‘i ' c;r 1289+1562 0.891
Family = caregiver transportation ;5. |4 2194238 0.096  174+245 52 1674202 0.818
fare in hospitalization 5 g
Paid care cost in hospitalization 486+416 616+669 0.096 488+688 @ g 469+569 0.818
Doctor's labor cost 655+580 857+930 0.063 658+959 g ‘_8 653+791 0.963
Indirect costs 1529+1142 15542485899 0.132 9538+77367 o 3 153642047 0.194
. .. . 3 o
i)atﬁtg‘; productivity loss according 5, 39 5934911 0248  547+1405 B oo 495:927 0.722
. : .. 3 2
Family caregiver productivity loss g, ¢4 124741353 0.096  987+1393 S ® 95041151 0.818
according to LOS S N
Patient productivity loss according ¢4 5, 98+101 0.014  70+67 S ¥ .03 0.061
to ED-LOS ' & 2 ‘
Patient productivity loss according 1360385029 0.139  7933+77324 2 00 0.198
to I[HM )
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2 Supplementary 5. Costs analysis according to major diseases between hospitalist and non-hospitalist groups (N=6§i91%
5 Diseases of the blood and blood-forming organs and certain Diseases of thg masculoskeletal system and connective
6 disorders involving the immune mechanism (N=177) — S tissue (N=147)
7 Cost per patient admission (USD) HG (n=130) NHG (n=47) P value HG (n=58) __gNO NHG (n=89) P value
8 Total costs 1251256607 65460236052 0018 926912785 825  19916+41366 0.059
?O Direct costs 534749271 11120+£17718 0.006 6952+10169 ;_;—;“;;% 9882+15156 0.198
11 Direct medical costs 4096+7591 8910+15066 0.006 4911+8119 T3 -g 6869+10992 0.246
12 Consultation fee 216+217 372+408 0.001 318+324 ) ‘;",g 4314582 0.181
13 Admission fee 815+1308 149742129 0.011 1120+1601 223 1679+£3139 0.212
©
1‘5‘ Medication fee 185144590 4170+8980 0.026 795+1826 %’_ e % 1126+2184 0.340
16 Treatment and surgery fee 101+385 351+1111 0.027 397+1677 %g ; 67842170 0.405
17  Medical examination fee 877+1456 208142924 0.000 159442083 gg 3 207642464 0.221
18 Therapeutic materials 1094322 244+508 0.038 3651187 5 m_g 555+1404 0.396
;g Others 1264245 1954323 0.136 3224983 @- 5 3254575 0.982
51 Direct non-medical costs 125241771 221042811 0.008 204142220 ? % 3013+4370 0.119
. . . - o
22 Family ~caregiver transportation ¢s, 5y 2864364 0.009  267+288 S 2 3904566 0.128
23 fare in hospitalization 2 T
24 Paid care cost in hospitalization 463+644 805+1023 0.009 751+808 P % 1097+1591 0.128
>
;2 Doctor's labor cost 624+898 1119+1423 0.007 1023£1125 " S 15262213 0.112
57 Indirect costs 7164454445 543394225117 0.027 231742716 g S 10034+30967 0.061
. .. . 5 o
28 Patient productivity loss according 5, gcy 108541937 0.006 7241176 5 S  973+1201 0.218
29 to LOS S o
30 Family caregiver productivity loss 2 S
31 . 937+1304 162942071 0.009 1520+1635 e B 222043220 0.128
2 according to LOS 8 B
. . . . 6'
33 Patient productivity loss according 76462 79169 0.760 73479 3 ﬂi 95497 0.149
34 10 ED-LOS @
. .. . 0]
35 Patient productivity loss according 5o 53065 51546222629 0.030 00 5 6747:29316 0.082
3¢ toIHM o
37 =2
38 S
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Supplementary 5. Costs analysis according to major diseases between hospitalist and non-hospitalist groups (N
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Others (N=277) z 2

Cost per patient admission (USD) HG (n=93) NHG (n=184) Pvalueg 2
Total costs 19377+105815 28223+115873 0.537 S m;
Direct costs 64026756 7917+12833 0288 42<
Direct medical costs 45635134 5927+10870 0253 32 §
Consultation fee 2764253 3264373 0238 B35
Admission fee 9324970 140242387 0070 272
Medication fee 132342546 1207+2713 0.732 ;é;b 3
Treatment and surgery fee 217673 700+3802 0.226 2 }[;E
Medical examination fee 1297+1256 1695+2068 0.090 EE 3
Therapeutic materials 346985 419+1140 0597  3&3
Others 1724287 178+302 0869 223
Direct non-medical costs 1839+1890 1989+2429 0.601 ‘i ' c;r
Family ~ caregiver transportation ), s 2584315 0646 35 S
fare in hospitalization S
Paid care cost in hospitalization 6761687 724+884 0.646 g g
Doctor's labor cost 9224959 1007+1230 0.560 £ o
Indirect costs 129754104723 20306+111437 0.598 o 3
Patient productivity loss according = S
7024847 787+1514 0.612 ® o

to LOS | N = 5
Famlly. caregiver productivity loss 136841390 146541790 0.646 % ;';
according to LOS ] §
Patient productivity loss accordin a N
o EDLoS Y & 82+104 101493 o g :
Patient productivity loss according 108242104381 179524110517 0.606 E

o

to IHM

Data are presented as mean + standard deviation. HG, hospitalist group; NHG, non-hospitalist group; ED-LOS, emergajncy department length of stay; LOS,
=2

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

| @p anbiydeuibol

6

Page 46 of 62


http://bmjopen.bmj.com/

Page 47 of 62

oNOYTULT D WN =

BMJ Open

length of hospital stay; [HM, in hospital mortality; Cost unit: USD (U.S. Dollar), ($1=1307.9 KRW, year: 2023)
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Supplementary 8. Cost analysis according to age between hospitalist and non-hospitalist groups (N=6391) 2 E

Age < 50yrs (N=1098) 5 EAge : 50-59yrs (N=900)
Cost per patient admission (USD) HG (n=488) NHG (n=610) P value HG (n=401), NHG (n=499) P value
Total costs 34234+156382 46473+187530 0.248 36276+1302595 o g 66967179600 0.004
Direct costs 4965+7242 5876+10166 0.09  5692£6952 4 2< 717549271 0.008
Direct medical costs 3613+5814 4448+8728 0.070 4189+5572 %% § 5538+7717 0.003
Consultation fee 228+220 2374232 0.508 246+209 %?D o 270+262 0.151
Admission fee 771+1372 972+1629 0.030 822+1027 % a% 1091+1540 0.003
Medication fee 900+1892 931+2958 0.840 1091+2590 ;5*% g’_J 1259+3331 0.407
@

Treatment and surgery fee 221+1037 402+2643 0.155 216+546 2 }[;E 433+1481 0.006
Medical examination fee 1058+1452 1362+1855 0.003 1273+1478 ;E 3 1645+1761 0.001
Therapeutic materials 256£715 410+1298 0.019 314+688 ; % i 636+1332 0.000
Others 179+£619 134+293 0.118 227706 g&% 204+621 0.611
Direct non-medical costs 1352+1593 1428+1674 0.450 15031534 ‘i ' c;r 1637+£1924 0.256
Family - caregiver transportation ;¢ 1854217 0.573 1974199 5 ° 2124249 0.327

fare in hospitalization 5 g
Paid care cost in hospitalization 499+580 520+610 0.573 554+558 @ g 596+701 0.327
Doctor's labor cost 675+807 723+848 0.346 752+778 g ‘_8 829+974 0.197
Indirect costs 29269+154339 40597+184984 0.279 30584+128853 Z 3 597924177975 0.006

. .. . 3 o
i)atﬁtg‘; productivity loss according g0, 155 8581165 0673 9741022 & o 10571300 0.298

) . . g 2
Family caregiver productivity loss 10, 173 105241234 0.573 112141130 3 @ 1206+1418 0.327

according to LOS S N

Patient productivity loss according a N
to ED-LOS 108+90 138+123 0.000 127102 o o 170+137 0.000

. . . o>
Patient productivity loss according 75, ;5374 38550184509 0281  28362:128452 @ 573594177723 0.006

o
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2 Supplementary 6. Cost analysis according to age between hospitalist and non-hospitalist groups (N=6391) 2 g
5 Age : 60-69yrs (N=1275) ;:Ag@: 70-79yrs (N=1763)
6 Cost per patient admission (USD) HG (n=542) NHG (n=733) P value HG (n=633 NHG (n=1131) P value
7 Total costs 14345+35835 22699445307 0.000 11861+£22867 & rng 15868+28322 0.002
5 Direct costs 532746734 7278+9428 0.000  6154£10486  “2< 69369155 0.103
10 Direct medical costs 3915+5716 5517+7852 0.000 4500+8559 %% § 5232+7548 0.063
11 Consultation fee 240+162 2854255 0.000 264+230 835 2774246 0.300
=4 o
12 Admission fee 855+1166 1208+1712 0.000 1024+2555 % ag 1199+1843 0.098
: i Medication fee 930+3214 1132+2876 0.239 902+2019 ;é% S 818+1741 0.359
(0]
15 Treatment and surgery fee 226+799 454+1679 0.004 339+1606 2 }[;E 504+1840 0.058
16 Medical examination fee 1210£1355 16631737 0.000 142542134 S5 16401820 0.025
17" Therapeutic materials 275+661 561+1216 0.000  329+972 = §§ 608+1712 0.000
19 Others 1794545 215+574 0.264  218+670 S0E 1874499 0.269
20 Direct non-medical costs 1412+1232 1760+1963 0.000 1654+2069 ‘i' c;r 1703+1915 0.613
21 Family ~caregiver transportation o5, ¢, 2284254 0.001 2174268 S S 2212248 0.750
22 fare in hospitalization 5 g
23 Paid care cost in hospitalization 5214449 641+715 0.001 609753 & g 620£697 0.750
;g Doctor's labor cost 706+624 891+994 0.000 828+1048 2 ‘_8 863+970 0.492
26 Indirect costs 9018+32832 15422442473 0.004 5707£17578 o 3 8932424592 0.004
. .. . 3 o
27 3
o i)atﬁtg‘; productivity loss according 5,9, 335 4212466 0.002  384+457 2 oo 3994476 0.526
3o Family caregiver productivity loss 5, g4 12971446 0001 123241524 2 ©  1255:1411 0.750
according to LOS 2 N
3] Patient productivity loss accordin S S
2 oEDLOS ® 525 65+55 0.000  54+48 5§ 60+47 0.011
33 loRU . | T2
- E)a;flr;d productivity loss according 504,395 13638+42175 0.005  4037:17173 ®  7218+24265 0.004
o
36 o
37 =2
38 8
39 g 2
40 =
41 E
42 a
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Supplementary 6. Cost analysis according to age between hospitalist and non-hospitalist groups (N=6391)
Age > 80yrs (N=1355)

g 3
S 3
< 3
= 0
> (=]
5 2
5 &
o} h
« (]
Cost per patient admission (USD) HG (n=363) NHG (n=992) Pvalue S 2
Total costs 9310+13469 12453+15958 0.001 S rn§
] =
Direct costs 56766668 6261+5986 0.122 @ g‘;
Direct medical costs 4066+5144 4622+4755 0.062 %% §
Consultation fee 283285 268+202 0.298 835
S o
Admission fee 918+1145 12571618 0.000 % i%
Medication fee 684+1400 579+929 0.111 ;5«% 3
@

Treatment and surgery fee 312+862 352+699 0.377 2 }[;E
Medical examination fee 1367+1315 1490+1230 0.109 ;E 3
Therapeutic materials 360+1225 528+1531 0.059 ; %i
Others 1424284 147+310 0.810 205
Direct non-medical costs 16101801 1639+1452 0.760 ‘i ' c;r
Fam1.1y A transportation 2114233 212+188 0.903 ] )
fare in hospitalization 5 g
Paid care cost in hospitalization 592+655 597+528 0.903 @ g
Doctor's labor cost 806913 830735 0.627 g 'Toa'

o
Indirect costs 363449536 6192+13504 0.001 w 3
Patient productivity loss according = S
364+413 367+352 0.886 o
to LOS = 5
. . . T 3
Famlly. caregiver productivity loss 119941326 120741069 0.903 S
according to LOS S N
Patient productivity loss according a N
10 ED-LOS 50+38 56+42 0.026 2 i
Patient productivity loss according 200149274 4561413363 0.001 E
to [HM o

Data are presented as mean + standard deviation. HG, hospitalist group; NHG, non-hospitalist group; ED-LOS, emergafncy department length of stay; LOS,
=2

3
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length of hospital stay; [HM, in hospital mortality; Cost unit: USD (U.S. Dollar), ($1= 1307.9 KRW, year: 2023)
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Supplementary 9. Natural log-transformed multivariable regression analysis for medical costs and total costs (N=§—39§
Variables Ln(medical costs) = Ln(total costs)
coefficient SE P value ‘coefficient SE P value
(constant) 14.601 0.030 0.000 15.641 0.031 0.000
HG (ref= NHG) -0.355 0.016 0.000 DB 6 0.016 0.000
Female (ref= male) -0.063 0.012 0.000 =0BR4 0.012 0.000
Age 0.001 0.000 0.001 =] 0.000 0.000
ACCI 0.019 0.003 0.000 6.819 0.003 0.000
KTAS?® (ref= more urgency) -0.054 0.018 0.003 DI24 0.018 0.188
Prior hospitalization history -0.002 0.001 0.247 8.005 0.001 0.001
LOS 0.034 0.001 0.000 8.0% 0.001 0.000
ED-LOS 0.006 0.001 0.000 08¢ 0.001 0.000
CPR (ref = No) -0.170 0.071 0.016 ﬁ@ 0.071 0.585
ICU admission (ref = No) 0.711 0.027 0.000 8,384 0.027 0.000
Referral to specialty (ref = No) 0.391 0.017 0.000 g3 0.017 0.000
Consultation 0.007 0.002 0.000 <0.085 0.002 0.006
IHM 0.127 0.024 0.000 279 0.024 0.000
Surgical intervention (ref = No) 0.282 0.019 0.000 8.209 0.019 0.000
Major diseases (ref= malignant neoplasms) =
Circulatory system -0.031 0.025 0.220 o). 12-1 0.025 0.000
Respiratory system -0.162 0.020 0.000 20.1%3 0.020 0.000
Digestive system -0.166 0.021 0.000 %.225 0.021 0.000
Genitourinary system -0.199 0.024 0.000 $.134 0.024 0.000
Symptoms, signs and abnormal clinical and laboratory findings -0.068 0.030 0.022 g). 157 0.030 0.000
Certain infectious and parasitic diseases -0.207 0.031 0.000 P 209 0.032 0.000
Endocrine, nutritional and metabolic diseases -0.330 0.033 0.000 @2@8 0.033 0.000
. . . 5
]glseases Qf the l?lood ar}d blood- formmg organs and certain 20,062 0.038 0.103 %Dlgg 0.039 0.000
isorders involving the immune mechanism oA
Diseases of the musculoskeletal system and connective tissue -0.326 0.042 0.000 -0.281 0.042 0.000
Others -0.200 0.032 0.000 -0.153 0.032 0.000
Adj- R2=0.686, F = 583.730 Adj®R2 =0.822, F = 1237.748
(p = 0.000) (» =3.000)
S
g
z
D
®
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3 HG, hospitalist group; NHG, non-hospitalist group; ACCI, Age-adjusted Charlson Comorbidity Index; KTAS, Koregn Tﬁage and Acuity Scale; CPR, Cardio-
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ABSTRACT

Objective: This study aimed to assess the economic efficiency of the acute medical unit (AMU)
hospitalist care model, utilizing patient outcomes (length of hospital stay, emergency department-length
of hospital stay, in hospital mortality) from a previous investigation.

Design: A retrospective cohort study was conducted using benefit-cost analysis from a societal
perspective. Data relating to clinical factors, outcomes, and medical costs were obtained from the
electronic medical record database at our institution. Literature-based costing was applied to determine
direct non-medical costs and indirect costs that could not be obtained directly.

Setting: A tertiary care hospital in the Republic of Korea.

Participants: We evaluated 6391 medical inpatients admitted through the emergency department (ED)
from June 1, 2016, to May 31, 2017.

Interventions: The study compared multiple types of costs and benefits among inpatients from the ED
between a non-hospitalist group and an AMU hospitalist group.

Results: This investigation found a significant reduction in medical costs and total costs in the AMU
hospitalist group compared to the non-hospitalist group (29.3% reduction, 95% CI: 27.6-32.1%,
P=0.000; 30% reduction, 95% CI: 27.0-31.5%, P=0.000; respectively). Furthermore, significant
reductions in direct and indirect costs were found in the AMU hospitalist group compared to the non-
hospitalist group (28.6% reduction, 95% CI: 26.6-30.5%, P=0.000; 23.3% reduction, 95% CI: 20.9—
25.5%, P=0.000; respectively). The net-benefit and benefit-cost ratio (BCR) of the AMU hospitalist
care group were US $6846 and 1.33 per patient admission, respectively.

Conclusions: The AMU hospitalist care model was associated with remarkable reductions in multiple
costs. The results of the sensitivity analysis indicated that the net-benefit estimates of AMU hospitalist
care were similar to the baseline estimates. Thus, the overall net-benefit of AMU hospitalist care was

found to be largely positive.
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Strengths and limitations of this study

e In this study, extensive cost analysis was conducted from a societal perspective.

e The study encompassed all medical inpatients who were admitted from the emergency
department to medical wards throughout the specified time frame from June 1, 2016, to May
31, 2017. Having such broad inclusion criteria is likely to have enhanced the validity of the
findings.

e Making generalizations regarding this retrospective study is challenging because of its singular
institution of origin.

e Expenditures apart from medical costs were not obtained directly but were calculated after
consulting relevant sources; therefore, a degree of uncertainty may remain in the cost estimates.

o This study could not quantify the potential benefits associated with a reduction in admissions
to the intensive care unit. Therefore, the benefits determined in this study may have been

undervalued.
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INTRODUCTION

In South Korea, a pilot hospitalist care system was implemented from 2016 to address reduced
numbers of medical personnel and improve the quality of inpatient care [1]. The pilot project was
integrated within the general hospital care system after 5 years, and the number of hospitalists in Korea
has increased to approximately 250 [2]. Under the hospitalist care model, a dedicated specialist takes
comprehensive responsibility directly and provides managed care to patients during admission, whereas
under the non-hospitalist care model, a resident provides care to patients during admission under the
supervision of a specialist.

Since the implementation of the hospitalist care system in Korea, research on patient outcomes has
been conducted [3-9] in terms of in-hospital mortality (IHM), intensive care unit (ICU) admission,
emergency department-length of stay (ED-LOS), and total length of stay (LOS). Although there have
been many studies on the effectiveness of the hospitalist system, few studies have been undertaken on
costs or involving economic evaluations. While some studies have reported on the medical costs of
hospitalist care in South Korea [7, 10], no economic evaluations from a societal perspective have been
reported concerning hospitalist care in South Korea. Therefore, evaluating the economic efficiency of
hospitalist care is necessary, considering both its costs and effects in terms of whether it is efficient
within the overall medical system. In this study, economic efficiency was defined by a positive net-
benefit and benefit-cost ratio (BCR) exceeding 1. Hence, we conducted an economic evaluation that
accounted for both costs and benefits for the same patient population whose outcomes had been
previously assessed [9].

In this study, a societal-perspective economic evaluation was conducted to estimate the overall costs
and benefits of the acute medical unit (AMU) hospitalist care model implemented at our institution,
based on patient outcomes. We aimed to provide new evidence on the economic efficiency of the AMU

hospitalist care model.
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METHODS
Study participants and AMU setting

We evaluated 6391 medical inpatients admitted through the emergency department (ED) of our
institution from June 1, 2016, to May 31, 2017, who were assigned to AMU hospitalist care and non-
hospitalist care groups (2426 and 3965 patients, respectively). The AMU patients were evaluated and
treated by four hospitalists with an average of ten years of clinical experience in infectious diseases,
pulmonology and critical care, nephrology, and endocrinology [9]. Seven days per week, two AMU
hospitalists were responsible for the care of the AMU patients admitted during the day. In addition,
non-hospitalist inpatient care was provided by subspecialists and residents in a specialty medical ward,
where residents were primarily responsible for inpatient care under the supervision of an attending
physician [9]. While hospitalist care in the AMU focused on general acute care, non-hospitalist care in

the specialty medical ward emphasized long-term and specialized treatment [9].

Study design

This retrospective cohort study compared and analyzed the cost-saving benefits, calculated based on
costs and patient outcomes, between AMU hospitalist care and non-hospitalist care groups for patients
admitted through the ED at a tertiary hospital.

We conducted a benefit-cost analysis and divided costs into medical costs, non-medical costs, and
time costs in terms of productivity loss [11]. This investigation was conducted in accordance with
Consolidated Health Economic Evaluation Reporting Standards 2022 (CHEERS 2022) [12]. A flow

diagram of the study population and benefit-cost factors is presented in Supplementary 1.

Ethics statement

The study protocol was approved by the Institutional Review Board of Seoul National University

Bundang Hospital (approval number: B-1711/435-107), and the need for informed consent was waived.
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Outcomes and clinical variables

Outcomes and clinical variables were obtained from the electronic medical records (EMRs) at our
institution. Among the outcome variables, IHM, LOS, and ED-LOS were used to calculate costs and
benefits as well as the time cost of productivity loss. Productivity loss is the time cost incurred as a
result of mortality or disease-related restrictions on productive activities due to admission [13].

We analyzed the following clinical variables of the participants: age, sex, prior hospitalization history,
cardiopulmonary resuscitation (CPR) incidence, cause of ICU admission, referral to a specialty,
consultations, surgical intervention (cases performed during the hospitalization, not before), major
diagnosis (based on the International Statistical Classification of Diseases and Related Health Problems,
10t Revision, Australian Modification [ICD-10-AM]), and Korean Triage and Acuity Scale (KTAS),
Age-adjusted Charlson Comorbidity Index (ACCI), and Acute Physiology and Chronic Health
Evaluation (APACHE) II scores. The ACCI score is derived from the sum of 1, 2, 3, and 6 weighted
values for 17 disease groups, ranging from 0 to 29; higher scores indicate higher severity [14]. The
KTAS, which is currently applied in emergency medical centers in Korea, is a national standardized
classification tool for evaluating illness severity [15]. We used the APACHE II score to compare the
disease severity among ICU admissions; this score (range: 0—71) has been found to closely correlate
with the risk of hospital death [16]. Baseline characteristics of the study population are presented in

Table 1 [9].
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Table 1. Baseline characteristics of patients cared for by hospitalists and non-hospitalists (N=6391)
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Baseline Characteristics Hg?g;tj;lg)t s Non(—ll::;[;;tg)hsts Pvalue
Sex
Male 1387 (57.2) 2188 (55.2) 0.120
Female 1039 (42.8) 1777 (44.8) ’
Age (years) 63.24+16.20 67.38+16.52 <0.001
<50 488 (20.1) 610 (15.4)
50-59 401 (16.5) 499 (12.6)
60-69 542 (22.3) 733 (18.5) <0.001
70-79 632 (26.1) 1131 (28.5)
>80 363 (15.0) 992 (25.0)
Prior hospitalization 2101 (86.6) 3373 (85.1) 0.090
Number of prior hospitalizations 3.16+4.07 3.24+4.20 0.480
Korean Triage and Acuity Scale
1 (Resuscitation) 12 (0.5) 69 (1.7)
2 (Emergency) 324 (13.4) 941 (23.7)
3 (Urgent) 1699 (70.0) 2511 (63.3) <0.001
4 (Less urgent) 367 (15.1) 403 (10.2)
5 (Non-urgent) 24 (1.0) 41 (1.0)
Major disease
Malignant neoplasms 845 (34.8) 890 (22.4)
Diseases of the circulatory system 48 (2.0) 552 (13.9)
Diseases of the respiratory system 266 (11.0) 875 (22.1)
Diseases of the digestive system 441 (18.2) 424 (10.7)
Diseases of the genitourinary system 202 (8.3) 375 (9.5)
Symptoms, signs, and abnormal clinical and
laboratory findings 162 (6.7) 167 (42)
Certain infectious and parasitic diseases 86 (3.5) 204 (5.1) <0.001
Endocrine, nutritional, and metabolic diseases 95 (3.9) 158 (4.0)
Diseases of the blood and blood-forming organs
and certain disorders involving the immune @ 130 (5.4) 47 (1.2)
mechanism
Disease§ of t.he musculoskeletal system and 58 (2.4) 89 (2.2)
connective tissue
Others 93 (3.8) 184 (4.6)
Age-adjusted Charlson Comorbidity Index 3.82+2.63 3.77£2.19
Median [IQR] 4[2-5] 4 [2-5] 0.055
<2 729 (30.0) 1018 (25.7)
3 436 (18.0) 733 (18.5) 0.001
4 502 (20.7) 943 (23.8) '
>5 759 (31.3) 1271 (32.1)
Surgical intervention 282 (11.6) 560 (14.1) 0.004
7
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Baseline Characteristics Hz:g;t:;;s)t S Non(-:;);[;;t;l)llsts Pvalue
CPR incidence 15 (0.6) 35(0.9) 0.244
Consultation 1830 (75.4) 2946 (74.3) 0.312
Number of consultations 3.50+6.18 3.99+7.02 0.004
Referral to a specialty 1613 (66.5) 450 (11.3) <0.001
Type of specialty referral (n=2063)
Hematology & Oncology 658 (40.8) 114 (25.3)
Gastroenterology 360 (22.3) 20 (4.4)
Respiratory 174 (10.8) 53 (11.8)
Nephrology 96 (6.0) 1124 <0.001
Infection 96 (6.0) 8 (1.8)
Geriatrics 80 (5.0) 9(2.0)
Others 149 (9.2) 235(52.2)
Outcomes
In-hospital mortality 117 (4.8) 361 (9.1) <0.001
ICU admission 95 (3.9) 343 (8.7) <0.001
Cause of ICU admission (n=438)
Close mgnitoring after procedure or surgical 55 (57.9) 223 (65.0)
Intervention
Respiratory failure or insufficiency 23 (24.2) 78 (22.7)
Septic shock 7(7.4) 17 (5.0)
Cardiovascular failure or insufficiency 7(7.4) 12 (3.5) 0.077
Metabolic/Renal failure 0(0.0) 8(2.3)
GI bleeding 333.2) 2(0.6)
Neurogenic dysfunction 0(0.0) 3(0.9)
APACHE II score at ICU admission (n=438) 25.20+10.62 21.26+12.03 0.004
Length of hospital stay (days) 10.56+11.68 11.40+12.36
Median [IQR] 7[4-12] 8 [5-13] 0.007
ED-LOS (hours) 11.24+8.49 13.74+10.11
Median [IQR] 8.4[6.1-12.7] | 10.2 [6.7-19.0] <0.001
Re-admission within 10 days 117 (4.8) 177 (4.5) 0.507
Re-admission within 30 days 277 (11.4) 416 (10.5) 0.248

Data are presented as the mean + standard deviation, number (%), or median [IQR], as indicated.
“Surgical intervention” implies the patient underwent surgery during the hospital stay, not before.
IQR, interquartile range; CPR, cardiopulmonary resuscitation; ICU, intensive care unit; APACHE,
Acute Physiology and Chronic Health Evaluation; ED-LOS, emergency department-length of stay

Cost measures

Micro-costing and gross-costing were used for cost calculation in this study. Micro-costing was

applied to directly calculate the medical costs during the total hospital stay [17]. Gross-costing was used
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to calculate all costs other than medical costs (Supplementary 2). The costs were classified into direct

costs and indirect costs [13], with all unit costs converted to United States (US) dollars as of 2023.

Direct costs

Direct costs comprised medical costs (micro-costing), family caregiver transportation fares, paid care
costs, and doctor labor costs in hospitalization (gross-costing). Healthcare in South Korea is a single-
payer system organized through the National Health Insurance Service (NHIS). Nearly all citizens
receive universal medical care through this system [18]. The governance of National Health Insurance
in South Korea is presented in Supplementary 3. The health security system in Korea has two
components: mandatory social health insurance and medical aid. In Korea, fee-for-service has been the
standard payment model for outpatient care and the majority of inpatient care, leading to an increase in
the volume of services that healthcare professionals can provide [19]. Medical costs in this study
comprised reimbursements issued to medical providers by the NHIS and co-payments paid to medical
providers by patients.

Medical cost data were obtained from hospital administrative information in the EMRs at our
institution regarding consultation fee, admission fee (mainly hospital room expense, including for
isolation, intensive care, and general hospital room), medication fee (medication / injection / anesthesia
/ whole blood and blood product), treatment and surgery fee, medical examination fee (inspection /
medical imaging / computed tomography / magnetic resonance imaging / positron emission tomography
/ ultrasonography), therapeutic materials, and other factors (prosthetics, orthodontics / rehabilitation
and physiotherapy / psychotherapy).

The family caregiver transportation fare in relation to hospitalization was estimated by multiplying
referenced costs (2017 Korea Health Panel Study [20] and the 2017 Consumer Price Index [21]) by
individual patient’s LOS. The term “family caregiver transportation costs” referred to the mean
expenses for round-trip transportation for each visit of a family caregiver to a medical facility during
the patient’s hospitalization [20]. The paid care cost was calculated by multiplying the referenced

9
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average costs [22] by individual patient’s LOS. During the day, hospitalists administer care to patients
in the hospitalist care group while residents provide care under the direction of a subspecialist. During
the night, residents care for patients in both groups. The daytime doctor labor costs were estimated and
analyzed separately for residents, subspecialists, and hospitalists (Supplementary 2 and 4). Resident
doctor labor costs per patient were estimated using the following variables: the average after-tax salary
(2017 resident training environment evaluation survey results [23]), four major social insurance scheme
classifications (national pension, health insurance, employment insurance, and workers’ compensation
insurance [24]) and tax (income tax and resident tax [25]), the number of inpatients per physician [26],
and the total patient days (the total number of days for all inpatients) in the non-hospitalist care group.
Subspecialist labor costs were calculated using a referenced average labor cost [27], the number of
inpatients per physician [28, 29], and the total patient days in the non-hospitalist care group.

The AMU hospitalist labor costs per patient were calculated using a referenced average labor cost
[30], the number of AMU hospitalists, and AMU-LOS in the hospitalist care group. In addition, doctor
labor costs for night shifts were estimated by reflecting the number of patients under the charge of

residents [31], residents’ average wage, and total patient days in the non-hospitalist care group.

Indirect costs

Indirect costs (time costs) were calculated by applying the gross-costing method. Patient productivity
loss during hospitalization (time costs) was calculated by multiplying the average daily wage by gender
and age [32], by individual LOS, and by the labor force participation rate [33]. Family caregiver
productivity loss was calculated by multiplying the average daily wage of all workers [32] by individual
LOS. Patient productivity loss due to ED-LOS was calculated by multiplying the average hourly wage
by gender and age [32], by individual ED-LOS, and by the labor force participation rate [33]. Patient
productivity loss due to death in hospitalization was calculated by multiplying the average annual wage
by gender and age [32], by the labor force participation rate [33], and by individual life years gained in
relation to death [34]. Individual life years gained were estimated by subtracting life expectancy reduced

10
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by major diseases from life expectancy by gender and age, in reference to life tables available from the

Korean Statistical Information Service (KOSIS, 2017) [34].

Benefit measure
In this study, the human capital approach was used as a method of evaluating the value of “health”
or “life” in monetary units [17]. Benefits, in the form of cost savings, were then estimated based on

direct and indirect costs.

Economic evaluation: benefit-cost analysis
In benefit-cost analysis, the BCR and net-benefit are used as indicators for decision indices. Net-
benefit refers to the benefit minus the cost, with a larger net-benefit indicating a more favorable benefit-

cost situation [17]. Therefore, we used BCR and net-benefit as indicators in terms of decision indices.

Sensitivity analysis
This study is a retrospective study of costs incurred. As the study period comprised only one year, a
discount rate was not applied to the costs and a sensitivity analysis was performed on uncertain variables

[35]. The results of the sensitivity analysis are presented in a tornado diagram (Figure 1).

First, a sensitivity analysis was conducted on LOS and ED-LOS, which showed a skewed distribution.

We analyzed the 1%-trimmed mean by calculating the average of the remaining values while excluding
some (1%) from the extremes of the data.

Second, a sensitivity analysis was conducted on paid care costs among the direct non-medical costs
that were considered to have high uncertainty. Assuming that no caregiver was hired, the baseline paid
care costs were set at $53 [22], and the maximum daily paid care costs for hospitalized patients were
set at $122 [22].

Third, a sensitivity analysis was conducted on doctor labor costs among the direct non-medical costs

11
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that were considered to have high uncertainty, with both one-way and two-way sensitivity analyses
conducted. Resident labor costs were set at $44,180 as a baseline, with a minimum value of $37,350
and a maximum value of $52,669 [23]. Hospitalist and specialist labor costs were set at $115,452 as a

baseline [27, 30], with a minimum value of $76,458 and a maximum value of $152,917.

Statistical analysis

Categorical variables are reported as percentages, and continuous variables as mean + standard
deviation (SD). Groups were compared by conducting Pearson’s chi-square tests or t-tests, as
appropriate. ACCI, LOS, and ED-LOS were expressed as the median and interquartile range (IQR). For
these variables, groups were compared by conducting the Mann—Whitney U test, owing to their skewed
distributions. We performed subgroup analyses of costs and benefits according to age, the severity of
the patient’s condition (based on the KTAS score), the degree of comorbidity (based on the ACCI score),
and the major disease category (based on the ICD-10). Natural log-transformed multivariable regression
analysis was conducted in relation to the costs. As the unit cost was large, using a natural logarithm can
increase normality and enable accurate values to be obtained during analysis as well as reduce skewness
and kurtosis of the data. Regression analysis for the costs was used to adjust for the following factors:
age, sex, prior hospitalization, referral to specialty, consultation, CPR, KTAS score, ACCI score,
surgical intervention, major disease, ICU admission, IHM, LOS, and ED-LOS. Using the estimates
from the regression models, we presented differences between AMU hospitalized and non-hospitalized

groups in terms of medical, direct, indirect, and total costs.

Patient and public involvement

This was a non-interventional study conducted retrospectively. Consequently, no patients
participated directly in the study's conception, formulation of research objectives and queries, or
execution. In addition, patients were not involved in the interpretation of results or production of the

manuscript. It is not currently in our intentions to disseminate the findings to the study participants.
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RESULTS
Costs

All costs are presented as costs per patient admission in this study. The estimated costs (US $1 =
1307.9 KRW, year: 2023 [36]) between the hospitalist group and the non-hospitalist group are presented
in Table 2. The total costs were significantly lower in the hospitalist group than in the non-hospitalist
group, with a difference of more than $6000 (20570+91024 vs. 27416+102360, P=0.007). The direct
medical costs were significantly lower in the hospitalist group than in the non-hospitalist group, with a
difference of more than $900 (4075+6504 vs. 50507255, P= 0.000).

Among the subcategories of medical costs, the biggest difference was found in relation to the
admission fee and medical examination fee (8861661 vs. 1167£1697, P=0.003; 1269+1629 vs.
15651676, P=0.000; respectively). Among the direct non-medical costs, the family caregiver
transportation fare, paid care costs, and doctor labor costs were significantly lower in the hospitalist
group than in the non-hospitalist group (P=0.007, P=0.007, and P=0.000; respectively).

The indirect costs were significantly lower in the hospitalist group than in the non-hospitalist group,
with a difference of more than $5000 (14988+89375 vs. 20719+100689, P=0.021). Among the indirect
costs, family caregiver productivity loss according to LOS and patient productivity loss according to
ED-LOS and IHM were significantly lower in the hospitalist group than in the non-hospitalist group
(P=0.007, P=0.000, and P=0.023, respectively). However, there were no significant differences
between the two groups in terms of patient productivity loss according to LOS (560+782 vs. 549+788,

P=0.570).
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Table 2. Costs of patients cared for by hospitalists and non-hospitalists (N=6391)

Cost per patient admission (USD) HG (n=2426) NHG (n=3965) P value

Total costs 20570+£91024 27416+102360 0.007

Direct costs 558248003 6697+8729 0.000

Direct medical costs 4075+6504 5050£7255 0.000 |
Consultation fee 2514221 269+238 0.003
Admission fee 886+1661 1167+1697 0.000 |
Medication fee 907+2345 889+2324 0.774
Treatment and surgery fee 2661092 432+1720 0.000 ‘
Medical examination fee 1269+1629 1565+1676 0.000 }
Therapeutic materials 304+£866 552+1477 0.000 |
Others 191+596 176467 0.249

Direct non-medical costs 1508+1688 1647+1786 0.002
fae i howpialiation 1984219 213231 0007 i
Paid care cost in hospitalization 556614 600+£650 0.007 |
Doctor's labor cost 754+855 8344904 0.000 ‘

Indirect costs 14988+89375 20719+£100689 0.021 |
E)aieglé productivity loss according 5604782 5494788 0.570 ‘
Ejzlrzrf;r;givggpmd”“l“ty 10ss 112441243 12131316 0.007 ‘
f;a%}:;l_t I})gosducnwty loss according 76475 8690 0.000 :
Patient productivity loss according 13228488992 188714100401 0.023

to IHM

Data are presented as mean + standard deviation. HG, hospitalist group; NHG, non-hospitalist group;
ED-LOS, emergency department-length of stay; LOS, length of hospital stay; IHM, in-hospital

mortality; Cost unit: USD (US Dollar), ($1 = 1307.9 KRW, year: 2023)
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Subgroup cost differences according to KTAS scores, comorbidity severity, major disease, and
age

Cost analysis was performed according to subgroups of patients stratified by KTAS scores, ACCI
scores, major disease, and age to determine differences between the two groups (Supplementary 5, 6,
7, and 8). Compared to the non-hospitalist group, the hospitalist group’s overall costs for more urgent
cases were significantly reduced by more than $8000 (P=0.002). In low-to-moderate comorbidity
groups (ACCI = 0-2, 3, and 4 points), there was a greater cost reduction in the hospitalist group than in
the non-hospitalist group ($12941, P=0.033; $10017, P=0.152; $8199, P=0.016; respectively).

Among the major diseases, in all but three disease types, the overall cost in the hospitalist group
decreased compared to the non-hospitalist group (Supplementary 7). In a subgroup analysis by age,
total costs in the hospitalist group decreased in almost all age groups (P=0.248, P=0.004, P=0.000,

P=0.002, P=0.001, respectively).

Natural log-transformed multivariable regression analysis of costs

We performed natural log-transformed multivariable regression analysis to adjust for clinical
variables and outcome variables potentially associated with costs, namely, medical, direct, indirect, and
total costs (Supplementary 9 and 10). Regression analysis revealed a significant 30% reduction in
medical costs and a 29.3% reduction in total costs in the hospitalist group compared to the non-
hospitalist group (e-333=0.701, P=0.000; e°-34¢=0.707, P=0.000; respectively). Furthermore, there was
a significant reduction of 28.6% in direct costs and a 23.3% reduction in indirect costs in the hospitalist
group compared to the non-hospitalist group (e%3¢=0.714, P=0.000; e029=0.767, P= 0.000;

respectively).

Benefit-cost analysis
Net-benefit and BCR analysis were conducted according to the total group and subgroups of patients
stratified by clinical variables, KTAS scores, ACCI scores, major diagnoses, and age (Table 3). Among
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the total group of patients, the net-benefit and BCR of the AMU hospitalist care group were $6846 and
1.33 per patient admission, respectively; overall net-benefit of AMU hospitalist care was found to be
largely positive. Among the patients stratified by clinical variables, net-benefit and BCR of AMU
hospitalist care were found to be largely positive in all but five 5 subgroups (less urgent; ACCI >5;
diseases of the circulatory system; diseases of the genitourinary system; and endocrine, nutritional, and

metabolic diseases).
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Table 3. Benefit-cost analysis 2 %
g §et-beneﬁt B/A ratio
Total Cost per patient admission (USD) HG (A) NHGB) z > (benefit cost
S n (B-A) .
c © ratio, BCR)
Total (N=6391) 20570 27416 ® 5846 1.33
KTAS e
More urgency (n=5556) 20334 29074 S R0 1.43
Less urgency (n=835) 21801 14269 = ?;@32 0.65
ACCI ==
ACCI 22 (n=1747) 16700 29640 ~512941 1.77
ACCI=3 (n=1169) 24948 34965 %’_‘:Dl_g()ﬂ 1.40
ACCI=4 (n=1445) 14346 22545 o %@9 1.57
ACCI>5 (n=2030) 25890 24894 %’;‘5%6 0.96
Major disease e
Malignant neoplasms (n=1735) 37059 63186 =95127 1.71
Diseases of the circulatory system (n=600) 21568 10963 € B604 0.51
Diseases of the respiratory system (n=1141) 12369 18568 ? 6—?99 1.50
Diseases of the digestive system (n=865) 10408 19732 g. 9324 1.90
Diseases of the genitourinary system (n=577) 14018 11979 El %)39 0.85
(n:ngrrgq))toms, signs, and abnormal clinical and laboratory findings 6724 10762 % 4E38 1.60
Certain infectious and parasitic diseases (n=290) 5411 22358 © 18947 4.13
Endocrine, nutritional, and metabolic diseases (n=253) 13906 5765 % -%1 42 0.41
Dlseas_es of th.e blood and bloo@-forrn_mg organs and certain disorders 12512 65460 = 5§9 48 593
involving the immune mechanism (n=177) E oo
Diseases of the musculoskeletal system and connective tissue (n=147) 9269 19916 3 10047 2.15
Others (n=277) 19377 28223 S 8Ru6 1.46
Age (years) 2 2
<50 (n=1098) 34234 46473 - 12238 1.36
50-59 (n=900) 36276 66967 3I691 1.85
60-69 (n=1275) 14345 22699 8854 1.58
70-79 (n=1763) 11861 15868 4@)7 1.34
>80 (n=1355) 9310 12453 3843 1.34

Data are presented as mean. HG, hospitalist group; NHG, non-hospitalist group; KTAS, Korean Triage and Acuity %ale ACCI, Age-adjusted Charlson
Comorbidity Index; Cost unit: USD (US Dollar), (§1 = 1307.9 KRW, year: 2023)
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Sensitivity analysis

The sensitivity analysis results for LOS and ED-LOS are shown in Figures 1-1 and 1-2. We analyzed
the 1%-trimmed mean and excluded patients with extreme values, as noted. After excluding extreme
values related to LOS, the results were stable (net-benefit: $7162 to $8067, BCR: 1.31 to 1.33) and
showed no significant difference from the baseline analysis. Sensitivity analysis for ED-LOS revealed
that the results were similar to (net-benefit: $6311 to $6846, BCR: 1.31 to 1.33) the baseline analysis.
After varying paid care costs from $0 to $122, the sensitivity analysis results were stable, with the net-
benefit ranging from $8013 to $8138 and the BCR from 1.32 to 1.34 (Figure 1-3). One-way sensitivity
analysis results showed comparative values of resident, specialist, and hospitalist labor costs
(Supplementary 11,12, and 13), with resident labor costs ranging from $37,350 to $52,669, which
indicated a net-benefit ranging from $6841 to $6851 (BCR, 1.33) (Supplementary 11). After varying
specialist labor costs from $76,458 to $152,917, the results were similar to baseline estimates, with net-
benefit ranging from $6764 to $6924 (BCR, 1.33) (Supplementary 12).

After varying hospitalist labor costs from $76,458 to $152,917, the results were stable, with the net-
benefit ranging from $6784 to $6910 (BCR, 1.33) (Supplementary 13).

Two-way sensitivity analysis results on hospitalist and resident labor costs showed that net-benefit
ranged from $6779 to $6916 and BCR from 1.33 to 1.34 (Supplementary 14). Moreover, two-way
sensitivity analysis results on hospitalist and specialist labor costs showed that net-benefit ranged from

$6703 to $6988 and BCR from 1.33 to 1.34 (Supplementary 15).

DISCUSSION
Study summary

This study is the first to report on the economic efficiency of a Korean AMU hospitalist care model
while controlling for clinical factors. We found a notable cost reduction with AMU hospitalist care
compared to non-hospitalist care in all areas: medical costs, direct costs, indirect costs, and total costs.

In this study, medical costs included hospitalist care fees. The same trend toward cost reduction was

18
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observed in the subgroup and regression analyses. In this study, the cost of doctor labor was estimated
separately for each hospitalization flow and day and night shifts (Supplementary 4).

The net-benefit and BCR analysis results of the AMU hospitalist care group were $6846 and 1.33 per
patient admission, respectively; overall, the net-benefit of AMU hospitalist care was found to be largely
positive. Sensitivity analysis showed that the net-benefit and BCR results of AMU hospitalist care were
similar to baseline analysis.

In the present resident training system, which lacks a structured curriculum, training has taken the
form of encountering more patients and accumulating experience over time. Many institutions still use

the apprenticeship model of training to become specialists. The Medical Resident Act has been enacted

to address this issue; however, the situation remains ambiguous in the field [37]. Moreover, residents

who rotate annually or monthly will inevitably experience strained relationships with other professional
teams, and medical treatment is frequently interrupted due to complications such as doctor—nurse
disputes [2]. However, direct, real-time communication among our multidisciplinary team members,
which enables appropriate and quick decision-making on treatments for patients with acute diseases, is
a key component of our AMU care [3].

Furthermore, consultation, formulation, and implementation of treatment plans and the treatment itself
are responsibilities shared among residents, fellows, and attending specialists in the context of
resident/attending specialist care. However, hospitalists carry the sole responsibility for all these tasks
[38]. Moreover, hospitalists have extensive knowledge and proficiency in managing patients who are
hospitalized. Their level of professionalism is unparalleled compared to that of residents with 1-2 years
of experience, as evidenced by their critical thinking skills, patient communication capabilities, and
accountability for treatment [38]. Consequently, these characteristics are believed to help reduce overall
costs, including medical costs.

Furthermore, our previous study reported that AMU hospitalist care improved patient outcomes in
terms of IHM, ICU admission rate, LOS, and ED-LOS [9]. This enhanced performance may have led

to a reduction in indirect expenses and productivity loss.
19
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Direct medical costs

Some previous studies that investigated the costs of hospitalist care have reported reduced medical
costs in hospitalist care [10, 39-46]. In contrast, other studies have reported no significant difference in
total medical costs between patients treated by hospitalists and those treated by non-hospitalists [7, 47]
and that the costs of care for hospitalists were more than those for specialists but less than those for
generalists [48]. Our study showed that there was a marked cost reduction in consultation, admission,
treatment and surgery, medical examination, and therapeutic materials fees among the medical cost
subcategories. Even when hospitalist care fees were included in medical costs, the hospitalist group’s
medical costs were lower, which indicates that the difference would be even greater if hospitalist care
fees were excluded. Among the previous studies, one study that evaluated Korean hospitalists reported
that medical costs reduced by $208 in terms of hospitalist care [10]. However, in our study, medical
expenses per admission decreased by nearly $1000 in the hospitalist care group. The findings of
research on medical cost reduction are consistent, but our study’s findings on cost-reduction suggest a
more substantial reduction is involved.

The patient group in our study consisted of patients with acute medical conditions admitted through
the ED of a tertiary general hospital, with their disease severity being higher than that among those in
the total group of patients, which may explain the difference in study results. However, the regression
analyses showed a significant 30% reduction in medical costs in the hospitalist group after adjusting for
clinical factors. Despite the conflicting results reported in earlier studies, our research findings offer
compelling evidence supporting the effectiveness of the AMU hospitalist care model in reducing

medical costs.

Direct non-medical costs compared with indirect costs

Studies are lacking on the economic implications of hospitalist care from a societal perspective.
Hence, we conducted an estimation and analysis of non-medical expenses to assess the economic
feasibility of AMU hospitalist care from a societal perspective.
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In a previous study, we reported that AMU hospitalist care considerably improved patient outcomes
in terms of IHM, ICU admission rate, LOS, and ED-LOS [9]. In this study, we used patient outcomes
from that study to estimate the following costs: family caregiver transportation fares in hospitalization,
paid care costs in hospitalization, patient productivity loss based on LOS, family caregiver productivity
loss based on LOS, patient productivity loss based on ED-LOS, and patient productivity loss based on
IHM.

The hospitalist care group’s decreased LOS resulted in a notable reduction in expenses related to
family caregiver transportation and paid care during patient hospitalization.

With the exception of patient productivity loss based on LOS, substantial reductions in expenses
were shown for family caregiver productivity loss based on LOS and patient productivity loss based on
ED-LOS and IHM. The hospitalist group exhibited a considerably reduced LOS in comparison to the
non-hospitalist group [9]. However, it is possible that the lower age of the patients in the hospitalist
group may account for the larger patient productivity loss based on the LOS observed in this group.
Nevertheless, AMU hospitalist care resulted in notable reductions in the indirect costs, surpassing
$7000 in savings when compared to the non-hospitalist group. This improvement in patient outcomes
played a pivotal role in achieving these cost reductions. Therefore, the overall costs in relation to the

AMU hospitalist care group showed a notable decrease in comparison to the non-hospitalist group.

Benefit-cost analysis

The net-benefit and BCR analysis of the AMU hospitalist care group yielded results of $6846 and
1.33 per patient admission, respectively, indicating that the overall net-benefit of AMU hospitalist care
was found to be largely positive. However, variations in net-benefit and BCR analysis ranges were seen
across different subgroups (-$10604 to $52948, 0.41 to 5.23; respectively). This indicates that the
economic efficacy of AMU hospitalist care varies based on the clinical characteristics of patients.
Nevertheless, in terms of net-benefit and BCR results, the overall net-benefit of AMU hospitalist care
was found to be largely positive in 17 subgroups and negative in five subgroups (less urgent; ACCI >5;
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diseases of the circulatory system; diseases of the genitourinary system; and endocrine, nutritional, and
metabolic diseases). It is possible that this population has a greater demand for specialized care;
furthermore, treatment modalities and expenses can vary substantially based on the reason for admission
even for the same disease. In our study, clinical variables were adjusted for factors such as age, severity,
the major disease, and KTAS. To determine the precise reason for the negative results reported in these
five groups, more research into the variables leading to hospitalization or disease-specific clinical
outcomes is required.

These findings might potentially serve as a valuable reference for the development of a more efficient
hospitalist care paradigm in further research.

A one-way sensitivity analysis was conducted to examine the impact of variations in the LOS, ED-
LOS, paid care costs, and doctor labor costs. The net-benefit and BCR analysis results of AMU
hospitalist care were stable based on a one-way sensitivity analysis using these four variables. The
results of a two-way sensitivity analysis indicated that the net-benefit and BCR results of AMU
hospitalist care were similar to the baseline estimates despite fluctuations in labor costs for the resident,

specialist, and hospitalist.

Limitations

This study had some limitations. First, it employed a retrospective design, which posed challenges in
mitigating the effect of confounding factors and discerning whether the observed results were
attributable to the AMU environment or the treatment administered by the hospitalists. Second, the
study was conducted at a single site, which limits the extent to which our findings may be generalized.
Third, other expenditures, excluding medical expenses, were not directly obtained but rather calculated
by consulting relevant sources, which introduced a degree of uncertainty into the cost estimations.
Fourth, the present study could not provide a quantifiable assessment of the potential benefits associated
with the reduction of ICU admissions. Five, the value and benefits of teaching services were not

evaluated in this study. Even if costs are higher for teaching services than for non-teaching services,
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training future physicians is a valuable goal. Hence, further investigation to ascertain the value and

benefits of teaching services from a societal perspective is required.

CONCLUSION

This study showed that AMU hospitalist care significantly reduced costs in nearly all categories,
including medical costs, direct costs, indirect costs, and total costs. Moreover, in the benefit-cost
analysis, the net-benefit and BCR results of the AMU hospitalist care group were shown to be greater
than $6000 and 1.30 per patient admission, respectively. These results indicate that the overall net-
benefit of AMU hospitalist care is largely positive. Nevertheless, further investigation is necessary to

identify the factors that contribute to hospitalization or disease-specific clinical outcomes.
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Supplementary 2. Type of costs, cost estimation formula and data source

Type of costs

Cost estimation formula & data source

Direct costs

Cl+C2+C3+C4

Direct medical costs

Cl1

Total medical expense in hospitalization
(CD)

Individual medical treatment bill receipt (real data)

@ consultation fee

@ admission fee

@ medication fee
(including medication / injection / anesthesia / WB and blood product)

@ treatment and surgery fee

(® medical examintaion fee
(including inspection / medical imaging / CT / MRI/PET / Ultrasonography)

® therapeutic materials

(@ the others (prosthetics, orthodontics / rehab and physiotherapy /
psycotherapy)

Direct non-medical costs

C2+C3+C4

Family caregiver transportation fare in
hospitalization (C2)

$19* LOS

2017 Korea health panel study / 2019 Annual report on the consumer price
index (referenced data), LOS : real data

Paid care cost in hospitalization (C3)

$53 *LOS

The Social Cost of Informal Nursing Care and its Policy Implications for
Integrated Nursing and Care Services (2021)(referenced data),
LOS : real data

Doctor's labor cost (C4)
Resident's labor costs (day shift)

Salary after tax
Resident's labor costs per doctor

Resident's average labor costs per doctor
Number of inpatient per day per doctor

Number of inpatients per year per doctor

Total number of resident assigned to the
NHG group

Total Resident's labor costs in the in the
NHG group

Resident's labor costs per patient per day in
the NHG group

Resident's labor costs per patient in the
NHG group

Resident's labor costs (night shift)

Number of inpatient per day per doctor

Number of inpatients per year per doctor

Total number of resident assigned to the
NHG group

2017 resident training environment evaluation survey results
$26,760 ~ $35,935, average salary after tax : $30,851

$37,350 ~ $52,669
Estimating using 4 Major SIS’s (Social Insurance Schemes; national

pension, health insurance, employment insurance, workers’ compensation
insurance) and tax (income tax and resident tax)

$44,180
17

17*365=6,205

Total patient days of NHG group (45,196) / Number of inpatients per year
per doctor (6,205) =7.3

$44,180 * 7.3 = $322,514
$322,514 /45,196 = §7

$7 * LOS per admission

2017 resident training environment evaluation survey results

41.8
41.8%365=15,257

Total patient days of NHG group (45,196) / Number of inpatients per year
per doctor (15,257) =2.96 (3)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 32 of 62

‘saIfojouyoal Jejiwis pue ‘Buiurey | ‘Buluiw elep pue 1Xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdoo Aq paloalold

* (s3gv) Jnauadns juswaublosug

e


http://bmjopen.bmj.com/

Page 33 of 62

oNOYTULT D WN =

BMJ Open

Type of costs Cost estimation formula & data source
Total Resident's labor costs in the in the $44.180 * 3 = $132,540
NHG group
Resident's labor costs per patient per day in _
the NHG group $132,540 /45,196 = $3

Resident's labor costs per patient in the
NHG group

Specialist's labor costs (day shift)

Specialist's average labor costs per doctor

Number of average inpatient per day per
doctor

Number of inpatients per year per doctor
Total number of specialist assigned to the
NHG group

Total specialist's labor costs in the NHG
group

Specialist's labor costs per patient per day in
the NHG group

Specialist's labor costs per patient in the
NHG group

Hospitalist's labor costs (day shift)

Hospitalist's labor costs per doctor

Total number of hospitalist assigned to the
HG group

Hospitalist's labor costs per patient per day
of AMU in the HG group

Doctor's labor cost per patient in the HG

group
1) No referral patients

2) Referral patients

$3 * LOS per admission

2017 Specialist salary evaluation survey results
average $115,452

5

5*365=1825
Total patient days of the control group (45,196)/1825 =45196/1825=24.7

$115,452 *24.7=$2,851,664
$ 2,851,664/ 45196 (total patient days) = $63
$63 * LOS per admission

A study on the implementation and the evaluation of Korean hospitalist
system to improve the quality of hospitalization (phase 2)(2018)

average $115452
4

$461,808 / 7216 (Total AMU-LOS) = $64

($64 +$3)* AMU-LOS
($64 +$3)* AMU-LOS+ ($63+ $7 + $3)* referral medical ward-LOS

Indirect Costs

C5+C6+C7+C8

Family  caregiver
according to LOS (C5)

productivity  loss

$106 * LOS

2017 Survey report on labor conditions by employment type (referenced
data), LOS (real data)

Patient productivity loss according to ED-
LOS (C6)

Hourly wage * ED-LOS * labor force participation rate (age, gender)

2017 Survey report on labor conditions by employment type (referenced
data)

2017 Annual report on the the economically active population survey
(referenced data), ED-LOS (real data)

Patient productivity loss according to LOS
(€7)

Daily wage * LOS * labor force participation rate (age, gender)

2017 Survey report on labor conditions by employment type (referenced
data)

2017 Annual report on the the economically active population survey
(referenced data)

Patient productivity loss according to IHM
(C8)

Annual wage * deceased patients' expected LY Gs * labor force participation
rate (age, gender)

Statistics Korea. LIFE TABLES FOR KOREA, 2017 (referenced data)
2017 Survey report on labor conditions by employment type (referenced
data)

2017 Annual report on the the economically active population survey
(referenced data)

In hospital mortality (real data)
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HG, hospitalist group; NHG, non-hospitalist group; AMU, acute medical unit; LOS, length of hospital
stay; ED, emergency department; Cost unit: USD ($1=1307.9 KRW, year: 2023)
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3 Supplementary 5. Cost analysis for urgent and non-urgent cases treated by hospitalists or non-hospitalists (N=63%) E
g KTAS 1-3: More Urgent (N=5556) ST@ 4-5: Less Urgent (N=835)
6 Cost per patient admission (USD) HG (n=2035) NHG (n=3521) P value HG (n=31)2, NHG (n=444) P value
7 Total costs 20334+90283 29074+£106747 0.002 21801+94897 ¢ o 14269+54923 0.155
=
g Direct costs 56558094 679448918 0.000  5205+7510 @< 59317013 0.150
T2
10 Direct medical costs 413846531 51367428 0.000 3747+6363 ;'—;“g § 4371+£5666 0.135
= @
11 Consultation fee 255+228 272+239 0.009 232+183 g 39 2474229 0.319
12 Admission fee 900+1754 1184+1726 0.000 813+1046 ° a% 1031+1434 0.013
@
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QO
15 Treatment and surgery fee 273+1120 454+1797 0.000 2274932 2 %E 2631884 0.564
16  Medical examination fee 1288+1684 1585+1704 0.000 1172+1309 gi 3 1402+1430 0.016
17 Therapeutic materials 310+896 563+1498 0.000 272+686 ; éi 469+1292 0.007
=m=
19 Others 193588 178+475 0275  181%634  30F 1634397 0.619
5o Direct non-medical costs 15171744 1658+1803 0.005 1458+1363 ‘i' § 1560+1649 0.335
21 Family ~caregiver transportation g, )¢ 2154234 0.014  191+176 3 o 2024214 0.433
22 fare in hospitalization £ 9
23 Paid care cost in hospitalization 559+634 604+656 0.014 538+496 2 g 568+600 0.433
2% Doctor's labor cost 759883 840+913 0.001 729691 & 3 790+835 0.255
26 Indirect costs 14679+88509 22280+105035 0.006 16595493852 » 3 8338453705 0.114
. .. . 3 o
2 ifii;‘; productivity loss according s ¢ 5 5424758 0254 5254576 & o 600994 0.189
29 . : .. 3 2
S [amily caregiver productivity 1oss 3y, 150y 122241328 0.014 10881003 2= ® 114941215 0.433
31 according to LOS SN
. . . 5 9
32 Pa;%“ng‘;d“‘mV“y loss according ., 75 8691 0.000 72473 S & 8687 0.015
;o LEDLOS 3 e
2‘5‘ toatl‘lir;:[ productivity loss according 1540488065 204304104737 0.006  14910£93772  ® 650353499 0.107
o
36 Data are presented as mean + standard deviation. HG, hospitalist group; NHG, non-hospitalist group; ED-LOS, emerge&tcy department length of stay; LOS,
37 length of hospital stay; IHM, in hospital mortality; KTAS, Korean Triage and Acuity Scale; Cost unit: USD (U.S. Doll%), ($1=1307.9 KRW, year: 2023)
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Supplementary 6. Cost analysis for patients with different comorbidity severities treated by hospitalists or non—ho‘éoitaﬁists (N=6391)
ACCI: 0-2 (N=1747) S: iﬁ ACCI: 3 (N=1169)
Cost per patient admission (USD) HG (n=729) NHG (n=1018) P value HG (n=436)2, NHG (n=733) P value
Total costs 16700+97346 29640+141104 0.033 24948+111135 5 o 34965+117962 0.152
=
Direct costs 407945180 5430+8851 0000  4945:6561 ©2< 66148410 0.000
Direct medical costs 295544186 4130+7616 0.000 354545099 ;'—;‘% § 50066938 0.000
5o
Consultation fee 207+163 2254216 0.065 227+162 3 3o 259+218 0.007
Admission fee 612+794 852+1301 0.000 806+1855 %i% 1191+£1860 0.001
Medication fee 669+1650 79242939 0.308 822+2196 ;é-g 3 868+£1975 0.712
Treatment and surgery fee 188+713 350+2163 0.053 1914481 3 %- § 457+1543 0.000
Medical examination fee 968+1143 131241586 0.000 11071243 EE 3 1559+1672 0.000
Therapeutic materials 226+613 495+1361 0.000 231+442 ; § i 512+1170 0.000
Others 85+150 105198 0.023  163+460 05 160+395 0.905
Direct non-medical costs 1123+1134 1300+1506 0.008 1399+1568 ‘i ' § 1608+1749 0.041
Family -~ caregiver transportation ¢,/ 168195 0.017 1844203 = 3 2084227 0.065
fare in hospitalization g 2
Paid care cost in hospitalization 416+412 473+548 0.017  517+571 2 g 5854637 0.065
Doctor's labor cost 5594575 658+763 0.003 699+794 o E 814+885 0.026
Indirect costs 12621+£96482 24210+139010 0.052 20003109606 ; 3 28351+116657 0.227
. .. . 3 o
Patient productivity loss according 5, c¢3 686+1006 0026 601814 5 o 5854864 0.749
to LOS - =
Family caregiver productivity loss 5 @
. 842+835 958+1110 0.017 10461155 3 @ 1184+1288 0.065
according to LOS SN
Patient productivity loss according a N
to ED-LOS 96186 120+108 0.000 T7£T71 2 2 924108 0.011
Patient productivity loss according 3
t0 THM 11093+£96269 22446+138553 0.057 18280109064 @ 26491+116420 0.233
o
@
=
5
g
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2 y Y y y
. ACCI: 4 (N=1445) S ACCI: 25 (N=2030)
6 Cost per patient admission (USD) HG (n=502) NHG (n=943) P value HG (n=759¢ NHG (n=1271) P value
7 Total costs 14346+46751 22545+67961 0.016 25890+93774 Sm g 24894+72473 0.789
g Direct costs 531546670 67547792 0.000  7569£10891  %2< 77189325 0.745
10 Direct medical costs 3833+5553 5079+6432 0.000 5614+8912 %% § 5791+7629 0.635
11 Consultation fee 247+165 270+202 0.025 3114304 3 3o 310£279 0.939
=4 o
12 Admission fee 879+1158 122241657 0.000 120042277 %ag 1364+1865 0.078
1> Medication fee 92643272 87442016 0.709  1171£2236 A5S 99142157 0.073
(0]
15 Treatment and surgery fee 168+372 398+1248 0.000 448+1747 2 }[;E 509+1718 0.437
16  Medical examination fee 1224+1311 16031637 0.000 168242223 EE 3 1742+1753 0.504
17" Therapeutic materials 250+583 561+1586 0.000  458+1290 = §§ 615+1632 0.024
19 Others 138+279 151310 0428  345+951 S0E 2604690 0.021
20 Direct non-medical costs 1482+1320 16751606 0.021 1956+2229 ‘i ' c;r 1927+2071 0.771
21 Family = caregiver transportation o5, ) 2174208 0.038  256+289 S S 2502268 0.643
22 fare in hospitalization 5 g
23 Paid care cost in hospitalization ~ 546+480 610+585 0.038  718+811 3 T 702754 0.643
;g Doctor's labor cost 7414668 848+813 0.012 982+1129 8 ‘:3 976+£1049 0.902
26 Indirect costs 9031+£44942 15791+65530 0.039 18321491272 o 3 17176+71183 0.753
. .. . 3 o
27 =
o i)atﬁtg‘; productivity loss according ¢, ¢ 4132467 0.863  602+932 2 oo S18711 0.023
29 . . o e § g
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3] Patient productivity loss accordin S 5
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33 lonb o | s
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o
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Supplementary 7. Cost analysis according to major diseases between hospitalist and non-hospitalist groups (N=631)=

y Y g J g 5

Malignant neoplasms (N=1735) Disez{ti;es :gf the circulatory system (N=600)
Cost per patient admission (USD HG (n=845 NHG (n=890 P value HG (n=388) > NHG (n=552) Pvalue

N
Total costs 37059+128241 63186163463 0.000 21568+84888 & rng 1096337071 0.100
Direct costs 6745+7389 804048268 0.001  5861+6678 4g< 6706+10303 0.577
Direct medical costs 4971+6044 6076+6910 0.000 44755856 %% § 5511+£9028 0.435
Consultation fee 279+208 3074220 0.007 233+140 %?D o 210+200 0.438
Admission fee 1066+1330 1355+1482 0.000 801+838 % a % 865+1514 0.772
Medication fee 128842927 158242985 0.039 805+1995 ;i% 3 415+1808 0.156

@

Treatment and surgery fee 231+566 374+1261 0.003 382+1522 2 }[;E 53242658 0.700
Medical examination fee 1437+1524 1704+1524 0.001 1431+1314 gi 3 1700+1771 0.303
Therapeutic materials 369+767 443+773 0.045 690+2848 ; % i 167243114 0.035
Others 300+846 311+816 0.780 134£190 ggé 117£308 0.710
Direct non-medical costs 1774+1573 1964+1690 0.007 13861089 ‘i ' c;r 1195+1550 0.404
Family - caregiver transportation 3, 2554219 0.028  182+141 5 2 1554201 0.357

fare in hospitalization 5 g
Paid care cost in hospitalization 652+573 715+615 0.028 512+397 @ g 435+564 0.357
Doctor's labor cost 890796 995+856 0.009 692+550 g ‘_8 605+785 0.453
Indirect costs 303144126770 55146+163122 0.000 15706484189 » 3 4257435265 0.066

. .. . 3 o
i)atﬁtg‘; productivity loss according ., ¢ 7214834 0674  531:683 & o 3594651 0.082

. : .. 3 2
Family caregiver productivity loss 3,5, 159 14471245 0.028  1036£804 3 @ 8811142 0.357

according to LOS S N

Patient productivity loss according a N
to ED-LOS 84+85 109+121 0.000 74+£60 o o 64163 0.283

Patient productivity loss according a
28206+126390 52868+163024 0.000 1406584010 o 2953435224 0.074

o
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Supplementary 5. Costs analysis according to major diseases between hospitalist and non-hospitalist groups (N=6§91§§
Diseases of the respiratory system (N=1141) Diseasgi; ofi%he digestive system (N=865)
Cost per patient admission (USD) HG (n=266) NHG (n=875) P value HG (n=441)3 NHG (n=424) P value
Total costs 12369+28381 18568+58264 0.904 10408+66247 5 rng 19732+94288 0.092
Direct costs 639214038 67567626 0.585 399445522 2 514346628 0.006
Direct medical costs 4622+11505 48966064 0.610 2942+4606 %% § 3932+5768 0.005
Consultation fee 274+324 280+211 0.713 210£151 % 3o 229+166 0.072
Admission fee 125743766 144441942 0.283 560+807 %a% 781+1151 0.001
Medication fee 649+1527 655+1082 0.947 546+1361 ;5«% S 717£1612 0.092
@
Treatment and surgery fee 47742303 480+1181 0.982 29641022 2 }[;E 412+1469 0.176
Medical examination fee 1508+2834 1548+1650 0.773 947+1200 ;E 3 1250£1407 0.001
Therapeutic materials 275+1149 321+864 0.486 302+596 ; %i 4651079 0.006
Others 182+495 169+324 0.609 824303 gi’)% 79+131 0.866
Direct non-medical costs 1770+2731 1860+1779 0.529 1052+1103 ‘i ' c;r 1211£1102 0.035
Family - caregiver transportation 3, 55, 2414231 0.617  139+143 S 2 1574143 0.060
fare in hospitalization 5 g
Paid care cost in hospitalization 651+994 6771648 0.617 389+401 @ g 4414401 0.060
Doctor's labor cost 887+1384 942+901 0.450 524+559 2 ‘_8 613+558 0.020
Indirect costs 5977+21125 11812+56671 0.100 6414+63518 o 3 14589+92439 0.129
. . . . 3 o
i)atﬁtg‘; productivity loss according o5, ¢ 539589 0292 4384600 B o 4253475 0.728
. : . 3 2
Family caregiver productivity loss 316,50 1370541311 0.617 7884812 S ® 8924812 0.060
according to LOS S N
Patient productivity loss according a N
to ED-LOS 61+55 67161 0.176 78+75 o o 109+102 0.000
. .. . o>
E)a;flrﬁta productivity loss according 43 ,50597 983556509 0.105  5110£62720 2 13163292261 0.132
o
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2 Supplementary 5. Costs analysis according to major diseases between hospitalist and non-hospitalist groups (N=6§91§§
. . . Symptoms, si sns and abnormal clinical and laboratory
5 =
. Diseases of the genitourinary system (N=577) %: S fin dings (N=329)
7 Cost per patient admission (USD) HG (n=202) NHG (n=375) P value HG (n=162 __gNO NHG (n=167) P value
8 Total costs 1401880863 11979459324 0730 672449524 225 10762+50267 0.316
?O Direct costs 4586+6045 5240+5305 0.179 451344763 ?—;‘é% 432244123 0.698
11 Direct medical costs 323244721 3819+4212 0.127 332443901 T3 -g 3358+3469 0.935
12 Consultation fee 240+216 265194 0.159 215+147 g3 2 188+113 0.061
13 Admission fee 709+1072 909+1247 0.054 667+£1029 2-%) = 664+897 0.978
1‘5‘ Medication fee 487+924 505+688 0.797 4124873 2 92 2724819 0.133
16  Ireatment and surgery fee 251+867 398+962 0.069 1914843 %g ; 1444561 0.555
17 Medical examination fee 1209+1429 134941163 0.206 1425+1115 g% 3 15761247 0.249
18 Therapeutic materials 211£740 263+668 0.391 287+594 5 m_g 443+687 0.027
;g Others 124+341 1294216 0.833 1274364 &5 69488 0.049
51 Direct non-medical costs 1354+1393 1422+1218 0.548 1188+1020 ? % 965+828 0.029
. . . - o
22 Family ~caregiver transportation ¢, g, 184158 0.679  157+132 S 2 125:107 0.017
23 fare in hospitalization 2 T
24 Paid care cost in hospitalization 501+506 518+443 0.679 4404372 P % 3514302 0.017
>
;2 Doctor's labor cost 675+706 720+617 0.433 5914516 = S 488+419 0.048
57 Indirect costs 9432+80267 6739+59151 0.647 22117619 i ° 6440+49512 0.283
. .. . 5 o
28 Patient productivity loss according 35, 433 3984401 0827 4324518 = S 3154339 0.015
29 to LOS S ®
30 . . .. ®
S, Family caregiver productivity loss g3, 10)5 1048+898 0.679 891753 5 N 7112610 0.017
2 according to LOS 8 B
. . . 2,
33 Patient productivity loss according 63156 79460 0.061 74469 3 ﬂi 65457 0.201
34 1o ED-LOS @
. .. . 0]
35 Patient productivity loss according  ;0, ¢ 56 5221:£59220 0.640 8147629 S 5349:49507 0.250
3¢ toIHM o
37 =2
38 S
39 g 3
40 =
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Supplementary 5. Costs analysis according to major diseases between hospitalist and non-hospitalist groups (N=6& IE
Certain infectious and parasitic diseases (N=290) Endocrine, nqﬁ"itignal and metabolic diseases (N=253)
Cost per patient admission (USD) HG (n=86) NHG (n=204) P value HG (n=95)5 2 NHG (n=158) P value
Total costs 5411+4722 22358+91703 0.088 13906+78014 S rng 5765+8350 0.194
Direct costs 388343635 681610268 0.010  4368+7154 52 422946390 0.873
Direct medical costs 2568+2562 5124+8747 0.008 3049+5368 %% § 2940+4887 0.868
Consultation fee 215+154 269+267 0.081 247+298 g?b o 220+£190 0.382
S o
Admission fee 692+782 145242060 0.001 643+877 % ié 772+1342 0.403
Medication fee 430+475 10103434 0.120 491+£1521 ;5«% S 3344739 0.272
@
Treatment and surgery fee 107+382 414+£1780 0.116 278£1157 2z § 188+727 0.450
Medical examination fee 874+817 1562+1959 0.002 1052+1331 gi 3 1154+1493 0.582
Therapeutic materials 132+378 297706 0.042 201£719 ; % i 148+388 0.451
Others 118171 121£171 0.890 138+373 gif’,% 123+337 0.745
Direct non-medical costs 1315+1144 1693+1837 0.078 1320+1893 ‘i ' c;r 1289+1562 0.891
Family = caregiver transportation ;5. |4 2194238 0.096  174+245 52 1674202 0.818
fare in hospitalization 5 g
Paid care cost in hospitalization 486+416 616+669 0.096 488+688 @ g 469+569 0.818
Doctor's labor cost 655+580 857+930 0.063 658+959 g ‘_8 653+791 0.963
Indirect costs 1529+1142 15542485899 0.132 9538+77367 o 3 153642047 0.194
. .. . 3 o
i)atﬁtg‘; productivity loss according 5, 39 5934911 0248  547+1405 B oo 495:927 0.722
. : .. 3 2
Family caregiver productivity loss g, ¢4 124741353 0.096  987+1393 S ® 95041151 0.818
according to LOS S N
Patient productivity loss according ¢4 5, 98+101 0.014  70+67 S ¥ .03 0.061
to ED-LOS ' & 2 ‘
Patient productivity loss according 1360385029 0.139  7933+77324 2 00 0.198
to I[HM )
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2 Supplementary 5. Costs analysis according to major diseases between hospitalist and non-hospitalist groups (N=6§i91%
5 Diseases of the blood and blood-forming organs and certain Diseases of thg masculoskeletal system and connective
6 disorders involving the immune mechanism (N=177) — S tissue (N=147)
7 Cost per patient admission (USD) HG (n=130) NHG (n=47) P value HG (n=58) __gNO NHG (n=89) P value
8 Total costs 1251256607 65460236052 0018 926912785 825  19916+41366 0.059
?O Direct costs 534749271 11120+£17718 0.006 6952+10169 ;_;—;“;;% 9882+15156 0.198
11 Direct medical costs 4096+7591 8910+15066 0.006 4911+8119 T3 -g 6869+10992 0.246
12 Consultation fee 216+217 372+408 0.001 318+324 ) ‘;",g 4314582 0.181
13 Admission fee 815+1308 149742129 0.011 1120+1601 223 1679+£3139 0.212
©
1‘5‘ Medication fee 185144590 4170+8980 0.026 795+1826 %’_ e % 1126+2184 0.340
16 Treatment and surgery fee 101+385 351+1111 0.027 397+1677 %g ; 67842170 0.405
17  Medical examination fee 877+1456 208142924 0.000 159442083 gg 3 207642464 0.221
18 Therapeutic materials 1094322 244+508 0.038 3651187 5 m_g 555+1404 0.396
;g Others 1264245 1954323 0.136 3224983 @- 5 3254575 0.982
51 Direct non-medical costs 125241771 221042811 0.008 204142220 ? % 3013+4370 0.119
. . . - o
22 Family ~caregiver transportation ¢s, 5y 2864364 0.009  267+288 S 2 3904566 0.128
23 fare in hospitalization 2 T
24 Paid care cost in hospitalization 463+644 805+1023 0.009 751+808 P % 1097+1591 0.128
>
;2 Doctor's labor cost 624+898 1119+1423 0.007 1023£1125 " S 15262213 0.112
57 Indirect costs 7164454445 543394225117 0.027 231742716 g S 10034+30967 0.061
. .. . 5 o
28 Patient productivity loss according 5, gcy 108541937 0.006 7241176 5 S  973+1201 0.218
29 to LOS S o
30 Family caregiver productivity loss 2 S
31 . 937+1304 162942071 0.009 1520+1635 e B 222043220 0.128
2 according to LOS 8 B
. . . . 6'
33 Patient productivity loss according 76462 79169 0.760 73479 3 ﬂi 95497 0.149
34 10 ED-LOS @
. .. . 0]
35 Patient productivity loss according 5o 53065 51546222629 0.030 00 5 6747:29316 0.082
3¢ toIHM o
37 =2
38 S
= 5
39 3
40 E
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42 o
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Others (N=277) z 2

Cost per patient admission (USD) HG (n=93) NHG (n=184) Pvalueg 2
Total costs 19377+105815 28223+115873 0.537 S m;
Direct costs 64026756 7917+12833 0288 42<
Direct medical costs 45635134 5927+10870 0253 32 §
Consultation fee 2764253 3264373 0238 B35
Admission fee 9324970 140242387 0070 272
Medication fee 132342546 1207+2713 0.732 ;é;b 3
Treatment and surgery fee 217673 700+3802 0.226 2 }[;E
Medical examination fee 1297+1256 1695+2068 0.090 EE 3
Therapeutic materials 346985 419+1140 0597  3&3
Others 1724287 178+302 0869 223
Direct non-medical costs 1839+1890 1989+2429 0.601 ‘i ' c;r
Family ~ caregiver transportation ), s 2584315 0646 35 S
fare in hospitalization S
Paid care cost in hospitalization 6761687 724+884 0.646 g g
Doctor's labor cost 9224959 1007+1230 0.560 £ o
Indirect costs 129754104723 20306+111437 0.598 o 3
Patient productivity loss according = S
7024847 787+1514 0.612 ® o

to LOS | N = 5
Famlly. caregiver productivity loss 136841390 146541790 0.646 % ;';
according to LOS ] §
Patient productivity loss accordin a N
o EDLoS Y & 82+104 101493 o g :
Patient productivity loss according 108242104381 179524110517 0.606 E

o

to IHM

Data are presented as mean + standard deviation. HG, hospitalist group; NHG, non-hospitalist group; ED-LOS, emergajncy department length of stay; LOS,
=2
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Supplementary 8. Cost analysis according to age between hospitalist and non-hospitalist groups (N=6391) 2 E

Age < 50yrs (N=1098) 5 EAge : 50-59yrs (N=900)
Cost per patient admission (USD) HG (n=488) NHG (n=610) P value HG (n=401), NHG (n=499) P value
Total costs 34234+156382 46473+187530 0.248 36276+1302595 o g 66967179600 0.004
Direct costs 4965+7242 5876+10166 0.09  5692£6952 4 2< 717549271 0.008
Direct medical costs 3613+5814 4448+8728 0.070 4189+5572 %% § 5538+7717 0.003
Consultation fee 228+220 2374232 0.508 246+209 %?D o 270+262 0.151
Admission fee 771+1372 972+1629 0.030 822+1027 % a% 1091+1540 0.003
Medication fee 900+1892 931+2958 0.840 1091+2590 ;5*% g’_J 1259+3331 0.407
@

Treatment and surgery fee 221+1037 402+2643 0.155 216+546 2 }[;E 433+1481 0.006
Medical examination fee 1058+1452 1362+1855 0.003 1273+1478 ;E 3 1645+1761 0.001
Therapeutic materials 256£715 410+1298 0.019 314+688 ; % i 636+1332 0.000
Others 179+£619 134+293 0.118 227706 g&% 204+621 0.611
Direct non-medical costs 1352+1593 1428+1674 0.450 15031534 ‘i ' c;r 1637+£1924 0.256
Family - caregiver transportation ;¢ 1854217 0.573 1974199 5 ° 2124249 0.327

fare in hospitalization 5 g
Paid care cost in hospitalization 499+580 520+610 0.573 554+558 @ g 596+701 0.327
Doctor's labor cost 675+807 723+848 0.346 752+778 g ‘_8 829+974 0.197
Indirect costs 29269+154339 40597+184984 0.279 30584+128853 Z 3 597924177975 0.006

. .. . 3 o
i)atﬁtg‘; productivity loss according g0, 155 8581165 0673 9741022 & o 10571300 0.298

) . . g 2
Family caregiver productivity loss 10, 173 105241234 0.573 112141130 3 @ 1206+1418 0.327

according to LOS S N

Patient productivity loss according a N
to ED-LOS 108+90 138+123 0.000 127102 o o 170+137 0.000

. . . o>
Patient productivity loss according 75, ;5374 38550184509 0281  28362:128452 @ 573594177723 0.006

o
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2 Supplementary 6. Cost analysis according to age between hospitalist and non-hospitalist groups (N=6391) 2 g
5 Age : 60-69yrs (N=1275) ;:Ag@: 70-79yrs (N=1763)
6 Cost per patient admission (USD) HG (n=542) NHG (n=733) P value HG (n=633 NHG (n=1131) P value
7 Total costs 14345+35835 22699445307 0.000 11861+£22867 & rng 15868+28322 0.002
5 Direct costs 532746734 7278+9428 0.000  6154£10486  “2< 69369155 0.103
10 Direct medical costs 3915+5716 5517+7852 0.000 4500+8559 %% § 5232+7548 0.063
11 Consultation fee 240+162 2854255 0.000 264+230 835 2774246 0.300
=4 o
12 Admission fee 855+1166 1208+1712 0.000 1024+2555 % ag 1199+1843 0.098
: i Medication fee 930+3214 1132+2876 0.239 902+2019 ;é% S 818+1741 0.359
(0]
15 Treatment and surgery fee 226+799 454+1679 0.004 339+1606 2 }[;E 504+1840 0.058
16 Medical examination fee 1210£1355 16631737 0.000 142542134 S5 16401820 0.025
17" Therapeutic materials 275+661 561+1216 0.000  329+972 = §§ 608+1712 0.000
19 Others 1794545 215+574 0.264  218+670 S0E 1874499 0.269
20 Direct non-medical costs 1412+1232 1760+1963 0.000 1654+2069 ‘i' c;r 1703+1915 0.613
21 Family ~caregiver transportation o5, ¢, 2284254 0.001 2174268 S S 2212248 0.750
22 fare in hospitalization 5 g
23 Paid care cost in hospitalization 5214449 641+715 0.001 609753 & g 620£697 0.750
;g Doctor's labor cost 706+624 891+994 0.000 828+1048 2 ‘_8 863+970 0.492
26 Indirect costs 9018+32832 15422442473 0.004 5707£17578 o 3 8932424592 0.004
. .. . 3 o
27 3
o i)atﬁtg‘; productivity loss according 5,9, 335 4212466 0.002  384+457 2 oo 3994476 0.526
3o Family caregiver productivity loss 5, g4 12971446 0001 123241524 2 ©  1255:1411 0.750
according to LOS 2 N
3] Patient productivity loss accordin S S
2 oEDLOS ® 525 65+55 0.000  54+48 5§ 60+47 0.011
33 loRU . | T2
- E)a;flr;d productivity loss according 504,395 13638+42175 0.005  4037:17173 ®  7218+24265 0.004
o
36 o
37 =2
38 8
39 g 2
40 =
41 E
42 a
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Supplementary 6. Cost analysis according to age between hospitalist and non-hospitalist groups (N=6391)
Age > 80yrs (N=1355)

g 3
S 3
< 3
= 0
> (=]
5 2
5 &
o} h
« (]
Cost per patient admission (USD) HG (n=363) NHG (n=992) Pvalue S 2
Total costs 9310+13469 12453+15958 0.001 S rn§
] =
Direct costs 56766668 6261+5986 0.122 @ g‘;
Direct medical costs 4066+5144 4622+4755 0.062 %% §
Consultation fee 283285 268+202 0.298 835
S o
Admission fee 918+1145 12571618 0.000 % i%
Medication fee 684+1400 579+929 0.111 ;5«% 3
@

Treatment and surgery fee 312+862 352+699 0.377 2 }[;E
Medical examination fee 1367+1315 1490+1230 0.109 ;E 3
Therapeutic materials 360+1225 528+1531 0.059 ; %i
Others 1424284 147+310 0.810 205
Direct non-medical costs 16101801 1639+1452 0.760 ‘i ' c;r
Fam1.1y A transportation 2114233 212+188 0.903 ] )
fare in hospitalization 5 g
Paid care cost in hospitalization 592+655 597+528 0.903 @ g
Doctor's labor cost 806913 830735 0.627 g 'Toa'

o
Indirect costs 363449536 6192+13504 0.001 w 3
Patient productivity loss according = S
364+413 367+352 0.886 o
to LOS = 5
. . . T 3
Famlly. caregiver productivity loss 119941326 120741069 0.903 S
according to LOS S N
Patient productivity loss according a N
10 ED-LOS 50+38 56+42 0.026 2 i
Patient productivity loss according 200149274 4561413363 0.001 E
to [HM o

Data are presented as mean + standard deviation. HG, hospitalist group; NHG, non-hospitalist group; ED-LOS, emergafncy department length of stay; LOS,
=2

3
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length of hospital stay; [HM, in hospital mortality; Cost unit: USD (U.S. Dollar), ($1= 1307.9 KRW, year: 2023)
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Supplementary 9. Natural log-transformed multivariable regression analysis for medical costs and total costs (N=§—39§
Variables Ln(medical costs) = Ln(total costs)
coefficient SE P value ‘coefficient SE P value
(constant) 14.601 0.030 0.000 15.641 0.031 0.000
HG (ref= NHG) -0.355 0.016 0.000 DB 6 0.016 0.000
Female (ref= male) -0.063 0.012 0.000 =0BR4 0.012 0.000
Age 0.001 0.000 0.001 =] 0.000 0.000
ACCI 0.019 0.003 0.000 6.819 0.003 0.000
KTAS?® (ref= more urgency) -0.054 0.018 0.003 DI24 0.018 0.188
Prior hospitalization history -0.002 0.001 0.247 8.005 0.001 0.001
LOS 0.034 0.001 0.000 8.0% 0.001 0.000
ED-LOS 0.006 0.001 0.000 08¢ 0.001 0.000
CPR (ref = No) -0.170 0.071 0.016 ﬁ@ 0.071 0.585
ICU admission (ref = No) 0.711 0.027 0.000 8,384 0.027 0.000
Referral to specialty (ref = No) 0.391 0.017 0.000 g3 0.017 0.000
Consultation 0.007 0.002 0.000 <0.085 0.002 0.006
IHM 0.127 0.024 0.000 279 0.024 0.000
Surgical intervention (ref = No) 0.282 0.019 0.000 8.209 0.019 0.000
Major diseases (ref= malignant neoplasms) =
Circulatory system -0.031 0.025 0.220 o). 12-1 0.025 0.000
Respiratory system -0.162 0.020 0.000 20.1%3 0.020 0.000
Digestive system -0.166 0.021 0.000 %.225 0.021 0.000
Genitourinary system -0.199 0.024 0.000 $.134 0.024 0.000
Symptoms, signs and abnormal clinical and laboratory findings -0.068 0.030 0.022 g). 157 0.030 0.000
Certain infectious and parasitic diseases -0.207 0.031 0.000 P 209 0.032 0.000
Endocrine, nutritional and metabolic diseases -0.330 0.033 0.000 @2@8 0.033 0.000
. . . 5
]glseases Qf the l?lood ar}d blood- formmg organs and certain 20,062 0.038 0.103 %Dlgg 0.039 0.000
isorders involving the immune mechanism oA
Diseases of the musculoskeletal system and connective tissue -0.326 0.042 0.000 -0.281 0.042 0.000
Others -0.200 0.032 0.000 -0.153 0.032 0.000
Adj- R2=0.686, F = 583.730 Adj®R2 =0.822, F = 1237.748
(p = 0.000) (» =3.000)
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Supplementary 10. Natural log-transformed multivariable regression analysis for direct costs and indirect costs (%6&1)
Variables Ln(direct costs) s £ Ln(indirect costs)
coefficient SE P value ‘coefficient SE P value
(constant) 14.946 0.027 0.000 14.582 0.030 0.000
HG (ref= NHG) -0.336 0.014 0.000 DDEs 0.016 0.000
Female (ref= male) -0.048 0.011 0.000 =001 36 0.012 0.000
Age 0.001 0.000 0.002 =N 0.000 0.000
ACCI 0.017 0.003 0.000 6.804 0.003 0.229
KTAS? (ref= more urgency) -0.032 0.016 0.041 0.608 0.017 0.651
Prior hospitalization history -0.000 0.001 0.763 8,005 0.001 0.000
LOS 0.038 0.001 0.000 8.049 0.001 0.000
ED-LOS 0.005 0.001 0.000 081 0.001 0.000
CPR (ref = No) -0.186 0.062 0.003 ﬁ’@ 0.069 0.004
ICU admission (ref = No) 0.573 0.024 0.000 D040 0.026 0.127
Referral to specialty (ref = No) 0.400 0.015 0.000 g% 0.017 0.000
Consultation 0.002 0.001 0.194 =0.080 0.002 0.000
IHM 0.063 0.021 0.003 219 0.024 0.000
Surgical intervention (ref = No) 0.225 0.017 0.000 8.0% 0.019 0.000
Major diseases (ref= malignant neoplasms) =
Circulatory system -0.055 0.022 0.014 ';,0.2%8 0.025 0.000
Respiratory system -0.116 0.018 0.000 20.030 0.020 0.000
Digestive system -0.163 0.019 0.000 @.235 0.021 0.000
Genitourinary system -0.150 0.021 0.000 $.085 0.024 0.000
Symptoms, signs and abnormal clinical and laboratory findings -0.084 0.026 0.001 ;—D.Z%O 0.029 0.000
Certain infectious and parasitic diseases -0.149 0.028 0.000 D.1 2,4 0.031 0.000
Endocrine, nutritional and metabolic diseases -0.257 0.029 0.000 @1%3 0.032 0.000
. _ . . (@] N
Dlseases Qf the l?lood ar}d blood formmg organs and certain 20,094 0.034 0.005 %DlgB 0.037 0.000
disorders involving the immune mechanism o =
Diseases of the musculoskeletal system and connective tissue ~ -0.237 0.037 0.000 -0.183 0.041 0.000
Others -0.138 0.028 0.000 -0.089 0.031 0.027
Adj- R2=0.726, F =705.745 AdjZR2 =0.891, F = 2173.571
(» =0.000) (» =3.000)
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