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Objective: The aim of this study was to assess active tuberculosis-related deaths in
Shenzhen city of China to identify major causes of mortality in different age groups.
Patients and Methods: Medical records of mortality cases of patients with active TB
diagnosed during 2013-2018 were reviewed. All TB deaths were classified into two broad
age groups (the young group: 18—65 years old and the elderly group: >65 years old). Causes
of death were analyzed based on medical records.

Results: A total of 279 mortality cases of active TB were reviewed during the study period.
Among them, mean age was 54.0+£20.5 years old; 80.6% (225/279) were male. There were
5.7% and 4.6% MDR/XDRTB patients in the young and elderly group. Newly treated TB
accounted for 89.6% in the young group and 85.1% in the elderly group. Pulmonary TB was
a major infection type in both groups (65.1% vs 77.0%). Advanced TB (23.4%) and HIV co-
infection (20.8%) were the leading causes of deaths in the young group, but deaths in the
elderly group were mostly associated with underlying diseases, including cardiovascular
disease (52.9%), diabetes (33.3%), COPD (16.1%) and cancer (11.5%). Malnutrition was
a significant condition in both groups (43.2% vs 35.6%). In terms of respiratory complica-
tions, bacterial infection was the leading comorbidity in both groups (27.1% vs 18.4%),
followed by septic shock (18.2% vs 12.6%) and respiratory failure (12.0% vs 11.5%). There
were no significant statistical differences between the two groups.

Conclusion: Our findings suggest that screening for HIV co-infection and early diagnosis of
TB is vital in lowering TB-related deaths in young patients. Most deaths in elderly TB
patients were caused by underlying health conditions or complications other than TB.
Keywords: active tuberculosis, TB-related death, tuberculosis complication, tuberculosis
comorbidity, young death

Introduction
Tuberculosis (TB) is a pressing public health problem affecting millions of people
globally and remains a major cause of mortality despite the availability of effective
drugs and chemotherapy. World Health Organization (WHO) defines TB deaths as
patients dying during TB treatment, irrespective of cause.' The global mortality in
HIV-negative TB was reported to be about 1.2 million in 2019. China is one of the
high TB-burden countries. There were an estimated 833,000 TB cases, and an
estimated 33,200 fatal cases in 2019.2

As a patient diagnosed of TB may not die directly from the disease itself, all-
cause mortality was generally used for the description of TB-related deaths. Some
studies had reported that human immunodeficiency virus (HIV) and multidrug-
resistant and extensively drug-resistant TB (MDR/XDR-TB) attributed to risk
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factors for TB deaths.” > Other studies reported that malig-
nant comorbidities and non-infectious diseases such as
diabetes, renal failure, liver cirrhosis, cardiovascular dis-
ease were common risk factors of TB-related death.®”
Aging was considered a natural hazard of mortality in
many studies.'®'? It has been recognized that older people
are more vulnerable to developing active tuberculosis and
reactivation of latent tuberculosis. But comparison of
causes of death in TB patients of different age groups
was seldom made.

In this study, we analyzed all-cause mortality cases of
active-TB patients in the only designated hospital for TB
treatment in Shenzhen, China, to identify major causes of
death in different age groups. We aim to alert clinicians
and national Center of Disease Control the modifiable
factors that may require enhancement to reduce TB-
related mortality for different age groups.

Patients and Methods
Study Population

Shenzhen is one of the special administrative regions of
China and is hosting a soaring population with high mobi-
lity due to its economic development and availability of
job opportunities. The city’s population had grown from
10 million in 2013 to 13 million in 2019."* The Third
People’s hospital of Shenzhen is the only designated hos-
pital for tuberculosis treatment in Shenzhen city. The
medical records of 279 death cases of patients diagnosed
of active tuberculosis over a 6-year period from January 1,
2013  to 2018
Sociodemographic characteristics including age, gender,

December 31, were  retrieved.
living standard, poverty status, for example, homelessness
were collected. Medical conditions were reviewed in the
form of length of hospitalization, results of sputum smear,
culture and drug sensitivity test (DST), comorbidities, and
complications developed during the treatment period. The
study was approved by the Ethic Committee of The Third
People’s hospital of Shenzhen and requirement for
informed consent of reviewing patient medical records
was waived for public investigations related to infectious
diseases under the National Key Project for Infectious
Diseases. The hospital undertakes that in using these sta-
tistics, no personal information of any patients were
involved and disclosed and confidentiality were compiled
strictly. All data used in this study have been performed in
accordance with the principles stated in the Declaration of
Helsinki.

Study Design

To assess TB-related deaths in different age groups,
patients were classified into two broad groups according
to age. Those between 18 and 65 were classified as the
young group and those >65 years as the elderly group.
Sociodemographic characteristics, medical conditions and
diagnosis during hospitalization were collected and com-
pared between the two groups.

Statistics Analysis

Data analysis was conducted using the Statistical Analysis
System (SAS 9.2 version, SAS Institute, Cary, NC. USA).
Chi-square test was used to measure the difference
between the two groups. P-values were reported to assess
the statistical significance (p<0.05) of the difference.

Results

Gender and Age Distribution of the Study
Of the 279 TB death cases, 19.4% (54) were female,
80.6% (225) were male. The age distribution in the study
ranged from 18 to 94 years. Mean age was 54.0 + 20.5
years. The proportion of 18-20 years was 1.8%, the ratio
of other age segments ranged from 12.1% to 15.8%
(Figure 1).

Basic Characteristics and Type of TB in

the Two Groups

There were 192 (68.8%) cases from the young group and
87 (31.2%) cases from the elderly group. Male accounted
for 80.2% and 79.3% in these 2 groups (P = 0.862).
Homelessness accounted for 7.8% in the young group
and 0% in the elderly group. Median hospital stay was 8
days in both groups (P = 1.0). Moreover, 85.1-89.6%
patients were newly diagnosed tuberculosis cases (P =
0.278). Only <6% MDR/XDR TB were observed in both
groups (P = 0.9). As for the primary site of infection,
miliary tuberculosis and tuberculous meningitis affected
23.4% and 8.0% (P = 0.002), while pulmonary tuberculo-
sis affected 65.1% and 77% (P = 0.047) of the young
group and elderly group, respectively (Table 1).

Comorbidity Among Patients in Two
Groups

Malnutrition was a widespread problem and represented
for up to 35.6-43.2% in both groups, but no statistical
difference was observed in the comparison. In the young

group, HIV co-infection (20.8%) was the leading
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Figure | Age distribution of TB-related deaths in this study.

comorbidity, followed by cardiovascular disease (13.5%)
and diabetes (12.5%). While in the elderly group, cardio-
vascular disease (52.9%), diabetes (33.3%), tumors,
chronic liver and kidney failure (20%), COPD (13%) and
cancer (11.5%) were the most commonly seen comorbid-
ities. There was a significant statistical difference between
both groups (Table 2).

Respiratory Complications Among

Patients in Two Groups

In terms of respiratory complications, bacterial infection
was the most common in the young group and the elderly
group (27.1% vs 18.4%), followed by septic shock (18.2%
vs 12.6%), respiratory failure (12.0% vs 11.5%) and
hemoptysis (6.8% vs 10.3%). But there were no significant
statistical differences between the two groups (Table 3).

Discussion

Tuberculosis is one of the leading causes of death among
infectious disease worldwide. The World Health
Organization (WHO) launched the “End TB Strategy” in
2014 aimed to reduce tuberculosis (TB) mortality by 95%
(compared to 2015) by 2035.'* As an underlying cause of TB-
related death varies, we analyzed the all-cause mortality in
tuberculosis patients in our hospital to find out variance that

constitutes fatality in different age groups. We hope the infor-
mation can assist clinicians or policy makers in enhancing
disease control programs to help reduce TB-related mortality.

WHO reported a higher global TB incident rate and
mortality in male compared to female. Our study showed
that most of the death cases were male patients (80.6%).
This demonstrated a high consistency with reports from all
over the world regarding gender distribution in TB mortality.
But for age distribution, our study showed that a substantial
proportion of TB deaths in Shenzhen was among people
aged below 65 years. The mean age from our study was
54.0 years old, which was much younger than what was
shown in other studies.*®'* People under 65 years old were
quite actively participated in social activities, understanding
the causes of their death may help dedicating appropriate
intervention to improve treatment outcome.

MDR/XDR-TB has often been considered a refractory
disease that made itself a leading cause of death for TB
patients.'®!” Our study showed that only 5.4% of deceased
TB patients, regardless of age, had MDR/XDR-TB, sug-
gesting that MDR/XDR-TB had not been the leading cause
of TB deaths in Shenzhen in the past 6 years. Therefore,
we speculated that the cause of death for these patients
may not be MDR/XDR-TB itself, but severe drug-
susceptible tuberculosis, complications triggered by tuber-
culosis or worsening of an underlying disease.
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Table | Basic Characteristics of Patients in This Study

Table 3 Complications Among Patients in This Study

Abbreviations: TB, tuberculosis; PTB, pulmonary tuberculosis; MDR/XDR-TB,
multidrug-resistant/extensively drug-resistant tuberculosis.

Table 2 Comorbidities Among Patients in This Study

Comorbidity Age Group P-value

Young Elderly

Group Group

n=192 n=87
HIV co-infection 40 (20.8%) 2 (2.3%) <0.001
Diabetes 24 (12.5%) 29 (33.3%) <0.001
Cancer 9 (4.7%) 10 (11.5%) 0.037
End-stage renal 3 (1.6%) 5 (5.7%) 0.052
disease
Liver cirrhosis/failure | 10 (5.2%) 7 (8.0%) 0.359
Cardiovascular 26 (13.5%) 46 (52.9%) <0.001
disease
COPD 4 (2.1%) 14 (16.1%) <0.001
Malnutrition 83 (43.2%) 31 (35.6%) 0.232
Others* 4 (2.1%) 6 (6.9%) 0.045

Note: *Included rheumatic diseases and other immune-compromised diseases.
Abbreviation: COPD, chronic obstructive pulmonary disease.

In our study, there was a higher HIV co-infection
proportion in the young group in comparison to the elderly

Characteristics Age Group Complication Age Group P-value
Young Elderly P-value Young Group | Elderly Group
Group Group =192 n=87
n=192 n=87 Bacterial pneumonia | 56 (27.1%) 16 (18.4%) 0.057
Gender 0.704 Septic shock 35 (18.2%) I (12.6%) 0.974
Male 156 (81.3%) | 69 (79.3%) Respiratory failure 23 (12.0%) 10 (11.5%) 0.908
Female 36 (18.7%) 18 (20.7%) Hemoptysis 13 (6.8%) 9 (10.3%) 0.305
Homelessness 15 (7.8%) 0 —
Drug abuse 2 (1.0%) 0 —
(::::n hospital stay 8 8 1.00 group (20.8% vs 2.3%). And 23.4% of young patients
suffered from miliary TB and central nervous TB, 43.2%
Infection site of were found to be malnourished on hospital admission, and
tuberculosis . ) 7.8% were homeless. It has been a widely recognized fact
zt:::uli:r:eningms @4%) | 7 @0 0.002 worldwide tha; II;)HIZ infection contributed to TB death to
PTB 125 (65.1%) | 67 (77.0%) | 0.047 certain extent.” ~°° And that incidence of TB, Hepatitis
Extra-PTB 9 (4.7%) 5 (5.7%) 0.707 C and AIDS is correlated and often high among homeless
Multi-system tuberculosis | 14 (7.3%) | 8 (9.2%) | 0.585 people.'®?° HIV co-infection and sub-standard living
Type of tuberculosis 0278 environment can induce systematic and advanced tubercu-
cases losis, pulmonary bacterial or fungal co-infection, septic
Newly treated TB 172 (89.6%) | 74 (85.1%) shock, respiratory failure, multi-organ dysfunction and
Retreated TB 20 (10.4%) | 13 (14.9%) severe malnutrition in these patients. Low income and
MDR/XDR-TB 1 (5.7%) 4 (4.6%) 0.698 education were also reported to be associated with treat-

ment failure.'” An impaired immune state and vulnerable
health conditions seen in the general homeless people can
easily subject them to states of emergency at the time they
have to seek medical help. Mortality rate of these patients
being admitted to ICU with severe TB remains high.?'
Even with active medical treatment, death was sometimes
inevitable. As TB is a preventable and treatable infectious
disease, early diagnosis and prompt treatment initiation are
effective means to cure and reduce mortality. Even in
patients with HIV co-infection, highly active antiretroviral
therapy (HARRT) had been proved to be a life-saving
method.*** Based on our findings, we believe enhanced
social welfare support to needy TB patients with HIV co-
infection may help improve treatment outcomes and
reduce mortality.

We further analyzed the causes of death for patients
over 65 years old. It had been reported that elderly people
have an increased risk of low treatment adherence and
consequent treatment failure.'” Also, unlike younger
patients, more comorbidities were observed in this
group of patients. More than half of the elderly had
cardiovascular disease, one-third had diabetes, 20% had
tumors, chronic liver and kidney failure, and 13% had
COPD. Some of them had more than one of the above
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existing conditions. These chronic non-infectious dis-
eases were the main causes of death among elderly TB
patients. This basically is consistent with the findings of
other research from around the world. Many advanced
age TB patients did not die from TB, but from other
underlying diseases. Only a few cases suggested TB
being the direct cause of death.®?> Malnutrition was
also a common observation in elderly patients. But it
was difficult to confirm if the cause is attributable to TB
itself or other comorbidities.

Besides systematic tuberculosis, miliary tuberculosis and
central nervous tuberculous, also often lead to the critical
emergency. Our study showed that the major type of tuber-
culosis most patients developed was pulmonary tuberculosis.
Respiratory complications were observed in many patients,
with bacterial infection being a typical complication in
patients with advanced tuberculosis and HIV co-infection.
About one-tenth patients had respiratory failure, 6.8%
younger age and 10.3% elderly patients in our study group
have hemoptysis. It showed that bacterial superinfections
aggravated advanced tuberculosis, prolonged hospital stays
and increased the risk of death.”® Chronic aspergillus infec-
tion was prone to occur in patients with structural lung
damage caused by tuberculosis and this at times led to fatal
hemoptysis.”’ In our study, the proportion of patients with
retreated TB was 11.8%. Among them, some had structural
lung damage and COPD, which rendered the patient to
increased risk for co-infection, respiratory failure and
hemoptysis. In patients with HIV co-infection and advanced
severe tuberculosis, bacterial superinfection and septic shock
and acute respiratory failure resulted in the worst life-
threatening complications which needed intensive care.
Therefore, early diagnosis of bacterial superinfection and
antibiotics administration may help reduce mortality in the
future.

There were some limitations in our study. First, the
study was a cross-sectional study. It failed to analyze the
treatment outcome of all tuberculosis patients, and it was
impossible to obtain the mortality of each age groups.
Second, all patients did not undergo autopsy therefor
a definite pathological cause of death was unable to be
determined. The direct causes of death were evaluated
from medical records. Thirdly, due to the relatively high
percentage of mobility population, some tuberculosis
patients were diagnosed in hospital and then left the city
and lost follow-up. The lack of these data may lead to
a lower number of death cases recorded in our hospital,
resulting in an underestimation of tuberculosis mortality.

Conclusion

In summary, among the TB deaths in Shenzhen city, most
patients aged 65 years and above died from another underlying
diseases unrelated to TB. But in the young death group, HIV
co-infection and advanced TB were the leading causes of
death, indicating light for lowering mortality from controlling
the disease at an early stage. Screening for HIV co-infection
and early diagnosis and appropriate management of TB, espe-
cially in vulnerable patients with sub-standard living condi-
tions should be the major focus to lower TB-related deaths.
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