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Background: Multimorbidity of chronic diseases has become an increasingly serious public health problem. However, the research on the current situation of multimorbidity in the older adults in Jiangsu, China is relatively lacking.

Methods: We surveyed a total of 229,926 inpatients aged above 60 and with two or more chronic diseases in the First Affiliated Hospital with Nanjing Medical University from January 1, 2015 to December 31, 2021. The Apriori algorithm was used to analyze the association rules of the multimorbidity patterns in old adults.

Results: The mean age of these patients was 72.0 ± 8.7 years, and the male-to-female ratio was 1: 1.53. These patients during the COVID-19 period (from 2020 to 2021) displayed younger, higher male rate, shorter median length of hospital stay, higher ≥6 multimorbidities rate and lower median cost than those not during the COVID-19 period (from 2015 to 2019). In all of these patients, the top 5 chronic diseases were “Hypertensive diseases (I10-I15),” “Other forms of heart disease (I30-I52),” “Diabetes mellitus (E10-E14),” “ischaemic heart diseases (I20-I25)” and “Cerebrovascular diseases (I60-I69).” The complex networks of multimorbidity showed that Hypertensive diseases had a higher probability of co-occurrence with multiple diseases in all these patients, followed by diabetes mellitus, other forms of heart disease, and ischaemic heart diseases (I20-I25).

Conclusion: In conclusion, the patterns of multimorbidity among the aged varied by COVID-19. Our results highlighted the importance of control of hypertensive diseases, diabetes, and heart disease in most periods. However, during the pandemic period, we should pay more attention to diseases that require urgent treatment, such as malignant tumors. For different periods, the spectrum of diseases we focus on should change accordingly.
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Background

Multimorbidity is defined as the coexistence of two or more chronic medical conditions by the World Health Organization (WHO) (1). It includes the co-occurrence of physical diseases such as diabetes, heart disease, and cancer, as well as mental health conditions like depression and anxiety (2). Globally, the prevalence of multimorbidity is increasing significantly. Among US adults with a mean age 48.5 years and 51.0% of women, 8.0% had at least 2 cardiac, renal, and metabolic conditions, and 1.5% had 3 conditions (3). In older adults from US, the prevalence of chronic disease comorbidity was about 77.0% US (4). And approximately 55% of adults aged 65–74 have multimorbidity, while over 70% aged 75 and older in England (5). Similarly, in China, the prevalence of multimorbidity was 52.88% among older adults (≥60 years old) and approximately 30.91% of these older Chinese individuals had at least three comorbidities, specifically 52.91% in females and 47.09% in males (6). Compared with single diseases, multimorbidity is more likely to be associated with aging, more hospital visits, a longer course of treatment, high risk of death, complex care needs, multiple drug use, and excessive medical treatment. Furthermore, patients with more multimorbidity tend to undergo more intensive treatments and poorer overall quality of life (7). Additionally, those patients with three or more multimorbidities typically face 6.6 times higher costs than peers without multimorbidities (8). Multimorbidities in older patients deserve more attention, as China has entered the aging society since 1999, and its aging process is still accelerating. With the rapid change of the disease spectrum, the interweaving of multiple health factors, and the accelerating process of population aging, it has become an important task for us to promote a healthy aging strategy, grasp the pattern of disease development, and identify the health needs of the aging population. Especially, whether there will be changes in the spectrum of multimorbidities during a pandemic infectious disease outbreak is still unknown. To address the challenges posed by multimorbidity, we should gain a better understanding of the current distribution of multimorbidity, which is crucial to have prior knowledge of its prevalence and patterns. Furthermore, policymakers and healthcare providers must also adopt measures to support the care and treatment of patients with multimorbidity, ensuring they receive high-quality medical services. In this study, we aim to observe the patterns of multimorbidities during the pandemic infectious diseases (COVID-19) as well as during non-pandemic periods.



Methods


Materials and methods

To reveal the current situation of multimorbidity in the older adults in China, we took hospitalized aging patients with multimorbidity as the research objects. This study was approved by the Institutional Review Board of the First Affiliated Hospital with Nanjing Medical University (2021-SR-163). Data collected retrospectively did not require informed consent. And all the data was from consecutively enrolled inpatients in the First Affiliated Hospital with Nanjing Medical University from January 1, 2015 to December 31, 2021. The enrollment strategy for patients was as follows. Inclusion criteria: (1) age ≥ 60 years old; (2) suffering from two or more diseases; (3) length of hospital stay ≥1 day. Exclusion criteria: (1) absence of clinical data; (2) missing the International Classification of Diseases (ICD) code for the disease. Diseases were categorized according to the ICD (10th vision). All the ICD-10 chapter except O00 to U99 was used for categorization (e.g., certain infectious and parasitic diseases, Neoplasms; Endocrine nutritional and metabolic diseases; etc.). A total of 229,926 records of data were collected. Demographic (age, gender) and clinical data (date of discharge, length of stay, cost) were collected from the electronic medical record system. All patients with multimorbidity, are defined as the simultaneous presence of at least two diseases from ICD-10.



Statistical analysis

As a retrospective study and the purpose of this study, the sample size was not estimated prior. However, a sample size greater than 10,000 is necessary. Age was described with mean and standard deviation (SD) and compared by t-test. Length of stay, number of multimorbidity, and cost was described as median and interquartile range (IQR; 25th-75th percentiles) and compared by Wilcoxon’s rank sum test. And gender was described as counts and percentages and compared by Chi-square test or Fisher exact test, as appropriate.

The association rules of multimorbidities in patients were analyzed by the Apriori algorithm using the “arules” package and visualized graphs by the “arulesViz” package. The Apriori algorithm is a classic approach for association rule mining, primarily used to uncover interesting relationships between items in large datasets. The resulting association rules are expressed as “Support,” “Confidence,” and “Lift.” These three parameters are standard metrics used to measure the association between items (herbs) in the algorithm. “Support” measures the frequency of an item set in the dataset. “Confidence” measures the trustworthiness of an association rule. And “Lift” measures the strength of the association between A and B compared to the expected support if A and B were chosen randomly. The bound value of Lift was 1. When the Lift >1, it suggested that there is a positive correlation between disease A and disease B and that there is multiple possibility of the occurrence of disease B under the condition of disease A. In our study, the screening conditions of association rules were set as follows: the min-support was 5.0%, the min-confidence was 10.0%, and the left-hand-side was 2, to explore the correlation between a variety of diseases. A two-sided p < 0.05 was considered statistically significant. All analyses were performed using R (version: 4.1.1).




Results

Overall, 229,926 consecutive patients with two or more multimorbidities (mean age years; Female: Male ratio 1.53:1) were enrolled in this study including 864,899 medical records. The mean age was 72.0 ± 8.7 years, and 60.5% of those with specific gender information were female. The comparison between patients before the COVID-19 period (from 2015 to 2019, n = 150,035) and during the COVID-19 period (from 2020 to 2021, n = 79,891) was unbalanced (Table 1). In brief, patients during the pandemic period displayed younger (71.5 ± 8.4 vs. 72.3 ± 8.9 years), higher male rate (61.64% vs. 59.89%), the shorter median length of hospital stay (7 vs. 8 days), higher ≥6 multimorbidity rate (18.30% vs. 16.08%) and lower median cost (16,402 vs. 18,475) than non-pandemic period. Then we compared the five high-frequency multimorbidity spectra in these two periods, and the results showed that the multimorbidity spectra were different in the two different periods (p < 0.0001). The incidence of malignant tumors increased during the epidemic period, and these patients had to seek medical treatment, while the proportion of some chronic diseases such as hypertensive diseases and diabetes mellitus decreased (Table 1). The positive correlation between the number of multimorbidities and age, hospitalization cost, length of stay suggests that these patients with more multimorbidities require more time and money for treatment, which also increases their economic and social burdens (Figure 1).



TABLE 1 Basic information on inpatient older adult patients, 2015–2021.
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FIGURE 1
 Correlation analysis of the number of multimorbidities and age (A), cost (B) and length of stay (C) in hospital. The red dots represented individual cases, the green line was the fitted line of linear correlation, and the R in the top right corner represented the correlation coefficient.


According to the ICD-10 categories, the top 5 most common diseases in hospitalized older adults multimorbidities were diseases of the circulatory system (I00-I99, 49.28%), endocrine, nutritional, and metabolic diseases (E00-E90, 11.69%), diseases of the digestive system (K00-K93, 9.49%), diseases of the respiratory system (J00-J99, 6.99%) and diseases of the genitourinary system (N00-N99, 6.40%). Although the highest number of diseases of the circulatory system was recorded, the percentage declined by over 10% from 2015 to 2021. In contrast, the percentage of neoplasms was only 1.68% in 2015 but exceeded 10% in both 2020 and 2021 (Figure 2A). For ICD-10 subcategories, the detailed disease prevalence was shown in Figure 2B. The top 5 diseases were “Hypertensive diseases (I10-I15),” “Other forms of heart disease (I30-I52),” “Diabetes mellitus (E10-E14),” “Ischaemic heart diseases (I20-I25)” and “Cerebrovascular diseases (I60-I69),” with average prevalence rates of 16.83, 14.34, 8.15, 8.07 and 6.56%. Based on the proportion of malignant neoplasms increased to over 10% after 2020, it appears that there has been a shift in attention toward certain diseases, as evidenced by the increasing percentage of neoplasms and decreasing percentage of circulatory diseases.
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FIGURE 2
 The frequency of various comorbidities in older adults. Panel (A) was for ICD-10 categories and (B) for ICD-10 subcategories. Each column represented a year (from 2015 to 2021), with red indicating a high incidence rate (the darker the red, the higher the rate), and blue indicating a low incidence rate (the darker the blue, the lower the rate). The percentage value in each cell represented the percentage occurrence of that particular comorbidity for that year.


The complex networks of multimorbidity suffered by older adult patients were visualized through relationship diagrams, which were useful to take a holistic view of the relationship between diseases and their change patterns (Figure 3). According to the Apriori algorithm, the top 10 frequent relationships were shown in Table 2. Hypertensive diseases (I10-I15) had a higher probability of co-occurrence with multiple diseases in all these patients, including diabetes mellitus (E10-E14). Other forms of heart disease (I30-I52), ischaemic heart diseases (I20-I25), and Cerebrovascular diseases (I60-I69) with support 0.222, 0.201, 0.185 and 0.162 the rule of other forms of heart disease (I30-I52) and hypertensive diseases (I10-I15) was newly surfaced during the COVID-19 period (Table 2 and Figures 3C,D). In patients from 2015 to 2019, the top five rules were diabetes mellitus (E10-E14) and hypertensive diseases (I10-I15), ischaemic heart diseases (I20-I25) and hypertensive diseases (I10-I15), ischaemic heart diseases (I20-I25) and other forms of heart disease (I30-I52), cerebrovascular diseases (I60-I69) and hypertensive diseases (I10-I15), and ischaemic heart diseases (I20-I25) + other forms of heart disease (I30-I52) and hypertensive diseases (I10-I15) (Table 2 and Figures 3E,F), while diabetes mellitus (E10-E14) and hypertensive diseases (I10-I15), ischaemic heart diseases (I20-I25) and hypertensive diseases (I10-I15), other forms of heart disease (I30-I52) and hypertensive diseases (I10-I15), Cerebrovascular diseases (I60-I69) and hypertensive diseases (I10-I15), and ischaemic heart diseases (I20-I25) and other forms of heart disease (I30-I52) in patients from 2020 to 2021 (Table 2 and Figures 3G,H). The results of chronic disease comorbidity pattern of the older adults show that among the top 10 chronic disease comorbidity combinations, “hypertension + diabetes” is the chronic disease comorbidity pattern with the highest prevalence rate, followed by hypertension and heart diseases (other forms of heart disease or ischaemic heart diseases). In addition, different types of heart diseases also occur at the same time. From the perspective of network influence, hypertension, diabetes, ischemic heart disease and other forms of heart disease are the four most common core chronic diseases, and they have the most close interaction and connection with other chronic diseases. According to this older adult patients’ multimorbidity networks, visualized through diagrams, is showed that hypertensive diseases was commonly co-occurring with diabetes, ischaemic heart diseases, and cerebrovascular diseases, with consistent patterns pre-and post-COVID-19.
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FIGURE 3
 Relationship diagrams of multimorbidity network for rules. (A,B) Association rule analysis of multimorbidities pairs in older adults with multimorbidity from 2015 to 2021 (Based on ICD-10 categories). (C,D) Association rule analysis of multimorbidities pairs in older adults with multimorbidity from 2015 to 2021 (based on ICD-10 subcategories). (E,F) Association rule analysis of multimorbidities pairs in older adults with multimorbidity from 2015 to 2019 (Based on ICD-10 subcategories). (G,H) Association rule analysis of multimorbidities pairs in older adults with multimorbidity from 2020 to 2021 (Based on ICD-10 subcategories). On the left side of the figure were the associated graphs, with rows and columns representing different diseases, respectively. The size of the intersection points indicates the magnitude of support, while the shade of color represents the magnitude of lift. On the right side of the image was the visualization of association rules, where the size of the points also depicted the magnitude of support, and the shade of color represents the magnitude of lift.




TABLE 2 Association rule analysis of multimorbidities.
[image: Table2]



Discussion

With the increase in life expectancy all over the world, multimorbidity has become a more noticeable public health problem, causing its prevalence was positively correlated with age and it’s associated with poorer life quality, premature death, and an increased need for health care (9–11). Our study, among more than 200,000 hospitalized older adults, revealed that circulatory system diseases, especially hypertension and ischemic heart disease, were the most common conditions in multimorbidities. And many studies have suggested that hypertension and heart disease are the most common chronic diseases (12–14). These diseases were often accompanied by endocrine, nutritional, and metabolic disorders, particularly diabetes. Besides, compared with 2015–2019, the prevalence of neoplasms in multimorbidity has increased significantly in 2020–2021, which prompts that compared to some less serious multimorbidities, such as hypertension, the diagnosis and treatment of tumors are more urgent during the pandemic. We need to pay more attention to the public health and clinical research significance of neoplasms in multimorbidity. COVID-19 had a great impact on many social aspects, especially the attention given to different diseases (15, 16). It would also have a great impact on the comorbidity spectrum of hospital inpatients. On the one hand, it might indeed be a change in the disease incidence. On the other hand, some patients with chronic diseases choose not to seek medical treatment due to the fear of spreading COVID-19 or other reasons.

Cardiometabolic diseases as one of the most frequent multimorbidity groups pose a great threat to the life and health of the aged, which is consistent with previous studies (17–19). Cardiovascular aging and metabolic decline with age are both continuous and irreversible processes that may be facilitated by genetics and poor lifestyle habits (20). Hypertensive disease is a prominent health issue, not only as a risk factor for cardiovascular morbidity and mortality (21) but also increases the incidence of trauma in aging people (22). Over the course of this century, the prevalence of hypertension and average blood pressure has declined in high-income regions but increased in less-developed regions. In 2015, 88% of the 8.5 million hypertension-related deaths worldwide occurred in less-developed regions. The onset of hypertension in our country is thought to be related to patients eating too much salt, and we believe that our country still has a lot of work to do in terms of a healthy diet and active health (23).

Diabetes mellitus is a chronic metabolic disease characterized by elevated fasting blood glucose, which can affect both small and large blood vessels and the most prevalent complications are kidney disease, blindness, and amputations (24). The high economic burden of diabetes also makes the disease an important clinical and public health problem, as shown in the diabetes-related Cost of Disease (COI) study (25). Fortunately, due to the continuous improvement of China’s medical insurance policy and the implementation of the national organization of centralized drug procurement measures, the hospitalization expenditure of older adults with multimorbidity has decreased in 2020–2022 compared with 2015–2019, which indicates that these measures are of great significance to effectively reduce the economic burden of patients.

As mentioned above, the incidence of neoplasms in multimorbidity has increased significantly in recent years. It might be related to global aging. In 2012, 6.7 million new cancer cases (about half of all cancers) were diagnosed among the aged worldwide, and nearly 48% of these cases occurred in low-and middle-income countries (26). Meanwhile, it was also affected by COVID-19, which might cause certain difficulties in the treatment of some diseases (27). In addition, epidemiological studies have found that diabetes is associated with increased incidence and mortality of a variety of tumors, including colorectal cancer and breast cancer (28). This is related to various molecular mechanisms such as hyperglycemia activates cancer-related signaling pathways (29). It suggested that primary health care institutions could effectively reduce the incidence of chronic disease comorbidity in the older adults or delay its progression by preventing and treating hypertension and improving the efficiency of hypertension management, ultimately improving the physical function and quality of life of the older adults.

With the accelerating process of aging society, comorbidity has become one of the most important health problems faced by the older adults and gradually attracted widespread attention from the academic community. There are complex associations among comorbidities, which combined with the differences of individual characteristics, further lead to the complexity and heterogeneity of multimorbidities of health management. This study attempts to present the comorbidity relationship and its disease burden from a holistic and systematic perspective through association analysis, to provide a basis for the study of senile comorbidity. Given the complexity and heterogeneity of senile multimorbidities, we have some suggestions. Firstly, we should strengthen multidisciplinary cooperation, such as epidemiology, internal medicine, surgery, oncology, etc., establish multidisciplinary multimorbidities research teams, and utilize their respective advantages to carry out comprehensive research. Secondly, we can establish a large sample, multi-center comorbidity database, to collect and collate comorbidity research data and clinical practice experience, and provide more accurate and detailed information for comorbidity research. Thirdly, we can promote and apply advanced technology, such as smart wearable medical devices, gene sequencing, bioinformatics, and so on, in combination with traditional research methods, to carry out in-depth and efficient comorbid research. Moreover, the accuracy, repeatability, and interpretability of comorbidity studies can be improved using multi-layered improved research design methods, while minimizing potential bias. Researchers can apply a variety of research methods, such as cohort study, case–control study, longitudinal study, etc., to analyze the mechanism and influencing factors of comorbidity from different perspectives, and carry out comprehensive and in-depth research on comorbidity.

However, there are some limitations in this study. This is a retrospective study and there may be some unknown biases. The detailed information, such as disease severity and income, was not included in this study due to data availability. Therefore, further research is needed using a prospective study design for older adults. In addition, our study is limited to a single hospital and may not be able to effectively evaluate the impact of demographic and spatial factors, which may be problematic to generalize to regions with different development levels in China. A multi-center study should be performed to further analyze and explain the demographic and spatial distribution of multimorbidity.



Conclusion

With the gradual advance of aging, the number of patients with multimorbidity will gradually increase. How to reduce the number of multimorbidity and cases with multimorbidity under the new medical environment and meet their increasing personalized health needs has become an urgent challenge. Meanwhile, the changes in the comorbidity spectrum that occur during infectious pandemics also deserve our attention. In most periods, Hypertensive diseases is the highest occurrence of comorbidities, followed by diabetes mellitus. These are the two most noteworthy chronic diseases. However, during the pandemic period, the proportion of medical visits for some diseases that must be treated, such as malignant tumors, will increase, and more attention will be paid to some diseases that must be treated during this period. Better attention to the rules of occurrence among comorbidities can help to allocate medical resources more rationally.
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