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Objectives: To determine the mortality rates and
predictors among patients hospitalized with active
tuberculosis (TB) at King Abdulaziz University
Hospital (KAUH) in Jeddah.

OPEN ACCESS

Methods: A retrospective study was performed
on 291 active TB patients hospitalized in KAUH,
Jeddah, Saudi Arabia from December 2011 to
December 2016. Medical records were collected and
evaluated using a dedicated data extraction sheet. The
records included demographics, clinical, radiological,
laboratory, and drug resistance data.

Results: Of the 291 patients, 168 had pulmonary
TB, 39 had extrapulmonary TB, and 84 had both
pulmonary and extrapulmonary TB. After a mean
hospital stay of 1.74 months, 85.9% were successfully
treated and discharged. However, 14% died in the
hospital after a mean stay of 1.87 months. Predictors
of inpatient TB mortality were older age, congestive
heart failure, renal failure, diabetes mellitus, chronic
lung disease, hepatitis B virus infection, bilateral
pulmonary TB, miliary TB, pleural effusion, and
leukopenia. In particular, a logistic regression model
revealed a mortality probability of 90% in patients
older than 65 with congestive heart failure and
bilateral lung involvement. However, drug resistance
did not significantly affect the mortality rate.

Conclusions: The inpatient TB mortality rate was
lower than mortality rates described previously.
Nevertheless,  early  recognition,  appropriate
treatments, and education for patients and caregivers
concerning treatment, efficient medical management,
and effective preventive measures can further reduce
mortality.
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uberculosis (TB) remains one of the world’s

deadliest diseases, and TB patients display a high
mortality rate. It is estimated that almost one-third of
the world’s population suffers from this disease.! In
2013, the global incidence of TB was 9 million people,
and 1.5 million died from TB. This increased to 10.4
million reported cases in 2015 and 1.8 million deaths,
making TB one of the 10 most prevalent causes of
deaths worldwide.? Several obstacles to controlling the
global spread of TB have been reported. These include
poor health system strategies, malnutrition, diabetes,
smoking, delayed diagnoses, delayed treatments
(especially in poor countries), and the lack of research
regarding the incidence of TB and factors contributing
to its high mortality rates.’*

The main factors considered for TB epidemiology
are incidence rates and mortality. Therefore, knowing
the death rates of TB and risk factors associated with
mortality is necessary for devising effective interventions
that lower death rates.” A striking difference between
other bacterial infections and TB is that only 5% to
10% of infected TB patients actually develop the active
form of the disease, and the incubation period ranges
from weeks to years.® This worsens the prognosis of
TB because the delay likely increases the mortality
rate. The emergence of multi-drug-resistant strains
of Mycobacterium tuberculosis (MDR-TB) is another
reason for the global surge in TB-related mortality.”

Many studies have been conducted on the mortality
rates of patients with TB. However, these results have
been mostly reported in low-income, developing
countries and in regions with a high prevalence of
human immunodeficiency virus (HIV).®’ Several
factors have been predicted to be associated with deaths
resulting from active TB. These include a positive
sputum smear result in patients in the late stages of the
disease.'” Few studies have reported mortality among
patients hospitalized with active TB. Inaccurate death
certification reports and imperfect surveys have added
to the unreliability of existing data.* As a result, research
on the mortality rates of TB-affected hospitalized
populations is needed.

Saudi Arabia, the third-largest Middle East country
with a population composed of both Saudi nationals
and non-Saudi nationals, continues to have a moderate
TB burden. Tuberculosis remains a major health
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problem in Saudi Arabia, especially the extra-pulmonary
form of the disease."" Despite all efforts by the Saudi
government, the treatment success rate for TB in this
country is 62%. This is well below the ideal benchmark
set by the World Health Organization (WHO), which
is considered to be a treatment success rate of at least
85%.? Furthermore, there is lack of data pertaining to
the mortality rates of patients hospitalized with active
TB.

Accurate identification of the predictors and
quantification of the mortality rates caused by an active
TB infection will help in devising effective measures
to control the spread of the disease. This will also help
lower the mortality rate. In this study, an attempt has
been made to assess the mortality rate and mortality
predictors among patients hospitalized with active TB
in King Abdulaziz University Hospital in Jeddah, Saudi
Arabia.

Methods. A retrospective study was performed
on 291 TB patients hospitalized with active TB in
King Abdulaziz University Hospital (a tertiary care
hospital with 738 beds) in Jeddah, Saudi Arabia over
a 5-year period from December 2011 to December
2016. All patients with a confirmed TB diagnosis
based on microbiological (positive TB culture) or
histopathological features (visualization of necrotizing
granulomatous inflammation) consistent with TB with
good response to anti-TB treatments were included. The
patients’ demographics, comorbidities, radiological,
laboratory, and microbiological data were collected
using a dedicated data extraction sheet. Information
about drug susceptibilities and side effects were also
collected. All data remained classified and were utilized
only for the purpose of this research.

Before conducting the research, ethical approval was
obtained from the Research Committee of the Unit of
Biomedical Ethics at the Faculty of Medicine of King
Abdulaziz University, which is part of the Ministry of
Higher Education in the Kingdom of Saudi Arabia. The
study adhered to the guidelines of the Declaration of
Helsinki.

Statistical analyses were performed using Statistical
Package of Social Science (SPSS) Version 16 (Chicago,
IL, USA). The quantitative data were presented as
the means and standard deviations. The Student’s
t-test was used to test significance for the quantitative
data. The qualitative data were presented as numbers
and percentages. The chi-square test was used to test
significance for the qualitative data. Logistic regression
models were developed to determine the significant
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predictors that might help predict mortality among
the patients studied. Significance was considered to be
P-values less than 0.05.

Results. A total of 291 patients were hospitalized
for TB in King Abdulaziz University Hospital over a
5-year period (December 2011 to December 2016).
Of these, 250 were successfully treated and discharged
after a mean stay of 1.74 months. However, 41
patients died in the hospital after a mean stay of 1.87
months (Table 1). Among these, 168 had pulmonary
TB, 39 had extrapulmonary TB, and 84 had mixed
pulmonary and extrapulmonary TB. Of the 89 Saudi
nationals hospitalized, 12 died in the hospital and 77
were discharged. Meanwhile, 29 died and 173 were
discharged among the 202 non-Saudi nationals.

Medical comorbidities for TB patients (such as
congestive heart failure, renal failure, diabetes mellitus,
chronic lung disease, and hepatitis B virus [HBV]
infection) were found to be significantly higher in the
deceased group (Table 1). Documented clinical causes
of death for those patients were obtained from their
medical records. Respiratory failure occurred in 7
patients (17%) and septic shock-related multi-organ
failure occurred in 13 patients (32%). These were
believed to be either directly or indirectly related to TB.
The remaining 21 patients (51%) died from general
deterioration resulting from aging or cardiovascular,
neurological, or renal conditions.

Table 1 - Demographic data for hospitalized tuberculosis (TB) patients.

The deceased patients were significantly older (55.87
years) than those in the discharged group (37.63 years)
(Table 1). Although the number of patients older than
65 was comparatively smaller than the younger patients,
the mortality was higher. Among the dead patients,
8.7% were younger than 65 and 51.4% were older than
65 (Table 2). Tuberculosis-independent risk factors for
mortality, such as HBV infection, were more common
in the elderly group compared to the younger group.
Significant differences in the levels of basal hemoglobin,
discharged hemoglobin, and discharged albumin were
observed between the younger and elderly groups

(Table 2).

Table 2 - Relationship between patient age and medical and laboratory

data.
Characteristic <65 years 265 years P-value
of age of age
n=254 (%) n=37 (%)
Mortality 22 (8.7) 19 (51.4) <0.001
Hemoglobin basal (g/dl) 10.69+2.27 11.61+2.4 0.023
Hemoglobin discharge (g/dl) ~ 11.51+5.04 10.30+2.04 0.025
Albumin basal (g/L) 25.84+9.42 25.24+6.08 0.707
Albumin discharge (g/L) 28.89+7.48 23.10+5.04 0.001
COPD 12 (4.7) 4(10.8) 0.131
IHD 9 (5.6) 2 (12.5) 0.26
Diabetes 36 (22.4) 3(18.8) 0.514
HCV 6 (2.4) 3 (8.1) 0.093
HBV 3 (1.2) 5(13.5) 0.001
Smoking 25 (9.8) 2 (5.4) 0.302

COPD - chronic obstructive pulmonary disease, IHD - ischemic heart
disease, HCV - hepatitis C virus, HBV - hepatitis B virus

Demographics Deceased Discharged  P-value Table 3 - Clinical and laboratory data for tuberculosis (TB) patients.
n=41 n=250
Age (years) 55.87 +18.55 37.63 £ 15.55 <0.001 Characteristic Deceased Discharged P-value
Gender (male/female) 24/17 126/123 0.59 (n=41) (n=250)
Arab versus non-Arab 25/154 16/96 0.535 Radiographic involvement at admission
Saudi versus non-Saudi 12/29 771173 0.78 Unilateral 17 (41.5) 124 (49.6) 0.213
Length of stay in hospital (M) 1.87+1.5 1.74 + 2.55 0.84 Bilateral 24 (58.5.5) 87 (34.9) 0.004
Recurrent admission 8 (19.5) 8(3.2) 0.59 Miliary TB 4(9.8) 7 (2.8) 0.031
Relevant diseases Extrapulmonary 8 (19.5) 72 (28.8) 0.147
Ischemic heart disease 3 (7.3) 11 (4.4) 0.31 Pleural effusion 14 (34.1) 43 (17.2) 0.017
Congestive heart failure 11 (26.8) 20 (8.0) <0.001 Laboratory data
Renal failure 17 (41.5) 35 (14.0) <0.001 Positive sputum smear 35 (85.4) 197 (78.2) 0.22
Diabetes mellitus 17 (41.5) 35 (14.0) <0.001 Positive sputum culture 37(90.2) 245 (98) 0.025
Chronic lung disease 6 (14.6) 10 (4.0) 0.015 Hemoglobin (basal) 10.37+2.95 10.38+ 2.18 0.188
HIV 6 (14.6) 22 (8.8) 0.183 Anemia (<12g Hb) 31 (75.6) 169 (67.6) 0.215
HBV 5(12.2) 3(1.2) 0.002 WBC (Basal) 11.88+8.89 9.22+ 3.65 0.008
HCV 2 (4.9) 7 (2.8) 0.37 Albumin, g/L (basal 21531746 26.479.12  <0.001
Smoking 4 (9.8 23 (9.2) 0.54 Hypoalbuminemia 36 (87.8) 183 (73.5) 0.032
Values are presented as number and percentage (%),HIV - human Na, mEq/L (basal) 132.4+6.39 132.52+5.51 0.92

immunodeficiency virus, HBV - hepatitis B virus,
HCV - hepatitis C virus

Values are presented as number and percentage (%),

WBC - white blood cell
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Table 3 shows the radiographic data and laboratory
analyses. The presence of bilateral pulmonary TB
(PTB), miliary TB, and a pleural effusion were found
to be significantly more frequent in the deceased group
than in the discharged group. However, there were no
significant differences between the unilateral pulmonary
TB and extrapulmonary TB groups. Data for the
laboratory analyses showed significant differences in
numbers of basal white blood cells (WBCs), the levels
of basal albumin, and the presence of hypoalbuminemia
between the 2 groups.

Table 4 shows the results of the anti-TB treatment.
No significant differences were found with respect to
the prevalence of MDR-TB, extensive drug-resistant
(XDR) TB, or any drug resistance between the deceased
and discharged groups. However, the occurrence of
leukopenia was significantly higher in the deceased
group than in the discharged group. Furthermore, there
was no significant difference in hepatotoxicity among
the 2 groups.

In this study, numerous clinical features were found
to be predictors of mortality based upon a univariate
analysis, including old age (>65 years), congestive heart
failure, renal failure, diabetes mellitus, chronic lung
disease, and HBV. Similarly, laboratory parameters,
such as basal WBC, basal albumin, hypoalbuminemia,
and treatment-induced leukopenia, were found to be
risk factors for mortality in TB patients. Furthermore,
the results indicated that bilateral pulmonary TB,
miliary TB, and pleural effusions were strong predictors
for mortality. However, several mortality-related
characteristics were not found to be predictors of death,
including nationality, length of hospital stay, smoking,
ischemic heart disease (IHD), HIV, hepatitis C virus
(HCV), unilateral pulmonary TB, positive sputum
smear, basal hemoglobin, and anemia.

A logistic regression was performed to determine the
most significant predictors of mortality for these clinical
variables using a univariate analysis (which included age,
congestive heart failure, renal failure, and diabetes). The
logistic model for clinical variables showed that being
older than 65 years of age and having congestive heart
failure (CHF) were significant predictors, yielding a
mortality prediction accuracy of 86%. Similarly, logistic
regression was also performed to ascertain the most
significant risk factors for death based upon clinical and
laboratory variables (age, CHE renal failure, diabetes,
chest x-ray, sputum culture). Being older than 65 years
of age, having CHF, and displaying bilateral disease
in a chest x-ray were significant predictors, yielding a
mortality prediction accuracy of 90% (Table 5).

Discussion. In an effort to elucidate predictors
associated with inpatient TB mortality at King Abdulaziz
University Hospital, a retrospective study was carried
out on 291 patients hospitalized for active TB over a
period of 5 years. This study showed that mortality
predictors among TB patients included older age, CHE
renal failure, diabetes mellitus, chronic lung disease,
HBV infection, bilateral lung involvement, miliary

Table 4 - Effects of tuberculosis (T'B) drug treatment.

Characteristics Deceased Discharged P-value
(n=41) (n=250)
Drug resistance
MDR 2 (4.9) 14 (5.6) 0.62
XDR 2 (4.9 5 (2.0 0.257
Any drug 2 (4.9 14 (5.6) 0.57
Drug toxicity
Hepatotoxicity 10 (24.4) 47 (18.9) 0.26
Leukopenia 8 (19.5) 23 (9.2) 0.0572

Values are presented as number and percentage (%).
MDR - multi-drug resistance, XDR - extensive drug resistance. Any drug
resistance = 1 or multiple drugs but not those in the categories of MDR

Table 5 - Logistic regression models determining predictors of mortality among tuberculosis (TB) patients.

Characteristics B coefficient ~ Odds ratio 95% Significance Overall
confidence predictability of
interval the model

Significant clinical predictors

Age more than 65 years 2.410 10.845 (4.88-24.45) 0.001

CHF 1.38 3.99 (1.571-10.131) 0.004 86%
Significant clinical and lab predictors

Age more than 65 years 2.497 12.15 (5.124-28.809) 0.001

CHF 1.231 3.425 (1.99-8.12) 0.005

Bilateral disease on 1.192 3.924 (2.1-10.15) 0.004 90%

chest x-ray

CHEF - congestive heart failure
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TB, and pleural effusion. Furthermore, numerous
laboratory variables, such as leukocytosis on admission
and hypoalbuminemia, were significant predictors of
mortality in TB patients.

The inpatient TB mortality rate in this study was
14%. This mortality rate is slightly higher than the
mortality rate reported in Taiwan (12.3%).> However,
it is lower in comparison to China (18.9%),"? Korea
(30.4%)," the Philippines (37.5%),"* and Pakistan
(42.5%)." The differences in mortality rates between
these countries may be due to the difference in the
patient populations studied, which could be influenced
by ethnicbackgroundsand comorbidities. Itis important
to note that TB mortality rates from long-term studies
of ambulatory patients rather than hospitalized patients
are generally lower. The overall long-term mortality rate
of ambulatory TB patients was 0.14% in Poland and
6% in Saudi Arabia.'®'” This discrepancy in mortality
rates indicates that the highest mortality in TB patients
occurs during the early phase of the disease or during
hospitalization.

Although TB affects all age groups, it mostly
affects elderly people.? Age plays an important role
in TB-related mortality.”® Numerous studies have
reported older age as a predictor of TB mortality.'>'>!"”
In this study, a mortality rate of 51.4% was observed
in patients older than 65, while a rate of 8.7% was
observed in patients younger than 65. This higher
mortality rate in older patients may be due to a lowered
immune response. Furthermore, it is more common
for elderly people to have multiple comorbidities, such
as diabetes mellitus and renal disease, which may alter
their immune status and delay diagnosis (especially in
the case of CHE which can mimic the symptoms of
TB).

Clinical causes of death in this study were attributed
to TB in 17% of patients and to associated comorbidities
in 51% of patients. These findings are similar to those
of Lin et al,> who found that most patients (82.7%)
died from non-TB-related causes. Furthermore, other
studies showed 30% to 50% of patients died from
non-TB-related causes.”" This fact highlights the
effect of comorbidities on a TB patient’s outcomes.
Similarly, studies have shown that comorbidities, such
as CHE diabetes mellitus, renal failure, malignancy,
and liver disease, are independent factors and significant
predictors of TB mortality.>">"

Leukocytosis and hypoalbuminemia upon admission
were found to be significant predictors of mortality. This
may indicate that deceased patients had a suppressed
immune system as a result of malnourishment and

were therefore sicker upon initial presentation.

Similar findings were also reported in another study.”
Various radiographic features were also found to be
significant predictors of mortality, such as bilateral lung
involvement, pleural effusion, and miliary TB. These
findings may result from diagnostic ambiguity upon
presentation, which may lead to a delay in diagnosis
and treatment initiation. This is especially important in
the presence of other comorbidities, such as CHF or
renal failure.

Multi-drug resistance is a risk factor for TB-related
mortality.” According to the WHO, there were 250,000
deaths worldwide in 2015 from MDR/RR-TB. Most
of these patients were from Asian countries, including
India, China, and the Russian Federation.? Another
study has reported a 21% mortality rate for MDR-TB.*
In contrast, drug resistance was not found to be
associated with mortality in this study. This finding may
be explained by the small sample size of patients with
MDR-TB in this study. A similar result was reported by
other researchers.”!

People with HIV have a greater risk of developing
TB because of their suppressed immune system.
According to the WHO, HIV-positive people are
20-30 times more likely to develop active TB.? An HIV
infection is a significant risk factor for TB mortality.??
Studies have linked TB-HIV coinfection to higher
mortality rates, and a TB-HIV coinfection is generally
considered an important predictor of TB mortality.”**
This may be because of the higher prevalence of MDR
among TB-HIV coinfected patients. Surprisingly, the
present study does not show any correlation between
TB-HIV coinfection and mortality. This outcome
may be the result of the small number of patients with
TB-HIV coinfection in the present study. It may also
be attributed to the fact that the study exclusively
examined inpatient TB mortality rather than longer
term mortality. These findings may also be elucidated
by the low TB-HIV mortality rate (0.06 per 100,000
people) in Saudi Arabia in comparison to the highest
TB-HIV mortality rate (133 per 100,000 people) in
South Africa.?

Study limitations. The findings of this study
should be interpreted in view of its limitations. First,
it is a retrospective, single-center study, which may not
represent national mortality rates among hospitalized
TB patients. Second, for TB patient mortality, multiple
factors contributing to the cause of death may occur at
the same time. Therefore, the cause of mortality may
not be determined with precision, especially in the
absence of an autopsy. Third, we could not ascertain
whether the delay in diagnosis impacted mortality rates,
especially among patients with comorbidities.
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In order to more fully understand the mechanisms
underpinning TB mortality rates, future studies should
focus on different health care centers in all provinces
of Saudi Arabia. A longer study duration should also
be employed, and comorbidities should be more closely
examined as a predictor of mortality.

In conclusion, old age (>65 years) and medical
comorbidities (such as CHE renal failure, diabetes
mellitus, chronic lung disease, and HBV infection) are
significantly correlated with greater rates of inpatient
TB mortality. Mortality happens primarily in high-risk
groups (elderly patients with comorbidities), which
can be recognized at the beginning of treatment. The
strongest predictors of mortality are old age (>65 years),
CHE and bilateral lung involvement. Early recognition,
correct treatments, proper medical management of
comorbidities, and prevention policies may help reduce
TB mortality rates.
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