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Abstract

Aims/Background: Accurate and standardized diagnostic coding is essential for hospital performance, reimbursement, and the secondary
use of health data for management and research. Despite its significance, how diagnostic coding structure and complexity shift over time,
and how these trends differ between institutions, remain poorly defined at the health system level. This study aimed to assess long-term
trends and inter-hospital variability in diagnostic coding practice in Chinese public hospitals, focusing on the secondary diagnosis number
(SDN), International Statistical Classification of Diseases and Related Health Problems, 10th Revision (ICD-10) chapter composition,
and diagnostic diversity over a 12-year period. Methods: The retrospective study analyzed inpatient discharge data from two public
tertiary hospitals (Hospital A and Hospital B) at three time points: 2012, 2019, and 2024. Key indicators included the mean SDN per
admission, ICD-10 chapter-level diagnosis composition, the shannon diversity index, and heatmap-based profiling of coding structure.
Non-parametric tests were applied to assess temporal trends and differences between hospitals. Results: Mean SDN increased signifi-
cantly in both hospitals between 2012 and 2024 (Hospital A: 1.45 vs. 1.62; Hospital B: 1.37 vs. 1.61; p< 0.01), suggesting progressively
deeper documentation of comorbidities and complications. ICD-10 chapter distributions also changed over time, with a gradual increase
in chronic disease-related diagnoses and a substantial reduction in non-specific categories, such as symptoms and abnormal findings (p<
0.001). The shannon diversity index showed a modest downward trend, reflecting increasing concentration and standardization in coding
patterns. Heatmap analysis further revealed a decrease in inter-hospital variation and a clear convergence toward standardized diagnostic
structures over time. Conclusion: Over the past decade, diagnostic coding practices in Chinese public hospitals have become more
comprehensive, more structured, and increasingly standardized. These trends are consistent with the combined effects of policy reforms,
institutional learning, and the digitalization of health information systems. Furthermore, we observed that improvement in coding depth
and structure is likely to contribute to greater accuracy and reliability of Diagnosis-Related Group (DRG)-based payment systems.
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1. Introduction

Accurate, standardized diagnostic coding is central
to modern healthcare systems, which support clear diag-
nostic documentation and communication, and also drive
hospital financing, quality reporting, epidemiologic track-
ing, and health policy formulation [1]. The International
Statistical Classification of Diseases and Related Health
Problems (ICD), developed by the World Health Organi-
zation (WHO), offers a globally accepted framework for
encoding health conditions. The chapter-based structure
of this framework systematically organizes diseases and
health conditions, broadly aligned with organ systems, un-
derlying etiologies, and clinical contexts [2]. The utility of
the ICD coding system, however, depends heavily on how
diagnoses are performed in routine clinical practice, includ-
ing their accuracy, completeness, and level of specificity.

Among the parameters used to evaluate diagnostic
data quality, the secondary diagnosis number (SDN), de-
fined as the average number of coexisting conditions docu-

mented alongside the primary diagnosis, is commonly used
as a valuable indicator of documentation depth, case com-
plexity, and coding behavior [3]. In parallel, the distribu-
tion of ICD codes across chapters can reflect an institution’s
clinical focus, local disease burden, and the overall maturity
of its coding practices [4]. These structural indicators are
especially crucial under Diagnosis-Related Group (DRG)
payment models, where reimbursement depends on diag-
noses being coded accurately and justified by clinical doc-
umentation [5].

Globally, many health systems shift from fee-for-
service to prospective, value-based payment, and the accu-
racy and consistency of diagnostic coding have become in-
creasingly scrutinized [6]. Within DRG frameworks, hos-
pitals have a clear incentive to document relevant comor-
bidities and complications because these directly influence
case classification, reimbursement levels, and the appar-
ent complexity of care [7]. Conversely, incomplete doc-
umentation or use of vague or non-specific codes (for ex-
ample, ICD Chapter XVIII: symptoms, signs, and abnor-
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mal clinical and laboratory findings not elsewhere classi-
fied) as the principal diagnosis can result in financial penal-
ties and misclassification [8]. In response, many countries
have introduced national initiatives to enhance diagnostic
coding quality through comprehensive training for profes-
sional coders, software-assisted code selection, and routine
or real-time coding auditing [9].

In China, the move toward DRG-based payment re-
form is a key policy development. After pilot programs ini-
tiated in 30 cities in 2019, the reform was expanded nation-
wide by 2021, aiming to improve hospital cost-efficiency,
reduce overtreatment, and standardize diagnostic documen-
tation [10]. To support this reform, the National Healthcare
Security Administration (NHSA) has recommended coding
guidelines, introduced hospital performance benchmark-
ing strategies, and developed diagnostic grouping cata-
logs, including the Chinese Healthcare Security Diagnosis-
Related Group (CHS-DRG) and Diagnosis-Intervention
Packet (DIP) systems, to enhance reimbursement equity
and data comparability across regions [11]. These ini-
tiatives have effectively shifted diagnostic coding from a
background administrative task to a core operational prior-
ity. In parallel, national reforms are also assessing broader
organizational challenges, such as the National Health
Commission Hospital Administration Institute project on
the management status and development strategies of ‘one
hospital, multiple campuses’ in Chinese public hospitals
[Project No. 2024-106 (CON20241153281)], aiming to
provide more systematic solutions for hospital governance.

Despite these advances, institution-level evidence on
how diagnostic coding has evolved over time remains lim-
ited, especially with respect to multi-year trends in docu-
mentation depth and structural coding patterns. Much of
the existing research has focused on macro-level DRG out-
comes or single-year audits of coding accuracy. Conse-
quently, several practical questions remain inadequately ad-
dressed: Has coding quality improved over time? Are hos-
pitals moving toward more standardized and specific ICD
coding? Do coding patterns vary across hospital groups or
policy phases? And is there measurable evidence of struc-
tural refinement, meaning a shift away from generalized,
non-specific coding towards patterns that are more clini-
cally focused and aligned with policy frameworks?

Addressing these questions requires a more nuanced
and granular approach that goes beyond counting diag-
noses. It should also examine diagnostic compositional fea-
tures, how it changes over time, and how they vary across
institutions. The current study addresses this gap by as-
sessing diagnostic coding from two major hospital groups
at three time points spanning 12 years. Using SDN, ICD
chapter distribution, entropy-based diversity indices, and
hospital-level diagnostic profiles, the study aims to uncover
system-level behavioral patterns shaped by policy reform,
institutional capacity, and evolving health information sys-
tems. In doing so, the study contributes meaningful evi-

dence relevant to hospital payment reform, diagnostic gov-
ernance, and health data quality in the digital era.

2. Methods
2.1 Study Design and Setting

This is a retrospective, descriptive study evaluating in-
patient discharge front page data from two tertiary hospitals
in Beijing, China: Peking University Third Hospital (Hos-
pital A) and Beijing Tongren Hospital, CMU (Hospital B).
Because the study analyzed de-identified data and involved
no direct patient contact, the ethics committees of the hos-
pitals exempted the need for formal ethical review. Hos-
pital A was classified as an early adopter of DRG reform,
whereas Hospital B showed a more gradual response. The
study included all inpatient discharges from three calendar
years, 2012, 2019, and 2024, selected to represent three dis-
tinct phases of DRG policy implementation.

2.2 Data Collection and Cleaning
We extracted all secondary diagnosis (SD) entries

from the inpatient front page (IFP) dataset for each hospital
and study year. Duplicate records and entries or missing di-
agnosis fields were excluded. Each SD was then assigned
to an International Statistical Classification of Diseases and
Related Health Problems, 10th Revision (ICD-10) chapter
(I–XXII) based on the first character of its ICD-10 code.
Records without any SD were retained and coded with
zero SD entries to enable consistent normalization across
records. The specific metrics used to characterize coding
behavior and structural patterns, including the SDN, coding
density (CD), and the secondary diagnosis diversity index
(SDDI), are detailed in Table 1 along with their definitions
and intended interpretations.

2.3 Statistical Analysis
Statistical analyses were conducted in R (version

4.2.2, R Core Team, Vienna, Austria) and SPSS version
26.0 (IBM Corp., Armonk, NY, USA). Continuous vari-
ables, including the secondary diagnoses number (SDN)
per admission, were summarized using the mean, median,
and standard deviations, and their distributions across study
years and hospitals were assessed for normality.

Normality across continuous variables was assessed
using the Shapiro–Wilk test (α = 0.05) and by visually re-
viewing Q–Q plots and histograms. Where appropriate,
the homogeneity of variances was assessed using Levene’s
test. Given that most variables showed statistically signifi-
cant deviations from normality or clear skewness on visual
assessment, we applied non-parametric approaches for in-
ferential comparisons. Specifically, SDN and other con-
tinuous variables (such as coding density) were compared
across hospitals and years using the Mann–Whitney U test.
Categorical variables were assessed using the chi-square
test.
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Table 1. Variable definitions used in assessing coding behavior.
Variable Definition Purpose

SDN (secondary diagnosis number) Count of secondary diagnoses per record Reflects coding density
CD (coding density) Annual SD total / Annual number of discharges Measures temporal coding intensity
Chapter proportion Distribution of SDs by ICD-10 chapters Tracks structural changes in coding
SDDI (secondary diagnosis diversity index) Shannon entropy index of chapter distribution Reflects coding variety
Strategy chapter growth rate Proportional increase of non-core chapters (XXI, XVIII, V) Detects strategic behavior
SD, secondary diagnosis; ICD-10, International Statistical Classification of Diseases and Related Health Problems, 10th Revision.

To evaluate structural changes in coding composition,
we calculated the proportion of secondary diagnoses as-
signed to each ICD-10 chapter and used chi-square tests to
compare these distributions across different timepoints us-
ing the chi-square test. Coding diversity of each year was
assessed using the Shannon entropy index, which quanti-
fies both the richness and balance of chapter-level coding;
entropy values were plotted to illustrate temporal trends.

To investigate potential behavior suggestive of strate-
gic coding, we developed a chapter contribution model
based on the relative increase in diagnosis counts per chap-
ter between 2012 and 2024. Where appropriate, linear trend
fitting was applied to model continuous changes over time.
All statistical tests were two-tailed, and p-values less than
0.05 were considered statistically significant.

3. Results
3.1 Trends in Secondary Diagnosis Number (SDN) Over
Time

We evaluated how the SDN changed over time in two
hospitals (Hospital A and Hospital B) across three years:
2012, 2019, and 2024. Descriptive analysis revealed a clear
upward shift in mean and median SDN in both hospitals
throughout the study period (Table 2). At Hospital A, SDN
was considerably higher in both 2019 and 2024 compared
to 2012 (p < 0.01), but there was no statistically significant
difference between 2019 and 2024 (p = 0.096, Fig. 1). This
finding indicates that the largest increase in SDN atHospital
A occurred between 2012 and 2019.

Hospital B showed a distinct pattern, with significant
increases at every adjacent time point. SDN in 2019 was
significantly higher than in 2012 (p < 0.01), and SDN in
2024 was higher than in 2019 (p < 0.01). These results
suggest a consistent increase in the recording of secondary
diagnoses over the entire observation period.

3.2 ICD Chapter Composition Across Groups and Years
To explore how diagnostic coding structures changed

over time, we compared the ICD-10 chapter-level compo-
sition at both Hospital A and Hospital B from 2012 to 2024.
As illustrated in the stacked bar chart (Fig. 2) and detailed in
Table 3, both hospitals demonstrated clear shifts in diagnos-
tic structures. Chi-square tests showed significant differ-
ences in ICD chapter distributions between 2012 and 2024
in both Hospital A and Hospital B (p < 0.001).

Fig. 1. Comparison of secondary diagnosis counts between two
hospitals (Hospital A andHospital B) across three years: 2012,
2019, and 2024. The box plot illustrates the distribution of SDN
across two independent groups (Hospital A and Hospital B) over
three distinct time points (2012, 2019, and 2024). ns, not signifi-
cant; **, p< 0.01. Hospital A, Peking University Third Hospital;
Hospital B, Beijing Tongren Hospital, CMU.

Table 2. Descriptive analysis of the secondary diagnosis
number (SDN) at Hospital A and Hospital B across three

years (2012, 2019, and 2024).
Year Hospital Average SDN Median

2012
A 1.45 1.31
B 1.37 1.28

2019
A 1.55 1.40
B 1.46 1.39

2024
A 1.62 1.45
B 1.61 1.52

In Hospital A, the most prominent increase occurred
in Chapter XV (Pregnancy, childbirth and the puerperium),
where the average number of secondary diagnoses per case
rose from 2.28 to 3.43 (an increase of 1.15). Substantial
increases were also observed in Chapter XVI (certain con-
ditions originating in the perinatal period), Chapter IV (en-
docrine, nutritional and metabolic diseases), Chapter IX
(diseases of the circulatory system), and Chapter III (dis-
eases of the blood and blood-forming organs). Hospital B
showed a similar pattern, with Chapter XV indicating the
most significant increase (from 2.06 to 3.43, an increase of
1.37). Further increases were found in Chapter XII (dis-
eases of the skin and subcutaneous tissue), Chapter X (dis-

3

https://www.imrpress.com


Table 3. Top 5 ICD chapters with the highest increase in the number of secondary diagnoses (ranked by growth value from 2012
to 2024).

ICD chapter Chapter range Chapter name 2012 2019 2024

Hospital A
Chapter XV O00–O99 Pregnancy, childbirth and the puerperium 2.28 3.21 3.43
Chapter XVI P00–P96 Certain conditions originating in the perinatal period 3.17 3.83 3.73
Chapter III D50–D89 Diseases of the blood and blood-forming organs 1.15 1.22 1.52
Chapter IV E00–E90 Endocrine, nutritional and metabolic diseases 1.30 1.41 1.70
Chapter IX I00–I99 Diseases of the circulatory system 1.84 1.92 2.21

Hospital B
Chapter XV O00–O99 Pregnancy, childbirth and the puerperium 2.06 3.24 3.43
Chapter XII L00–L99 Diseases of the skin and subcutaneous tissue 1.05 1.43 1.58
Chapter X J00–J99 Diseases of the respiratory system 1.26 1.33 1.67
Chapter III D50–D89 Diseases of the blood and blood-forming organs 1.10 1.39 1.46
Chapter XI K00–K93 Diseases of the digestive system 1.49 1.64 1.94

ICD, International Statistical Classification of Diseases and Related Health Problems.

Fig. 2. Stacked bar chart of ICD-10 chapter-level diagnostic
composition across hospital groups and years. Each bar rep-
resents the distribution of 21 ICD-10 chapters among all docu-
mented diagnoses for both Hospital A and Hospital B across the
three years (2012, 2019, and 2024). The observable changes in
chapter composition over time suggest a shifting diagnostic focus,
with greater contribution from chronic disease-related chapters
and a declining reliance on non-specific, symptom-based codes.

eases of the respiratory system), and Chapter III (diseases
of the blood and blood-forming organs).

Conversely, we found an overall decline in the relative
use of less specific codes, particularly those from Chapter
XVIII (symptoms, signs and abnormal diagnostic and lab-
oratory findings, not elsewhere classified), which is consis-
tent with enhanced diagnostic precision. This structural re-
finement suggests that diagnostic coding gradually shifted
away from vague symptom-based categories toward more
clinically specific diagnoses over time. Such a pattern may
indicate progressive alignment of coding practices with pol-
icy requirements and improved coding awareness under
DRG reform. Longitudinal results for all ICD-10 chapters
are given in Supplementary Table 1.

It is also noteworthy that chapters outside the core
chronic disease categories, such as Chapter XXI (factors

influencing health status and contact with healthcare ser-
vices), remained less frequent overall but demonstrated
a consistent upward trend in 2024 compared with 2012
(Supplementary Table 1). For example, the average SDN
value for Chapter XXI in Hospital A increased from 1.23
to 1.58, suggesting an increasing trend towards behavior-
driven or strategic coding.

3.3 Diagnostic Coding Structure and Concentration
The results indicate more than a simple increase in the

number of recorded diagnoses. Instead, the findings reflect
a shift in how diagnoses are coded, with trendsmoving from
broad and sometimes ambiguous diagnostic patterns toward
a more focused use of clinically definitive ICD chapters.
This trend is particularly evident in the reduced reliance
on non-specific categories such as “Chapter XVIII” (symp-
toms and abnormal findings), which are often used when
a precise diagnosis is yet to be established or is recorded
in a delayed or incomplete manner. Concurrently, chapters
typically associated with higher diagnostic certainty, such
as “Chapter C00-D48” (Neoplasms) and “Chapter IX” (dis-
eases of the circulatory system), increased over time, sug-
gesting improved diagnostic clarity and stronger documen-
tation.

The shift towards a more consolidated coding struc-
ture was more pronounced in Hospital A, which may re-
flect earlier adoption of standardized coding protocols and,
potentially, greater emphasis on DRG-linked reimburse-
ment requirements. In contrast, Hospital B exhibited more
heterogeneous coding profiles, indicating differences in
caseload complexity, workforce capacity, or the maturity
of health information systems. Overall, the trends illus-
trated in Fig. 3 suggest a gradual move away from broad,
non-specific coding toward a more streamlined, diagnosis-
driven approach that supports clinical accuracy, reimburse-
ment integrity, and interoperable health data.
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Fig. 3. Temporal changes in diagnostic structure highlight a clear realignment across ICD chapters. The visualization illustrates
how emphasis on different ICD chapters has shifted over years and across hospital groups. The observed redistribution away from
vague or generalized categories toward more definitive diagnostic chapters reflects increased coding specificity and a more optimized,
structured approach to diagnostic documentation.

3.4 Temporal Convergence in Diagnostic Diversity and
Structural Standardization

As detailed in Table 4, Hospital B showed a small but
consistent reduction in the diversity index, decreasing from
2.997 in 2012 to 2.993 in 2019 and finally reaching 2.990
in 2024. Hospital A followed a similar trend initially, de-
creasing from 2.986 in 2012 to 2.977 in 2019, before show-
ing a modest rebound to 2.980 in 2024. Despite this modest
recovery, both hospitals showed lower diversity indices in
2024 than at baseline in 2012, reflecting an overall trend
towards a more uniform coding pattern over the study pe-
riod. Notably, the reduction in entropy does not suggest a
reduced diagnostic detail. Instead, it is more likely to in-
dicate increasing standardization in how diagnoses are dis-
tributed across ICD chapters (Fig. 4).

The box plots reveal that while the overall diversity
index decreased, the chapter-level coding depth (average
SDN) increased over time, especially in Hospital B. Me-
dian SDN increased across chapters, while the interquar-

tile range gradually decreased, indicating more consistent
recording of secondary diagnosis across different disease
categories. Furthermore, the plots showed significant out-
liers (diamonds), particularly in Chapters XV (pregnancy,
childbirth, and puerperium) and Chapter XVI (certain dis-
eases originating in the perinatal period), where coding
depth consistently exceeded the typical range.

Trend analysis confirmed a significant upward shift in
coding depth in Hospital B (p< 0.001). Similarly, Hospital
A showed a significant increase in coding depth (p = 0.003),
even though its diversity index had a mild fluctuation in the
later period. Collectively, these results suggest a trend to-
wards more concise coding practices alongside deeper sec-
ondary diagnoses, particularly more evident in Hospital B.

3.5 Institutional-Level Diagnostic Signatures and Their
Stabilization

To evaluate hospital-level variation in diagnostic cod-
ing patterns, we generated a heatmap of ICD chapter com-
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Fig. 4. Distribution of mean secondary diagnosis number (SDN) in ICD-10 chapters (2012–2024) across the 2012, 2019, and 2024.
The box plots illustrate the distribution of mean SDN values across 21 ICD-10 chapters in Hospital A (blue) and Hospital B (orange) at
three time points. Within each box, the central horizontal line represents the median SDN across all chapters, while the top and bottom
boundaries indicate the interquartile range (IQR) (25th–75th percentiles). The whiskers extend to the highest and lowest values within 1.5
× IQR. ♦ indicates outliers, which correspond to specific chapters (notably Chapter XV pregnancy, childbirth and the puerperium) and
Chapter XVI (certain conditions in the perinatal period) that exhibited significantly higher secondary diagnosis counts than the overall
chapter distribution. ♦ indicates statistical outliers identified beyond 1.5 × IQR according to the boxplot algorithm. Because the boxplot
summarizes chapter-level distributions within each year-hospital group, outlier symbols may appear without adjacent separately visible
points when values overlap within the boxplot structure.

Table 4. Shannon diversity index (SDI) in both hospitals
across the three years.

Hospital 2012 2019 2024

Hospital A 2.986 2.977 2.980
Hospital B 2.997 2.993 2.990

position across hospital-year combinations (Fig. 5). This
provides a visual “diagnostic fingerprint” for each institu-
tion, offering insights into how consistently and how exten-
sively specific ICD chapters are utilized over time. In the
heatmap, color intensity represents the relative frequency of
each ICD chapter, with darker shading indicating a higher
proportion of diagnoses.

In 2012, the heatmap indicated significant heterogene-
ity, evidenced by mismatches in color patterns between the
two hospitals. Specific chapters emerged as high frequency
“hot spots” (darker cells) in Hospital A but appeared less
prominent in Hospital B, reflecting meaningful differences
in diagnostic focus and coding behavior at baseline.

By 2024, the inter-hospital variation reduced substan-
tially. The 2024 heatmap rows for Hospital A and Hospi-
tal B exhibit a synchronized color distribution pattern, indi-
cating that both institutions converged toward a more stan-
dardized diagnostic structure with similar high-frequency
chapters, neoplasms (Chapter II), and circulatory system
diseases (Chapter IX). The analysis showed consistently
high representation of Chapter XXI (factors affecting health
service contacts), underscoring its significance in routine
documentations and its potential relevance to reimburse-
ment systems. Conversely, chapters, such as congenital
anomalies and perinatal conditions, remained consistently
low, reflecting their specialized clinical scope in general
tertiary care settings. This transition from clearly distinct
‘diagnostic fingerprints’ to a more uniform structure sug-
gests system-level learning and alignment over time. This
convergence may indicate the combined effects on national
DRG policy implementation, wider adoption of best coding
standards, diffusion of best practices, and gradual improve-
ments in health information systems.
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Overall, the results demonstrate a profound transfor-
mation in diagnostic coding over 12 years, with three con-
sistent patterns. First, SDN increased steadily in both hos-
pitals, reflectingmore comprehensive documentation of co-
morbidities and complications. Second, the ICD chap-
ter composition shifted structurally, with lower reliance
on non-specific coding (particularly Chapter XVIII) and
increased representation in more diagnostically specific,
chronic disease-related categories, supporting improved
coding precision. Third, these shifts occurred alongside
systemic-wide convergence, as evidenced by a gradual re-
duction in the shannon diversity index and an increase in
similarity of institutional coding signatures in the heatmap,
suggesting greater homogeneity and policy-responsiveness
in coding behavior across the two hospitals.

Fig. 5. Heatmap of normalized ICD chapter composition
across hospitals and years. Each row represents the distribu-
tion of secondary diagnoses across 20 ICD-10 chapters for a given
hospital–year combination (Hospital A and Hospital B, 2012,
2019, and 2024). Color intensity reflects the relative frequency
or contribution of each chapter to the total number of SDs, with
darker blue/green shades indicating higher relative frequency.

4. Discussion
With the continuous advances in DRG-based payment

reform in China, hospital diagnostic coding has come un-
der stronger policy oversight and operational pressure, with

an increasing focus on standardization and greater coding
precision [12]. This study analyzed 12 years of longitudi-
nal data from two representative tertiary hospitals and pro-
vides empirical insights into how DRG reform reshapes di-
agnostic coding behavior. Particularly, the study assessed
changes in secondary diagnosis documentation, shifts in
ICD-10 chapter composition, trends in coding diversity,
and the degree of convergence between institutions over
time. Our findings are consistent with patterns reported
internationally while also providing a China-specific per-
spective on how diagnostic governance is transforming in
the context of the digital health era.

The significant upward trend in SDN across the three
study years aligns with a previous study showing that DRG
implementation tends to promote more comprehensive doc-
umentation of comorbidities and complications [4]. In pay-
ment systems where reimbursement is linked to case-mix
severity, higher SDN can reflect better clinical documen-
tation and improved diagnostic capture, but may also in-
dicate coder responsiveness to financial incentives [13].
Our findings align with evidence from Germany and Ko-
rea, where DRG-based financing was linked to a measur-
able increase in SD coding per inpatient record, sometimes
without a corresponding increase in true clinical complexity
[14,15]. The consistent reduction in the SDN interquartile
range across hospitals further suggests that differences in
coding behavior between institutions are shrinking, likely
due to national coding standards, more standardized digital
recording systems, and audit-based feedback [16].

One of the most striking findings was the gradual re-
shaping of ICD-10 chapter composition over time. In both
hospitals, the relative use of non-specific codes, particularly
Chapter XVIII, reduced, while diagnostically more defini-
tive categories such as Chapter II (Neoplasms), Chapter IV
(Endocrine, nutritional and metabolic diseases), and Chap-
ter IX (Diseases of the circulatory system) increased. This
trend is consistent with experiences reported after DRG re-
forms in other settings, where symptom-based or provi-
sional codes are less favored because they contribute less
effectively to DRG classification and reimbursement [17].
In parallel, the considerable increase in the absolute mean
number of Chapter XVIII secondary diagnoses per case,
particularly in Hospital B, presents a nuanced picture. On
the one hand, the declining proportion of Chapter XVIII in-
dicates enhanced structural precision. On the other hand,
the increase in absolute counts may reflect overall docu-
mentation expansion as SDN rises. Alternatively, it could
reflect ‘code creep’, often presented as upcoding, in which
vague codes are added to increase DRG weight even when
they do not significantly enhance diagnostic specificity.

The increased use of Chapters XVII (Congenital mal-
formations, deformations and chromosomal abnormalities),
Chapter V (Mental and behavioral disorders), and Chap-
ter XXI (factors influencing health status and contact with
health services) can be interpreted in at least two ways. It
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may represent more holistic documentation of patient com-
plexity and social or contextual factors. Equally, it could
indicate more strategic coding behavior aimed at optimiz-
ing DRG grouping and reimbursement without necessarily
altering clinical care. Given the policy emphasis on more
“refined DRG grouping” under China’s CHS-DRG andDIP
systems, further research is needed to determine whether
these changes reflect better capture of clinical reality or doc-
umentation shifts driven by incentive structures.

The gradual decline in the shannon diversity index
suggests system-wide convergence in coding behavior,
with secondary diagnoses becoming increasingly concen-
trated within a smaller subset of ICD chapters. While re-
duced diversity can sometimes indicate incomplete docu-
mentation or overly narrow diagnostic labeling, the trend
found here more likely reflects improved coding consis-
tency, closer alignment with DRG requirements, and over-
all institutional learning. Similar reduction in entropy has
been observed in Organisation for Economic Co-operation
and Development (OECD) settings after structured coding
improvement initiatives [9].

Hospital A, as the earlier reform adopters, showed a
more pronounced decline in diversity, which supports the
hypothesis that coding behavior can shift in response to reg-
ulatory oversight and financial incentives. However, con-
vergence raises its own concerns. The hospital may begin to
rely on “safe” coding patterns that optimize reimbursement,
potentially at the expense of capturing clinically meaning-
ful diagnostic nuance. Prior evidence has cautioned that ex-
cessive standardization and resulting data homogeneity can
hinder the granularity required for epidemiological anal-
ysis and personalized care planning [18]. Thus, the goal
should be standardization that enhances comparability and
integrity without compromising diagnostic fidelity.

This study indicates that DRG reforms are reshaping
more than hospital financing. Reforms are also altering
the underlying structure of clinical data through measur-
able shifts in diagnostic coding practices. The progressive
changes in coding behavior observed here are consistent
with models of institutional adaptation under performance-
based incentives. For policymakers, this study highlights
the dual role of diagnostic coding: it is both a clinical com-
munication tool and a mechanism that directly influences
payment. If payment frameworks become more sophisti-
cated, coding quality must improve at some pace. This ne-
cessitates sustained investment in professional coder train-
ing, routine and automated quality control processes, and
the incorporation of diagnostic decision-support systems
within electronic health workflows.

Future studies should explore the causal links among
coding behavior, DRG grouping and reimbursement accu-
racy, and downstream patient outcomes. Mixed-method ap-
proaches that integrate quantitative coding with coder and
clinician interviews may help clarify the behavioral mech-
anisms behind observed patterns, including moral hazard,

strategic documentation, and the administrative burden cre-
ated by DRG requirements. Expanding similar analysis to
county-level and non-tertiary hospitals will be essential to
elucidate how China’s DRG rollout affects equity and effi-
ciency across different health settings.

We acknowledge several limitations in the present
study. First, our analysis was restricted to inpatient dis-
charge data from only two tertiary general hospitals in Bei-
jing. While the two institutions provided useful compara-
tive insight because of their distinct rates of DRG reform
adoption, the results may not fully generalize to hospitals
in other regions of China, such as lower-tier cities or rural
areas, or to other hospital types, including specialized hos-
pitals or secondary-level care facilities. Tertiary hospitals in
Beijing typically operate with higher resource capacity and
within a distinctive policy and information infrastructure
environment, which may affect both coding depth and stan-
dardization. Future studies should include a wider range of
hospital levels and geographical contexts to better capture
national variation and assess the equity and efficiency im-
plications of DRG reform rollout.

5. Conclusion
This study demonstrates that China’s DRG reform is

linked with measurable improvements in diagnostic cod-
ing depth, specificity, and structural consistency across
hospitals. The observed increase in recorded secondary
diagnoses, the reduced reliance on vague codes, and the
increasing similarity in ICD chapter patterns together re-
flect stronger documentation practices and greater align-
ment with policy expectations. Furthermore, the findings
suggest that coding behavior is becoming more standard-
ized and may be influenced by DRG-linked incentives.
These improvements should be interpreted alongside poten-
tial risks, including upcoding and the possibility that over-
standardization could reduce clinically meaningful nuance.
To maintain high-quality coding and support the long-term
effectiveness of DRG-based payment reform, continued in-
vestment is required in coder training, well-integrated digi-
tal coding support systems, and audit systems that link cod-
ing quality not only to reimbursement accuracy but also to
clinical outcomes.

Key Points
• Diagnostic coding in Chinese public hospitals be-

came significantly more comprehensive over the 12-year
period, as evidenced by a substantial increase in the mean
secondary diagnosis number (SDN) and standardization in
line with the objectives of DRG reform.

• The distribution of ICD chapter shifted toward
greater diagnostic specificity, with a relative decline in
vague codes (such as Chapter XVIII) and a corresponding
increase in more definitive, chronic disease-related diag-
noses.
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• We found clear evidence of system-wide conver-
gence, reflected by a reduction in the shannon diversity in-
dex and lower variation between hospitals, suggesting that
coding practices are becoming more homogeneous and in-
creasingly aligned with policy expectations across institu-
tions.

• A nuanced dual trend in coding behavior was identi-
fied: although the relative proportion of vague codes de-
creased, their absolute volume increased, potentially re-
flecting the emergence of ‘code creep’ influenced by finan-
cial incentives.

• These trends indicate the likely beneficial effects of
national DRG payment policies, institutional learning, and
ongoing digitalization in improving diagnostic data quality
and enhancing the accuracy and reliability of DRG-based
reimbursement systems.
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