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Abstract

Background: The current healthcare sector consists of diverse services to accommodate the high demands and
expectations of the users. Nursing plays a major role in catering to these demands and expectations, but nursing
costs and service weights are underestimated. Therefore, this study aimed to estimate the nursing costs and service
weights as well as identify the factors that influence these costs.

Methods: A retrospective cross-sectional descriptive study was conducted at Universiti Kebangsaan Malaysia
Medical Centre (UKMMC) using 85,042 hospital discharges from 2009 to 2012. A casemix costing method using the
step-down approach was used to derive the nursing costs and service weights. The cost analysis was performed
using the hospital data obtained from five departments of the UKMMC: Finance, Human Resource, Nursing
Management, Maintenance and Medical Information. The costing data were trimmed using a low trim point and
high trim point (L3H3) method.

Results: The highest nursing cost and service weights for medical cases were from F-4-13-II (bipolar disorders
including mania - moderate, RM6,129; 4.9871). The highest nursing cost and service weights for surgical cases were
from G-1-11-III (ventricular shunt - major, RM9,694; 7.8880). In obstetrics and gynaecology (O&G), the highest
nursing cost and service weights were from O-6-10-III (caesarean section - major, RM2,515; 2.0467). Finally, the
highest nursing cost and service weights for paediatric were from P-8-08-II (neonate birthweight > 2499 g with
respiratory distress syndrome congenital pneumonia - moderate, RM1,300; 1.0582). Multiple linear regression
analysis showed that nursing hours were significantly related to the following factors: length of stay (β = 7.6,
p < 0.05), adult (β = − 6.0, p < 0.05), severity level I (β = − 3.2, p < 0.05), severity level III (β = 7.3, p < 0.05), male gender
(β = − 4.2, p < 0.05), and the elderly (β = − 0.5, p < 0.05).

Conclusions: The results showed that nursing cost and service weights were higher in surgical cases compared to
other disciplines such as medical, O&G and paediatric. This is possible as there are significant differences in the nursing
activities and work processes between wards and specialities.

Keywords: Nursing costs, Nursing hours, Nursing service intensity, Service weights, Inpatient care

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: norhaty@ppukm.ukm.edu.my; hatyhassan@gmail.com
1International Centre for Casemix and Clinical Coding, Faculty of Medicine,
National University of Malaysia, UKM Medical Centre, Bandar Tun Razak,
Cheras, 56000 Kuala Lumpur, Malaysia
2United Nations University – International Institute for Global Health, UKM
Medical Centre, Bandar Tun Razak, Cheras, 56000 Kuala Lumpur, Malaysia
Full list of author information is available at the end of the article

Hassan et al. BMC Health Services Research          (2020) 20:945 
https://doi.org/10.1186/s12913-020-05776-4

http://crossmark.crossref.org/dialog/?doi=10.1186/s12913-020-05776-4&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:norhaty@ppukm.ukm.edu.my
mailto:hatyhassan@gmail.com


Background
Nursing services, the largest component of inpatient
care, is a continuous activity from patients’ admission
until their discharge from the hospital [1]. It is a 24-h
service with a heavier workload during the day com-
pared to the night. Nurses spend almost 60% of their
time with patients in critical wards and 54% in the med-
ical and surgical wards [2]. Furthermore, the contribu-
tion of nurses is about 30% of the overall hospital costs
and 44% of nursing care costs for inpatients [3]. Most of
the public tertiary hospitals in Malaysia are implement-
ing a traditional method of hospital payment, which is
based on a ‘room and board’ rate. This is presuming that
the amount of nursing care is equally distributed among
all patients, making the cost of nursing care an unseen
variable [4]. According to Thompson, the ‘room and
board’ charges are the cost of routine nursing care com-
bined with hospital hotel costs consisting of dietary,
housekeeping and linen [4]. Laport et al., define the
‘room and board’ charges as an average nursing cost per
day whereby the total nursing costs are divided by the
total number of inpatient days [5].
According to the billing system of Universiti Kebang-

saan Malaysia Medical Centre (UKMMC) in 2011, the
room charge for an adult was RM40 and charge of treat-
ment was RM50. In addition, the room charge for paedi-
atric is RM15 and charge for treatment was RM25.
Additionally, there is a charge if any extra investigation
or treatment was rendered to the patient. These data on
hospital charges in UKMMC showcased that the charges
are only differentiated according to adult or paediatrics
categories and they increase with the length of hospital
stay. These types of charges neglect the complexity of
the illness which is the reason for the increase in the
cost as there was a need for more nursing care. There-
fore, the traditional method of hospital payment could
result in either under- or over-charging of nursing ser-
vices, which could contribute to the improper hospital
reimbursement.
A study by Welton and Fischer compared the hospital

charges, based on room and board rate and nursing ser-
vice intensity [6]. The study found that charges which
were based on nursing service intensity were more ac-
curate and reduced the risk of underestimating the nurs-
ing cost [6]. Another factor, which influences the
hospital cost and charges, is the employment of regis-
tered nurses with a bachelor’s degree. Currently, the
minimum requirement for a nurse in Malaysia is a Dip-
loma. However, after the recent phenomena in Malay-
sian healthcare, the Ministry of Health Malaysia stated
that future nurses must hold a minimum of bachelor’s
degree in nursing. This may raise the nursing costs, as
payment for registered nurses’ salaries with a bachelor’s
degree will require a higher portion of the hospital

budget. This was proven by Welton and Fischer who
discovered the differences in cost of using services of a
mixed category of nurses [7]. The contribution of regis-
tered nurses on salary and hours of care can be as high
as 25.5% of hospital expenditures annually [8]. This is in
line with the findings of a study by Mark et al., which
stated that costs were increased when many registered
nurses were hired in the hospital [9]. Nonetheless, al-
though the salary of registered nurses was high and
found to contribute to the high cost of treatment,
knowledgeable and highly skilful nurses are important
for a positive patient outcome [10].
Taking into consideration the major contribution of

nursing services for inpatient care, in addition to the in-
crease of hospital costs and limited healthcare resources,
nursing researchers began to study the relationship be-
tween nursing services and hospital costs [5, 7]. Many
countries worldwide have progressively conducted nurs-
ing cost calculations with variations in study samples
and output [11].
The nursing services cost can have multiple meanings,

as it will be based on methodology and results [12]. The
nursing cost could be measured in several ways such as
cost per patient, cost per day, patient care per hour, acu-
ity-adjusted per patient day, average nursing wage, nurs-
ing hours or per visit as well as by using diagnosis-
related group (DRG) [12–14]. DRG is a patient care clas-
sification system that was introduced in 1983 for the in-
patient prospective payment system, an addition to the
Medicare system in the United States [15]. It is a health
management tool that categorises patients according to
their similarities in clinical information and the health-
care resources used [15–18].
Service weights are related to DRG and describe the

costs according to it for a particular service [19]. It is de-
fined as the mean cost of specific services for any patient
type, relative to the mean cost of all patient types [17].
Service weights are used to measure common resources
consumed by patients in each DRG [5]. For example,
DRG with a service weight of 4.0 is a service that con-
sumed four times more resources than DRG with a ser-
vice weight of 1.0 [20]. It is useful to obtain information
on the budget spent on patients in each DRG [19].
Other similar terms with service weights are service

intensity weights, service cost weights and relative
weights [20–22]. Nursing intensity weights were created
to adjust the relative weights of each DRG for hospital
reimbursement and adjustment of payment system to re-
flect nursing resources [20, 23]. Relative weights have
been used to construct payment based on DRG, using
the formula of comparing the mean cost of a DRG with
the mean cost for all DRGs [1]. The definition of a cost
weight is the average cost of a DRG level compared to
the average cost across all DRGs [5]. Specific
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components of cost weights are known as service
weights or ratios, and are used for nursing, laboratory
and radiology costs [24].
Knauf et al. found that cardiology cases have an aver-

age nursing intensity weight of 3.11 and orthopaedic
cases have an average nursing intensity weight of 2.26
[1]. Apart from merely reporting the crude cost weights,
it is also crucial to determine if there were ‘overesti-
mation’ or ‘underestimation’ of the cost weights. Over-
estimation occurs when the estimated cost weight is
higher than the actual cost weight. In contrast, under-
estimation is when the estimated cost weight is lower
than the actual cost weight [24].
There were limited studies in Malaysia, which de-

termined the cost weights for treatment and services.
However, a few studies have been carried out in
UKMMC to determine the cost weights across other
disciplines. For instance, the output of a study on
cost weights for treatment of cardiology showed that
the range of cost weights was between 0.4710 and
0.7961, while the cost weights for orthopaedic cases
were between 0.7438 and 1.8182 [25]. A study done
by Ali Jadoo et al. to determine the service weights
for pharmacy showed that the range of pharmacy ser-
vice weights was between 3.78 and 11.80 [26]. In a
recent study by Roszita on the laboratory and radi-
ology service weights, the laboratory service weights
was between 1.6896 and 5.9609, while radiology ser-
vice weights was between 1.6336 and 2.8461 [27].
As there is a lack in the study on the estimation of

nursing costs and service weights in Malaysia, this study
aimed to estimate the nursing resources used by inpa-
tients in UKMMC and further review the factors influ-
encing nursing cost in UKMMC. In this study, the
calculation of nursing cost was linked with the Malaysia
Diagnosis Related Group (MY-DRG®) casemix system.

Methods
Study population and designs
A cross-sectional study was conducted to determine the
inpatient nursing costs and service weights in UKMMC
as well as factors associated with nursing costs from No-
vember 2012 to August 2014. UKMMC is a public
teaching hospital with 1000 beds owned by the Ministry
of Education [28]. It is one of the premier teaching hos-
pitals in Malaysia providing secondary and tertiary levels
of inpatient and outpatient services. The hospital also
serves as a referral hospital to secondary level hospitals
in various parts of Malaysia. In 2002, UKMMC became
the first medical centre in Malaysia to introduce the
casemix system for managing their patients. To date, in
UKMMC, casemix system is being used for research
purposes and not as the provider payment mechanism.

The main purpose of its development was to enhance
the quality and efficiency of hospital services. UKMMC
uses MY-DRG® grouper, which is the customised version
of the United Nations University-Case Based Group
(UNU-CBG) casemix system [29]. MY-DRG® is a patient
classification system, which belongs to the casemix sys-
tem and is being used in Malaysia. It was developed by a
team of researchers at the United Nations University,
International Institute for Global Health and the Inter-
national Casemix Centre and Clinical Coding. The MY-
DRG® grouper software is used to categorise the cases
into various mutually exclusive casemix groups using the
minimum data set of each patient. MY-DRG® consists of
1220 groups, which can be extended according to the
needs of the country. Each group was organised into five
alphanumeric codes (one letter and four numbers).
The first digit refers to casemix main groups (CMGs).

CMGs are the first level of classification labelled with
the alphabet (A to Z). Generally, it is equivalent to chap-
ters in ICD-10 and corresponds to body systems and
payment packages. Within MY-DRG®, it comprises 31
CMGs which include 22 CMGs which refer to acute care
CMGs, two ambulatory CMGs, two sub-acute and
chronic CMGs, four special CMGs and one error CMGs.
Currently, UKMMC has implemented 24 CMGs includ-
ing one error. CMG gives wider options to use diagnosis,
procedures, drugs, investigations and the prosthesis in
the classification [30, 31]. In the MY-DRG® casemix sys-
tem, case-type is defined based on four major disciplines
in the hospital. The case-type is represented in the sec-
ond digit of the MY-DRG® code. Case-type 1 is surgical
inpatient cases, case-type 4 is medical inpatient cases,
case-type 6 is O&G inpatients cases and case-type 8 is
paediatric inpatient cases. The surgical case-type, case-
type 1, covers all cases that underwent surgical proce-
dures while cases that did not have any surgical proce-
dures are grouped into case-type 4 and referred to as
medical cases. The four case-types covered all the disci-
plines in the hospitals including general surgery, ortho-
pedic, psychiatric and ophthalmology.
In MY-DRG® casemix system, cases are grouped

into one of the three severity levels based on the co-
morbidity and complications. Severity level I is a case
without co-morbidity and complication. Severity level
II is a case with mild co-morbidity and complication
and severity level III is a case with severe co-
morbidity and complication. Hence, severity level I
cases are less severe compared to cases in severity
level II and III whereas Severity level II cases are less
severe compared to level III.
As the main objective of this study is to determine the

nursing cost and service weights for UKMMC, the data
collection of this study involved data retrieved from only
UKMMC. This is a crucial study as till date other
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ancillary services in UKMMC such as pharmacy, labora-
tory and radiology have already determined their service
costs and service weights.
The universal sampling method was used in this study.

All hospital discharges in casemix system database from
2009 to 2012 and groupable when using MY-DRG®
grouper were included as study samples. The total study
samples comprised of 90,581 discharge cases and were
grouped into 708 MY-DRG® grouping software.

Data collection tool
A UKMMC costing template three main components
were used:

� Costing template included the number of nurses,
patient days and discharges, annual staff salary,
operating costs and the total number of equipment
purchased in the last 5 years (the useful life of the
equipment was assumed to be 5 years).

� Definitions (description of each terminology in
UKMMC) such as cost centres in UKMMC.

� Basic data consisting of data on hospital
performance, structure, and staffing.

Five departments of UKMMC were involved in data
collection, namely: Finance, Nursing Management, Hu-
man Resources, Health Information, and Maintenance
department. Hospital information data for 2011 were
compiled to complete the costing template.
The costing template was distributed to all the depart-

ments. They were required to complete the hospital in-
formation according to their respective departments.

� Finance Department: total expenditure on purchased
items in the last 5 years, operating cost and annual
staff salary;

� Nursing Management Department: number of
nurses;

� Human Resources department: number of staff;
� Health Information Department: number of

inpatient days, number of discharges, number of
inpatients and the average length of stay (ALOS);

� Maintenance Department: measurement of hospital
floor area.

This information was essential to assist in the step-
down costing and calculation of nursing costs and
service weights.

Analysis
Data analyses
Data were collected and transferred into a database
using Statistical Package for the Social Sciences
(SPSS) version 22 for costing and statistical analyses.

The descriptive analysis was used for cost analyses.
Furthermore, multivariate analysis using multiple lin-
ear regressions was carried out to determine factors
that might influence the nursing costs. All analyses
were done using IBM SPSS version 22 and a p-value
of < 0.05 was considered as statistically significant.

Costing analyses
The step-down costing method was used for this study.
For step-down costing, seven steps were applied to cal-
culate the components of overhead, intermediate and
final cost centres of medical, surgery, O&G and paediat-
ric disciplines for the study. The seven steps adopted
from Shepard et al. were as follows: identifying total ex-
penditure of the hospital, classifying hospital depart-
ments by cost centres, selecting statistics to use as
allocation bases, identifying total cost by individual cost
centres, allocating the costs of overhead cost centres to
intermediate cost centres, allocating the costs of inter-
mediate cost centres to final cost centres, and after esti-
mated costs have been allocated using step-down
costing, relating cost to casemix group, DRG [32].
Nursing hours were used as a basic component in the

calculation of nursing costs. There were eight steps to
follow to develop the nursing cost:

Step 1: Calculation of nursing hours per year per nurse.
In the first step, the calculation of nursing hours was
based on allocated hours according to the work shifts
of the nurses.
Step 2: Calculation of nursing hours per patient per day
of the hospital stay of each cost centre or discipline is
the nursing hours per year for each cost centre or
discipline divided by inpatient days. The pertinent
information required in this step is the number of
nurses, the number of inpatient days for each cost
centre or discipline and ALOS for each inpatient in the
cost centre or discipline.
Step 3: Data trimming: The purpose of data trimming
is to handle the outliers before proceeding to the next
step of the calculation. The term ‘inlier’ was used for
cases that are treated within the standard length of stay
(LOS). The definition of standard LOS is a low trim
point and a high trim point, between which the average
treatment cases are expected to be located [23]. A low
trim point for MY-DRG® is one third multiplied with
an average length of stay for MY-DRG®. A high trim
point for MY-DRG® is three multiplied with the ALOS
for MY-DRG®. This formula indicated that those cases
with less than one-third of the ALOS are low outliers
and for cases with LOS, more than three times ALOS
are defined as high outliers [33]. It is to be noted that,
trimming is only done in cases for MY-DRG® when (n)
are more than 30 and for the group (n) less than 30,
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the extreme length of stay will be considered as outliers
and should be eliminated [11]. As a result there were
85,042 cases with 704 MY-DRG® included in the
costing analysis.
Step 4: Calculation of nursing hours for each MY-
DRG®: The fourth step was the calculation of nursing
hours for each MY-DRG® is the nursing hours per pa-
tient per day of stay for each cost centre or discipline
multiplied by LOS for each case in MY-DRG®.
Step 5: Calculation of mean nursing hours for each
MY-DRG®: To calculate the mean nursing hours for
each MY-DRG®, the total number of nursing hours per
MY-DRG® is divided by the total number of frequency
per MY-DRG®.
Step 6: Calculation of nursing service weights per MY-
DRG® is the mean nursing hours per MY-DRG® divided
by total mean nursing hours for all MY-DRGs®.
Step 7: Calculation of hospital nursing based rate
(HNBR): HNBR was essential to determine first
because the results would be required to calculate the
nursing costs. The formula used is total nursing
expenditure for inpatients divided by the total of
discharges.

Nursing expenditure for inpatients is the total nursing
expenditure which means the Department of Nursing
Management expenditure inclusive of emolument (total
of nurses’ salaries for inpatients) + 70% of the total cost
of operational + 70% total cost of equipment (total cost
of equipment/4.329 – is a discount rate). In this study,
the rationale of 70% was chosen because it was assumed
that 70% of the expenditures were involved for the inpa-
tients and 30% for outpatients.

Step 8: Calculation of nursing cost per MY-DRG®: To
calculate the nursing cost per MY-DRG®, the nursing
service weights per MY-DRG® were multiplied by
HNBR

Results
The trimming process using L3H3 method was used to
include and exclude the data for analyses. The final total
of discharged inpatients of this study comprised 85,042
included cases and 5539 were excluded cases in the cost-
ing analyses.

Highest nursing cost according to discipline
Based on MY-DRG® casemix system, discharged in-
patient cases were categorised into three levels of sever-
ity. Severity I refers to patients who do not have
complications and co-morbidities. Patients in severity
level II have mild complications and co-morbidities and
those in severity level III have severe complications and
co-morbidities.

The output from the costing analysis shows that the
highest nursing cost and service weight was recorded
among the surgical discipline cases wherein the highest
nursing cost amounted to RM9,694 and service weight
was 7.8880. This highest nursing cost and service weight
recorded under MY-DRG® was G-1-11-III (ventricular
shunt – major). The highest nursing cost and service
weight recorded under surgical discipline was almost
nine times higher than the highest nursing cost and ser-
vice weight recorded under paediatrics’ cases. The cost-
ing analysis revealed that the highest nursing cost across
paediatric discipline was only RM1,300 with a service
weight of 1.0582. This cost recorded using MY-DRG®
was P-8-08-II (neonate birthweight > 2499 g with re-
spiratory distress syndrome and congenital pneumonia –
moderate).
This following sub-topic presents the top five highest

nursing costs and service weights according to the four
disciplines under MY-DRG® namely, medical, surgical,
O&G and paediatric.

Medical
The top five highest nursing costs and service weights in
the medical discipline are shown in Table 1. As seen in
the table, four of the cases were from CMG ‘F’ (mental
health and behavioural group). The MY-DRG® with the
highest nursing cost and service weight was F-4-13-II
(bipolar disorders including mania - moderate) with the
nursing cost of RM6,129 and service weight (NSW) of
4.9871.

Surgical
The top five highest nursing costs and service weights in
the surgical discipline consisted of different types of
cases, all of which were from severity level III. It is seen
from Table 2 that the MY-DRG® with the highest nurs-
ing cost and service weight was G-1-11-III (ventricular
shunt - major) with the nursing cost of RM9,694 and a
service weight of 7.8880.

Obstetrics & Gynaecology (O&G)
The top five highest nursing costs and service weights
for O&G are as listed in Table 3. As seen in the table,
MY-DRG® with the highest nursing cost and service
weight was O-6-10-III (caesarean section - major) and
with the nursing cost of RM2,515 and service weight of
2.0467.

Paediatric
The top five highest nursing costs and service weights
by paediatrics are shown in Table 4. The nursing cost
and service weight was the highest among cases that
were grouped under MY-DRG® P-8-08-II (neonate birth-
weight> 2499 g with respiratory distress syndrome and
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congenital pneumonia - moderate) with the nursing cost
of RM1,300 and service weight of 1.0582.

Factors influencing nursing costs
The multiple linear regressions (MLR) analysis was used
to determine factors influencing the nursing costs. The
total number of nursing hours per patient per stay was
regarded as the dependent variable of the analysis. This
was because nursing hours were the basic component
used to obtain the nursing costs in this study. The inde-
pendent variables were age, length of stay, gender, and
severity level. During the multivariate analyses, the age
of the discharged inpatients was further categorised into
three categories: elderly ≥60 years old, paediatrics ≤12
years old and adults (between the age of elderly and
paediatrics). These categories of age were used for mul-
tiple linear regression analysis to determine factors influ-
encing nursing costs. The classification was made
according to the admission policy of UKMMC, for ex-
ample, for paediatric wards were for patients aged ≤12
years. MLR showed a strong relationship between the
dependent variable and independent variables (0.949).
Age, length of stay, severity level, and gender influenced
almost all (90.1%) of the nursing hours. It was estimated
that at least 10% was influenced by other factors, which
were not included in this investigation. The nursing
hours was significantly related to the length of stay (β =
7.6, p < 0.05), adults (β = − 6.0, p < 0.05), severity level I
(β = − 3.2, p < 0.05), severity level III (β = 7.3, p < 0.05),
male gender (β = − 4.2, p < 0.05), and elderly (β = − 0.5,
p < 0.05). The results of multivariate analyses showed
that the male group has a total of − 4.2 lower nursing
hours compared to the female group. The adult group
had − 6.0 lower hours compared to the paediatric group.

Further, the elderly group had − 0.5 lower hours com-
pared to the paediatric group. For the variable “severity
level”, severity level III had 7.3 higher nursing hours
compared to severity level two. Severity level one had −
3.2 lower hours compared to severity level II. Thus, the
prediction model of this study was:

Total nursing hours per patient per episode of stay
¼ 0:297 - 4:2 X male½ � − 6:0 X adult½ � − 0:5 X elderly½ �

þ 7:3 X severity level III½ � − 3:2 X severity level I½ �
þ 7:6 X LOS½ �

Discussion
Nursing services can be measured in several ways. Previ-
ous studies have shown that different methods used in
the calculation of nursing cost would result in different
types of output. As stated by Riewpaiboon et al. and sug-
gested by Negrini et al. the variation of results might be
obtained from the different costing methods, depending
on the requirement and interest of the users [34, 35].
The unstandardized method was used most probably
due to the different interests and demands of the organi-
sations and users [36, 37]. However, due to the incon-
sistency in the costing methodology, the different types
of outputs caused difficulties in comparing the cost out-
comes between healthcare settings such as hospitals
[38]. Besides, the determination of service weights is also
a challenging part for developing countries like Malaysia
[38].
In summary, the top five highest nursing costs and

service weights in the medical discipline was MY-DRG®
F-4-13-II (bipolar disorders including mania - moderate)
(RM6,129; 4.9871), surgical discipline was MY-DRG® G-

Table 1 Top five highest costs and nursing service weights for medical discipline

MY-DRG® MY-DRG® description Average length of
stay

Mean nursing
hours

Nursing cost
(RM)

Nursing service
weights

F-4-13-II Bipolar disorders including mania - moderate 23.09 205.47 6129 4.9871

F-4-10-I Schizophrenia - mild 20.81 176.08 5252 4.2737

F-4-10-II Schizophrenia - moderate 20.71 165.92 4949 4.0272

F-4-13-I Bipolar disorders including mania - mild 18.56 158.82 4737 3.8549

Z-4-12-III Other factors influencing health status - severe 26.15 154.11 4, 597 3.7405

Table 2 Top five highest costs and nursing service weights for surgical discipline

MY-DRG® MY-DRG® description Average length
of stay

Mean nursing
hours

Nursing cost
(RM)

Nursing service
weights

G-1-11-III Ventricular shunt - major 37.09 324.99 9694 7.8880

D-1-10-III Bone marrow & stem cell transplant - major 35.20 313.93 9364 7.6196

L-1-30-III Skin graft excluding burns - major 33.16 293.75 8762 7.1299

M-1-03-III Spinal fusion procedures - major 30.64 272.22 8120 6.6074

U-1-20-III Other ear nose mouth & throat operations - major 30.23 267.35 7974 6.4890
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1-11-III (ventricular shunt - major) (RM9,694; 7.8880),
O&G was MY-DRG® O-6-10-III (caesarean section
-major) (RM2,515; 2.0467) and paediatric was MY-DRG®
P-8-08-II (neonate birthweight > 2499 g with respiratory
distress syndrome and congenital pneumonia – moderate)
(RM1,300; 1.0582).
This study is the first of its kind in Malaysia. Due to

the insufficient nursing information on the time spent
by nurses on their nursing activities, the nursing costs of
this study were derived from their working hours for a
year based on standard working hours of every month.
From the research point of view, direct care which is
more easily determined as nursing activities were docu-
mented in the nursing progress report for individual pa-
tients. In contrast, the indirect nursing care, such as
telephone calls, documentation or meeting with doctors
and family, is more difficult to determine, and hence, the
estimated time spent on those activities were not docu-
mented [12]. Other studies used different ways for calcu-
lating the nursing costs. Upenieks et al. used the nursing
time that was classified into value-added and non-value-
added nursing care [2]. For developed countries such as
the United States, the information on nursing activities
is more advanced as they used the computerisation ap-
proach to monitor and record the nursing activities [13].
Based on the results of this study, the variability of

nursing costs across DRG was feasible to be determined
using mean nursing hours per MY-DRG® as the basic
components of the calculation was based on nursing
hours. There have been arguments against using the

LOS to determine nursing costs, as the use of LOS
would lead to more homogenous groups, and the signifi-
cant part of the variations was not measured [11]. How-
ever, this study believed that the nursing hours per case
for every MY-DRG® could be determined indirectly in
the initial steps of the calculation using LOS. Finally, the
variation of nursing times and nursing costs were gener-
ated for every 704 MY-DRG® comprising of 85,042 of
cases. The total number of study samples was quite simi-
lar to a study done by Gong et al. describing Chinese
hospital activity using Australian Casemix Diagnosis Re-
lated Group [39]. In that study, there were 84,028 re-
cords, which were grouped into 529 DRG involving
three public hospitals in Chengdu within a year [39].
Study findings proved that patients with similar MY-
DRG® required different amounts of time and their nurs-
ing needs also varied. Based on the nursing hours ob-
tained per MY-DRG®, this could highlight the
heterogeneity of nursing activities within DRG. The find-
ings in this study corresponded to a study done by Pir-
son et al. which found that nursing activities are highly
heterogeneous within DRG with coefficients of variation
varying between 0.47 and 1.40 [40]. Thus, DRG was an
inappropriate approach to determine the nursing inten-
sity or variability of nursing resources consumed by each
patient [41]. However, DRG is very useful to determine
the variation of nursing hours across DRG [14]. The re-
sult of the study by John Thompson and Fetter on the
model of counting the nursing resources within DRG
found that there was high variability in nursing time

Table 3 Top five highest costs and nursing service weights for obstetrics & gynaecology discipline

MY-DRG® MY-DRG® description Average length
of stay

Mean nursing
hours

Nursing cost
(RM)

Nursing service
weights

O-6-10-III Caesarean section - major 6.33 84.32 2515 2.0467

O-6-10-II Caesarean section - moderate 5.01 67.69 2019 1.6430

O-6-11-I Vaginal delivery with fallopian destruction &/or dilation & curettage -
minor

4.27 58.39 1741 1.4172

O-6-10-I Caesarean section - minor 4.36 58.30 1738 1.4149

O-6-11-II Vaginal delivery with fallopian destruction &/or dilation & curettage -
moderate

4.16 56.20 1676 1.3640

Table 4 Top five highest costs and nursing service weights for paediatrics discipline

MY-DRG® MY-DRG® description Average length
of stay

Mean nursing
hours

Nursing
cost (RM)

Nursing service
weights

P-8-08-II Neonate birthweight > 2499 g with respiratory distress syndrome
& congenital pneumonia - moderate

3.67 43.60 1300 1.0582

P-8-15-I Neonate birthweight > 2499 g with aspiration syndrome - mild 4.25 42.10 1255 1.0218

P-8-16-II Neonate birthweight > 2499 g with congenital/perinatal sepsis -
moderate

4.25 42.05 1254 1.0206

P-8-17-III Neonate birthweight > 2499 g with complex operation - severe 3.96 39.97 1192 0.9702

P-8-14-I Neonate birthweight > 2499 g with complex congenital
abnormalities - mild

3.73 37.43 1116 0.9084
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from one DRG to another DRG [5]. The study findings
using MY-DRG® revealed the variability of nursing costs
and nursing service weights for every specific case type,
namely, medical, surgical, obstetrics and gynaecology
and paediatrics. Service weights reflected the resources
or nursing workload used by different types of patients
or illnesses. Thus service weights that are higher indicate
more resources consumed [42]. By using DRG, the case-
mix system enables the development of nursing costs
based on patient’s severity level [1].
The result of this study highlighted that the highest

nursing costs and service weights for medical MY-DRG®
was from F-4-13-II (bipolar disorders including mania -
moderate) (RM6,129; 4.9871). Four out of five MY-DRG®
were from CMG ‘F’ (mental health and behavioural
groups). One of the factors influencing the nursing cost
analysis was the patient’s length of stay. In this study, the
longest LOS among CMGs was from CMG ‘F’ (mental
health and behavioural groups), the mean length of stay
was 16.50 (11.41) and maximum LOS was 63 days com-
pared to other CMGs. The findings supported by Wilson
et al. stated that hospital factors might differ from study to
study, therefore, LOS is typically different in different
parts of the country [42]. For example, a study done by
Auffarth et al. comparing psychiatric inpatients stay in the
United States and Germany hospital, found that the aver-
age inpatient stay for mental health patients were shorter
in the United States compared to Germany, and this was
due to the cultural differences and diversity of health sys-
tem [43]. Pertaining to the illness, a study done by Addisu
et al. found that patients with psychoses and bipolar dis-
order have longer LOS and higher cost of care compared
to other cases such as depressive disorder. Furthermore,
the extrapyramidal side effects due to the medication was
one of the factors that contributed to the longer LOS [44].
On the other hand, for surgery cases, the highest nursing
costs and service weight was from MY-DRG® G-1-11-III
(ventricular shunt - major) (RM9,694; 7.8880). This result
is similar to a study by Knauf et al. that showed neurosur-
gery cases had the highest nursing intensity weight. They
also found that nursing intensity was highest at two peak
times: admission and surgery [1]. Nevertheless, those re-
sults were not suitable to compare with the methodology
as the classification of case types and DRG were very dif-
ferent from the Malaysian settings. A study by van den
Oetelaar et al. in six surgical wards of academic hospital
Netherland found significant differences in nursing activ-
ities between the wards. Furthermore, he stated that dif-
ferent specialities may have different work processes [45].

Factors influencing nursing cost
There are limited studies available to determine factors that
could potentially influence the nursing costs. The analyses
done in this study were similar to the study done by

O’Brien - Pallas et al. wherein nursing hours were used as
the dependent variable in the regression analyses to deter-
mine factors that influence the nursing workload [46]. In
this study, findings showed that the LOS, severity level, age
and gender were the predictors for the nursing costs. The
most useful predictor was LOS. The results showed that
when LOS increased, so did the nursing hours. Nursing
care needs were significantly different for each patient and
the length of stay [21]. This was possible as the nursing cost
increases proportionally with LOS. On the other hand,
Knauf et al., showed that shortened LOS caused the greater
variability of nursing care required by patients [1]. The lit-
erature reviews have highlighted that employing an experi-
enced and educated nurse has positive patient outcomes in
acute care settings and that nurses may reduce the risk of
nosocomial complications among patients and reduce LOS,
resulting in medical saving and better patient outcomes
[10, 47]. This is inconsistent with other studies which indi-
cated that LOS added only 5% variation [48]. Nonetheless,
patient’s complexity and total LOS are the two factors that
could cause the variation in nursing costs [13]. This was be-
cause more the patient days, more nursing activities will be
required such as more vital signs to record, medication to
administer, and daily care of personal hygiene.
In this study, the second predictor that could influence

nursing costs was the severity level. Previous studies have
indicated that two main factors that could cause the rise
in nursing costs were: higher complexity of patient care
and LOS [21]. Both factors could cause an increase in de-
mands for nurses and their salary, decrease nurse-patient
ratios and increase the variability of nursing care demands
during hospital stay [5]. However, patients who are se-
verely ill will get more attention which increases the num-
ber of nursing services. Moreover, the number of patients
and patients’ severity of illness can also influence the nurs-
ing intensity or workload [14]. In a study predicting the
cost for stroke patients, the factors which profoundly in-
fluenced the cost for inpatients with stroke were level of
functioning after stroke, co-morbidity, complications and
days of stay for non-medical reasons [49].
The third predictor was the age of inpatients. Close-

ness to death and the patient’s age are also factors that
could cause the increase in nursing care in the acute
care settings [50]. This is consistent with the findings of
the present study and based on the categories of age,
adults (> 12 years and < than 60 years old) and elderly
(> 60 years) that will influence the nursing costs or nurs-
ing hours. However, adults and elderly showed negative
value towards nursing hours compared to paediatrics.

Limitations
The population of this study was from a single hospital,
UKMMC. In Malaysia, there are only two hospitals that
have implemented the casemix system for the management

Hassan et al. BMC Health Services Research          (2020) 20:945 Page 8 of 10



of patients. These hospitals are UKMMC and Universiti
Sains Malaysia (USM) Hospital. However, the study did not
obtain samples from USM Hospital as the main purpose of
this study was to determine the nursing costs and service
weights for UKMMC only. The researcher was aware that
with a larger sample population, the results could be more
generalised. Although the findings of this study could not
be generalised for the entire country, the study output can
potentially be used to benchmark other hospitals in
Malaysia. However, the service weights, which refer to the
ratio of nursing costs of one DRG to the overall DRG cost
is an important finding that can be used to highlight the
value of nursing services in hospital care.
Nursing is the major contributor in the hospital for in-

patients, but the nursing resources consumed by patients
were difficult to determine. Due to the insufficient of con-
crete data to provide the time spend by nurses to manage
the individual patients under their care, this study has
used the nursing hours to estimate the nursing service
cost. This is in contrast to some study in developed coun-
tries where the electronic nursing database has been used
to assist in estimating the nursing cost. The electronic
nursing database is useful as it can include all the informa-
tion related to nursing activities, increase the accuracy of
the calculation of nursing times and enable to monitor the
allocation of resources according to the needs of the inpa-
tients. Further it can be customized according to the
needs of the nursing services.

Conclusion
Nursing has a major function in the management of patient
care. Findings of this study indicated that nursing cost and
nursing resources consumed by inpatients across different
MY-DRG® can be successfully be determined using the
casemix system. This study also addressed the fact that
nursing cost contributes a significant portion to the hospital
cost. The study showed that the higher the nursing service
weights, more nursing resources and nursing workload are
required to provide the inpatient care.
This study may serve as an exemplar for other extensive

studies related to nursing costs. However, with the current
status confronting the Malaysian economy, understand-
ably it would not be feasible to use the nursing electronic
database in the healthcare system in the near future.
Therefore, as an alternative, future research is needed to
refine the methods of the nursing costs and develops a
better approach to economically justify the nursing re-
sources consumed by inpatients. It is advisable that these
studies be carried out in stages and by disciplines to ease
in the management of the data and reduce errors. It is un-
deniable that UKMMC needs to develop a nursing elec-
tronic database that provides information about nursing
activities for inpatients which can determine highly accur-
ate nursing costs and service weights.
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