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ARTICLE INFO ABSTRACT

Keywords: Background: In the context of diagnosis-related group (DRG) payment, evidence on structural changes in nursing
Diagnosis-Related Group charge composition in general wards remains limited.

Charge Structure Analysis Objective: This study aimed to examine the nursing charge structures and their changes in priority departments
Nursing Administration Research within a DRG environment, and to identify whether nursing care is financially undervalued.

Retrospective Study Study design: Retrospective observational study.

Methods: This retrospective observational study analyzed 215,961 DRG-paid inpatient records (2022-2024)
from a large general hospital in Shandong Province. Patients were stratified by relative weight (RW). The
analysis was conducted using logistic regression, the entropy weight method, and structural change analysis.
Results: Surgery (OR=46.78, 95%CI 43.76-50.01) and age= 60 (OR =4.27, 95%CI 3.99-4.57) were the strongest
factors associated with high RW. From 2022-2024, nursing charges in the cardiology department cumulatively
decreased by 2.16%, with a contribution rate of 4.63% to the structural changes. Graded nursing care consistently
accounted for over 93% each year, while specialized nursing care was consistently maintained at a low level. In the
cardiovascular surgery department, nursing charges decreased cumulatively by 0.05% during this period, with a
contribution rate of 0.22% to structural changes. Graded nursing care constituted the predominant share, accounting
for 79.49%-82.54%. Specialized nursing care represented a key component, consistently exceeding 17%.
Conclusion: This study analyzed nursing charge structure changes in internal medicine and surgery departments.
The observed shifts in nursing charge patterns may indicate that the value of nursing care is not fully captured
under DRG-based payment. However, this interpretation is based solely on billing data and should therefore be
made cautiously. Further research incorporating more granular, nursing-sensitive measures is needed to validate
these findings. Integrating nursing workload into DRG may be important for stabilizing valuation and workforce.

1. Introduction characteristics to standardize the allocation of reimbursement and re-
sources.” Originating in the United States in the 1970s,” the DRG

A diagnosis-related group (DRG) is a patient classification system payment system has been adopted by a growing number of countries
that groups hospital cases based on diagnoses, procedures, and patient and regions for inpatient care. It aims to contain healthcare

Abbreviations: ADRG, adjacent diagnosis-related group; CI, confidence interval; CMI, case-mix index; CRSV, contribution rate of structural variation; DRG,
diagnosis-related group; DSV, degree of structure variation; ICU, intensive care unit; IQR, interquartile range; LOS, length of stay; MDC, major diagnostic category;
OR, odds ratio; RW, relative weight; Entropy-TOPSIS, entropy-technique for order preference by similarity to ideal solution; VIF, variance inflation factors; VSV,
value of structure variation

Peer review under responsibility of Shandong University
* Correspondence to: Shandong Provincial Qianfoshan Hospital, Jingshi Road 16766, Jinan 250014, China.
E-mail address: tangfangsdu@gmail.com (F. Tang).

https://doi.org/10.1016/j.hcr.2026.100096
Received 5 June 2026; Received in revised form 7 September 2026; Accepted 7 September 2026

3050-6131/© 2026 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://doi.org/10.1016/j.hcr.2026.100096
http://www.sciencedirect.com/science/journal/30506131
https://www.keaipublishing.com/en/journals/healthcare-and-rehabilitation/
https://doi.org/10.1016/j.hcr.2026.100096
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.hcr.2026.100096&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.hcr.2026.100096&domain=pdf
mailto:tangfangsdu@gmail.com

Y. Jiang, S. Yang, J. Li et al.

expenditures while enhancing transparency, efficiency, and quality of
care.”" Strong cost-containment pressure disproportionately affects
nursing services.”

Nursing costs refer to the actual economic outlay incurred by hos-
pitals in delivering nursing services, encompassing labor, materials, and
overhead. In practice, these costs are typically treated as service
charges and, alongside other fixed hospital costs, are included in the
DRG reimbursement framework in most countries.” The DRG system
does not directly account for nursing care, as it primarily classifies
hospital cases based on diagnoses, procedures, comorbidities, and
length of stay (LOS).” This omission of nursing costs contributes to
variability in healthcare expenditures, since hospitals may incur dif-
ferent actual nursing labor costs depending on patients’ varying care
needs.®?

Nursing charges are a major part of nursing costs and are reflected
in inpatient billing records. The nursing charge structure refers to the
relative distribution of charges across different nursing service cate-
gories. The current nursing charge structure is primarily determined by
the categories of nursing services associated with a single disease.'’
Within the overall composition of inpatient charges, this structure tends
to be overlooked and is given little emphasis."' Currently, there is a
notable paucity of independent studies focusing specifically on the
nursing charge structure in routine internal medicine or surgery wards.
Furthermore, this structure under the DRG payment system remains
insufficiently investigated.

The current study aims to explore trends in hospital nursing charges
relative to total hospital expenditures, as well as the internal compo-
sition of nursing charges, within a DRG environment. Specifically, this
study: (1) characterizes high-resource-consumption inpatient groups
using relative weight (RW) stratification and identifies associated fac-
tors; (2) identifies priority departments by integrating DRG and nursing
workload indicators; and (3) analyzes the overall structure and com-
position of nursing charges in priority internal medicine and surgery
departments.

2. Methods
2.1. Study design and data source

The present study was conducted and reported in accordance with
the Strengthening the Reporting of Observational Studies in
Epidemiology guidelines (Supplementary Table 1).'? It was approved
by the Ethics Committee of the First Affiliated Hospital of Shandong
First Medical University (Shandong Provincial Qianfoshan Hospital),
Approval Number [2026]S624, dated April 28, 2026. We conducted a
retrospective study using electronic health records from a large Grade A
tertiary general hospital in Shandong Province, covering the period
from 2022 to 2024. Data were extracted from the hospital's electronic
health record system on May 1, 2026, covering all DRG-paid inpatient
discharges between January 1, 2022 and December 31, 2024. The in-
clusion criteria were DRG-paid inpatients with a LOS > 48h and
complete clinical and billing records. We excluded cases with an LOS
> 60 days, incomplete billing records, and DRG-ungroupable cases due
to coding errors (Fig. 1).

First, we analyzed the factors influencing RW grouping for all hos-
pitalized patients from 2022 to 2024. Subsequently, based on the nine
internal medicine departments and eight surgery departments specified
in the Standards for the Establishment of Clinical Departments in
Medical Institutions,'> we used Entropy-Technique for Order Pre-
ference by Similarity to Ideal Solution (Entropy-TOPSIS) method to
identify exemplar departments in internal medicine and surgery, re-
spectively. Finally, we performed a structural analysis of nursing
charges for the exemplar departments to identify changes in the nursing
charge structure.
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2.2. Study variable

RW is a specific indicator of DRG that measures the difficulty of
diagnosis and treatment, disease severity, and the utilization of medical
resources. Furthermore, it reflects resource intensity, such that higher
RW values signify a higher cost burden.'*'> RW was calculated as the
average cost per case in that DRG divided by the average cost per case
for all cases. Cases were stratified into three groups: RW < 1,1 < RW
< 2, and RW = 2."®" Variables included age groups (< 18, 19-44,
45-59, and = 60 years), sex, surgery (yes/no), insurance type (resident
vs employee medical insurance), and adjacent diagnosis-related group
(ADRG) groupings (surgical, medical, and non-operating room). LOS
was summarized as the median (interquartile range [IQR]). The cov-
ariates incorporated in the multinomial logistic regression were se-
lected on the basis of prior literature and the characteristics of the
patient RW groupings.'®'°

This study focuses primarily on the analysis of the two principal
departmental categories: internal medicine and surgery. In Entropy-
TOPSIS analysis, DRG-related indicators, including nursing workload,
were selected based on the published literature. A total of seven in-
dicators were used to evaluate clinical departments. These included
DRG group count, major diagnostic category (MDC) count, RW, case-
mix index (CMI), nursing workload, average nursing charges, and dis-
charge volume. DRG group count served as a measure of service cov-
erage breadth. A greater number of DRG groups indicated a broader
spectrum of diagnoses and procedures and allowed the quantitative
assessment of institutional performance in DRG service delivery.”” MDC
count served as a measure of service coverage breadth, with a greater
number indicating a broader case-mix and providing a quantitative
basis for evaluating a hospital’s overall DRG service capacity.” RW
reflected workload, with a higher RW indicating a greater workload.??
CMI was a continuous variable indicating the average relative resource
intensity and technical difficulty; higher values implied greater clinical
complexity and better DRG performance.”> Nursing workload was
evaluated by the weight per bed (total RW/the number of beds in the
department), indirectly reflecting the high intensity and complexity
that nursing work may entail.”* Average nursing charges served as an
indicator of the value of nursing labor and were calculated as the total
nursing charges of discharged patients during a given period divided by
the number of discharged patients in that period.”® Discharge volume
was closely associated with the overall nursing workload, as an increase
in the number of discharged patients generally entails higher demands
for admission assessments, daily nursing care, health education, and
discharge instructions.”® All seven indicators were positive, meaning
that higher values represent better departmental performance.

In the current study, the nursing charge structure is defined as the
proportional composition of different nursing charge categories (graded
nursing care, specialized nursing care, and specialist nursing care) within
the total nursing charges per case, reflecting how nursing resources are
financially allocated across service types in hospital billing.””-** The three
types of nursing charges are graded nursing care, specialized nursing care,
and specialist nursing care, based on the National Technical Specifications
for Medical Service Projects (2023 Edition)?” and the Price List for Medical
Service Items in Shandong Public Medical Institutions (2023 Edition).**
Graded nursing care(Critical Care Nursing, Special Nursing Care, and Level
I-Level III Nursing Care)is a patient classification system based on the
severity of the patient's condition and their self-care ability according to
the Chinese national standard, which determines the required frequency of
nursing rounds and intensity of care.”” Specialized nursing care en-
compasses protective isolation nursing, psychiatric patient nursing, and
neonatal nursing, etc. Specialist nursing care encompasses perianal care,
perineal care, and oral care, etc. In our study, nursing charges refer to
nursing-related charges extracted from hospital billing records rather than
directly measured nursing labor costs, nursing hours, or actual resource
consumption.
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n = 279,489

Discharged cases from 2022 to 2024,

Inclusion criteria:
1) DRG payment management

2) LOS > 48 hours and complete
clinical data

criteria,n = 249,068

Individuals meeting the inclusion

Exclusion criteria:

1) Cases ineligible for enroliment due to
nonstandard disease diagnosis coding
and ambiguous groups,n = 12,881

2) Cases with a LOS 2 60 days,
n = 20,226

n=215,961

Total number of participants enrolled,

Fig. 1. Flowchart of the inclusion and exclusion criteria.

2.3. Statistical analysis method

Categorical data were presented as frequencies, rates, and con-
stituent ratios. The chi-square test was used for comparisons between
groups. Normality tests were performed for continuous variables.
Normally distributed continuous variables were described as the mean
+ standard deviation, and comparisons among multiple groups were
performed using analysis of variance. Non-normally distributed con-
tinuous variables were expressed as the median (IQR), and group
comparisons were conducted using the Kruskal-Wallis H test. To iden-
tify factors associated with RW group, we performed multinomial lo-
gistic regression with RW group as the dependent variable, using RW
< 1 as the reference category. The independent variables included age
groups (< 18, 19-44, 45-59, and = 60 years), sex, surgery (yes/no),
insurance type (resident vs. employee medical insurance), and ADRG
groupings (surgical, medical, and non-operating room). Logistic re-
gression estimated odds ratios (ORs) and 95% confidence intervals
(CIs). Multicollinearity among the variables was examined using var-
iance inflation factors (VIF).*° All VIF values were below 2.0, indicating
no evidence of serious multicollinearity.

To comprehensively evaluate DRG and nursing data from tertiary
hospitals between 2022 and 2024, we applied the Entropy-TOPSIS
method. Entropy-TOPSIS method defined a positive-ideal solution and a
negative-ideal solution across all indicators. Euclidean distances from
each department to both solutions were computed, and the perfor-
mance score C;~ was calculated as C; = D/ (D" + D), ranging from 0
to 1. Higher C;~ values indicated better overall performance.”’
Through standardized data normalization and objective weighting, this
approach effectively eliminates subjective bias and generates a com-
posite score integrating both DRG and nursing workload indicators,
producing a departmental ranking that enabled the selection of priority
departments for subsequent in-depth charge structure analysis. Given
the differences between internal medicine and surgery departments in
terms of disease complexity, nursing operations, and workload, we
conducted separate analyses for each category.®*??

The analysis of internal cost composition relies on three specific
indicators to quantify structural variation: value of structure variation
(VSV), degree of structure variation (DSV), and contribution rate of
structural variation (CRSV).**

VSV serves as the principal metric for assessing both the magnitude
and the directional trend of fluctuations within the composition of total

costs. It quantifies the net change in a specific line item by measuring
the variance between its initial value at the commencement of a defined
period and its concluding value at the end of that interval. The formula
is as follows:

VSV = X — Xio

DSV denotes the aggregate magnitude of shifts occurring within
individual cost categories over a specified interval, thereby capturing
the extent of compositional variation in the overall cost structure
during that period. It is calculated in the following way:

DSV = X VSV

The CRSV is calculated as the ratio of the absolute VSV for a specific
cost category to the magnitude of structural change. Thus, it quantifies
the proportionate contribution of each cost category’s variance to the
total observed structural shift. The CRSV is calculated as follows:

VSV

CRSV = X 100%

All analyses were performed with R version 4.2.2. The significance
level was set at a two-sided a = 0.05.

3. Results
3.1. Patient characteristics by RW group

Among the 215,961 discharges included in the analysis, 66.25%
were categorized into the low RW group (RW = 1), 12.84% into the
medium RW group (1 < RW < 2), and 20.91% into the high RW group
(RW = 2). The median age of the total population was 59 (48, 69)
years. Patients in the high-RW group were older, with a median age of
62 (53, 70) years; were more likely to have undergone surgery
(97.98%); and had a longer median LOS (7 days). Significant be-
tween-group differences were detected for age, sex, surgery status, LOS,
insurance type, and ADRG (P < 0.001). Both the CMI and the number
of DRG groups increased with ascending RW, with the high-RW group
demonstrating the highest median CMI (3.97) and the greatest clinical
complexity (Table 1).
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Table 1
General characteristics by relative weight group.
Characteristics Total (N = 215,961) RwW=1 1 <RW< 2 RW= 2 x*/H P
(n = 143,076) (n = 27,721) (n = 45,164)
Age [median 59(48,69) 59(46,69) 57(45,67) 62(53,70) 2338.87 < 0.001
(Q1, @3)]

Age groups [n (%)] 4145.87 < 0.001
<18 12,935(5.99) 10,896(7.62) 1070(3.86) 969(2.15)
19-44 33,353(15.44) 22,841(15.96) 5655(20.40) 4857(10.75)
45-59 63,969(29.62) 41,335(28.89) 9192(33.16) 13,442(29.76)
= 60 105,704(48.95) 68,004(47.53) 11,804(42.58) 25,896(57.34)

Sex [n (%)] 90.15 < 0.001
Males 111,212(51.50) 74,031(51.74) 13,556(48.90) 23,625(52.31)
Females 104,749(48.50) 69,045(48.26) 14,165(51.10) 21,539(47.69)

Surgery [n (%)] 35700.21 < 0.001
No 77,327(35.81) 70,272(49.12) 6142(22.16) 913(2.02)
Yes 138,634(64.19) 72,804(50.88) 21,579(77.84) 44,251(97.98)

LOS [median 5(3,8) 4(2,7) 5(4,9) 7(4,12) 23395.67 < 0.001

(Q1, @3)]

Insurance [n (%)] 2454.09 < 0.001
Resident 103,726(48.03) 63,738(44.55) 13,907(50.17) 26,081(57.75)
Employee 112,235(51.97) 79,338(55.45) 13,814(49.83) 19,083(42.25)

ADRG [n (%)] 54055.12 < 0.001

Surgical category
Medical category
Non-operating room-
procedure group
CMI
DRG groups [n (%)]

93,714(43.39)
103,320(47.84)
18,927(8.76)

1.46
824

41,309(28.87)
92,996(65.00)
8771(6.13)

0.68
460(55.83)

16,583(59.82)
8072(29.12)
3066(11.06)

35,822(79.32)
2252(4.99)
7090(15.70)

1.42 3.97
163(19.78) 201(24.39)

Notes: CMI values are presented as group level aggregate means, calculated as the ratio of the total DRG weights to the number of cases within each relative weight

group

Abbreviations: RW, relative weight; LOS, length of stay; ADRG, adjacent diagnosis-related group; CMI, case mix index; DRG, diagnosis-related group

Table 2

Logistic regression of different influencing factors, with the RW < 1 group as

the reference [OR (95% CI)].

Predictors 1 <RW< 2 RW= 2
Age

=18 1.00 1.00

19-44 2.51 (2.34-2.69)* 2.38 (2.22-2.57)*

45-59 2.26 (2.11-2.41)* 3.64 (3.41-3.91)*

= 60 1.76 (1.65-1.88)* 4.27 (3.99-4.57)*
Sex

Males 1.00 1.00

Females 1.12 (1.09-1.15)* 0.98 (0.96-0.99)*
Surgery

No 1.00 1.00

Yes 3.39 (3.29-3.49)* 46.78 (43.76-50.01)*
Insurance type

Resident 1.00 1.00

Employee 0.79 (0.78-0.82)* 0.59 (0.57-0.61)*
ADRG

Non-operating room
procedure group

Medical category

Surgical category

1.00

0.25 (0.24-0.26)*
1.15 (1.10-1.20)*

1.00

0.03 (0.02-0.03)*
1.07 (1.04-1.11)*

Notes: * P < 0.05

P values are based on logistic regression analysis, using “RW < 1 group” as the

reference group

Abbreviations: RW, relative weight; OR, odds ratio; CI, confidence interval;
ADRG, adjacent diagnosis-related group

3.2. Factors associated with higher RW

Logistic regression analyses identified that surgical intervention and

age were the strongest factors associated with high RW. Using the low-
RW group (RW = 1) as the reference, surgery was associated with an
adjusted OR of 46.78 (95% CI 43.76-50.01) for RW = 2. Patients aged
= 60 years had an OR of 4.27 (95% CI 3.99-4.57) for RW = 2.
Compared with non-operating room procedures, medical diagnosis was
associated with markedly reduced odds of RW = 2 (OR = 0.03, 95% CI

0.02-0.03), whereas the surgical category was associated with a mod-
estly increased risk (OR = 1.07, 95% CI 1.04-1.11). For the 1 < RW
< 2 group, surgery remained the strongest predictor (OR = 3.39, 95%
CI 3.29-3.49), followed by the age group of 19-44 years (OR = 2.51,
95% CI 2.34-2.69). Female sex was associated with slightly increased
odds (OR = 1.12, 95% CI 1.09-1.15). Surgical ADRG showed a modest
positive association (OR = 1.15, 95% CI 1.10-1.20) (Table 2).

3.3. Identification of priority departments and structural changes during
2022-2024

For the internal medicine department, the highest weights were
observed for RW (0.19) and DRG group count (0.18), followed by dis-
charge volume (0.17). In contrast, for the surgery department, average
nursing charges carried the largest weight (0.23), with discharge vo-
lume (0.16) and DRG group count (0.15) ranking next (Table 3).

The Department of Cardiology achieved the highest C; value of 0.71,
significantly outperforming all other internal medicine departments. It
was followed by the Department of Neurology (C; = 0.63) and the
Department of Gastroenterology (C; = 0.52). In contrast, several de-
partments exhibited comparatively lower C; values, including
Rheumatology and Immunology (C; = 0.04), Endocrinology (C; =
0.16), and Hepatology (C; = 0.22), indicating relatively lower com-
posite scores in the evaluated DRG and nursing performance metrics.
The Department of Cardiovascular Surgery attained the highest C; value
of 0.57, ranking first among the eight surgery departments. It was
closely followed by the Department of General Surgery (C; = 0.55) and
the Department of Neurosurgery (C; = 0.48). Departments such as
Plastic and Cosmetic Surgery (C; = 0.07) and Thoracic Surgery (C; =
0.19) ranked at the lower end of the spectrum (Table 4).

From 2022 to 2024, nursing charges in the Department of
Cardiology exhibited a slight downward trend, with a decrease of 1.95
percentage points from 2022 to 2023. The decline then narrowed to
0.21 percentage points from 2023 to 2024, resulting in a cumulative
decrease of 2.16 percentage points over the two-year period. Regarding
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Table 3
Results of the entropy weighting method.
Indicators Entropy value Coefficient of variation Entropy weight Rank
Internal medicine
RW 0.75 0.25 0.19 1
DRG group count 0.76 0.24 0.18 2
Discharge volume 0.77 0.23 0.17 3
Nursing workload 0.80 0.20 0.15 4
MDC count 0.86 0.14 0.11 5
CMI 0.87 0.13 0.10 6
Average nursing charges 0.88 0.12 0.09 7
Surgery
Average nursing charges 0.67 0.33 0.23 1
Discharge volume 0.79 0.23 0.16 2
DRG group count 0.78 0.22 0.15 3
Nursing workload 0.79 0.21 0.14 4
RW 0.81 0.19 0.13 5
CMI 0.84 0.16 0.11 6
MDC count 0.88 0.12 0.08 7
Abbreviations: RW, relative weight; MDC, major diagnostic category; CMI, case mix index; DRG, diagnosis-related group
Tabl
Table 4 VZV Znsd DSV of inpatient charges in two priority department:
Evaluation results of department prioritization. ol Inpatient charges © priority dep ents.
: Charge category Vsv Vsv Vsv
+ L
Department D D Gi Rank 2022-2023 2023-2024 2022-2024
Internal medicine
X Cardiology department
Cardiology 013 0-32 071 ! Medication -9.63 -1.95 -11.58
Neurology 0.16 0.27 0.63 2
Laboratory -1.36 -3.65 -5.01
Gastroenterology 0.20 0.21 0.52 3 N,
o Examination 0.35 -0.43 -0.08
Geriatrics 0.25 0.22 0.47 4
Treatment -2.93 1.43 -1.50
Hematology 0.33 0.11 0.26 5 .
Nephrol 0.33 0.10 0.23 6 Surgical 0.04 0.23 0.27
Hep tmlogy 09 010 02 ) Supplies 11.57 -4.46 7.11
epato o8y : : : Bed -2.00 -0.27 -2.27
Endocrinology 0.34 0.06 0.16 8 Nursing 1.05 0.21 216
SuIl{.Igl::ymatology and Immunology 0.39 0.02 0.04 9 Consultation 0.58 0.15 0.73
Oth 6.49 9.46 15.95
Cardiovascular surgery 0.20 0.27 0.57 1 ers
DSV 36.90 20.81 46.66
General surgery 0.22 0.27 0.55 2 .
Cardiovascular surgery
Neurosurgery 0.27 0.25 0.48 3 department
Orthopedic surgery 0.27 0.21 0.43 4 Medication 1.52 713 -8.65
Urology 0.30 0.13 0.30 5
A tal d " " 0.31 0.09 0.23 6 Laboratory 0.00 0.15 0.15
T;"’rec_a epartmen s 008 S ) Examination -0.15 111 0.96
ol "i_mc Z“rgery ’ 08 003 007 5 Treatment 0.03 2.93 2.96
astic and cosmetic surgery . . . Surgical 0.56 2,66 3.92
Abbreviations: D*, distance to the positive ideal solution; D", distance to the Supplies 3.70 0.96 3.66
negative ideal solution; C;, relative closeness Bed -0.07 0.17 0.10
8 > b Nursing -0.17 0.12 -0.05
Consultation -0.01 0.10 0.09
the contribution to structural changes in total charges, nursing charges Others -1.37 -1.07 -2.42
DSV 7.58 16.40 22.26

in the Department of Cardiology consistently exerted a negative con-
tribution throughout the study period, with a negative contribution rate
of 5.28% from 2022 to 2023, which decreased to 0.94% from 2023 to
2024, resulting in a cumulative negative contribution rate of 4.63%
from 2022 to 2024 (Table 5 and Table 6).

Nursing charges in the Department of Cardiovascular Surgery re-
mained generally stable with no significant fluctuations, decreasing by
0.17 percentage points from 2022 to 2023, and then increasing by 0.12
percentage points from 2023 to 2024, resulting in a cumulative net
decrease of 0.05 percentage points over the two-year period. Regarding
the contribution to structural changes in total charges, the contribution
of nursing charges in this department exhibited a phased shift: it re-
presented a weak negative contribution from 2022 to 2023, with a
contribution rate of 2.24%, shifted to a positive contribution from 2023
to 2024, with a contribution rate of 0.73%, and reverted to a cumula-
tive negative contribution over the full 2022-2024 period, with a
contribution rate of 0.22% (Table 5 and Table 6).

The composition of nursing charges in the Department of Cardiology
was overwhelmingly dominated by graded nursing care, which con-
sistently accounted for over 93% of the total nursing charges across the
three years. The proportion peaked at 96.35% in 2022, declined to

Abbreviations: VSV, value of structural variation; DSV, degree of structural
variation

93.65% in 2023, and remained at 93.69% in 2024, exhibiting a pattern
of minor fluctuations before stabilizing. Specialist nursing care re-
presented a consistently minimal share of the nursing charge structure,
accounting for 0.27% in 2022, rising to a three-year high of 0.78% in
2023, and then falling back to 0.11% in 2024, showing notable vola-
tility at a low level. Specialized nursing care served as an important
component of the department’s nursing charge structure, with its pro-
portion increasing steadily year by year: from 3.38% in 2022 to 5.56%
in 2023 and further to 6.20% in 2024, making it the only category
among the three to demonstrate continuous growth (Table 7).
Although its overall proportion was markedly lower than that ob-
served in the Department of Cardiology, the nursing charge structure in
the Department of Cardiovascular Surgery was also dominated by
graded nursing care. Graded nursing care accounted for 82.54% in
2022, decreased to a three-year low of 79.49% in 2023, and then re-
bounded to 81.30% in 2024, remaining relatively stable within the
range of 79%-83%. Specialist nursing care accounted for a negligible
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Table 6
CRSV in two priority departments (%).

Charge category 2022-2023 2023-2024 2022-2024

Cardiology department
Medication 26.08 8.77 24.82
Laboratory 3.68 16.41 10.74
Examination 0.95 1.93 0.17
Treatment 7.93 6.43 3.21
Surgical 0.11 1.03 0.58
Supplies 31.33 20.05 15.24
Bed 5.42 1.21 4.86
Nursing 5.28 0.94 4.63
Consultation 1.57 0.67 1.56
Others 17.57 42.53 34.18

Cardiovascular surgery

department

Medication 20.05 43.48 38.86
Laboratory 0.00 0.91 0.67
Examination 1.98 6.77 4.31
Treatment 0.39 17.86 13.30
Surgical 7.38 16.22 14.47
Supplies 48.81 5.85 16.44
Bed 0.92 1.04 0.45
Nursing 2.24 0.73 0.22
Consultation 0.13 0.61 0.40
Others 18.07 6.52 10.78

Abbreviations: CRSV, contribution rate of structural variation

share of the nursing charge structure in this department and did not
constitute a meaningful component. Specialized nursing care was a
major component of the nursing charge structure, with a proportion
substantially higher than that in the Department of Cardiology. It ac-
counted for 17.46% in 2022, rose to a three-year high of 20.35% in
2023, and declined to 18.70% in 2024; this means it consistently re-
mained above 17%, displaying a pattern of an initial increase followed
by a slight decrease. According to Fisher’s exact test, the difference in
the composition of nursing charges between the two departments over
the three-year period was statistically significant (P < 0.001)
(Table 7).

4. Discussion

4.1. High-resource patient phenotypes: alignment with DRG core logic and
geriatric nursing complexity

The present study identified surgery and age = 60 years as the two
factors most strongly associated with elevated DRG-RW, whereas the
medical category yielded a near-zero OR, which is consistent with the
core design principles of implemented DRG payment systems.””*° The
substantial positive association with surgical intervention can be at-
tributed to the inherent logic of DRG systems, in which operative pro-
cedures typically represent higher technical difficulty, greater resource
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consumption, and more intensive ancillary service use. Conversely, the
markedly lower odds associated with the medical-category reflect the
fact that medical category cases generally involve fewer procedure-
based resource components and are therefore less likely to be classified
into high-RW groups under the current DRG assignment logic. Our
findings confirm that the Chinese DRG system follows the international
consensus of prioritizing procedural intensity, comorbidity burden, and
patient complexity as key drivers of resource allocation.

High-RW patients were characterized by older age, longer LOS, and
predominant surgery status, reflecting a globally consistent high-re-
source patient phenotype.”” Advanced age was independently asso-
ciated with higher RW, which can be explained by increased co-
morbidities, reduced physiological reserve, and higher demand for
prolonged labor-intensive nursing care.*® Unlike discrete medical pro-
cedures, geriatric nursing relies heavily on time-consuming, process-
oriented care that is poorly captured by traditional DRG classifica-
tion.?” Process-oriented care that is poorly captured by traditional DRG
classification. This gap reflects a key limitation of conventional DRG
classification, which is primarily driven by diagnoses, procedures, and
LOS rather than nursing workload or patient acuity. As shown in our
data, patients in the medical diagnosis group require continuous labor-
intensive nursing input that is not adequately reflected in DRG RWs.

4.2. Departmental prioritization using Entropy-TOPSIS

By integrating DRG indicators with nursing indicators and charge
measures, we established a robust framework to identify priority de-
partments. The Entropy-TOPSIS method identified cardiology and car-
diovascular surgery as priority departments. This dual-method ap-
proach enhances methodological rigor compared with single-evaluation
methods commonly used in national studies.® Using Entropy-TOPSIS,
cardiology and cardiovascular surgery ranked highest among the
evaluated internal medicine and surgery departments. Similar prior-
itization patterns have been reported in previous studies.”'** This
framework provides complementary information beyond single DRG
indicators; this may help hospital managers identify departments for
further nursing-resource assessment and inform resource allocation
under DRG payment.

4.3. Nursing charges share and charge structure divergence

The divergent evolution of the nursing charge share between in-
ternal medicine and surgery represents the most clinically meaningful
finding, mirroring international observations across DRG-adopting
countries.**

In the Department of Cardiology, the nursing charge share declined
significantly with more than 93.0% of nursing charges coming from
time-based graded nursing care. This pattern does not confirm that DRG
payment directly caused the reduction; however, it reveals an ob-
servable association under DRG payment.*” Similar compression of
nursing charges suggesting undervaluation has been reported in the
United States, Europe, and other Asian countries implementing DRG

Table 7
Proportion of nursing charges (%).
Nursing charge category 2022-2023 2023-2024 2022-2024 P
Cardiology department < 0.001
Graded nursing care 96.35 93.65 93.69
Specialist nursing care 0.27 0.78 0.11
Specialized nursing care 3.38 5.56 6.20
Cardiovascular surgery department < 0.001
Graded nursing care 82.54 79.49 81.30
Specialist nursing care 0.00 0.09 0.00
Specialized nursing care 17.46 20.35 18.70

Notes: Fisher’s exact test was performed to compare the distribution of the three nursing charge categories between the two departments
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policies. >

In the Department of Cardiovascular Surgery, the nursing charge
share remained stable with specialized nursing care accounting for
17%-20% of total nursing charges. This stability arises because surgical
nursing is implicitly bundled with high-workload procedures, creating
indirect compensation that protects nursing expenditure.*' This phe-
nomenon is not unique to China; it represents a global DRG design
limitation that prioritizes procedural care over complex medical nur-
sing. "’

The observed divergence in nursing charge composition between the
two departments may partly reflect inherent case-mix differences, as
indicated by their distinct CMI and RW distributions. The structural
differences observed not only mirror DRG payment design but also the
underlying patient composition and associated care demands.

4.4. Implications for international DRG refinement and nursing
sustainability

Recent evidence from both Europe and North America has begun to
link standardized nursing data to DRG frameworks. DRG weight has
been shown to be associated with nursing diagnoses and nursing actions
in hospitalized children, suggesting that nursing data may explain both
resource intensity and outcomes such as prolonged hospitalization or
intensive care unit (ICU) transfer.*®*® Two additional studies demon-
strated that care complexity correlates with medical complexity, LOS,
and intra-hospital or ICU transfer risk.’>°° Machine learning ap-
proaches have identified specific nursing diagnoses most strongly as-
sociated with ICU transfer,”" and standardized terminologies have been
advocated as essential for rendering nursing complexity visible within
reimbursement systems.’” A North American observational study found
that DRG reimbursement and nurse staffing allocation systems were
ineffective in explaining nursing care complexity, with median DRG
rates being similar between high- and low-complexity nursing care
cases.” Collectively, these studies suggest that nursing complexity is
not inherently invisible to DRG-type systems, provided that standar-
dized nursing data are systematically collected and linked to classifi-
cation frameworks.

Our findings support a growing international consensus that DRG
systems should incorporate nursing-related indicators to ensure sus-
tainability.”* Our findings reflect changes in the financial representa-
tion of nursing services rather than direct measures of nursing work-
load, intensity, or value; they suggest that DRG systems may be capable
of capturing nursing care complexity as a measurable component of
patient complexity. Billing items and actual nursing workload are not
isomorphic. A growing body of evidence confirms that DRG based
payment systems insufficiently capture nursing complexity.®* In hos-
pital practice, a substantial portion of nursing work is implicit, pro-
cess-oriented, and not bound to specific procedural tasks.>” In an ob-
servational study conducted across 25 acute care inpatient units, nearly
60% of observed nursing activities did not fit into categories readily
available in or easily abstracted from the electronic health record, un-
documented activities accounted for over half of all observation tasks.”®
These activities are essential to care quality yet lack corresponding
chargeable service items in most fee schedules.

5. Strengths and limitations

The present study has three main strengths. First, it analyzed
215,961 DRG-paid inpatient records over three years, providing robust
evidence on the structural changes in the nursing charge structure
during 2022-2024 within a DRG environment, which goes beyond
common cross-sectional or ICU focused studies. Second, a multi-method
analytical framework integrating multinomial logistic regression,
Entropy-TOPSIS, and structural change analysis was applied to identify
priority departments and quantify charge structure changes, ensuring
methodological rigor and replicability. Third, the current study
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revealed a novel and clinically meaningful divergence in nursing charge
share and composition between an internal medicine department and a
surgery department under the same DRG payment system, highlighting
the potential undervaluation of nursing in medical settings, a finding
rarely quantitatively demonstrated in Chinese tertiary hospital con-
texts.

This study has several limitations. First, nursing-related charges
were derived from billing data based on the cost of service items and
used as proxies for actual nursing resource consumption. However,
these costs differ from direct measures such as actual nursing labor
costs, workload hours, or validated patient acuity scores. Second, the
findings of this single-center study mainly reflect local practice and
policy contexts, which might limit generalizability. Further investiga-
tion is required to validate these findings across multiple departments
and centers. Third, the comparability of charge variations over time
may be affected by not applying medical price indices or regional cost
adjusters across different time points to standardize charges to real
price levels, and by the potential influence of the COVID-19 pandemic
on charges in 2022. Lastly, because no pre-reform data were available,
the independent effect of DRG reform on nursing charge composition
cannot be estimated.

6. Conclusion

This study analyzed nursing charges using large scale DRG inpatient
billing data. Surgery and advanced age were the primary factors asso-
ciated with elevated RW. Entropy-TOPSIS identified priority internal
medicine and surgery departments, and structural variation degree
analysis of 2022-2024 data revealed a downward trend in nursing
charges in these departments. These shifts suggest that nursing value
may be underestimated under DRG payment, but this inference rests
solely on billing data and requires cautious interpretation, with con-
firmation needed using more granular nursing sensitive data. These
findings highlight the need to improve the financial visibility of nursing
services and to incorporate standardized nursing workload indicators
into DRG-based hospital management.
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