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Abstract

With global aging and rising multimorbidity, China’s large older population strains its
healthcare system. This study analyzes age-specific patterns and dual economic burden
(medical and out-of-pocket expenses) of common dyadic chronic disease combinations among
older inpatients in Inner Mongolia. Using multistage random sampling, we analyzed data
from six hospitals (four secondary, two tertiary) in 2022. Patients aged =50 years with a
diagnosis of a chronic disease were included. The ten most frequent dyadic combinations
were extracted from the first five diagnoses. Descriptive statistics, chi-square tests, and one-
way ANOVA were used (p <.05). Among 106,202 older inpatients, 73.8 % had multimorbidity,
and 27.7% presented dyadic combinations. The ten most common combinations (n = 5,190)
showed age-clustering (p < .001). Hypertension appeared in six of the top ten patterns,
highlighting its pivotal role. “Hypertension + Joint arthrosis” was the costliest, with mean
expenses 3.0 and 3.2 times the overall averages for medical and out-of-pocket expenses. Three
distinct cost patterns emerged: increasing, declining in the oldest-old, and stable. High-cost
combinations showed financial-risk heterogeneity, especially for cancer patients aged > 80
years. Dyadic combinations are pivotal in multimorbidity progression, and age interacts with
disease patterns to shape economic burden. Therefore, tiered, age-specific interventions are
essential to mitigate risk and optimize resource use.
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Introduction

Amidst profound global demographic shifts and changing disease patterns, population aging
has emerged as a universal societal challenge. Within this context, the high prevalence and
co-occurrence of chronic non-communicable diseases, known as multimorbidity, are
increasingly becoming a pressing public health issue. The World Health Organization (2016)
defines it as the coexistence of two or more chronic health conditions in the same individual.
This phenomenon represents far more than a simple summation of multiple diseases. It entails
more complex clinical management needs, poorer health-related quality-of-life expectations,
and a significantly increased socioeconomic burden. Globally, the prevalence of
multimorbidity rises sharply with age, imposing substantial pressure on healthcare systems
(Busija et al., 2019; Fortin et al., 2012; Uijen et al., 2008).

As the country with the world’s largest older population, China is undergoing an
unprecedented scale of population aging. In this process, multimorbidity has become a core
feature affecting the health of the older population. Research indicates that over 78% of older
adults in China are affected by multimorbidity, with its prevalence showing a significant and
consistent increasing trend with advancing age (Marengoni et al., 2011; State Council of China,
2022; Zhang et al.,, 2020). For instance, various studies report that the prevalence of
multimorbidity among individuals aged 60 and above in China ranges from 28.6% to 64.8%,
with rates in specific older age groups (e.g., those aged 75 and above) reaching as high as
76.4% (Chen & Liu, 2022; Jing et al., 2021; La et al., 2022; Li et al., 2022). This severe
epidemiological reality foreshadows enormous demands for healthcare services and
associated costs.

Within China’s vast territorial landscape, significant heterogeneity exists across regions in
aging patterns, disease profiles, and levels of healthcare security. The Inner Mongolia
Autonomous Region, an important border region in northern China, possesses distinct
characteristics in its demographic structure, socioeconomic development, and healthcare
resource distribution. According to the 2020 Seventh National Population Census, the
proportion of the population aged 60 and above in Inner Mongolia reached 19.78 %, exceeding
the national average of 18.70%. In 2022, the region’s GDP per capita was approximately 96,500
Chinese yuan (CNY), above the national average of 85,700 CNY, while its urbanization rate
stood at 68.6%, higher than the national level of 65.2%. However, large disparities persist
between urban, pastoral, and rural areas.

With a total population of approximately 24.01 million and a land area of 1.183 million square
kilometers, Inner Mongpolia has a population density of about 20 persons per square kilometer,
which contrasts sharply with the national average of 150 persons per square kilometer.
Healthcare resources are relatively modest. The number of hospital beds per 1,000 population
is 6.98, and the number of physicians per 1,000 population is 3.58, yet the spatial distribution
of these resources is highly uneven. These features, namely a vast territory with low
population density, a multi-ethnic composition, a high aging rate, and unevenly distributed
medical resources, may contribute to regional specificities in the health status of the older
population, patterns of chronic disease prevalence, and the resulting economic burden.

Nevertheless, systematic research focusing on the patterns of multimorbidity and the

associated economic burden among older inpatients in Inner Mongolia remains relatively
scarce. The choice of this region is therefore motivated by its representativeness of a high-
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aging, resource-constrained border area, where generating local evidence is urgently needed.
The findings from this region can serve as a baseline for future comparative studies involving
other border provinces in China.

To better understand the mechanisms linking age, multimorbidity patterns, and healthcare
expenditure, this study draws on two complementary theoretical frameworks. The first
theoretical framework is Grossman’s (1972) health capital model, which conceptualizes health
as a durable capital stock that depreciates with age. As individuals grow older, the rate of
health depreciation accelerates, particularly in the presence of chronic conditions. This
depreciation can be partially offset through investments in medical care, such as
hospitalization. The model yields two key predictions relevant to this study. First, medical
care demand increases as health depreciation accelerates; second, when health capital falls
below a certain threshold, as often occurs in the oldest old population, individuals may choose
less intensive treatment options because the marginal return on further health investment
diminishes. These predictions help explain the non-linear age-cost patterns observed in the
data, specifically, the rise in costs up to age 70-79 and the subsequent decline among those
aged 80 and above.

The second theoretical framework is Andersen’s (1995) behavioral model of health services
use, providing a complementary lens by classifying factors that influence healthcare
utilization into three categories: predisposing characteristics (e.g., age, sex), enabling
resources (e.g., income, insurance, hospital accessibility), and need factors (e.g., disease
severity, multimorbidity burden). In this study, dyadic chronic disease combinations serve as
critical need factors that drive variation in both total medical expenses and out-of-pocket
payments. At the same time, age acts as a predisposing factor, and health insurance status as
an enabling resource. Together, these frameworks guide an empirical analysis of how age
interacts with specific disease patterns to shape the dual economic burden of multimorbidity
in a resource-constrained border region.

This study advances conceptual understanding in several ways that go beyond merely filling
a regional gap. First, beyond disease counts, previous research on multimorbidity costs has
largely relied on the simple number of chronic conditions, treating each additional disease as
equally additive. By focusing on specific dyadic combinations, the analysis demonstrates that
different disease pairs carry vastly different economic burdens, a finding that a simple count
variable cannot capture. Second, through age-stratified analysis of non-linear age trajectories,
three distinct cost patterns (increasing, declining in the oldest-old, and stable) are uncovered,
which challenge the linear age-cost assumption implicit in many health economics models.
Third, the dyadic stage as a policy window suggests that dyadic multimorbidity is a critical,
identifiable stage for early intervention, offering a novel policy target before progression to
more complex multimorbidity. Fourth, regional comparison, compared to national-level
studies, provides region-specific evidence from a high-aging, resource-constrained border
area that serves as a baseline for future comparative research in similar settings (e.g., Xinjiang).
Together, these elements clearly distinguish our conceptual contribution from a purely
descriptive case study.

Of particular concern is the “dual burden” imposed by multimorbidity: on one hand, the
detriment to patient health and quality of life, and on the other, the substantial direct medical
costs, especially the out-of-pocket expenses (OOPE). Existing research generally indicates that
the OOPE for outpatient, inpatient, and medication for individuals with multimorbidity is
significantly higher than for those without, and the cost level is strongly positively correlated
with the number of comorbid conditions (Barnett et al., 2012; Larkin et al., 2022; Zhao et al.,
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2020). However, evidence regarding the specific relationship between age and OOPE remains
inconsistent. First, studies vary considerably in their data sources: some rely on claims data
that capture all reimbursed services, whereas others use household surveys that rely on
patient recall, leading to different estimates of OOPE. Second, health insurance policies differ
across regions and over time. That is, a finding from one insurance context may not hold in
another. Third, and most critically for this study, existing research has largely treated
multimorbidity as a simple count of chronic conditions, implicitly assuming that each
additional disease contributes equally to the economic burden (Barnett et al., 2012; Zhao et al.,
2020). This count-based approach, while convenient, overlooks that different disease
combinations, such as hypertension with joint arthrosis versus hypertension with diabetes,
may require vastly different clinical management and, consequently, different levels of OOPE.

Recent systematic reviews on multimorbidity costs have explicitly called for moving beyond
disease counts toward disease-pattern analyses (Skou et al., 2022; Watson et al., 2025). For
instance, a systematic review of multimorbidity costs found that the healthcare costs
associated with many disease combinations exceed the sum of the costs of each disease,
indicating that specific combinations have synergistic economic effects that a simple count
cannot capture (Skou et al., 2022). Moreover, emerging evidence from China suggests that
specific multimorbidity patterns, rather than the number of conditions alone, are strongly
associated with catastrophic health expenditure among older adults, with cardiovascular and
multisystem disease clusters posing the highest financial risk (Wang & Zeng, 2023; Zhai et al.,
2023).

These findings underscore the need for a more refined analytical approach that moves beyond
disease counts to examine how specific dyadic disease combinations interact with age to shape
the dual economic burden of multimorbidity, particularly in under-studied,
resource-constrained border regions such as Inner Mongolia. Notably, while most studies
support the conclusion that costs increase with age (Goodman et al., 2013; Park et al., 2014),
some have found that cost increases may plateau or even decline in specific older age groups
(Chen & Liu, 2022; Mukherjee & Kamal, 2017).

Therefore, analyzing older inpatients in China, a population that consumes a highly
concentrated share of medical resources, to identify age-specific patterns of multimorbidity
and accurately quantify the associated healthcare costs (particularly OOPE) is of significant
theoretical and practical importance. This endeavor will not only enrich research at the
intersection of healthy aging and health economics but also provide crucial scientific evidence
to optimize the allocation of medical resources for older patients with multimorbidity in
China, alleviate the economic burden on their families, and inform the design of more targeted
and equitable health insurance policies.

This study focuses on older inpatients in the Inner Mongolia Autonomous Region. Specifically,
it aims to identify age-specific patterns of common dyadic chronic disease combinations
among older patients in this region, and accurately quantify the associated dual economic
burden, encompassing both total medical expenses and out-of-pocket payments. By doing so,
the study provides critical region-specific evidence to inform the optimization of healthcare
resource allocation for older patients with multimorbidity in similar border areas, alleviate
family economic burdens, and support the design of more targeted and equitable healthcare
security policies.
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Research methods

Data source

The data for this study were derived from a hospital cost dataset of inpatients from six general
hospitals in a city in the Inner Mongolia Autonomous Region of China in 2022. Hospitals were
selected using a multi-stage random sampling method: first, six counties/banners were
randomly selected from all counties/banners within the city; subsequently, if a
county/banner had more than one general hospital, one hospital was randomly selected from
that county/banner. Ultimately, data from six general hospitals, including four secondary
general hospitals and two tertiary general hospitals, were included. This sampling strategy
aimed to enhance the representativeness of the sample for similar urban healthcare
environments in the Inner Mongolia region, while selecting data from within a single
administrative jurisdiction helped control for variations in healthcare policies and pricing,
thereby improving the internal homogeneity and comparability of the study.

In China’s healthcare system, general hospitals serve not only as primary providers of medical
services but also as providers of a range of other services and functions. In addition to offering
emergency care, diagnosis, and treatment, general hospitals function as major centers for
critical care, serve as bases for medical education and scientific research, and provide public
health services. They also undertake responsibilities such as supporting primary healthcare,
responding to medical emergencies, and coordinating the allocation of medical resources.
Furthermore, general hospitals actively engage in social services and charitable initiatives and
participate in the formulation and reform of healthcare policies. Overall, general hospitals
play an indispensable role in China’s healthcare system, making significant contributions to
safeguarding public health and advancing the development of healthcare services.

This study focused on inpatients aged 50 years or older with a primary diagnosis of a chronic
disease. To reveal differences in financial burden across age groups, individuals aged 50-59
were also included. This age range may represent a critical phase for preventing chronic
diseases or health issues. Understanding the economic burden in this age group can aid in
developing more effective preventive measures, as interventions targeting this population
may prevent or mitigate the development of multimorbidity and more severe chronic
conditions when they enter older age. Chronic diseases were identified based on ICD-10 codes,
with reference to an established list of 46 chronic conditions (Koller et al., 2014).

The study specifically examined dyadic combinations of chronic diseases. Cases were
included if at least two chronic diseases from the aforementioned list were recorded among
the first five diagnoses. The analysis focused on the ten most common dyadic chronic disease
combinations. This design is grounded in clinical practice, as the first five diagnoses typically
drive clinical decision-making and resource utilization during hospitalization.

Variables and outcome measures

To comprehensively assess the economic burden of disease, this study defined two outcome
variables:
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Medical Expenses: This refers to the total of all direct medical costs incurred during a single
hospitalization, including medications, diagnostic tests and laboratory examinations, surgical
procedures, bed occupancy, and other related expenditures. This metric reflects the overall
consumption of healthcare resources from the health system’s perspective.

Out-of-Pocket Expenses (OOPE): This refers to the portion of total medical expenses that the
patient must pay out of pocket in cash. This indicator directly measures the economic risk and
financial pressure faced by the patient’s household from their perspective. The two variables
are complementary: total medical expenses reveal the scale of costs generated by comorbidity,
while out-of-pocket expenses reflect the extent to which these costs are transferred to the
patient. By analyzing both variables simultaneously, a comprehensive understanding can be
achieved regarding whether high patient burden stems primarily from high medical costs,
insufficient insurance coverage, or a combination of both.

The use of this pair of variables also enhances alignment with the study objectives. From a
total medical expenses perspective, the study aims to identify how factors such as age and
dyadic comorbidity patterns drive hospitalization costs. Policy recommendations arising from
this analysis may include improving cost-control mechanisms, optimizing clinical pathways,
and strengthening resource allocation for comorbidity management. From an out-of-pocket
expense perspective, the study evaluates how insurance schemes and patient characteristics
influence the actual economic burden. The findings can provide a basis for policies to refine
insurance benefit design, reduce coverage disparities across insured groups, and establish
targeted financial protection mechanisms for vulnerable populations. Together, these two
variables form a balanced foundation for evidence-based policy recommendations that
address both systemic operational efficiency and patient-level affordability.

The core independent variables included:

Age Group: This independent variable was categorized into four 10-year-interval groups (50-
59, 60-69, 70-79, 280 years) and treated as an ordinal categorical variable.

Dyadic Chronic Disease Combinations: These are defined as the 10 most frequent specific
combinations of two chronic diseases (e.g., “Cerebral infarction + Hypertension”). These were
treated as nominal categorical variables to analyze the impact of different disease patterns on
economic burden.

Data analysis

All statistical analyses were conducted using SPSS software (version 29.0). Descriptive
statistics were employed to summarize the characteristics of the study population. Categorical
variables, such as age groups and specific dyadic chronic disease combinations, were
presented as frequencies and percentages. Continuous variables, including total medical costs
and out-of-pocket expenses, were summarized using means and standard deviations (SDs),
and 95% confidence intervals (CIs) for the mean were calculated where applicable.

The association between age groups and the distribution of chronic disease count categories
was assessed using the Chi-square (x?) test. Similarly, the Chi-square test was used to analyze
the distribution of the most frequent dyadic chronic disease combinations across different age
groups. To compare the means of total medical and out-of-pocket expenses across dyadic
disease combinations, a one-way analysis of variance (ANOVA) was performed. For all
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inferential statistical tests, a two-sided p value of less than .05 was considered indicative of
statistical significance.

Results

Characteristics of the study population and prevalence of dyadic
chronic diseases

In 2022, a total of 106,202 inpatients aged 50 years and older from six hospitals in the city were
included in this study. Among them, 78,393 patients met the criteria for multimorbidity
(having> 2 chronic diseases), representing an overall prevalence of 73.8%. Within the entire
multimorbid population, this study specifically focused on the 21,733 patients with dyadic
chronic disease combinations (i.e., those with exactly two chronic diseases), accounting for
27.7% of all multimorbid patients. The average total hospitalization cost for this group was
9,271.29 CNY, with an average out-of-pocket expense of 4,190.10 CNY (all monetary values
are reported in Chinese yuan [CNY], based on an approximate 2022 exchange rate of 1 USD ~
6.7 CNY).

Figure 1 illustrates the age-specific distribution of chronic disease counts among all
multimorbid patients (x2 = 622.77, p < .001). It is noteworthy that, even against the general
trend of an increasing number of chronic diseases with age, dyadic combinations represented
a substantial proportion across all age groups (ranging from 24.2% to 32.8%), being most
prevalent among younger multimorbid patients (aged 50-69 years). This finding justifies an
in-depth analysis of the economic burden associated with this fundamental and prevalent
form of multimorbidity.
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Figure 1: Distribution of Study Population by Number of Chronic Diseases (CDs)
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Age distribution characteristics of the top 10 dyadic chronic disease
combinations

This study identified a total of 5,190 older inpatients affected by the 10 most common dyadic
chronic disease combinations. The age distribution within this population showed statistically
significant variation (x2 = 483.823, p < .001). As illustrated in Figure 2, patients were
predominantly concentrated in the 60-69 age group (2,184 individuals, 42.1%), followed by
the 50-59 group (1,423 individuals, 27.4%).

Distinct age-clustering patterns were observed for different disease combinations.
Combinations represented by “Chronic gastritis + Gastroesophageal reflux disease” showed
the highest proportion (52.5%) among patients aged 50-59, characterizing a younger-age-
dominant pattern. In contrast, the combination “Chronic obstructive pulmonary disease +
Hypertension” had a significantly higher distribution proportion (18.7%) among patients
aged 80 and above than other combinations, indicating an advanced-age-associated feature.
Hypertension was a component in six of the top ten patterns, highlighting its pivotal role in
disease clustering. Cerebral infarction also appeared frequently, indicating it is a key
component constituting these prevalent multimorbidity patterns.
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Figure 2: Age Distribution of the Top 10 Dyadic Chronic Disease Combinations
Among Older Inpatients (%)
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2. Diabetes mellitus + Hypertension

3. Anemia + Digestive system cancers

4. Chronic gastritis + Hypertension

5. Chronic Gastritis + Gastroesophageal reflux disease

6. Angina pectoris + Atherosclerotic heart disease

7. Hypertension + Sequelae of cerebrovascular disease

8. Chronic obstructive pulmonary disease + Hypertension

9. Hypertension + Joint arthrosis

10. Digestive system cancers + Secondary malignant neoplasms of respiratory and digestive organs

Relationship between dyadic chronic disease combinations and
medical expenses

Analysis of medical expenses among the 5,190 older inpatients with the top 10 dyadic chronic
disease combinations revealed significant differences in the corresponding total medical costs
across combinations (F = 93.824, p < .001). The “Hypertension + Joint arthrosis” combination
had the highest mean cost at 27,807.09 CNY, approximately three times the overall mean cost
(9,271.29 CNY), making it the disease cluster with the heaviest economic burden. In contrast,
the “Chronic gastritis + Gastroesophageal reflux disease” combination had the lowest mean
cost at 5,401.01 CNY. Furthermore, the degree of cost dispersion varied across combinations.
For instance, the “Diabetes mellitus + Hypertension” combination showed the largest
standard deviation (18,907.59 CNY), suggesting substantial heterogeneity in disease
complexity or treatment regimens within this patient group, leading to significant cost
variability. Illustrated in Figure 3, the 95% confidence intervals for the mean cost of all
combinations did not include zero, indicating stable and reliable estimates.
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Figure 3: Mean Medical Expenses Associated with the Top 10 Dyadic Chronic Disease

Combinations Among Older Inpatients
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Relationship between dyadic chronic disease combinations and OOPE

The impact of different dyadic chronic disease combinations on patients’” OOPE varied
significantly (F = 118.628, p < .001). The “Hypertension + Joint arthrosis” combination
imposed the heaviest personal financial burden, with a mean OOPE of 13,488.21 CNY,
approximately 3.2 times the overall average (4,190.10 CNY), and exhibited the greatest cost
fluctuation (standard deviation 9,517.73 CNY). In stark contrast, the “Chronic gastritis +
Gastroesophageal reflux disease” combination was associated with the lowest mean OOPE
(2,473.53 CNY) and the most stable costs (standard deviation 1,751.56 CNY). These results
indicate that specific disease combinations are a key factor driving substantial divergence in
personal financial risk among older inpatients, as illustrated in Figure 4.

Figure 4: Mean Out-of-Pocket Expenses for the Top 10 Dyadic Chronic Disease

Combinations Among Older Inpatients
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Age-specific patterns of medical expenses for dyadic chronic disease
combinations

Medical expenses for different dyadic chronic disease combinations exhibited significant age-
specific patterns, as shown in Table 1. Overall, the average cost for all combinations increased
from 8,329.08 CNY in the 50-59 age group to 10,259.98 CNY in the 70-79 age group, but
decreased to 9,095.97 CNY in the 80 years and above group. This suggests a potential shift in
the trend of healthcare resource utilization among the oldest-old population.

Analysis of age patterns of medical expenses across dyadic combinations revealed three
typical patterns. In a consistently increasing pattern, combinations such as “Diabetes mellitus
+ Hypertension” and “ Anemia + Digestive system cancers” showed a continuous rise in costs
with advancing age, peaking in the 80-year-and-above group. A decline-in-oldest-age pattern
was represented by “Hypertension + Joint arthrosis,” costs remained high (above 27,000 CNY)
across the 50-79 age groups, but decreased significantly to 18,853.37 CNY in the 80 years and
above group. In a relatively stable pattern, the combinations such as “Cerebral infarction +
Hypertension” showed minimal fluctuation across age groups.

The study found that cancer-related and clinically complex combinations exhibited extremely
large standard deviations in the 80-year-and-above group (e.g., 44,882.11 CNY for “Anemia +
Digestive system cancers”), indicating a high degree of individual heterogeneity in treatment

intensity and costs within this population.

Table 1: Medical Expenses for the Top 10 Multimorbidity Patterns of Dyadic Chronic
Diseases Among Older Inpatients by Age Group (Mean + SD, CNY).

Top 10 Dyadic
Chronic Disease
Combination

50-59 Years

60-69 Years

70-79 Years

80 Years and Above

1. Cerebral
infarction +
Hypertension

2. Diabetes mellitus
+ Hypertension

3. Anemia +
Digestive system
cancers

4. Chronic gastritis
+ Hypertension

5. Chronic gastritis
¥
Gastroesophageal
reflux disease

6. Angina pectoris
+ Atherosclerotic
heart disease

7. Hypertension +
Sequelae of
cerebrovascular
disease

6,839.12 +7,496.17

9,407.33 £11,295.03

7,615.37 £12,215.35

5,736.25 + 4,510.77

5,201.58 +4,106.61

11,203.61 + 8,767.56

10,812.20 £12,638.88

6,021.55 £7,426.12

10,806.90 +12,645.14

9,536.48 +16,053.50

5,400.21 + 2,865.54

5,357.21 £ 2,322.04

12,009.50 + 11,555.84

12,543.93 +17,644.39

6,247 .91 £7,446.24

13,299.51 + 31,649.25

12,237.43 +15,545.05

7,467.25 +10,749.47

6,927.24 + 7,261.15

10,901.59 + 8,328.41

9,958.49 £ 9,510.17

6,084.61 £ 4,850.55

13,957.77 +17,177.67

15,699.26 + 44,882.11

6,363.59 + 6,139.03

5,706.15 £ 1,981.35

11,096.17 £11,122.62

11,047.55 £10,511.41
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Top 10 Dyadic
Chronic Disease
Combination

50-59 Years

60-69 Years

70-79 Years

80 Years and Above

8. Chronic
obstructive
pulmonary disease
+ Hypertension
9. Hypertension +
Joint arthrosis

10. Digestive
system cancers +
Secondary
malignant
neoplasms of
respiratory and
digestive organs

8,488.50 £ 10,692.55

26,967.46 +19,954.66

9,922.61 +11,851.79

7,358.61 £7,010.85

29,015.27 £19,497.49

9,802.75 £ 11,333.38

10,012.19 +11,729.80

27,394.09 +13,474.82

9,211.76 £17,382.91

7,106.77 £ 5,169.76

18,853.37 +13,143.06

17,425.87 + 24,227.49

Average for all
listed patterns

8,329.08 +£10,087.74

9,359.37 £12,553.36

10,259.98 + 16,103.11

9,095.97 + 15,224.69

Note: Values are reported in Chinese yuan (CNY); 1 USD = 6.7 CNY (2022).

Age-Specific patterns of out-of-pocket expenses for dyadic chronic

disease combinations

The age distribution pattern of OOPE largely mirrored that of total medical costs, showing an
overall “rise-then-fall” trend, increasing from 3,874.07 CNY in the 50-59 age group to 4,388.48
CNY in the 70-79 age group before declining to 3,957.30 CNY in the 80 years and above group,
as presented in Table 2.

Analysis revealed three typical age-related patterns of OOPE, which varied by disease
combination. In a consistently increasing pattern, the combinations such as “Diabetes mellitus
+ Hypertension” and “Anemia + Digestive system cancers” showed a progressive increase in
personal financial burden with age. The latter reached a high of 6,511.49 CNY in the 80-and-
above age group, with substantial inter-individual variation (SD = 21,570.86 CNY). The
decline-in-oldest-age pattern was exemplified by the highest-burden combination,
“Hypertension + Joint arthrosis,” where OOPE exceeded 13,000 CNY across the 50-79 age
groups but decreased significantly to 9,897.66 CNY in the oldest age group. The relatively
stable pattern included cardiovascular-related patterns such as “Angina pectoris +
Atherosclerotic heart disease” (costs stable at approximately 5,500 CNY across age groups)
and benign digestive system patterns such as “Chronic gastritis + Gastroesophageal reflux
disease” (costs consistently remained at a lower level of around 2,000-3,000 CNY).

The study confirmed that “Hypertension + Joint arthrosis” was the combination associated
with the highest level of personal financial risk. Furthermore, combinations involving cancer
and complex clinical conditions exhibited extreme heterogeneity in personal financial burden
among the oldest patients.
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Table 2: Out-of-pocket Expenses for the Top 10 Multimorbidity Patterns of Dyadic
Chronic Diseases Among Older Inpatients by Age Group (Mean + SD,

CNY)

Top 10 Dyadic
Chronic Disease
Combination

50-59 Years

60-69 Years

70-79 Years

80 Years and
Above

1. Cerebral infarction
+ Hypertension

2. Diabetes mellitus +
Hypertension

3. Anemia + Digestive
system cancers

4. Chronic gastritis +
Hypertension

5. Chronic gastritis +
Gastroesophageal
reflux disease

6. Angina pectoris +
Atherosclerotic heart
disease

7. Hypertension +
Sequelae of
cerebrovascular
disease

8. Chronic obstructive
pulmonary disease +
Hypertension

9. Hypertension +
Joint arthrosis

10. Digestive system
cancers + Secondary
malignant neoplasms
of respiratory and
digestive organs

3,215.56 * 3,472.06

4,291.29 £ 5,615.12

3,538.53 + 5,781.88

2,722.41 £2,459.21

2,451.25 +1,844.89

5,524.66 + 4,150.24

4,201.64 + 5,180.34

4,227.78 £ 5,474.51

13,537.32 £10,210.32

4,211.53 £ 5,193.05

2,850.99 % 3,523.62

5,114.55 + 6,554.23

4,107.99 £ 7,246.20

2,525.90 +1,409.49

2,416.51 £1,219.22

5,739.16 + 5,571.21

5,300.44 + 8,737.63

3,430.61 + 3,123.96

13,965.34 £ 10,723.47

3,876.92 + 4,512.89

2,783.70 £ 3,114.35

4,759.77 £ 7,203.54

5,013.11 £ 5,781.92

3,195.75 + 4,554.66

2,967.88 + 2,994.12

5,257.43 £ 4,166.10

4,463.29 + 4,558.00

3,980.25 + 3,511.78

13,149.96 + 7,297.05

3,750.03 = 6,907.30

2,725.00 £2,274.88

5,387.61 * 8,768.86

6,511.49 * 21,570.86

3,000.92 + 2,555.25

1,837.24 £ 873.14

5,434.11 + 5,810.64

5,232.85 £5,119.30

3,243.97 £1,819.79

9,897.66 * 6,221.60

4,608.37 + 4,077.80

Average for all listed
patterns

3,874.07 + 4,823.16

4,322.91 + 6,155.52

4,388.48 + 5,540.88

3,957.30 + 7,147.75

Note: Values are reported in Chinese yuan (CNY); 1 USD =~ 6.7 CNY (2022)

Discussion

By analyzing inpatient data, this study reveals the high prevalence of dyadic chronic diseases
among the older population. It highlights their significance as a critical starting point in the
progression towards more complex multimorbidity. In the study sample, a substantial 27.7 %
of multimorbid patients were in a dyadic chronic disease state, representing a considerable
proportion across all age groups. This underscores the importance of considering this pattern
as a fundamental unit for investigating the economic burden of multimorbidity. This
approach aligns with the emerging consensus that dyadic multimorbidity represents a critical
and identifiable stage for intervention before progression to greater complexity (Whitty et al.,

2020).
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Age emerged as a core factor shaping disease patterns. On one hand, the data confirm the
overall trend of cumulative chronic diseases with increasing age, with dyadic chronic diseases
being particularly common among younger multimorbid individuals (aged 50-69). This
tinding suggests that this age range represents a critical window of opportunity for preventing
the progression to more complex multimorbidity. Early, proactive interventions for this
population should prioritize delaying the transition from dyadic multimorbidity to a higher-
burden state of multiple comorbidities (Salive, 2013). On the other hand, the slight shift in the
disease spectrum observed in the oldest-old group (= 80 years) suggests the influence of
complex mechanisms, such as the survivor effect (Marengoni et al., 2011), necessitating more
targeted and comprehensive intervention strategies for this age group.

This study further contextualizes the findings within the background of the Inner Mongolia
region. The region’s aging rate is higher than the national average, and its characteristics, a
vast territory with a sparse population and a distinct distribution of healthcare resources, may
contribute to regional specificities in the composition of dyadic multimorbidity and the
patterns of its associated economic burden. For instance, the central role of hypertension
across the most common combinations is particularly pronounced in the local data, which
may be related to regional dietary habits, lifestyles, and access to disease management. Future
regional prevention and control strategies must fully account for such localized characteristics.

The research further identified key disease nodes that form the multimorbidity network.
Hypertension was present in the majority (6 out of 10) of common multimorbidity patterns,
highlighting its central role, while cerebral infarction also appeared repeatedly as a significant
comorbid component. Together, they constitute the core pathological basis of multimorbidity
in the older population. This finding confirms, at the level of disease combinations, that
managing cardiovascular and cerebrovascular diseases is of paramount importance in
addressing the burden of multimorbidity among older adults. Consequently, tackling the
challenge of multimorbidity among the older requires a tiered, precise strategy.
Understanding and addressing its burden must systematically encompass multiple
dimensions: disease complexity, intensity of healthcare needs, and socioeconomic pressures
(Calderén-Larraniaga et al., 2012; Chen et al., 2017, McPhail, 2016). For middle-aged and
younger-old populations, the focus should be on early prevention centered on the
management of core diseases such as hypertension.

This study confirms that specific dyadic chronic disease combinations are a central factor
driving significant differences in both total medical costs and patient out-of-pocket expenses
(F=93.824, p < .001; F = 118.628, p < .001) (Lehnert et al., 2011; van den Akker et al., 1998).
“Hypertension + Joint arthrosis” carried the heaviest economic burden among all
combinations, with its total medical costs and out-of-pocket expenses approximately 3.0 and
3.2 times the overall averages, respectively. This exceptionally high burden may be related to
costly treatment needs such as joint replacement surgery, long-term rehabilitation, and
medication (Starfield, 2011). In contrast, costs for benign digestive system combinations, such
as “Chronic gastritis + Gastroesophageal reflux disease,” remained consistently low and
stable, reflecting cost controllability under standardized treatment protocols (Marengoni &
Onder, 2015).

The cost patterns reveal substantial heterogeneity in individual financial risk. High-cost
combinations (e.g., “Hypertension + Joint arthrosis,” “Diabetes mellitus + Hypertension”) not
only exhibited high means but also large standard deviations, indicating considerable
variation in the actual burden borne by patients. This suggests that within high-cost disease
clusters such as “Hypertension + Joint arthrosis,” differences in treatment pathways, disease
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severity, and insurance reimbursement rates may be reflected in unequal financial risk among
patients (Muka et al., 2015).

This study found that the economic burden of dyadic chronic disease combinations exhibits
three typical patterns across age groups, revealing its complexity. These patterns can be
further understood through the lens of health economics and behavioral models. The three
age-specific cost patterns we identified-consistently increasing, decline in the oldest-old, and
stable-can be interpreted through the lens of Grossman’s (1972) health capital model. For
combinations characterized by a consistently increasing pattern (e.g., Diabetes mellitus +
Hypertension, Anemia + Digestive system cancers), health depreciation appears to accelerate
continuously with age, with no observable shift toward conservative treatment even in the
oldest age group. This suggests that the marginal return on medical investment remains
sufficiently high to justify intensive treatment, possibly because these conditions involve
progressive pathology that demands ongoing intervention.

Conversely, the decline-in-oldest-age pattern, exemplified by “Hypertension + Joint arthrosis,”
aligns with Grossman’s (1972) prediction that when health capital falls below a critical
threshold, individuals (or their physicians) may opt for less aggressive management. The
sharp reduction in both total medical expenses and out-of-pocket payments among patients
aged > 80 years is likely attributable to a lower proportion of major surgical interventions (e.g.,
joint replacements) in this age group, consistent with a shift toward conservative or palliative
care. The relatively stable pattern observed for certain combinations (e.g., “Cerebral infarction
+ hypertension,” “Chronic gastritis + GERD”) suggests that these conditions follow
standardized treatment pathways that are less sensitive to age variation, possibly because
their management protocols are well-established and do not escalate with age. Andersen’s
(1995) behavioral model further illuminates why specific dyadic combinations carry vastly
different economic burdens. In this framework, dyadic disease combinations function as need
factors-the strongest drivers of healthcare utilization.

Combinations involving high-severity conditions (e.g., joint arthrosis requiring surgery,
cancer requiring chemotherapy or targeted therapy) generate greater need and consequently
higher medical expenses and out-of-pocket payments. Age, as a predisposing factor, interacts
with need by influencing both disease progression and treatment decisions. Meanwhile,
enabling resources-notably health insurance coverage and spatial accessibility to hospitals-
mediate the translation of need into actual expenditure and financial risk. The extreme
heterogeneity in out-of-pocket expenses among cancer patients aged > 80 years (standard
deviation 21,570.86 CNY for the combination “Anemia + Digestive system cancers”) can be
understood as variation in enabling resources. That is, some patients have comprehensive
insurance that covers high-cost therapies, while others face catastrophic expenses due to
insufficient coverage or the need to seek care across regions.

Overall, both total medical costs and out-of-pocket expenses peaked in the 70-79 age group
before declining in the > 80 age group. This “rise-then-fall” pattern with advancing age has
also been observed in other national studies of multimorbidity in China, likely reflecting a
combination of changing clinical needs and healthcare utilization (Zhao et al., 2020). This shift
in trend may be associated with more conservative treatment strategies, reduced invasive
interventions like surgery, and evolving treatment preferences among patients and their
families in the oldest-old population (Puts et al., 2017). These findings align with previous
studies that have reported similar age-related cost trajectories for specific disease clusters
(Jiang et al., 2013; Lehnert et al., 2011; Ma et al., 2021).
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A key finding was the extreme individual heterogeneity in costs (indicated by very large
standard deviations) for cancer-related combinations among the oldest patients. This
heterogeneity may be partly explained by the fact that multimorbidity patterns involving
cancer are consistently associated with highly variable and intensive treatment pathways,
leading to greater financial risk (Moriarty et al., 2015). This suggests that even with the same
diagnosis, a subset of these patients face catastrophic personal financial risk associated with
receiving high-intensity treatments (e.g., surgery, targeted therapy) (Schoen et al., 2013). This
warns that focusing solely on average costs may obscure the severe burden borne by the most
vulnerable subgroups. Within the context of Inner Mongolia’s healthcare resources, this
heterogeneity may be especially pronounced.

For cancer patients with comorbidities who require high-cost, high-technology treatments,
factors such as their ability to access specialized services at regional medical centers
conveniently and the policies for cross-regional treatment reimbursement under the health
insurance scheme can substantially impact their actual economic burden. Therefore,
management strategies for geriatric multimorbidity must reflect dual specificity for both age
and disease combination. For consistently increasing patterns, early prevention and
standardized management in middle age should be strengthened, and protection policies for
such patients should be further refined (Watson et al., 2025). For the oldest-old patients,
clinical decision-making requires careful balancing of treatment intensity, quality of life, and
economic affordability, supported by more precise health insurance payment designs to
prevent catastrophic health expenditure, with particular attention to patients with complex
conditions such as cancer.

The findings, particularly the identification of high-burden dyadic combinations (e.g.,
“Hypertension + Joint arthrosis”) and the three age-specific cost patterns, may serve as a
useful reference for other aging, resource-constrained border areas in China, such as parts of
Xinjiang and other western provinces. However, direct application of these results requires
careful adjustment for local differences in disease spectrum, health insurance policies, and
healthcare infrastructure.

Policy implications

The three age-specific cost patterns have distinct implications for policy and practice. Health
insurance payment systems and clinical management frameworks may be shifted from a
single-disease mindset toward a multimorbidity-combination-oriented approach, which
requires integrated care pathways tailored to common disease clusters and payment models
that appropriately finance the complexity of care (Skou et al., 2022).

For consistently increasing patterns (e.g., “Diabetes mellitus + Hypertension”), early
prevention and standardized management in middle age should be strengthened. In addition,
health insurance systems may consider diagnosis-related group (DRG) payments with quality
bonuses to encourage efficient care. For the decline-in-oldest-old pattern (e.g., Hypertension
+ Joint arthrosis), geriatric-specific clinical guidelines are needed, along with bundled
payments that appropriately reimburse both surgical and conservative management options.
For stable patterns (e.g., Chronic gastritis + GERD), current standardized treatment pathways
should be maintained, with a focus on primary care. For high-risk cancer combinations, out-
of-pocket caps and targeted medical assistance programs for border and remote areas are
urgently needed to prevent catastrophic health expenditure (Barnett et al., 2012).
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Specifically within Inner Mongolia, local health insurance policies, such as reimbursement
rates, benefit package design, and the effectiveness of the tiered healthcare delivery system,
significantly influence patients’ out-of-pocket expenses. Regional authorities could pilot
payment models based on combinations of diseases or strengthen medical assistance for
patients in pastoral and remote areas. These measures would directly address the
heterogeneity in individual financial risk revealed by this study, particularly the extreme
economic risk faced by the oldest cancer patients.

Strengths and limitations

This study has several strengths. First, it is based on inpatient data from six general hospitals
in a city in the Inner Mongolia Autonomous Region in 2022, with a substantial sample size (N
=106,202). This dataset authentically reflects the real-world scenario of older inpatients with
multimorbidity in this typical border region, providing important local evidence for an area
characterized by a high degree of aging yet relatively insufficient related research. Second,
unlike many studies that broadly discuss multimorbidity, this research focuses specifically on
the distinct and prevalent stage of dyadic chronic disease combinations. Conducting an in-
depth analysis of the ten most common combinations helps identify key disease clusters that
drive the economic burden, making the findings more targeted for policy and practice. Third,
the study examines both total and out-of-pocket medical expenses, offering a comprehensive
assessment of the economic burden from the perspectives of the healthcare system and
individual households. Furthermore, stratifying the analysis by age reveals three
heterogeneous patterns in the evolution of the economic burden with age (consistently
increasing, decline in the oldest age, and relatively stable), thereby deepening the
understanding of the dynamic economic impact of multimorbidity.

This study also has several limitations. First, the data originate from a single city within the
Inner Mongolia Autonomous Region. While this ensures strong internal comparability,
caution is warranted when generalizing the findings to other regions in China, especially
those with significant differences in healthcare policies and levels of economic development.
The results provide valuable references for understanding issues related to aging and the
economic burden of multimorbidity in other similar cities within Inner Mongolia or in other
border regions across the country (e.g., Xinjiang); however, their generalizability still requires
verification through more regional studies. Second, the data cover only inpatient costs and
exclude outpatient, rehabilitation, long-term care, and indirect non-medical costs, which may
lead to an underestimation of the full economic burden of multimorbidity. Third, as a
retrospective study, it can reveal significant associations between variables but cannot
establish causality.

Fourth, the identification of chronic diseases and their combinations relied solely on the first
five diagnoses recorded during hospitalization, which may not fully capture all relevant
chronic health conditions. Fifth, although focusing on dyadic combinations is representative,
the analysis does not encompass more complex multimorbidity patterns (involving three or
more diseases) and their potentially unique economic impacts. Sixth, regarding statistical
methods, although our large sample size supports the validity of chi-square tests and one-
way ANOVA for group comparisons, the medical expense and out-of-pocket expense data
exhibited right-skewed distributions. Skew-adjusted statistical models, more suitable for cost
data, were not used, nor was multivariable modeling performed to adjust for potential
confounders such as sex, hospital level, health insurance type, and disease severity. Skewness
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and extreme values, if left untreated, may increase within-group variance. These limitations
may affect the inferential robustness of the findings. Future studies should adopt more
appropriate statistical methods for skewed healthcare cost data and incorporate multivariable
regression to adjust for confounders, thereby enhancing the reliability and depth of cost
analyses.

Conclusion

By focusing on dyadic combinations of chronic diseases, this study reveals their
epidemiological significance and serves as a critical starting point for understanding the
progression of multimorbidity complexity. It clarifies how age and specific disease patterns
jointly shape the complex landscape of economic burden among older inpatients in Inner
Mongolia, a representative aging region in northern China. Key findings indicate that specific
combinations, such as “Hypertension + Joint arthrosis,” constitute high-burden focal points
of resource consumption, while cancer-related conditions exhibit extreme individual
heterogeneity in financial risk among the oldest-old patients. The evolution of economic
burden with age does not follow a simple linear trajectory but rather exhibits three distinct
patterns: a consistent increase, a decline in the oldest age group, and relative stability.

Based on these findings, addressing the challenge of geriatric multimorbidity in regions with
similar demographic and healthcare contexts requires establishing a tiered and precise
intervention system. Concurrently, health insurance policies should be designed to prioritize
high economic-risk disease clusters, aiming to optimize resource allocation and effectively
prevent catastrophic health expenditure. The findings and implications provide a regional
evidence base for tailoring strategies to the specific needs of aging populations in border and
underserved areas.
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