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Background: Multimorbidity is defined as the existence of two or more chronic health conditions in the same individual. While patients with tuberculosis commonly have multiple conditions at diagnosis, such as HIV, diabetes, and depression, to the authors' knowledge, there is limited information on the patterns of multimorbidity, and how the types and combinations of conditions could impact the healthcare utilization, expenditure, and TB outcomes.

Methods: An observational cohort study of adult patients diagnosed with tuberculosis was conducted using the Chinese Center for Disease Control and Prevention (CDC)'s National TB Information System (NTBIS) linked to the Ningbo Regional Health Care Database (NRHCD) (2015–2020). Latent class analysis was used to identify comorbidity groups among the subset with ≥2 conditions including TB. Group-level health care use, expenditure, and treatment outcomes were compared with patients without chronic conditions using multivariate regression models.

Results: A total of 9,651 patients with TB were identified, of whom approximately 61.4% had no chronic conditions, 17.4% had 1 chronic condition, and 21.3% had ≥2 chronic conditions. Among those with ≥1 chronic condition other than TB, 4 groups emerged: (1) general morbidity (54.4%); (2) cardiovascular morbidity without complications (34.7%); (3) cardiovascular morbidity with complications (5.0%); (4) respiratory morbidity (5.9%). The respiratory morbidity group experienced the highest expenditures, at 16,360 CNY more overall (95% CI, CNY 12,615–21,215) after adjustment compared with TB patients without chronic conditions. The respiratory morbidity and cardiovascular morbidity with complications group also had the lowest odds of favorable TB outcomes [adjusted odds ratio (aOR), 0.68; 95% CI, 0.49–0.93] and (aOR 0.59, 95% CI 0.42–0.83), respectively. The cardiovascular morbidity without complications group had the highest odds of successful TB treatment (aOR, 1.40; 95% CI, 1.15–1.71).

Conclusions: Multimorbidity is common among patients with TB. The current study identified four distinct comorbidity subgroups, all of which experienced high, yet differential, rates of health care use. These findings highlight the need for urgent reforms to transform current fragmented TB care delivery and improve access to other specialists and financial assistance.
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INTRODUCTION

Tuberculosis (TB) is a serious threat to global public health. The World Health Organization (WHO) has estimated that over 10.4 million people are infected by Mycobacterium tuberculosis, and that 1.67 million deaths are attributable to TB (1). Multimorbidity is defined as the co-existence of two or more chronic conditions within an individual (2). Due to the nature of chronic infection with TB, patients who are diagnosed with TB may already have chronic conditions such as HIV infection. The presence of multimorbidity has important implications on patient outcomes and healthcare costs.

Chronic communicable diseases such as HIV and hepatitis virus infection are common in TB patients. The risk of developing TB is significantly higher among patients living with HIV infection. Hepatitis B co-infection with TB is common in China, and hepatitis B virus surface antigen (HBsAg)-positive people account for over 7.8% of the population (3). Additionally, the ongoing COVID-19 pandemic is likely to disrupt TB management and lower TB treatment success rates. A recent meta-analysis on the first wave of COVID-19 patients has found that the prevalence of TB ranged between 0.47 and 4.47%, and TB infection was associated with more severe COVID-19 cases (4).

In addition to chronic communicable conditions, global TB eradication initiatives have been hampered by the increasing burden of non-communicable diseases (NCD), especially in low- and middle-income countries. Population aging, urbanization, and unhealthy lifestyles all contribute in a high comorbid disease pattern among patients with TB. A cross-sectional study based on a medical chart review found that ~1.14% of TB subjects had multimorbidity. Patients with multimorbidity tend to be older, female sex, and to have higher mortality risks (5). Nevertheless, the prevalence of multimorbidity could be underestimated due to poor record-keeping, lack of standardized multimorbidity classification methods, and limited sample size (6).

Traditionally, studies have focused on single conditions such as HIV co-infection, diabetes, and alcohol use disorders that affect the clinical outcomes of TB treatment. There is a need for additional information on chronic condition profiles, as well as care patterns and associated expenditures. Coordination of specialty care and primary services is essential for managing TB patients with multimorbidity. A better understanding of the comorbidity profile could facilitate early detection, improve care coordination, and inform the decision-making relating to patients at greater risk of unfavorable TB treatment outcomes. Until now, no study has compared clinical outcomes and healthcare expenditure in TB patients with varying degrees of multimorbidity.

The objective of this study was to identify and describe chronic morbidity groups among patients with tuberculosis in real-world settings, and to explore differences in demographic and clinical characteristics across subgroups. Finally, we aim to assess the impact of multimorbidity on healthcare utilization, expenditure, and clinical outcomes in real-world settings.



METHODS


Study Design

We performed a population-based retrospective cohort study among patients with TB aged 18 years old or above in Ningbo city, in the People's Republic of China. Tuberculosis cases were confirmed based on the NTBIS. Patients whose diagnosis changed or with insufficient clinical information of healthcare utilization during the baseline period (1 year prior to TB diagnosis) or during the follow-up period were excluded. During the baseline period (1 year preceding their index date, which is the TB diagnosis date), important confounders, namely lifestyle, comorbidities, and TB-related characteristics were defined. The current study was approved by the Institutional Review Board (IRB) of Ningbo Municipal Center for Disease Control and Prevention and the requirement for informed consent was waived. The data were fully de-identified and sensitive information such as patients' names and national ID numbers were anonymized. We thus made re-identification impossible to safeguard patients' privacy. The quality of reporting in the included studies was assessed using the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) checklist (7), which are commonly used for reporting the quality of observational studies.



Data Sources and Data Linkage

Ningbo is a coastal city in the eastern region of the People's Republic of China, with a population of nearly 8.2 million residents in 2018. Since 2005, Ningbo Health and Family Planning Commission initiated a Health Information System covering all healthcare facilities within its jurisdiction. Electronic health records from hospitals and community clinics were collected and integrated to form a comprehensive administrative healthcare database. All records are linked deterministically using the personal identity code. This code is unambiguously assigned to all Chinese citizens as well as registered foreign citizens. The linked records are deidentified before they are further processed and analyzed. By 2020, the system covered all 65 public hospitals and 154 community health centers or township health centers, including all 12 TB designated hospitals and TB centers of excellence (Ningbo Hwa Mei Hospital).

Information regarding subject lifestyle, vital signs, laboratory results, inpatient and outpatient records, and pharmacy use were available. The outpatient, inpatient, and pharmacy records comprised patient identity code, date of diagnosis, diagnosis name, and diagnosis code (International Classification of Diseases, Tenth Revision, ICD-10), as well as procedure codes, costs, and prescription dispensing details. The data content is updated on a daily basis.

The TB registry provides information on TB diagnosis, treatment, and outcomes. The TB registry records the TB patients' personal identity code, the date of diagnosis, TB clinical classification, and genetic determinants of drug resistance, sputum, and culture results at diagnosis and follow-up were recorded using a standard electronic form by trained staff. TB outcomes were ascertained using standard WHO outcomes definitions for tuberculosis: cure, treatment completion, treatment failure, death from any cause, default, and transfer out. We defined successful outcomes as cure or completion of treatment and unfavorable outcomes such as treatment failure or death. All death records including date of death and causes of death were further confirmed by linkage to the mortality database of the Ningbo Municipal Public Security Bureau.



Cohort Description

The cohort selection is shown in Figure 1. Patients were required to be aged ≥ 18 years at TB diagnosis. In addition, eligible subjects were required to have at least two healthcare encounters during the baseline period to ensure capturing of important demographic and clinical information prior to TB diagnosis. The reason for requiring eligible subjects to have at least two encounters is to exclude patients who are not continuously followed within the Ningbo health system, which could lead to underestimation of morbidity burdens. Subject characteristics, including chronic condition profiles, were measured over the baseline period. Subjects were followed up from date of TB diagnosis to date of treatment completion, death, end of study (30 June 2020), or loss to follow-up, whichever came first. Healthcare use and expenditure were measured in both the baseline period and follow-up period.


[image: Figure 1]
FIGURE 1. Patient flow diagram documenting the application of selection criteria to arrive at the final analytical cohort.




Identification of Chronic Conditions and Generation of Morbidity Groups

ICD-10 diagnosis codes from all inpatient discharge summaries and outpatient encounters were collected and categorized using the Chronic Condition Indicator (CCI) algorithms (v2021.1) developed by Healthcare Cost and Utilization Project (HCUP) (8). The algorithms systematically scan all diagnosis fields and generated classification of distinct chronic conditions (9). Identified chronic conditions that appeared in two outpatient encounters on different dates or in 1 inpatient hospitalization during the baseline period were retained in the analysis. Patients were categorized as having 0, 1, or multiple (2 and above) chronic conditions, excluding TB.

Latent class analysis (LCA) was performed on the subset of patients with ≥2 chronic conditions. LCA is a data-driven, model-based clustering method that is capable of identifying underlying subgroups of patients with similar multimorbidity patterns. We included all chronic conditions with a prevalence of 1% and above. A series of models were developed and the final model was selected based on statistical convergence, the goodness of fit, interpretability, and parsimony (10–12). A subject-level latent class multimorbidity group was assigned based on the highest predicted probability of membership, calculated from individual chronic condition profiles (13).



Variables

We measured four outcomes during the follow-up period: (1) hospital admission; (2) outpatient visit; (3) monthly total healthcare expenditures; and (4) monthly patient out-of-pocket payment. Total expenditures were calculated based on overall inpatient, outpatient and pharmacy expenditures from a healthcare system's perspective. Estimates were adjusted for inflation using the consumer price index (CPI) and presented in 2014 Chinese Yuans (¥). A hundred CNY was equivalent to 16.3 USD in 2014.

Additional demographic, lifestyle habits, insurance type, TB-related variables, prior resource use were measured during the baseline period. Demographic variables included age, sex, ethnicity, occupation, education level, and marital status.



Statistical Analysis

Patients in each of the morbidity groups were compared with patients without pre-existing chronic conditions at baseline. Categorical variables were compared using chi-square tests and continuous variables were compared using non-parametric Kruskal-Wallis tests accounting for non-normal distribution of variables. Missing data were addressed using missing indicators.

We compared the utilization of inpatient services across latent chronic condition groups using a multivariate logistic lasso regression model, with excess risk for admission expressed in adjusted odds ratio (OR) and 95% Confidence intervals (CIs). We classified healthcare expenditure into 3 types: outpatient expenditure, inpatient expenditure, and outpatient pharmacy expenditure. To account for excess zeros and the skewed non-zero distribution nature of healthcare expenditure data, we used a 2-part regression model to identify the association between morbidity groups and healthcare expenditure. We first fitted a logistic model to estimate the association between morbidity groups with none vs. any utilization of healthcare. Among patients with non-zero expenditure, a second model of the generalized linear model (GLM) using gamma distribution with a log link function (14, 15). We used GLM in the second stage rather than the ordinary least squares of log-transformed healthcare expenditure because the former relaxes the homoscedastic error assumption, which is essential for retransformation to the raw scale (16).

Analyses were conducted using SAS 9.4 statistical software (SAS Institute Inc., Cary, NC, USA), and open-source statistical software R 4.0.3 (poLCA package, https://CRAN.R-project.org). Two-side P < 0.05 was considered as statistically significant.




RESULTS


Sample Description

A total of 9,651 eligible patients with TB were included in the present cohort study, the patient flow diagram is shown in Figure 1. The final analytical cohort consisted of 3,073 (31.8%) females, with a mean age of 48.8 years (SD, 18.7) (Table 1). Approximately 30.5% of patients were aged above 60 years and 4,128 (42.8%) patients were covered by urban employee basic medical insurance schemes at the time of TB diagnosis. The prevalence of HIV infection was 0.31% and the majority had newly registered TB. Pre-existing chronic conditions were observed in 38.6% of TB patients. The average number of chronic conditions was 1.02 (SD< 1.99), and 2,051 (21.3%) had ≥2 chronic conditions. Essential primary hypertension was the most common chronic condition (14.3%), followed by hyperlipidemia (4.0%), chronic obstructive pulmonary disease (COPD) (2.2%), and atherosclerotic heart disease (2.2%).


Table 1. Baseline characteristics of tuberculosis patients cohort (N = 9,651).
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Identification of Morbidity Groups

The LCA of patients with at least one chronic condition (N = 3,727) identified 4 morbidity subgroups. Demographic and clinical characteristics are presented in Table 2. The general morbidity group accounted for the largest percentage of TB patients with chronic conditions (54.5%), with an average of 2.5 chronic conditions. The mean age of patients in this group was 54.5 years (SD, 16.3), which is the youngest among all latent class subgroups. The most prevalent chronic condition in this group was chronic viral hepatitis B infection (8.62%) and chronic pharyngitis (5.57%). The cardiovascular morbidity without complications group (34.7% of the current study cohort) experienced a high prevalence of hypertension (85.6%) and hyperlipidemia (20.3%). The mean age was 65.2 years (SD, 12.1 years). The cardiovascular morbidity with complications group (5.0% of the current study group) was among the oldest groups, with a mean age of 74.5 years (SD, 10.5 years) at the time of TB diagnosis. Patients in this group experienced primarily hypertension (85.9%), hyperlipidemia (59.5%), atherosclerotic heart disease (53.0%), and heart failure (42.2%). In this group, the percentage of patients with mental health conditions was the highest (4.3%). Finally, the respiratory morbidity subgroup accounted for 220 (5.9%) of patients, and was predominantly male (83.6%). The mean age was 73.6 years (SD, 10.5 years) and had the highest percentage of patients with retreatment status (15.5%). The most prevalent condition was chronic obstructive pulmonary disease (80.5%) and essential primary hypertension (31.4%).


Table 2. Characteristics of model-driven chronic condition groups among eligible patients with tuberculosis.
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Association of Morbidity Groups With TB Treatment Outcome

As shown in Table 3, a total of 8,182 (84.8%) had successful TB treatment outcomes, with 29.6% cured and 55.2% completing TB treatment. The overall treatment success rate was higher in patients with no chronic conditions (87%), compared with morbidity subgroups. The cardiovascular morbidity without complications group and general morbidity group had overall TB treatment success rates of 82.5 and 82.8%, respectively. Cardiovascular morbidity with complications had the lowest TB treatment success rate of 65.9%, while 71.8% of the patients in the respiratory morbidity group had favorable outcomes overall.


Table 3. Association between chronic condition groups and clinical outcomes.
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Among the types of unfavorable outcomes, 9.8% of patients were lost to follow-up and 2.2% died during TB treatment. Among the 213 patients who died, 48 death events were attributable to TB, and 165 (1.7%) died from causes other than TB. Approximately 1.3% of patients developed MDR-TB, the percentage of patients who developed MDR-TB were comparable across all subgroups.

After adjusting for age and sex, patients in the cardiovascular morbidity with complications group had a 41% (95% CI 0.46–0.77) lower odds for achieving successful TB treatment outcomes, when compared with patients without chronic conditions. Conversely, patients in the cardiovascular morbidity without complications group had a 27% (95% CI 1.10–1.47) higher odds for achieving successful TB treatment outcomes. After adjusting for additional insurance type, TB retreatment status, and lifestyle variables, patients in the respiratory morbidity group (OR 0.68, 95% CI 0.49–0.93) and cardiovascular morbidity with complications group (OR 0.59, 95% CI 0.42–0.83) were less likely to have favorable TB outcomes. On the other hand, patients from the cardiovascular morbidity without complications group were more likely to achieve successful outcomes (OR 1.40, 95% CI 1.15–1.71) (Supplementary Table 1).



Health Resource Use Across Morbidity Groups

Overall healthcare expenditure was assessed from TB diagnosis date until TB treatment termination, death, end of the study period (June 30, 2020), or loss-to-follow-up, whichever came first. The univariate summary of overall healthcare expenditure is presented in Supplementary Table 2. On average, the all-cause total cost during TB treatment was 10,052 CNY (SD, 20,976 CNY, in 2014 terms). Differences were also observed with regard to latent class subgroups. Patients with no pre-existing chronic conditions experienced the lowest overall costs at 4,691 CNY, while patients from the cardiovascular morbidity with complications group had the highest expenditure of 19,839 CNY (SD, 40,835 CNY). The excessive healthcare spending in this group was driven by inpatient expenditure.

To account for differential treatment durations, individual monthly healthcare expenditures according to chronic condition groups are presented in Figure 2. Monthly average and median healthcare expenditures were higher in the cardiovascular morbidity with complications group, followed by the respiratory morbidity group. However, monthly out-of-pocket (OOP) expenditures ranged between 237 and 531 CNY, with the share of OOP payment ranging between 20.0 and 36.9% (Supplementary Table 3).
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FIGURE 2. Distribution of average overall individual healthcare expenditures among patients with tuberculosis, stratified by types of services.


In multivariable analysis, as shown in Supplementary Table 4, after adjusting for relevant demographic and clinical characteristics, patients in the respiratory morbidity group on average incurred an additional of 16,360 CNY (95% CI 12,615–21,215), compared with patients without any chronic conditions. Patients in cardiovascular morbidity with and without complication groups had incremental costs of 10,987 CNY (95% CI 9,542–12,651 CNY) and 10,279 CNY (95% CI 8,999–11,741 CNY), respectively. Patients in the general morbidity group had lower overall expenditure when compared with the reference group (7,832 CNY, 95% CI 6,928–8,853 CNY).

Patients with chronic conditions incurred statistically significantly greater OOP expenditures. Over the course of TB treatment, patients in the respiratory morbidity group had higher expenditure (4,543 CNY, 95% CI 3,163–6,525 CNY), when compared to patients without chronic conditions. Patients in the general morbidity group had a lower adjusted increase in OOP expenditure, costing 3,136 CNY (95% CI 2,632–3,736 CNY) more than the non-chronic condition group (Supplementary Table 4).




DISCUSSION

In this retrospective cohort analysis of 9,651 patients with TB, there were three notable findings. First, older patients have higher rates of multimorbidity, compared to previous publications. Second, we identified four distinct latent subgroups based on concurrent diagnoses, and these groups are predictive of TB treatment outcomes. Third, healthcare utilization and expenditure were highly correlated with latent subgroups, thereby such findings are informative in identifying potential targets of continuous care quality improvement.

TB patients with multimorbidity accounted for ~40% of eligible subjects in this population-based cohort. We successfully linked a majority of patients from the National TB registry with healthcare encounter records. By examining over 10 years' regional electronic health records, we employed a systematic approach in identifying chronic conditions using validated algorithms (9). This method not only enabled us to characterize concurrent conditions at the time of TB diagnosis but also estimate the healthcare use patterns and associated expenditure from both healthcare systems and patients' perspectives. We found significant variability in both acute care utilization, outpatient services, and pharmaceutical products. While patients with cardiovascular conditions and respiratory morbidity experienced worse outcomes, these patients incurred substantially higher monthly overall and OOP expenditure. The TB treatment success rates were lower among patients with greater comorbidity burdens compared with patients without multimorbidity or within the general morbidity group.

Interestingly, we found that after adjusting for relevant covariates, patients in the cardiovascular morbidity without complications group had higher treatment success rates relative to the non-chronic condition group. A higher proportion of patients in this group achieved cured outcomes (33.0% vs. 28.0%), despite a higher morbidity burden and older age. On the other hand, we found that patients without any comorbid conditions were more likely to be younger patients of the floating population of migrant workers without health insurance coverage. We hypothesized that these patients from the cardiovascular morbidity without complications group were more likely to be covered by a more generous UEBMI scheme and living in Ningbo (17). Thus, patients from this subgroup experienced more continuous health services, allowing for more swift care transitions (18).

Another strength of this study is the use of LCA in providing information regarding clinically meaningful subgroups (19). More simplistic methods employed a fixed list of chronic conditions in defining chronic condition groups, our data-driven approach allowed inclusion of all observed diagnoses to identify distinct subgroups (20–22). This approach takes account for potentially joint comorbidity patterns between more severe chronic conditions such as heart failure and common illnesses like hypertension and gout, our study is capable of elucidating more detailed condition combinations. Although LCA has been widely used to identify clusters of patient-reported symptoms or trajectories of healthcare utilization, to the best of our knowledge, no prior study to date has examined multimorbidity in TB patients using a population-based, real-world dataset. We distinguished subgroups of cardiovascular morbidity with and without complications, has to our knowledge, not been previously reported. The complex comorbidity combinations in a sample subset of patients (respiratory morbidity group 5.9%, and cardiovascular morbidity with complications, 5.0%), with on average 4.0 and 8.6 concurrent chronic conditions warrant further investigation. Patients in this group experienced greater risks for treatment discontinuation due to loss-to-follow-up and death, suggestive of multispecialty care plan in meeting the needs of these patients.

While the overall prevalence of mental health disorders is low, we observed higher psychological burdens in the cardiovascular morbidity with complication subgroup. This is likely an underestimating of actual psychological burdens since patients could develop mental health conditions like depression and anxiety disorders, substance use disorders over the course of TB treatment (23). Our findings highlighted psychological support, active case finding, and early intervention of mental health disorders.

Despite the difference in overall costs, the share of OOP expenditure was much lower in subgroups that incurred more overall expenditure. We found that inpatient services as well as the number of chronic conditions may be the primary driver of expenditures. Since the reimbursement rates tend to be more generous for hospitalization than outpatient services, the OOP expenditures have been offset by insurance reimbursement, which could have a positive impact on care continuation and relieving financial burdens that patients face. However, the one-size-fits-all approach of the current reimbursement schemes oftentimes fails to account for the disparate needs of patients with varying chronic condition profiles. Recent health services research on catastrophic expenditure among patients with TB from the Ningbo region found that 37.1% of TB patients and their households faced catastrophic economic risks (24), therefore, reimbursement rates should be tailored to provide additional support for financially vulnerable patients with greater healthcare needs.

Our study has several limitations. First, we relied on recorded administrative data to identify chronic conditions, which are subject to coding errors and potentially, misclassification bias. Second, our findings may not be generalizable to TB patients in other settings, such as those in HIV endemic countries. Third, our estimates on healthcare expenditure adopted a healthcare system and patients' perspective, which could be different from a payers' perspective. Lastly, there are unmeasured confounding factors that are due to the inherent limitations of our retrospective design, preclude us from establishing a causal relationship between chronic comorbidity combinations and meaningful clinical outcomes, healthcare use, and expenditure.



CONCLUSION

In conclusion, the results of the current study offered much-needed evidence on comorbidity patterns in TB patients from a real-world perspective. The distinct patterns of multimorbidity highlight opportunities to better personalize TB care for patients with pre-existing conditions and a tailored, multidisciplinary approach to managing an increasing older TB population facing multifaceted health requirements.
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