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Objective: Exploring the risk factors for readmission of elderly patients with pulmonary tuberculosis (PTB) within one month using
the propensity score matching(PSM).

Methods: A retrospective analysis was conducted on the clinical data of elderly patients with PTB who were admitted to the
Tuberculosis Department of Lishui Hospital of Traditional Chinese Medicine from January 2020 to October 2023. The patients were
divided into two groups: non-readmission group and readmission group based on whether they were readmitted within one month after
discharge. The PSM method was used to match the baseline data of the two groups of patients, and multivariate logistic regression
analysis was conducted to explore the risk factors for readmission of elderly patients with PTB within one month after discharge.
Results: A total of 1268 hospitalized elderly patients with PTB were included in the study, comprising 977 readmitted patients and
291 newly admitted patients (22.95%). Using the PSM, 288 pairs of patients were successfully matched. Following matching, there
were no statistically significant differences between the two groups in terms of gender, age, occupation, body mass index(BMI), past
medical history, etc. (all P>0.05). Multivariate logistic regression analysis indicated that infection, drug-induced liver injury(DILI),
acute heart failure(AHF), chronic kidney disease(CKD), and extrapulmonary tuberculosis(EPTB) were all identified as risk factors for
readmission of elderly patients with PTB.

Conclusion: After controlling for confounding factors through PSM, the study revealed that infection, DILI, AHF, CKD, and EPTB
are risk factors for readmission among elderly patients with PTB, highlighting the need for early intervention.
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Introduction

As the body undergoes degenerative changes, the vulnerability of elderly individuals increases and their immune
system’s defense weakens, resulting in a higher risk of contracting tuberculosis." Research indicates that as individuals
age, their lungs become more vulnerable to inflammation, which heightens the risk of tuberculosis infection in elderly
individuals.? Due to the decline in immune function, malnutrition, and other mechanisms and factors, the elderly are
more susceptible to new tuberculosis infections and reactivation of latent tuberculosis infection. Therefore, they are more
likely to suffer from tuberculosis compared to non-elderly individuals. With the further intensification of the aging
population, PTB remains a disease that cannot be ignored, and more attention needs to be devoted to the prevention and
control of PTB in the elderly. The positivity rate of sputum smear in elderly patients with PTB is low, which hinders
diagnosis and often leads to delays in diagnosis. Moreover, elderly individuals exhibit lower immune function, more
chronic complications, and increased susceptibility to treatment-related adverse drug reactions, all of which contribute to
poorer treatment outcomes and higher mortality rates.® The elderly, due to their weakened physique, underlying diseases,
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and medication side effects, are at risk of repeated hospitalization due to tuberculosis, which can reduce their quality of
life and increase the economic burden. This study analyzes and explores the risk factors for rehospitalization of elderly
patients with PTB one month after discharge in order to intervene early, improve the quality of life of patients, and reduce
medical expenses.

Materials and Methods

Research Object Selection

Retrospective analysis was conducted on clinical data from elderly PTB patients hospitalized in our department from
January 2021 to October 2023. The data included information on age, gender, occupation, BMI, and past medical history.
This study received approval from the hospital’s Medical Ethics Committee (Approval number:LW-2024009).

Patients Inclusion and Exclusion Criteria

Inclusion criteria: (1) Patients who meet the diagnostic criteria for PTB;* (2) Elderly hospitalized patients aged > 60 years
old; (3) The clinical data are complete. Exclusion criteria: (1) Patients with severe illness leading to death; (2) Patients
who are readmitted due to other factors; (3) Patients with severe missing clinical data.

Patients Data Collection

The age, gender, occupation, BMI, past medical history (hypertension, diabetes, chronic obstructive pulmonary disease-
(COPD), bronchiectasis, tumor), and diagnoses after admission of patients were collected through the inpatient manage-
ment information system.

Case Grouping
According to whether the patient has been readmitted within one month after discharge, they are categorized into two
groups: the non-readmission group and the readmission group.

Statistical Analysis

All data were analyzed using SPSS 26.0 software. Count data are expressed as percentages (%), and differences between
groups are compared using chi-square (y2) test. Measurement data that conforms to a normal distribution are represented
by the mean + standard deviation (¥ +s) and #-test is used. Measurement data that do not conform to a normal
distribution are represented by the median (M) and interquartile range (P,s, P;s). Inter-group comparisons are performed
using the Mann—Whitney U-test. The PSM extension program was utilized to perform propensity score matching
between two groups of patients using the 1:1 nearest neighbor matching method, and the quality of the matching results
was ensured by defining clamp values. Multiple logistic regression analysis was used to investigate the influencing
factors of anxiety in elderly hospitalized patients with PTB, and the difference was statistically significant (P<0.05).

Results

Case Screening

A total of 1360 elderly patients hospitalized with PTB were included in the study. Of these, 36 patients had incomplete
clinical data, 40 were readmitted for reasons unrelated to tuberculosis, and 16 patients had died. This resulted in a total of
1268 patients being included in the analysis. Patients were then categorized based on readmission status within one
month after discharge, with 977 patients not being readmitted and 291 patients being readmitted. Following propensity
score matching, a total of 288 pairs of patients were successfully matched (Figure 1).

Comeparison of Clinical Features Between Two Groups of Patients Before PSM
There were no significant differences in age, sex, occupation, BMI, diabetes history, and tumor history between the two

groups (P>0.05). However, there were significant differences in the history of hypertension, COPD, and bronchiectasis
(P<0.05) (Table 1).
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Figure | A flow chart for screening eligible studies.

Clinical Characteristics of Two Groups of Patients After PSM
The age, sex, occupation, BMI, and past medical history (including hypertension, diabetes, tumor, bronchiectasis, and
COPD) of the patients were used as matching variables for 1:1 propensity score matching. This resulted in 288 pairs of

successfully matched patients, and there was no statistically significant difference in any of the variables after matching
(P>0.05) (Table 2).

Table | Comparison of Clinical Features Between Two Groups of Patients Before PSM

Variable Total Non-Readmission Readmission Statistic P
(n = 1268) (n=977) (n=291)
Age, Mean + SD 73.10 + 8.66 7299 + 879 7345 £ 8.22 t=0.831 0.406
BMI, M (P25, P75) 19.77 (17.90, 21.45) 19.63 (17.75, 21.34) 19.82 (18.14, 21.47) Z=1.028 0.304
Gender (n,%) ¥*=0.013 0.908
Female 317 (25) 245 (25.08) 72 (24.74)
Male 951 (75) 732 (74.92) 219 (75.26)
Occupation (n,%) ¥*=0.006 0.940
Peasants 1065 (83.99) 821 (84.03) 244 (83.85)
Non-peasants 203 (16.01) 156 (15.97) 47 (16.15)
Past medical history (n,%)
Hypertension 205 (16.17) 143 (14.64) 62 (21.31) x*=7.358 0.007
Diabetes 124 (9.78) 90 (9.21) 34 (11.68) x*=1.553 0.213
Tumor 78 (6.15) 56 (5.73) 22 (7.56) x=1.298 0.255
Bronchiectasis 80 (6.31) 51 (5.22) 29 (9.97) ¥2=8.542 0.003
COPD 119 (9.38) 76 (7.78) 43 (14.78) x=12.911 <0.001

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease.
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Table 2 Clinical Characteristics of Two Groups of Patients After PSM

Variable Total Non-Readmission Readmission Statistic P
(n =576) (n = 288) (n = 288)
Age, Mean = SD 73.40 + 8.25 7341 £ 830 7339 + 821 t=0.035 0.972
BMI, M (P25, P75) 19.93 (17.99, 21.52) | 20.07 (17.90, 21.63) 19.83 (18.17, 21.46) | Z=0.261 0.794
Gender (n,%) ¥*=0.085 0.770
Female 139 (24.13) 68 (23.61) 71 (24.65)
Male 437 (75.87) 220 (76.39) 217 (75.35)
Occupation (n,%) ¥>=0.050 0.823
Peasants 480 (83.33) 239 (82.99) 241 (83.68)
Non-peasants 96 (16.67) 49 (17.01) 47 (16.32)
Past medical history (n,%)
Hypertension 136 (23.61) 74 (25.69) 62 (21.53) x*=1.386 0.239
Diabetes 72 (12.5) 40 (13.89) 32 (11.11) w*=1.016 0313
Tumor 43 (7.47) 21 (7.29) 22 (7.64) %2=0.025 0.874
Bronchiectasis 52 (9.03) 25 (8.68) 27 (9.38) %2=0.085 0.771
COPD 74 (12.85) 32 (11.11) 42 (14.58) x*=1.551 0213

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease.

Single Factor Analysis After PSM

After balancing the two sets of covariates using PSM, a further comparison was conducted between the non-readmission
group and the readmission group with respect to other factors. The analysis revealed statistically significant differences
between the two patient groups in terms of complications with infection, DILI, AHF, CKD, and EPTB (all P<0.05)
(Table 3).

Table 3 Single Factor Analysis After PSM

Variable Total Non-Readmission Readmission Statistic P
(n =576) (n = 288) (n = 288)

Infection (n,%) x*=51.716 | <0.001
No 354 (61.46) 219 (79.04) 135 (46.88)
Yes 222 (38.54) 69 (23.96) 153 (53.12)

DILI (n,%) ¥x*=16.267 | <0.001
No 514 (89.24) 272 (94.44) 242 (84.03)
Yes 62 (10.76) 16 (5.56) 46 (15.97)

Respiratory failure (n,%) x*=1.667 0.197
No 508 (88.19) 259 (89.93) 249 (86.46)
Yes 68 (11.81) 29 (10.07) 39 (13.54)

AHF (n,%) ¥*=15.878 | <0.001
No 502 (87.15) 267 (92.71) 235 (81.60)
Yes 74 (12.85) 21 (7.29) 53 (18.40)

CKD (n,%) ¥*=7.655 0.006
No 530 (92.01) 274 (95.14) 256 (88.89)
Yes 46 (7.99) 14 (4.86) 32 (11.11)

Gastrointestinal disturbances (n,%) ¥*=0.394 0.530
No 532 (92.36) 268 (93.06) 264 (91.67)
Yes 44 (7.64) 20 (6.94) 24 (8.33)

Nervous system disorders (n,%) ¥*=2.118 0.146
No 544 (94.44) 276 (95.83) 268 (93.06)
Yes 32 (5.56) 12 (4.17) 20 (6.94)

(Continued)
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Table 3 (Continued).

Variable Total Non-Readmission Readmission Statistic P
(n =576) (n = 288) (n = 288)
Pruritic reactions/rash (n,%) x*=1.135 0.287
No 529 (91.84) 268 (93.06) 261 (90.62)
Yes 47 (8.16) 20 (6.94) 27 (9.38)
EPTB (n,%) ¥?=23.223 | <0.001
No 414 (71.88) 233 (80.90) 181 (62.85)
Yes 162 (28.12) 55 (19.10) 107 (37.15)

Abbreviations: DILI, drug-induced liver injury; AHF, acute heart failure; CKD, chronic kidney disease; EPTB, extrapulmonary tuberculosis.

Table 4 Multivariate Logistic Regression Analysis After

PSM
Variable | S.E | Wald | P OR (95% CI)
Infection 1.53 | 0.21 | 7.39 <0.001 | 4.62 (3.08-6.92)
DiLI 142 | 0.35 | 4.08 <0.001 | 4.14 (2.09-8.19)
AHF 122 | 031 | 3.97 <0.001 | 3.40 (1.86-6.21)
CKD 0.83 | 039 | 2.10 0.036 2.29 (1.06-4.95)
EPTB 1.05 | 0.22 | 4.66 <0.001 | 2.85 (1.83—4.42)

Abbreviations: DILI, drug-induced liver injury; AHF, acute heart failure;
CKD, chronic kidney disease; EPTB, extrapulmonary tuberculosis.

Multivariate Logistic Regression Analysis After PSM

Using the variables that showed statistical differences (£<0.05) in the above univariate analysis as independent variables
and readmission as the dependent variable, a binary logistic regression analysis was conducted. The results indicated that
co-infection (OR=4.62, 95% CI: 3.08-6.92), DILI (OR=4.14, 95% CI: 2.09-8.19), AHF (OR=3.40, 95% CI: 1.86-6.21),
CKD (OR=2.29, 95% CI: 1.06-4.95), and EPTB (OR=2.85, 95% CI: 1.83—4.42) are risk factors for readmission within
one month in elderly patients with PTB (P<0.05) (Table 4).

Discussion

The most recent global tuberculosis report, released by the World Health Organization in 2023, indicates that there were
10.6 million tuberculosis patients worldwide in the past year, with the number of deaths due to tuberculosis reaching
1.2 million.> Compared to the non-elderly population, the reported incidence rate of tuberculosis in the elderly population
is higher. Japan has nearly 60% of tuberculosis patients aged 70 years or above, making it one of the countries with the
highest incidence rates of tuberculosis among developed countries.® A study conducted in our country indicates that the
risk of developing PTB in the elderly is 2.4-2.9 times higher than that of the population under 65 years of age.” Elderly
individuals experience a reduction in thymus output of T lymphocytes due to impaired immune system function.
Consequently, their ability to produce cytokines and other effector factors is reduced.® The immune protection against
tuberculosis infection is primarily achieved through the coordinated action of phagocytic cells and T lymphocytes in
order to establish cell-mediated immunity.® In addition, elderly patients are more likely to have structural lung diseases,
such as bronchiectasis and COPD, which can also reduce the clearance rate of Mycobacterium tuberculosis in the lower
respiratory tract, leading to PTB.'” The etiology of PTB in elderly individuals is thought to involve both exogenous
reinfection and reactivation of latent infections.'' Elderly patients with PTB present unique challenges for diagnosis due
to the low pathogen positivity rate, as well as the presence of multiple underlying diseases. As a result, treatment
outcomes are often less effective, leading to a higher mortality rate.'? As the population continues to age, there is a need
to strengthen research on tuberculosis in the elderly, which also contributes to the achievement of global tuberculosis
control goals.'® Readmission within one month after discharge refers to a situation in which a patient is readmitted due to
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the same or a related illness within one month of their initial discharge.'* Research indicates that factors such as gender,
age, place of residence, smoking status, history of COPD, history of chronic hepatitis, non-compliance with standard
anti-tuberculosis treatment, and adverse drug reactions are associated with an increased risk of unplanned readmission for
tuberculosis.'> There are also studies indicating that the median readmission time for patients with PTB is 24 days,
primarily due to fever, worsening breathing difficulties, and hemoptysis.'® Additionally, being aged > 65 years old is
significantly correlated with readmission of tuberculosis patients within one month after discharge.'” Readmission after
discharge imposes a substantial economic burden on patients and medical resources.'® In 2004, the cost of readmission
for medical insurance in the United States was approximately $1.7 billion, representing around one-fifth of the total
hospital expenses nationwide.'® Therefore, conducting research on the readmission of elderly hospitalized patients with
pulmonary tuberculosis after discharge can play an important role in improving their quality of life and reducing medical
expenses.

This study collected clinical data on elderly patients hospitalized with PTB and used propensity score matching to
balance out confounding bias for the analysis of risk factors for readmission after discharge. Co-infection, DILI, AHF,
CKD, and EPTB were identified as risk factors for readmission of elderly patients with PTB. Due to the decline in
immune function and structural changes in the lungs, elderly patients with PTB are susceptible to secondary infections
from other pathogens, with bacterial infections being the most common. The co-occurrence of PTB and other pathogen
infections can prolong the treatment duration of tuberculosis, induce resistance to tuberculosis, and is also a contributing
factor to recurrent hospitalization for PTB. At the same time, malnutrition in older adults also increases the risk of
pulmonary bacterial infections in elderly patients with PTB. Additionally, fungal infections, such as Aspergillus and
Cryptococcus, are also more commonly observed. In this study, 53.12% of readmitted patients had other infections,
which was the primary cause following matching. Logistic analysis indicated that this was a risk factor for readmission
within one month of discharge (OR=4.62, 95% CI: 3.08-6.92). During the course of anti-tuberculosis treatment, it is
important for clinical doctors to be mindful of potential liver function damage caused by anti-tuberculosis drugs. This can
not only extend the treatment period and cause interruptions, but also significantly impact the prognosis of patients. An
epidemiological survey on drug-induced liver injury in the Chinese population revealed that anti-tuberculosis drugs are
the main cause of liver injury in China, accounting for approximately 21.99%.?° The incidence of drug-induced liver
damage in the matched readmission patients in this study was 15.97%, which represents a risk factor for readmission of
elderly PTB patients (OR=4.14, 95% CI: 2.09-8.19). AHF significantly impacts the health of the population in China and
increases the socio-economic burden. Early diagnosis and intervention can reduce the risk of readmission. The prognosis
for heart failure patients is extremely poor, with a readmission rate of up to 24.8% within 90 days.?' Therefore, the
average annual hospitalization cost for AHF patients exceeds 20,000 yuan.”? The incidence of AHF in matched
readmission patients in this study was 18.40%, which represents a risk factor for readmission of elderly PTB patients
(OR=3.40, 95% CI: 1.86-6.21).In recent years, the number of patients with CKD has been increasing, along with the
prolonged survival years of those on dialysis. As a result, there has been a gradual increase in the number of patients with
CKD who also have tuberculosis.”> CKD can lead to a reduction in the success rate of treatment and an increase in
mortality due to the impact of tuberculosis drug dosage on the adjustment of renal function.** The incidence of adverse
reactions to anti-tuberculosis treatment in patients with CKD is significantly higher than in the general population. It is
important to avoid drugs with known nephrotoxic effects and to utilize liver metabolism drugs whenever possible. This
study also demonstrated that renal dysfunction is a significant risk factor for readmission in elderly patients with PTB
(OR=2.29, 95% CI: 1.06—4.95). PTB is the most prevalent form of tuberculosis. However, in recent years, there has been
a steady increase in the incidence of combined pulmonary and EPTB. This dual manifestation of the disease is associated
with more severe symptoms than those of simple PTB, as well as a poorer prognosis.”> Over a 10-year period, Beijing
Chest Hospital tracked hospitalized tuberculosis patients and found that EPTB accounted for 33.4% of all tuberculosis
cases. This suggests a serious prevalence of EPTB at present.”® EPTB is typically caused by the spread of
Mycobacterium tuberculosis through the blood or lymphatic system, or by direct spread from adjacent organs. Studies
have also shown that a relatively high proportion of inpatients with PTB experience complications with EPTB, and
approximately one-fifth of EPTB cases occur in two or more locations. This can lead to worsening of the condition,
prolonged treatment, a low cure rate, and increased economic burden.?’ In this study, following matching, the incidence
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rate of EPTB in elderly patients with readmission for pulmonary tuberculosis was 37.15%, representing a significant risk
factor for readmission in this patient group (OR=2.85, 95% CI: 1.83—4.42).

Conclusions

In summary, the PSM method effectively balanced confounding bias and revealed that co-infection, DILI, AHF, CKD,
EPTB were significant risk factors for readmission within one month after discharge in elderly patients with PTB. Early
evaluation and intervention should be prioritized based on these findings. However, it is important to note that this study
has certain limitations. It is hoped that future prospective studies with larger sample sizes will be conducted to further
determine the risk factors for readmission of elderly hospitalized PTB patients after discharge.
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