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Abstract
Background Post-acute care is rapidly developing in China; yet, a payment method for post-acute care has not been 
established. The Patient Driven Payment Model (PDPM) is a new case-mix system developed in the United States of 
America for classification of skilled nursing facility patients. This study aimed to examine the validity of an adapted 
version of PDPM for classifying post-acute care patients in China.

Methods First, 13,496 post-acute care patients in seven facilities of Jinhua City from January 2018 to December 2020 
were sampled and assigned to PDPM groups according to their clinical characteristics, functional status, and special 
care needs. Then, the effectiveness of grouping was analyzed by the percentage of variance in resource use explained 
by the classification (R2), the reduction in variance (RIV), the class-specific coefficients of variation (CVs), and the 
weighted means for each group (case-mix indexes, CMIs).

Results Under the adapted version of PDPM, each patient is classified into a group for each of the four case-mix 
adjusted components: (1) physical therapy and occupational therapy (PT&OT), (2) speech-language pathology 
(SLP), (3) nursing, and (4) non-therapy ancillary (NTA). Each component utilizes different criteria for classification. The 
adapted PDPM explained 11.1%, 6.1%, 14.0%, and 10.6% of the variance in PT&OT, SLP, nursing, and NTA cost per day, 
respectively, for the sample patients (all p < 0.001), which were similar to the results in the United States of America. 
The CV achieved good homogeneity in 10 PT&OT groups (CV: 0.17–0.69), 12 nursing groups (CV: 0.09–0.66), and 6 NTA 
groups (CV: 0.38–0.64). The CMIs of groups spanned a 9-fold range in PT&OT (CMI: 0.22–1.96), 11-fold range in nursing 
(CMI: 0.59–6.33), and 4-fold range in NTA (CMI: 0.72–2.91).

Conclusions Our findings provide preliminary evidence that the PDPM is a reliable and valid case-mix system for 
classifying post-acute care patients in China, which could inform future payment policy for post-acute care in China.
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Background
Case-mix systems have been developed worldwide to 
classify patients based on different characteristics, among 
which case-mix classification based on resource utiliza-
tion is widely used in payment system development [1]. 
Diagnosis related groups (DRGs) are a type of case-mix 
that has been widely used as a payment system for inpa-
tient care in many countries, which mainly use diagnosis, 
operative procedures and patients’ individual character-
istics such as age, sex and comorbidities as classification 
variables [2]. Diagnosis intervention packet (DIP) is a 
Chinese innovation grouping method based on DRGs but 
with more detailed grouping [3]. Currently, the reform 
of payment methods in China has entered a new stage, 
wherein DRG/DIP payment will cover all eligible medi-
cal institutions providing inpatient services by the end of 
2025 [3]. However, various studies have shown that DRG/
DIP for acute hospitalization is not suitable for post-
acute care (PAC) [4–7], and the development of a financ-
ing and payment system for PAC is lagging in China [8]. 
Currently, the payment for acute care hospitalization is 
not separated from the payment for PAC hospitalization 
in most places in China [9]. The consequence of DRG/
DIP payment for PAC was that hospitals began minimiz-
ing the length of each patient’s hospital stay [5, 10, 11]. 
PAC typically requires a longer period of hospitalization 
and has a distinct need for continuity of care, and the 
current payment method offers no significant effects on 
containing medical costs or improving PAC quality [6, 
12]. The increasing number of older patients with mul-
tiple medical conditions who require PAC imposes an 
almost unbearable burden on the healthcare system in 
China; so, it is crucial to explore and establish a payment 
system for PAC in China to meet the rising demand.

As delivered in many countries, PAC typically refers 
to the medical, nursing, and rehabilitative care provided 
to maintain or improve the functional status of patients 
after acute illness or hospitalization [13, 14]. Instead of 
being a short episode of care for an operation or acute 
treatment, PAC services are time-consuming to main-
tain or improve the functional status of patients. It is 
widely accepted that PAC requires a different classifi-
cation measure because the clinical issues, modes of 
care, and resource use of PAC are different from those 
of acute care [12, 15]. Several case-mix systems of PAC 
based on functional and other measures have been devel-
oped worldwide, among which the Resource Utiliza tion 
Group Version III (RUG-III) is the most widely used. In 
China, a wealth of studies ha ve spotlighted the costs of 
short-term hospitalization in the acute phase of DRG/
DIP payment policy [16], but case-mix groups for PAC 
have not been developed yet [9]. 

The Patient Driven Payment Model (PDPM), a new 
case-mix classification model based on per diem resource 

use developed by the Centers for Medicare & Medic-
aid Services (CMS) and the Acumen, has been used for 
the classification of skilled nursing facility patients in 
the United States of America (USA) since October 1, 
2019 [17]. PDPM consists of the following five case-mix 
adjusted payment components: (1) PT: covers utiliza-
tion of physical therapy (PT); (2) OT: covers utilization 
of occupational therapy (OT); (3) SLP: covers utilization 
of speech-language pathology (SLP) services; (4) nursing: 
covers utilization of skilled nursing services and social 
services; and (5) non-therapy ancillary (NTA): covers uti-
lization of NTA services. Each patient is classified into a 
group corresponding to one of the five case-mix-adjusted 
components [18]. Additionally, PDPM maintains the 
existing non-case-mix component to cover the utilization 
of resources that do not vary with resident characteristics 
[17]. 

We report herein a study conducted to assess the valid-
ity of PDPM for classifying PAC patients in China. The 
results can inform payment policy development for PAC 
in China.

Methods
Sampling
In this study, patients hospitalized from January 1, 2018 
to December 31, 2020, from seven hospitals, includ-
ing three freestanding rehabilitation hospitals and four 
rehabilitation units of general hospitals, with an inter-
val of at least 90 days since their last acute discharge in 
Jinhua City, Zhejiang Province of southeast China, were 
selected. In China, the post-acute intensive rehabilita-
tion stage is set by the medical insurance department 
for as long as 90 days; so, these patients had usually gone 
through the intensive rehabilitation stage but still needed 
to be admitted by medical facilities to receive some medi-
cal, rehabilitative, or nursing care. These patients were 
similar to the patients in skilled nursing facilities in the 
United States; so, it was hypothesized that PDPM might 
be a good model for classification. Patients had to meet 
the following inclusion criteria to be eligible: treated in 
rehabilitation or geriatric wards, aged ≥ 18 years, and 
provided informed consent. The exclusion criteria were 
as follows: invalid or missing data, an outcome of death, 
or a length of stay of less than 3 days. Finally, 13,496 PAC 
patients were included in this study (see Fig. 1).

Data collection
The study was conducted using a method similar to that 
used to validate and refine RUG-III instruments in other 
countries. For this study, we collected all indicators/vari-
ables required for PDPM grouping, following the method 
used in the United States. Since China does not have a 
standardized comprehensive assessment scale for PAC 
patients, we collected functional assessment data from 
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various assessment scales currently used in clinical prac-
tice, as well as indicators from medical records to serve 
as the variables needed for PDPM grouping, and the 
group assignment was done by computer. The assessment 
scales included the Barthel Index (BI), the Mini-Mental 
State Examination (MMSE), the Gugging Swallowing 

Screen (GUSS), and the Hamilton Depression Scale 
(HDS), which were collected at the point of admission 
by rehabilitation physicians, therapists, or nurses. With 
the support of the local Healthcare Security Adminis-
tration, all the medical insurance claim data for these 
patients were extracted. Permission was obtained from 

Fig. 1 Patient selection and exclusion process
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the Medical Ethics Committee of the Chinese Academy 
of Medical Sciences & Peking Union Medical College to 
report the data for research purposes (Protocol Number: 
X170315009).

Resource use
The resource use of the patients was measured by 
expenses per day in the hospital. Staff time is typically 
used to reflect resource use under RUG-III [19]. How-
ever, Acumen’s PDPM report proposed that staff time 
only be documented during the 7-day look-back window 
preceding each assessment. The current data need not 
capture the exact number of minutes provided each day 
of a stay [18]. Instead, cost should be considered as a bet-
ter indicator to reflect differences in the relative resource 
use across patients [6, 12]. Therefore, in this study, the 
measure of resource use was based on the medical 
expenses during inpatient stays, which has been generally 
used in such studies in China [8, 20]. Expense s were fur-
ther divided into six categories: (1) PT covers utilization 
of physical therapy, (2) OT covers utilization of occupa-
tional therapy, (3) SLP covers utilization of speech-lan-
guage pathology services, (4) nursing covers utilization of 
nursing services, (5) NTA covers utilization of NTA ser-
vices, such as clinical treatment, medications and drugs, 
laboratory tests and examination, and medical equipment 
and materials, and (6) routine includes all other costs, 
such as room and board. The Consumer Price Index 
(CPI) of Jinhua City, published by the National Bureau 
of Statistics of the People’s Republic of China from 2018 
to 2020, was used to adjust the cost data over the 3-year 
timespan of this study. In addition, PDPM in the United 
States requires that payment be made on a per diem basis 
[18], and also, several studies have concluded that a per 
diem classification may be suitable for PAC, as the length 
of stay is not predictable [6, 12, 19]. Thus, the resource 
use in this study was measured by expenses per day.

Statistical analysis
We conducted a descriptive analysis by calculating the 
costs on a per diem basis for PAC patients. The statistical 
performance of the PDPM systems was then measured 
using R-squared (R2), the reduction in variance (RIV), the 
coefficient of variation (CV), and case-mix index (CMI) 
[21]. 

First, the explanatory power of the modelling was 
measured by the percentage of variance in resource use 
explained by the classification (R2). R2 reflects how well 
the PDPM predicts patient resource use. A higher R2 
value indicates that the groupings effectively explain the 
variation in resource use, while a lower value suggests 
weaker explanatory power [18].

In addition, overall performance of the classification 
was further assessed by the reduction in variance (RIV). 

RIV is calculated by first determining the total sum of 
squares (SST), which is the sum of squared deviations 
of each observation from the overall mean. Then, the 
error sum of squares (SSE) is calculated by summing the 
squared deviations of each observation from the mean of 
its respective group. The difference between SST and SSE 
gives the regression sum of squares (SSR), and dividing 
SSR by SST provides the RIV, reflecting the proportion 
of variance explained by the classification [22]. A high 
RIV indicates effective grouping, but an excessively high 
RIV may suggest overfitting or overly segmented groups, 
leading to impractical classifications for clinical or opera-
tional use.

The within-group homogeneity of PDPM can be mea-
sured by calculating the coefficient of var- iation (CV), 
which is defined as the standard deviation of the resource 
use in each class divided by the arithmetic mean of the 
observations [21]. A lower CV indicates greater homoge-
neity, meaning the PDPM effectively groups patients with 
similar resource needs [23]. For this study, a CV of less 
than 1 was considered acceptable, as this is convention-
ally used to signify an appropriate degree of variation in 
classification models [24]. 

Lastly, relative resource use was expressed as a case-
mix index (CMI), which is a well-known resource 
consumption adjustment standard [25]. The CMI is 
calculated by taking the mean cost for all observations 
within a specific group and then normalizing it to a rela-
tive value [26]. This helps determine whether patients in 
specific groups are consuming more or fewer resources 
compared to the mean, ensuring appropriate resource 
allocation across groups.

Given the absence of a universally accepted standard 
for evaluating PDPM performance (excluding CV), we 
primarily relied on comparisons with the model evalua-
tion of the PDPM in the United States, along with related 
international studies, to assess its effectiveness in the 
Chinese context. Statistical analyses were conducted with 
IBM SPSS Version 26; the statistical significance level was 
p < 0.05.

Results
For the 13,496 patients, the average cost per day was 
526.69 ± 398.337 RMB (78.03 ± 59.013 USD), and the 
average length of stay was 23.83 ± 25.149 days (Table 1). 
NTA (53.93%) and PT (26.39%) accounted for larger pro-
portions in the cost composition than OT (0.71%) and 
SLP (0.57%).

More males (54.28%) than females (45.72%) were 
included in this study, with an average age of 79.84 years 
for all patients. Patients were classified into a PDPM 
clinical category based on the primary diagnosis, accord-
ing to the International Classification of Diseases, Tenth 
Revision, Clinical Modification (ICD- 10-CM) codes 



Page 5 of 12Xu et al. BMC Health Services Research          (2025) 25:679 

mapped to a PDPM clinical category available on the 
PDPM webpage.21 Ultimately, 5,401 (40.02%) patients 
were classified as acute neurologic, 3,740 (27.71%) as 
medical management, 2,555 (18.93%) as non-surgical 
orthopedic/musculoskeletal, 889 (6.59%) as cancer, 484 
(3.59%) as cardiovascular & coagulations, 395 (2.93%) as 
pulmonary, 26 (0.19%) as acute infections, and 6 (0.04%) 

as major joint replacement or spinal surgery. As for activ-
ities of daily living (ADLs), 6,051 (44.84%) were indepen-
dent, 1,297 (9.61%) were moderately dependent, 4,042 
(29.95%) were severely dependent, and 2,106 (15.60%) 
were completely dependent. Also, 2,152 (15.95%) patients 
had cognitive impairment, 2,368 (17.55%) patients had 
a swallowing disorder, and 360 (2.67%) had depressive 
symptoms. The demographic and clinical characteristics 
of the sampled patients are presented in Table 2.

Figure 2 shows the flowchart of PT&OT, SLP, nursing, 
and NTA in PDPM assignment logic in this study. Table 3 
shows the PT&OT case-mix classification groups. 
Patients were first classified into four clinical categories 
based on the primary diagnosis for the stay (major joint 
replacement or spinal surgery, other orthopedic, medical 
management, and non-orthopedic surgery & acute neu-
rologic). Then, patients were sub-divided into 14 groups 
by the functional score for the PT & OT components [17, 
18]. The largest group was “non-orthopedic surgery and 
acute neurologic with 0–5 PT&OT function score” (3,477 
patients or 25.76%). The model explained 11.1% of the 
variance of the PT&OT average cost. The homogeneity of 
resource use within each group was measured by the CV 
value. The CV was less than 0.8 in 10 groups (0.17–0.69), 
and only four groups had a CV greater than 0.8. Among 
these 14 groups, the CMI spanned an eight-fold (i.e., 
8.91) range from 0.22 (TL) to 1.96 (TN).

For the SLP component, patients were grouped into 
seven SLP groups based on the presence of acute neu-
rologic condition, SLP-related comorbidity or cogni-
tive impairment (none, any one, any two, all three), and 
mechanically altered diet or swallowing disorder (neither, 
either, both) [17, 18]. The mean SLP cost per day was 
only 3.17 RMB. The fit of the model was not very good, 
with explained variance of 6.1% for SLP cost. The CMI 
for individual classes ranged from 0.06 (S1) to 6.17 (S7). 
Higher CMIs reflected more costs or services provided to 
patients in that group. Table 4 presents the SLP case-mix 
classification groups.

Table 1 Description of cost and length of stay for post-acute patients in the sample (N = 13496)
Variables Mean SD P25 P50 (Median) P75 %
Total Cost of Stay (RMB) 12550.22 16965.625 5122.57 7571.13 13966.55 -
Length of Stay (days) 23.83 25.149 9 15 26 -
Per Diem Cost (RMB per day) 526.69 398.337 379.95 523.64 720.77 100.00%
PT 139.01 159.535 15.76 148.87 248 26.39%
OT 3.72 13.019 0 0 0 0.71%
SLP 3.01 14.961 0 0 0 0.57%
NUR 49.71 50.926 26.13 40.07 61.57 9.44%
NTA 284.06 361.342 125.94 213.74 428.48 53.93%
Routine 47.18 31.965 38 45 55 8.96%
Non-therapy ancillary covers costs for non-therapy ancillary services (e.g., evaluation and drugs). Routine includes all other costs (e.g., room and board)

PT physical therapy, OT occupational therapy, SLP speech-language pathology, NUR nursing, NTA non-therapy ancillary

Table 2 The demographic and clinical characteristics of the 
patients (N = 13496)
Variables N %
Gender
 Male 7325 54.28%
 Female 6171 45.72%
Age (in years) 79.84 ± 14.594
 < 65 3191 23.64%
 65–74 3064 22.70%
 75–84 3056 22.64%
 85–94 3451 25.57%
 ≥ 95 734 5.44%
Clinical Category
 Major Joint Replacement or Spinal Surgery 6 0.04%
 Non-Surgical Orthopedic/Musculoskeletal 2555 18.93%
 Medical Management 3740 27.71%
 Cancer 889 6.59%
 Pulmonary 395 2.93%
 Cardiovascular & Coagulations 484 3.59%
 Acute Infections 26 0.19%
 Acute Neurologic 5401 40.02%
Activities of Daily Living
 Independent 6051 44.84%
 Moderately Dependent 1297 9.61%
 Severely Dependent 4042 29.95%
 Totally Dependent 2106 15.60%
Cognitive Impairment 2152 15.95%
Swallowing Disorder 2368 17.55%
Depression 360 2.67%
International Classification of Diseases, Tenth Revision, Clinical Modification 
(ICD-10-CM) codes are mapped to a PDPM clinical category available on the 
PDPM webpage ( h t t p s :   /  / w w  w .  c m  s  . g  o  v / M  e d  i c a   r e /  M e d i  c   a r e  -  F e  e  - f  o r  - S e  r  v i  c e - P  
a   y m e n t / S  N F P P S / P D P M). The standardized patient assessment data elements 
(SPADEs) were used to collect data across Chinese post-acute care settings

https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/SNFPPS/PDPM
https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/SNFPPS/PDPM
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Table  5 presents the case-mix classification groups 
for the nursing component. Patients were first split into 
four nursing categories on the basis of clinical character-
istics (extensive services, special care or clinically com-
plex, behavioral symptoms and cognitive performance, 

reduced physical function) [17, 18]. Each of these four 
groups was further divided into subgroups on the basis 
of the presence or absence of depression and nursing 
function score [17, 18]. A nursing classification with 
12 groups was finally produced. As expected, the most 

Fig. 2 Flow chart of the PT&OT, SLP, nursing and NTA in PDPM assignment logic. PDPM consists of the four case-mix adjusted payment components: 
physical therapy and occupational therapy (PT&OT), speech-language pathology (SLP), nursing (NUR), and non-therapy ancillary (NTA). For PT&OT, pa-
tients are categorized based on their clinical category (e.g., major joint replacement, other orthopedic, medical management, and non-orthopedic 
surgery and acute neurologic). Further grouping is determined by the patient’s PT&OT function score (0–24), reflecting their functional ability. Based on 
these criteria, patients are assigned to specific PDPM groups such as TAB, TE, or TH. In SLP, the patient’s neurologic condition, SLP-related comorbidities, or 
cognitive impairments are assessed. They are then evaluated for a mechanically altered diet or swallowing disorder. Patients are placed into SLP groups 
(S1-S7) based on these conditions. In Nursing (NUR), the first criterion is whether the patient requires extensive services (e.g., tracheostomy or ventilator). 
If not, the next step evaluates whether they need special care or are clinically complex (e.g., depression). If neither applies, the process moves to whether 
the patient has behavioral symptoms or reduced physical function. Each patient is assigned a nursing function score (0–16), and based on their needs, 
they are placed into one of several nursing groups such as HS2, CSE1, or RB. For NTA, patients are assigned an NTA score based on their medical complex-
ity and need for non-therapy services. They are then grouped into one of the NTA categories (NA-NF), with higher scores indicating more complex needs
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populated categories were special care or clinically com-
plex (9,619 patients or 71.27%) and reduced physical 
function (3,487 patients or 25.84%), while the extensive 
services (333 patients or 2.47%) and behavioral symp-
toms and cognitive performance (57 patients or 0.42%) 
categories included fewer patients. The R2 was as high as 
0.14, reflecting a better grouping performance. Low CV 
(less than 0.8; range: 0.09–0.66) indicated slight varia-
tion and better homogeneity within each group. The CMI 
spanned a 10-fold (i.e., 10.73) range from 0.59 (ADA) to 
6.33 (HS2).

NTA covers costs for NTA services (e.g., medical tests, 
drugs, and consumable materials). NTA classification is 
based on the presence of certain comorbidities or use of 
certain extensive services [17, 18]. Patients were divided 
into six groups by NTA score range according to the 
grouping principles and definitions of the original PDPM. 
The mean NTA cost per day was as high as 221.74 RMB. 
The six-group model explained 10.6% of the variance 
of NTA per diem cost. The CV was less than 0.8 in six 
groups (0.38–0.64), achieving good homogeneity within 
each group. The CMI for individual classes ranged from 
0.72 (NF) to 2.91 (NA). Higher CMIs reflected more 
NTA costs or services provided to patients in that group. 
Table 6 presents the NTA case-mix classification groups.

Discussion
Our study was the first to validate the PDPM as a case-
mix classification for PAC patients in China. Under 
PDPM, the costs are divided into six components, five of 
which are case-mix adjusted components (PT, OT, SLP, 
nursing, and NTA), and one of which is a non-case-mix 
component (routine). The grouping results from our data 
were basically consistent with those from the United 
States, which pioneered the implementation and valida-
tion of the PDPM, as well as with findings from other 
similar studies. In addition, the PDPM model demon-
strated strong performance in terms of the CV, indicat-
ing effective grouping of patients with similar resource 
needs. Therefore, the PDPM case-mix classification sys-
tem can be considered an appropriate model for classify-
ing the resource use of PAC patients in China.

In our study, the composition of costs, especially 
regarding the percentages of NTA and rehabilitative 
costs, was significantly different from that in the United 
States. The NTA in our study accounted for 53.93% of the 
total cost, compared to 17.53% in the United States [22, 
27]. This major deviation is worth discussing. In China, 
the prices of clinical procedures, including rehabilita-
tive services and nursing care, are relatively low, whereas 
the prices of medical materials, drugs, and examinations 
(for example, computed tomography (CT) and magnetic 
resonance imaging (MRI)) are relatively high [28], which 
has incentivized hospitals and physicians to increase Ta
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profits by prescribing examinations and drugs, even in 
PAC settings. In recent years, some reforms have been 
implemented in China to reduce these incentives, such 
as the zero mark-up policy for drugs, monitoring the 
proportion of drug sale revenue in hospitals, and pro-
moting mutual recognition of medical test results across 
various hospitals. However, the challenges of increas-
ing medical expenditure and the heavy reliance on drug 
sales and expensive medical examinations have not been 
adequately dealt with; nor has the profit-driven behavior 
of hospitals been sufficiently reversed [28]. Therefore, the 
prices of medical services should be adjusted to honor 
the value of medical skills including medical rehabilita-
tion; and incentive measures and regulations should be 
established to reduce unnecessary use of high-cost medi-
cal examinations and consumables and to further cor-
rect the profit-driven behavior of hospitals and health 
workers.

In China, the average per diem cost of PT is 20.59 USD 
(26.39%), OT is 0.55 USD (0.70%), and SLP is 0.45 USD 
(0.58%); in the United States, the average per diem cost of 
PT is 75.30 USD (15.90%), OT is 69.16 USD (14.60%), and 
SLP is 31.07 USD (6.56%) [27]. China has made substan-
tial progress in strengthening its rehabilitation capacity, 
but the shortage of rehabilitation doctors and therapists, 
the limited medical insurance coverage for rehabilitative 
services, and the improper payment system for rehabili-
tation in China have led to the lagging development of 
rehabilitation [29]. To cope with the rapidly aging demo-
graphic, China should promote and establish a systematic 
plan for the development of rehabilitation medicine.

Acumen found a strong correlation of 0.67 between 
PT and OT costs per day [18]. Acumen also looked at 
trends in PT and OT costs per day across a wide range 
of resident characteristics and found that they followed 
similar trends [18]. Acumen then regressed a range 
of patient characteristics on PT and OT costs per day 
separately and found that the coefficients in both mod-
els followed similar patterns (90% of coefficients had the 
same sign across the two models) [18]. Given these three 
reasons, the PDPM could address PT and OT services 

through a single component. However, during techni-
cal expert panels, various professional organizations and 
other stakeholders stated that PT and OT services should 
be addressed via separate components, given the differ-
ent aims of the two therapy disciplines [18]. In our study, 
the average per diem cost of PT (139.01 RMB/20.59 
USD) is much greater than that of OT (3.72 RMB/0.55 
USD). Because of the strong correlation between the 
dependent variables used for both components and the 
similarity in predictors, we used the same case-mix clas-
sification model for both components. In addition, due to 
the small sample size in the major joint replacement or 
spinal surgery, the four groups were combined into two 
groups. The R2 value in this study (R2 = 0.111) was better 
than that in Acumen’s PDPM Technical Report (PT: R2 = 
0.067, OT: R2 = 0.040) [18]. More than 71% of groups had 
a good homogeneity of resource use, expressed as the CV. 
The trends of CMI among different groups in our study 
were nearly consistent with those in Acumen’s PDPM 
Technical Report [18]. 

Because the average per diem cost of SLP was only 
0.45 USD (3.01 RMB) in this study, the 12 groups were 
combined into seven groups. Although the within-group 
homogeneity results were not very good, the trends of 
CMI for the groups were almost similar with those in 
Acumen’s PDPM Technical Report [18]. Compared with 
the R2 value in Acumen’s PDPM Technical Report (R2 = 
0.140), the seven-group model only explained 6.1% of the 
variance of SLP per diem cost. This may be because the 
cost of SLP was much lower due to the lagging develop-
ment of SLP in China. In China, one of the profit-driven 
behaviors of hospitals and health workers is to use pare 
nteral feeding or tube f eeding for patients with swallow-
ing disorders, rather than performing SLP [9]. Moreover, 
the effect of SLP is usually not very prominent and the 
potential for improvement is small [30]. These factors 
may be responsible for the underdevelopment of SLP in 
China. However, as a result of the rising life expectancy 
and rapidly aging population in China, there will be a 
steep increase in the need for SLP rehabilitation. Thus, it 

Table 4 SLP case-mix classification groups
Presence of Acute Neu-
rologic Condition, SLP 
Related Comorbidity, or 
Cognitive Impairment

Mechanically Altered 
Diet or Swallowing 
Disorder

PDPM 
Original 
CMG

PDPM 
CMG in 
China

N % Mean SD Median IQR CV CMI

None Neither/Either/Both SA/SB/SC S1 6178 45.78% 0.20 2.76 0.00 0.00 13.80 0.06
Any one Neither SD S2 2645 19.60% 1.13 9.39 0.00 0.00 8.31 0.36
Any one Either/Both SE/SF S3 591 4.38% 5.97 28.87 0.00 0.00 4.84 1.88
Any two Neither SG S4 2109 15.63% 2.14 9.72 0.00 0.00 4.54 0.68
Any two Either/Both SH/SI S5 801 5.94% 16.50 32.51 0.00 22.00 1.97 5.21
All three Neither SJ S6 473 3.50% 4.13 14.24 0.00 0.00 3.45 1.30
All three Either/Both SK/SL S7 699 5.18% 19.56 32.90 0.00 22.22 1.68 6.17
SLP speech-language pathology, SD standard deviation, IQR interquartile range, CV coefficient of variation, CMI case mix index
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is essential to identify a better payment method for reha-
bilitation in China.

The statistical performance of the nursing classifica-
tion was favorable, with 12 groups and an RIV of 0.29. A 
recent overview of international validation studies of the 
RUG-III case-mix system in eight countries and regions 
revealed an RIV value of 0.14–0.67 (22–53 groups) [19], 
compared to which our results are also acceptable. The 
CMIs estimated from our data, which quantified the 
resource consumption for each of the nursing groups, 
were almost similar with t hose calculated for the United 
States [17]. The CV also achieved better homogene-
ity within each nursing group. It is worth noting that 
the nursing assistant, providing daily living care for the 
patient, is not yet an integrated part of the comprehen-
sive nursing care system in China, neither within the hos-
pital nor within the healthcare payment system [31, 32]. 
However, in most developed countries, multiple payment 
systems have been established, wherein non-clinical 
nursing care is covered by either the private health insur-
ance system like in the United States [33, 34] or by the 
public health insurance system with government subsidy 
like in Europe, Australia, and Japan [35–37]. Along with 
the aging population, decreasing family size, and rising 
living standards, patients’ needs and expectations for a 
high quality of life and a high quality of clinical and non-
clinical nursing care have been increasing quickly [38]. It 
is necessary to place non-clinical nursing care under the 
management of the hospital and ensure that it is covered 
by the basic health insurance system under legitimated 
supervision in China.

Our results showed that the NTA classification 
achieved a variance explanation of about 10.6%, almost 
similar with that of the United States (R2 = 0.116). The CV 
and CMI also showed favorable performance in six NTA 
groups. It is worth discussing that the NTA incorporated 
an adjustment factor based on days of a stay. Acumen 
indicates that NTA costs are high for the first 3 days of a 
stay due to the examinations performed upon admission 
[18]. Based on this observation, Acumen bins the first 
3 days of the stay for NTA payment and calculates the 
average per diem costs for this flat period. In a previous 
study, the estimated per diem NTA costs declined from 
150 USD during days 1–3 to 45 USD during days 4–100. 

Then, the adjustment factor was set to 3.00 for days 1–3. 
Following the 3-day flat period, the adjustment factor 
was set to 1.00, reflecting the 70% decline in per diem 
costs after the flat period and relatively constant per diem 
costs thereafter [18]. Our results were almost the same. 
The estimated per diem NTA costs in our study declined 
from 513.31 RMB (77.13 USD) during days 1–3 to 173.97 
RMB (26.14 USD) during days 4–100. Thus, the adjust-
ment factor was set to 3.00 for days 1–3 and to 3.00 for 
days 4–100, because for most stays, the majority of the 
stay falls within this range. To obtain a robust estimate of 
the cost of a specific day in a stay, it is necessary to set an 
adjustment factor for the NTA component.

Our study has several limitations. First, since the PAC 
service system has not been established in China and the 
development of rehabilitation is lagging, the expenses of 
rehabilitation programs, including PT, OT, and SLP, are 
relatively low, which significantly affects the results of 
the grouping model. When China’s rehabilitation devel-
opment improves, it will be necessary to re-examine the 
validity of PDPM in China. Moreover, as this research is 
based on skilled nursing facility patients in seven facili-
ties in Jinhua City, the validation of PDPM as a case-mix 
system should be further tested on a more representa-
tive sample of patients before generalizing the results to 
the entire country. In addition, since China does not use 
a standardized comprehensive assessment scale such as 
MDS or CARE in PAC settings, we collected the func-
tional assessment data and medical record data to estab-
lish the database needed for PDPM grouping. Therefore, 
it is still necessary to validate the PDPM classification 
system using a standardized comprehensive assess-
ment scale in China. Lastly, a recent study points out 
that R² tends to overestimate the proportion of variation 
explained by models [39]. This overestimation should be 
considered when interpreting the explanatory power of 
the PDPM in this study. However, given that the R² values 
reported in Acumen’s report of the PDPM implemented 
in the United States are similar to those found in our 
study, we believe that the PDPM remains applicable in 
China despite this limitation.

Table 6 NTA case-mix classification groups
NTA Score Range PDPM Original CMG PDPM CMG in China N % Mean SD Median IQR CV CMI
12+ NA NA 306 2.27% 644.72 245.10 601.58 344.33 0.38 2.91
9–11 NB NB 471 3.49% 436.37 214.07 378.29 299.10 0.49 1.97
6–8 NC NC 2017 14.95% 418.28 254.22 341.22 345.25 0.61 1.89
3–5 ND ND 2611 19.35% 319.82 201.69 256.00 243.06 0.63 1.44
1–2 NE NE 2837 21.02% 182.14 91.96 164.72 103.81 0.50 0.82
0 NF NF 5254 38.93% 160.36 102.84 133.37 115.29 0.64 0.72
NTA non-therapy ancillary, SD standard deviation, IQR interquartile range, CV coefficient of variation, CMI case mix index
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Conclusions
Our study was the first to validate the PDPM as a case-
mix classification for PAC patients in China. Under the 
adapted version of PDPM, each patient was classified 
into a group corresponding to one of the four case-mix 
adjusted components: PT&OT, SLP, nursing, and NTA. 
Each component utilizes different criteria as the basis 
for patient classification. The results of this study provide 
evidence of the feasibility of using PDPM classification in 
China’s PAC setting, which will be useful to facilitate the 
development of an appropriate payment method for PAC 
patients in China. However, future studies are needed to 
validate the PDPM classification system in China using a 
standardized comprehensive assessment scale.
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