
 1

Abstract Number:  007-0252 
 
Abstract Title:  APPLICATIONS OF COST MINIMIZATION IN A TEACHING 

HOSPITAL 

Sakesun Suthummanon1*, Nikorn Sirivongpisal1, and Vincent Omachonu2 
1Prince of Songkla University, Faculty of Engineering, Thailand  
2Industrial Engineering Department, University of Miami, USA 
*Authors to correspondence should be addressed via email: sakesun.s@psu.ac.th 

 
POMS 18th Annual Conference 
Dallas, Texas, U.S.A. 
May 4 to May 7, 2007 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 2

APPLICATIONS OF COST MINIMIZATION IN A TEACHING HOSPITAL 

 

Sakesun Suthummanon1*, Nikorn Sirivongpisal1, and Vincent Omachonu2 
1Prince of Songkla University, Faculty of Engineering, Thailand  

2Industrial Engineering Department, University of Miami, USA 
*Authors to correspondence should be addressed via email: sakesun.s@psu.ac.th 

 

ABSTRACT 

The objective of this article is to explore the feasibility of the application of cost 

minimization analysis in a teaching hospital.  The investigation is concerned with the 

development of cost per admission and cost per patient day models.  These models are 

further used for determining the value of the length of stay that would minimize cost per 

patient day (projected length of stay) and for estimating the costs. The top five Diagnosis 

Related Groups (DRGs), obtained from a teaching hospital in South Florida, with the highest 

volume are selected for the study.  The cost models are fitted to the data for an average R2 

value of 88.56%, and a Mean Absolute Percentage Error (MAPE) value of 16%.  Based on 

6,206 admissions for the selected DRGs, the total cost per year and the cost per patient day 

are decreased by approximately 9.84% and 3.33%, respectively.   
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APPLICATIONS OF COST MINIMIZATION IN A TEACHING HOSPITAL 

The last three decades various economic models have seen applied for the healthcare 

industry.  Most of the models are generally focused on cost structure, cost-effectiveness 

analysis, cost utility analysis, and cost-benefit analysis(Tousignant, et al., 2003; Smet, 2002; 

Dawson, 2002; Cleverley, 2002; Kearns,et al., 2001; Jackson, 2000)..  Although profit 

maximization has traditionally been assumed in the empirical analysis of many other 

industries, a variety of both institutional and behavioral features of the hospital suggest that 

the assumption of profit maximization is not appropriate in the case of hospitals (Cowing, et. 

,1986).  Cost minimization is a much more reasonable assumption than profit maximization 

for various non-profit organizations.  There have been countless applications of cost 

minimization analysis for healthcare organizations (Jones, et al.,1999,  Shepperd, et al., 1998; 

Coast, et al., 1998; Halvorsen and Kristiansen, 1996). According to these studies, the cost 

minimization analysis was performed to determine the least costly option among several 

alternatives (treatment strategies) that will yield an equivalent outcome.   

Nevertheless, very few information is available regarding the application of cost 

minimization to determine the optimal length of stay that lead to minimize cost for the 

Diagnosis- Related Groups (DRGs) system.  A significant study which applies the cost 

minimization analysis for the DRGs at a teaching hospital, was conducted by Suthummanon 

and Omachonu in 2004.  According to this study, the DRGs were further classified into four 

major insurance categories:  Medicaid, Medicare, commercial, and self-pay.  Regarding to 

this study the results confirm that the concept of cost minimization analysis in economic 

theory can be practically applied to healthcare industries for the purpose of reducing of costs.  

A shortcoming of this work is that the analysis for other insurance types and overall patients 
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as a whole (all insurance types are grouped together as one model) is ignorance.  Due to there 

are several insurance types in each DRG, therefore it is very difficult to individually analyze 

for each one.  Hence, analysis for overall patients should be performed with the aim of 

understanding the cost behavior as a whole.  

The literature on hospital cost models encompasses a wide variety of models.  At one 

extreme, there are models that treat costs as dependent variable and employ numerous input 

factors as independent variables.  The examples of widely used independent variables are 

patient’s age, gender, race, marital status, income, health condition, and health insurance.  At 

the other end, there are structural cost models in which costs (or the logarithm of costs) 

served as the dependent variable, and outputs are used as independent variables.  Berki 

(1972) states that the cost model can be presented as TC = ƒ (Q), where TC denotes total 

costs and Q the quantity of output.  It is important to note that patients’ length of stay is used 

as the quantity of output in many healthcare studies (Custer and Willke, 1991; Cassimatis, 

1988). Several studies have focused on cost function using the length of stay as an 

independent variable.  In addition, previous studies including Carr and Feldstein (1967), 

Francisco (1970), Dowling (1976), Elnicki (1979), Grannemann et al., (1990), Phelps (1997), 

and Malkin (1998) conclude that the length of stay is the most determinant of hospital costs. 

The primary objective of this research is to examine the feasibility of the application 

of cost minimization analysis for DRGs at a teaching hospital.  The investigation attempts to 

determine the level of the length of stay at which it becomes more cost effective to provide 

the services and to examine potential cost saving if the projected length of stay has replaced 

the actual level.  The two questions addressed here are: 1) what is the projected length of stay 

to minimize cost per patient day? and 2) what are the effects of changing the length of stay 
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from the actual level to the projected level, on the total cost and the cost per patient day for a 

hospital?  

METHODOLOGY  

This research is concerned with the development of cost per admission and cost per 

patient day models.  Regression analysis is used to develop the cost models for each DRG. It 

is an exploratory data analysis which is using the data trends in the developing a theory 

governing the relationship between length of stay and costs.  These models are further used 

for determining the value of the length of stay (projected length of stay) that would minimize 

cost per patient day and for estimating costs.  The effects of changing the length of stay from 

the actual level to the projected level (resulting from cost minimization) on the costs are also 

investigated.  An assumption is made for this analysis is that the quality of care is held 

constant across individuals in each patient group and DRG.   

Two dependent variables identified for the purpose of this study are cost per patient 

day and cost per admission.  The cost per patient day comprises all services or treatments per 

day a hospital provides to a patient.  The cost per admission includes all services or 

treatments a hospital provides to a patient per admission.   The length of stay is considered to 

be the independent variables for developing the cost models.  The length of stay is defined as 

the number of days in a hospital from the date of admission to the date of discharge for each 

inpatient. There are five steps involved in this research: 1) data collection; 2) cost per 

admission model development; 3) cost per patient day model development; 4) cost 

minimization analysis; and 5) cost variation analysis. 
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Data Collection 

To accomplish this study, a total of 109,060 observations were obtained from the 

hospital in South Florida.  The hospital has 1,567 beds and 1,525 physicians on staff with 

over 60,000 admissions, 340,000 outpatient visits, 102,000 emergency visits, and 300,000 

radiology procedures per year.  It is an accredited, non-profit, tertiary care hospital and the 

major teaching for a university.  The study was based on a 12- month period (January, 2003 

to December, 2003). The top five DRGs with the highest volume are considered for this 

analysis, accounting for approximately 5.69 percent (6,206 admissions) of all admissions 

(Table 1).  There are DRG 430- Psychoses, DRG 489-HIV with major other related 

conditions, DRG 127- Heart failure and shock, DRG 410-Chemotherapy without acute 

leukemia as secondary diagnosis, and DRG 435-Alcohol/drug abuse or dependence 

detoxification or other symptomatic treatment without complicating condition.   

Table 1 Descriptive data for selected DRGs  

               Total samples          Developing samples (2/3)          Validating samples (1/3)
DRG # of Average Average # of Average Average # of Average Average

 patients Length of Cost per  patients Length of Cost per  patients Length of Cost per
Stay Admission Stay Admission Stay Admission

(days) ($) (days) ($) (days) ($)

DRG 430: Psychoses 2240 13.55 13,862 1493 13.63 13,500 747 13.39 14,587

DRG 489: HIV with Major Other Related 1228 11.09 14,311 819 11.18 14,859 409 10.90 13,200
               Conditions

DRG 127: Heart Failure and Shock 1039 3.89 5,601 693 3.84 5,492 346 3.99 5,810

DRG 410: Chemotherapy Without Acute
                Leukemia as Secondary 875 3.27 6,348 583 3.31 6,314 292 3.19 6,395
                Diagnosis
DRG 435: Alcohol/drug Abuse or Dependence
               Detoxification or Other Symptomatic 824 9.00 7,189 549 8.89 7,243 275 9.29 7,031
               Treatment Without Complicating condition  

 



 7

Cost per admission model 

To develop the cost per admission models, length of stay is considered to be an 

independent variable.  The relationship between cost per admission and length of stay can be 

expressed as a quadratic equation, which will be written as: 

Cost per admission (CA) =  ƒ (Length of stay) 

CA     =  a +b LOS  + c LOS2   {1} 

Where CA is the cost per admission; a, b, and c are model parameters; and LOS is patient’s 

length of stay per admission. 

The regression analysis is employed to develop the cost function.  Two thirds of the 

random samples (Table 1) are used to construct the models using the Minitab for windows 

version 12.23 software.  Various tests are employed for checking the adequacy of the models.  

These include, the Bonferroni test procedure for detecting Y outliers [less than t (1-α/2n; n-p-

1)], Hat Matrix Leverage for detecting X outliers [less than 2p/n], and DFFITS for detecting 

influential observations [less than 
n
p2  ] (Neter, 1996).  The remaining one third of the data 

(different from the two thirds of data used in model development, table 1) is substituted in 

the model and used to compare with the actual value.  In other words, the Mean Absolute 

Percentage Error (MAPE) approach ⎥
⎦

⎤
⎢
⎣

⎡ −
= 100x

A
FAMAPE  is applied for model validation, 

where A is the actual value and F is the predicted value.  The MAPE is employed over the 

two widely used (Mean Absolute Deviation, MAD and Mean Squared Error, MSE) in this 

analysis because it is not dependent on the magnitude of the values of the actual values (A).  

Also, it is useful for putting forecast performance in the proper perspective Neter (1996). 



 8

Cost per patient day model 

Once the cost per admission model has been developed, the next step is to construct a 

cost per patient day model, which is defined as the cost per admission {1} divided by the 

length of stay.  The cost per patient day equation is presented as follows:      

Cost per patient day (CD)  =  
LOS
CA  =  cLOSb

LOS
a

++      {2} 

Cost minimization analysis 

The cost per patient day model {2} is used for the cost minimization analysis.  

Mathematically, the optimal (projected) length of stay can be obtained by taking the first 

derivative of the cost per patient day model and setting it to zero. The equation is expressed 

as: 

∂CD    =  0 

∂LOS 

 

Los∂
∂ [ cLOSb

LOS
a

++ ] =  0 

c
LOS

a
+

−
2    =  0 

  LOS*    =  
c
a       {3} 

The LOS* {3}, projected length of stay, is the length of stay that represents the minimal cost 

per patient day.   

Cost variation analysis 

To determine the effects of the change in length of stay (between the actual and 

projected levels) on the total cost per year and the cost per patient day, cost variation analysis 

is applied (Table 2).  This is done by comparing the actual cost to the projected cost (cost at 
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the projected length of stay level, obtained from the cost minimization analysis).  This 

approach can be used to estimate the total cost, the total cost reduction, the cost per patient 

day, and the cost per patient day reduction, regardless of the change in the length of stay for a 

given time period.  There are seven steps for cost variation analysis. 

Step 1. Use cost per admission function {1} to calculate the cost where the length of 

stay (projected level, {3}) is obtained from the cost minimization analysis.  This equation can 

be expressed as follows:                                     

 CA΄ = a  + b (LOS*) + c (LOS*) 2  

Where: 

CA΄ is the cost per admission at the projected length of stay (projected cost) 

 a, b, c are parameters obtained from the cost per admission function 

LOS* is the patient’s length of stay obtained from the cost minimization analysis 

(projected length of stay). 

 Step 2.  Subtract the actual cost per admission (CA) by the projected cost per 

admission (CA′), obtained from step 1, to determine the amount of cost reduction per 

admission (S) due to the change in length of stay. 

Step 3. Use the cost per patient day function {2} to calculate the cost where the 

length of stay (projected level, {3}) is obtained from the cost minimization analysis.  This 

equation can be expressed as follows:                                              

 CD΄ = *)(
*)(

LOScb
LOS

a
++   

Where: 

CD΄ is the cost per patient day at the projected length of stay (projected cost) 

 a, b, c are parameters obtained from the cost per patient day function 
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LOS* is the patient’s length of stay obtained from the cost minimization  

analysis (projected length of stay). 

Step 4. Subtract the actual cost per patient day (CD) by the projected cost per patient 

day (CD′), obtained from step 3, to determine the amount of cost per patient day reduction 

(S΄) due to the change in the length of stay. 

Step 5.  Repeat steps 1, 2, 3 and 4 for as many times as the sample size (m) requires.  

The sample size (m) indicates the number of patients for a specific DRG during a specific 

time period. 

 Step 6. Calculate the total actual cost (TCA), the total cost reduction (TS), the total 

actual cost per patient day (TCD) and the total cost reduction per patient day (TS′) by adding 

the actual cost per admission (CA), the cost reduction per admission (S), the actual cost per 

patient day (CD) and the cost reduction per day (S′), respectively. 

Step 7. Calculate percent of cost per patient day reduction (AS΄) by dividing total cost 

per patient day reduction (TS΄) by the total actual cost per patient day (TCD) and multiply by 

100.  Also compute percent of cost per admission reduction (AS) by dividing total cost per 

admission (TS) by the total actual cost per admission (TCA) and multiply by 100. 
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Table 2 Cost variation analysis model 

LOS LOS*        Cost per admission Cost per patient day
Patient No. (actual) (projected)

CA ($) CA′ ($) S ($) CD ($) CD′ ($) S′ ($)
(actual) (projected) (CA- CA′) (actual) (projected) (CD- CD′)

1 LOS1 LOS* CA1 CA′ S1 CD1 CD′ S′1
2 LOS2 LOS* CA2 CA′ S2 CD2 CD′ S′2
3 LOS3 LOS* CA3 CA′ S3 CD3 CD′ S′3
. . . . . . . . .
: : : : : : : : :
m LOSm LOS* CAm CA′ Sm CDm CD′ S′m

Total TCA TS TCD TS′
Avg. AS ACD AS′

Note 
LOS  =  Length of stay (actual)       
LOS*  =  Length of stay  (projected level)       
CA  =  Cost per admission (actual)
CA′  =  Cost per admission (projected)
CA′  =  a + b (LOS*) + c (LOS*)2

S  =  Amount of cost per admission reduction   CA  - CA'
TCA =  Total cost (actual, summation of CA)
TS  =  Total cost per admission reduction (summation of S)
AS  = TS x 100  = average percent of cost per admission reduction

   TCA

CD  =  Cost per patient day (actual)
CD′  =  Cost per patient day (projected)
CD′  =  a   + b + c (LOS*)      

      (LOS*)

S′  =  Amount of cost per patient day reduction   (CD  - CD')
TCD  =  Total cost per patient day (actual, summation of CD)
ACD  = TCD x 100  =  Average cost per patient day (actual)

      m

TS′  =  Total cost per patient day reduction (summation of S')
AS′  = TS' x 100  = average percent of cost per patient day reduction

   TCD

m  =  Number of admissions  

RESULTS AND DISCUSSIONS 

The cost per admission models, cost per patient day models, and the cost 

minimization analysis results for the selected DRGs are reported in Table 3.  The results 

illustrate that the models fit the data quite well, as indicated by the average R2 of 88.56%, 

and the MAPE of 16%.  In other words, the length of stay can explain approximately 89% of 

the variations in the cost per admission, and the cost prediction is approximately 84% 
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accurate.  Overall, the models confirm that the quadratic equation is a precise fit to represent 

the cost per admission models in this study.    

Table 3 Cost per admission models, cost per patient day models, and cost minimization 

results 

                               Cost per admission function (CA) Cost per patient day function (CD) Cost minimization (length of stay)
DRG

Model R2 F-value MAPE N Projected Average             Different
(%) (days) (days) (days) (%)

DRG 430 CA = 30 + 985 los + 0.17 los2 96 8173 15 1493 CD = 30 + 985  + 0.17 los 13.28 13.55 0.27 1.99
         los

DRG 489 CA = 179 + 1224 los + 2.43 los2 86 340 17 819 CD = 179 + 1224  + 2.43 los 8.58 11.09 2.51 22.63
           los

DRG 127 CA = 814 + 959 los + 55.87 los2 97 3550 14 693 CD = 814 + 959  + 55.87 los 3.82 3.89 0.07 1.80
          los

DRG 410 CA = 1982 + 163 los + 171 los2 83 119 17 583 CD = 1982 + 163 + 171 los 3.40 3.27 -0.13 -3.98
          los

DRG 435 CA = 2019 + 321 los + 26.32 los2 82 55 16 549 CD = 2019 + 321 + 26.32 los 8.75 9.00 0.25 2.78
           los

Average 89 2448 16 827 7.57 8.16 0.59 5.05  

 

With respect to cost minimization analysis, most of the projected length of stay values 

(4 of 5 models, 80%) are less than the actual average length of stay.  However, the projected 

length of stay of DRG 410 is slightly higher than the actual length of stay.  The difference 

(actual length of stay – projected length of stay) is 0.13 days or 3.96% for DRG 410.  It 

implies that the projected length of stay is not always lead to minimize the cost per 

admission, but it causes minimize cost per patient day.  This is because the projected length 

of stay is a determinant of minimizes cost per patient day (not cost per admission) in this 

analysis.  Based on this study, the projected length of stay is within the feasible ranges 

(minimum –maximum) of the actual length of stay.  It is important to note that if the 

projected length of stay is out of the feasible range, this may lead to misinterpretation.   
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Table 4 Cost variation analysis results 

DRG # of                 Total Cost per year ($)                    Cost per patient day ($)
 patients Actual projected        Cost reduction Actual projected        Cost reduction

cost cost ($) (%) cost cost ($) (%)

DRG 430 2240 31,050,880   29,435,349   1,615,531 5.20 1,023 990 33 3.23

DRG 489 1228 17,573,908   13,335,844   4,238,064 24.12 1,290 1,265 25 1.94

DRG 127 1039 5,819,439     5,499,071     320,368 5.51 1,440 1,386 54 3.75

DRG 410 875 5,554,500     5,525,590     28,910 0.52 1,944 1,857 87 4.48

DRG 435 824 5,923,736     5,638,529     285,207 4.81 799 782 17 2.13

Total 6206 65,922,463 59,434,383 6,488,080 9.84

Average 1,299 1,256 43.20 3.33  

 

 The results of the cost variation analysis are presented in Table 4.  Overall, the 

evidence with respect to changing the length of stay from the actual level to the projected 

level shows a significant (p-value < 0.10) decrease in both the total cost per year and the cost 

per patient day.  Based on 6,206 admissions for the selected DRGs in 2003, the total cost 

reduction per year is $6,488,080 or 9.84%.  With regard to the cost per patient day, the 

results verify that the projected length of stay obtained from the cost minimization analysis 

leads to the minimization of the cost per patient day.  The results show that the average cost 

per patient day decreases by 3.33% or $43.2.  Generally, the results point out that particular 

patient groups with very high lengths of stay, high costs and high volumes are the areas 

where the cost minimization analysis should be implemented (greater potential for cost 

saving).  For a specific example, the highest cost reduction per year is $4,238,064 for DRG 
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489 (average length of stay is 11.09 days, average cost per admission is $14,311 and volume 

is 1,228 patients). 

As the results suggest, both the cost per patient day and the cost per admission for the 

projected length of stay are significantly lower than for the actual levels.  Surprisingly, the 

results indicate that the total cost per year decreases in all selected DRGs (Table 4).  This is 

because most of the projected length of stay (80%) is lower than the average actual length of 

stay (except for DRG 410).  As expected, the total cost reduction per year is very little for 

DRG 410- $28,910.    

CONCLUSION 

This research is conducted at a large teaching hospital in the United States.  The 

results verify that the concept of cost minimization analysis used in economic theory can be 

practically applied to a healthcare environment.  However, there are a large number of factors 

that affect the cost behaviors at different hospitals.  These factors can be both complex and 

wildly different from hospital to hospital.  Furthermore, different hospitals have different 

characteristics (teaching status, size, ownership, and location, etc.), which may affect cost 

behaviors.  Thus, the cost per admission models, which show the relationship between cost 

and length of stay, might be constructed as linear (or a log transformation), quadratic, or 

cubic functions.  Still, the similar analysis may be applied to these healthcare organizations.  

By comparing these results with the work conducted by Suthummanon and Omachonu 

(2004), the outcomes are alike.  In other words, the projected length of stay would lead to 

minimize the cost per patient day and to reduce the total cost per year.  This implies that the 

cost minimization analysis theory can be applied for the DRG systems in a hospital.   
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Cost minimization and cost variation analyses offer useful information to hospital 

management for better decision-making.  The projected length of stay obtained from the cost 

minimization analysis provides a level of length of stay that would minimize the cost per 

patient day.  The results of the cost variation analysis demonstrate that if a hospital can 

control the length of stay at the projected level, on average, the cost per admission and the 

cost per patient day will decrease.  Particularly, if a hospital can control the length of stay at 

the projected level, the cost per patient day will be minimized.  It would be very helpful for 

policymakers to have more information about the costs and the length of stay as they 

consider efficient management. The health administrator could use this information to work 

with medical staffs to determine any alternative treatments or adjust the treatment patterns in 

an attempt to control the length of stay (close to the projected length of stay).   Thus, the 

ability to alter the length of stay (close to the projected length of stay) leads to a decline in 

healthcare costs.  A financial incentive approach such as profit sharing may be use to 

encourage the medical staffs in this effort. 
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