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Purpose: Despite the existence of effective medications, pulmonary tuberculosis (PTB) remains a significant global public health 
concern, The evaluation and feedback of national TB control programs are crucial, requiring diligent monitoring of TB treatment 
outcomes and analysis of the factors influencing these outcomes. This study aims to provide valuable insights into the challenges faced 
by TB patients, which can inform better strategies for treatment and management in the future.
Patients and Methods: We conducted a study in King Fahad Medical City, Riyadh, Kingdom of Saudi Arabia (KSA), from 
January 1, 2018 to December 31, 2023. The study was a registry-based retrospective cohort study. Patients’ data were sourced from the 
National Tuberculosis Registry database of Saudi Arabia. Treatment outcomes were determined as either success or failure, consider
ing clinical evaluation, changes in chest X-rays, and the results of subsequent sputum examinations during follow-up. To evaluate the 
data, SPSS version 28.0 was used.
Results: A total of 427 PTB patients participated in the study. The results show successful treatment outcomes among 88.5% of 
patients. Among the patients, males exhibited a higher likelihood of treatment failure as compared to females (aOR 1.3; 95%Cl 1.2– 
1.5, p < 0.001). Patients with positive sputum smear (aOR 1.3; 95%Cl 1.1–1.3 p < 0.00) and the presence of cough were associated 
with an increased risk of treatment failure (aOR1.5; 95%Cl 1.1–1.4, p < 0.001).
Conclusion: This study shows that the percentage of unsuccessful treatment outcomes is high, ie, 11.5%, due to patients’ deaths and 
loss to follow-up. Enhanced supervision and treatment monitoring for tuberculosis patients at high risk of treatment failure can lead to 
improved treatment success rates in Saudi Arabia.
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Introduction
Tuberculosis presents a critical public health crisis, leading to approximately 1.5 million deaths each year.1 Pulmonary 
tuberculosis (PTB) (TB of the lungs) is the most common form of the disease.2 PTB symptoms include exhaustion, 
a chronic cough, chest pain, blood in the cough, weight loss, fever, and night sweats.3

The World Health Organization (WHO) estimates that around 10 million new cases of TB were diagnosed in 2020, 
and 1.4 million died from TB in 2020.4 TB is one of the leading causes of death from a single infectious agent,4 and it is 
particularly prevalent in low- and middle-income countries.5 In Saudi Arabia, the monitoring and reporting of TB began 
in 1970, where it was recorded at an incidence rate of 1298.5 cases per 100,000 people.6 Over the years, there was 
a consistent decrease in TB cases, dropping to 135 per 100,000 in 1980 and further to 12 per 100,000 by 1997.6 However, 
from 2000 to 2009, there was a stabilization in TB incidence around 15–16 cases per 100,000, despite an increase in the 
raw number of new cases from 3284 to 3964.6 In 2015, the TB incidence rate in Saudi Arabia stood at 12 (10–14) per 
100,000 individuals, categorizing the country as having a moderate burden of TB infection.7 As per the WHO, TB has 
been ranked as the 11th leading cause of mortality in Saudi Arabia.8 Despite the treatability of TB in most instances, 
challenges persist within both patient and health system domains concerning the appropriate utilization of TB treatment, 
patient compliance, multi drug resistant tuberculosis (MDR-TB) and extremely drug resistant tuberculosis (XDR-TB).9

In 2014, the WHO launched the end-TB strategy, aiming to eradicate the TB epidemic by 2035.10 This strategy includes 
specific targets set for every five years (2020, 2025, and 2030) along with yearly objectives, such as achieving a 4–5% 
reduction in TB incidence compared to the preceding year.11 These targets are meant to be implemented at the national level. 
As a result, there has been a steady decrease in global TB incidence, declining by approximately 2% annually.12

The treatment outcome is an important indicator of the progress of TB control programs.13

Moreover, in compliance with the WHO’s appeal, the Saudi government expanded the existing national tuberculosis 
control program (NTCP) to adhere to the objectives and benchmarks of the end-TB strategy.4 However, despite being 
categorized as a “low-to-middle TB burden country”, Saudi Arabia presents unique factors that may hinder the efficacy 
of the strategy.6 Notably, the annual pilgrimage influx of millions and increased population mobility contribute to the 
heightened transmission of TB.14

Annually in Saudi Arabia, the convergence of a substantial number of immigrants in densely populated areas during 
the Hajj season presents a potential risk for TB transmission. Nevertheless, the TB incidence rate has not been 
ascertained among diverse occupational cohorts. Additionally, there is a significant lack of concrete data regarding the 
factors influencing the outcomes of treatment for patients with PTB. The absence of such empirical evidence poses 
a challenge in comprehending the intended effects of the expanded national TB service. Therefore, we conducted a study 
to evaluate the factors influencing the treatment outcomes of PTB patients at King Fahad Medical City, Riyadh, Kingdom 
of Saudi Arabia (KSA).

Materials and Methods
Study Design
A register based retrospective analysis15 was carried out to determine the factors linked with unfavorable treatment 
outcomes of PTB patients in King Fahad Medical City, Riyadh, Kingdom of Saudi Arabia (KSA), from 1st January 2018 
to 31st December 2023. In total, 1559 patients in total had been enrolled, but 1132 of them were disqualified because 
they had extrapulmonary TB (EPTB). So total of 427 patients were enrolled in the study. The prevalence-based study 
technique was used to calculate the sample size. The flow chart for the study participants is also explained in Figure 1. 
The sample size was calculated based on the prevalence of TB. A minimum sample size of 385 was calculated by 95% 
confidence intervals and a 5% margin of error.

Study Population
The study population consisted of PTB patients diagnosed between 1st January 2018 to 31st December 2023. Information 
regarding patients’ socio-demographics, clinical variables, and other pathological characteristics was taken from the 
register used throughout the treatment of the patients. The data was also verified by the doctors working in the respiratory 
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department. According to the NTCP recommendations, “assumed TB patients” were diagnosed using the symptoms, 
microscopy, and chest X-ray.

Inclusion and Exclusion Criteria
Inclusion criteria: The study included data on all patients diagnosed with PTB and who started treatment.
Exclusion criteria: Patients whose information was incomplete were excluded from the study.

TB Diagnosis
In accordance with the guidelines established by the NTCP, individuals suspected of having TB, termed as “presumptive TB 
cases”, are identified at the TB outdoor clinic through symptom assessment and subsequent microscopy follow-up.12 Treatment 
was based on the guidelines of the country with a full course of anti-TB therapy Directly Observed Treatment, Short-course 
(DOTs). This strategy is particularly beneficial in settings where treatment supervision and monitoring may be challenging, as it 
enhances patient accountability and improves treatment outcomes overall. Treatment of new TB patients consists of a 2-month 
intensive phase with Isoniazid, Rifampicin, Pyrazinamide and Ethambutol followed by a 4-month continuation phase with 
Rifampicin and Isoniazid. Outcomes were categorized as successful (cured/completed) and unsuccessful (loss to follow-up, 
failure and died).

Treatment Outcomes Measure Definitions
According to WHO treatment outcomes are measured through respective variables.13

Figure 1 Flow chart for the study participants.
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Cured: A patient with bacteriologically confirmed TB at the beginning of treatment who was smear- or culture-negative 
in the last month of treatment and on at least one previous occasion.
Treatment completed: A TB patient who completed treatment without evidence of failure but with no record to show 
that sputum smear or culture results in the last month of treatment and on at least one previous occasion were negative, 
either because tests were not done or because results are unavailable.
Died: A TB patient who dies for any reason before starting or during treatment.
Loss to follow-up: A TB patient who did not start treatment or whose treatment was interrupted for 2 consecutive months 
or more.
Treatment failure: TB patient whose sputum smear or culture was positive at five months or later during TB treatment.
Not evaluated: A TB patient for whom no treatment outcome is assigned. This includes cases “transferred out”, to 
another treatment unit as well as cases for whom the treatment is unknown to the reporting unit.

Ethical Approval
The ethical approval was granted by the Institutional Review Board of King Fahad Medical City, Riyadh, KSA under 
IRB log Number: 23–525. The data was sorted from the national TB registry available in the hospital. The study followed 
the ethical guidelines and complies by declaration of Helsinki.

Data Collection
The health personnel of the NTCP regularly review TB data collected and submitted by regional TB programs to produce 
monthly, quarterly, and yearly statistical reports. For this study, we compiled data from the annual statistical reports spanning 
from 2018 to 2023 and integrated it into a unified database. Subsequently, the data underwent cleaning and coding processes.

Data Analysis
Statistical Package for Social Science (SPSS) (version 23, IBM Corp. Armonk, N.Y., United States) was used in 
analyzing data.16 Univariate analysis was used to assess the association between patients’ sociodemographic, micro
biological, and clinical characteristics with unsuccessful treatment outcomes. To identify the ultimate predictors of 
unsatisfactory treatment outcomes, multiple logistic regression analysis was used to examine statistically significant 
factors in univariate analysis. The variables that showed a p-value <0.05 were considered to be statistically significant.

Results
Socio-Demographics of the Patients
The study indicated females comprise 25.9% (n=111) and males dominate the majority at 74.1% (n=316). Individuals aged 66 
and above constitute the largest segment, accounting for 27.2% (n=116), followed by those aged 56–65 at 22.5% (n=96). The 
majority of participants, 68.9% (n=294), reside in urban areas. In this study, a substantial proportion, 70.5% (n=301), identified 
as married. The majority of participants, 90.4% (n=386), identified as current smokers. The results are explained in Table 1.

Clinical Characteristics
The study categorized patients based on sputum smear results. The majority, 88.3% (n=377), are identified as sputum 
smear positive. Patients are further classified into relapse and new cases. New patients constitute the substantial majority 
at 96.7% (n=413), emphasizing the prevalence of newly diagnosed cases. A significant proportion, 98.6% (n=421), 
exhibit lesions on chest X-rays, indicative of pulmonary abnormalities. Notable findings include the prevalence of night 
sweats in 55.1% (n=220) of patients, cough in 87.8% (n=375), fever in 72.4% (n=118), shortness of breath in 51.1% 
(n=218), weight loss in 67.7% (n=289), appetite loss in 73.8% (n=315), and hemoptysis in 26.7% (n=114) of cases. 
Among the TB cases, 83.1% (n=355) exclusively present with PTB, while 16.9% (n=72) exhibit comorbidities. The 
results are described in Table 2.
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Table 1 Socio-Demographic Characteristics of 
PTB Patients

Variable Patients Percent

Gender

Female 111 25.9

Male 316 74.1

Age (Years)

≤ 15 6 1.4

16–25 37 8.7

26–35 45 10.5

36–45 53 12.4

46–55 74 17.3

56–65 96 22.5

≥ 66 116 27.2

Residence

Urban 294 68.9

Rural 133 31.1

Marital status

Married 301 70.5

Unmarried 126 29.5

Smoking Habit

Current Smokers 386 90.4

Non-smoker 41 9.6

Table 2 Clinical Characteristics of PTB Patients

Variable Patients Percentage

Types of smears

Sputum Smear positive 377 88.3

Sputum Smear negative 50 11.7

Patient type

Relapse Patients 14 3.3

New Patients 413 96.7

Chest X-ray

Lesion 421 98.6

Clear 6 1.4

(Continued)
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Treatment Outcome
Figure 2 shows the percentages of patients in successful and unsuccessful treatment outcome categories. The success rate 
for the treatment of PTB patients was (88.5%). Of all PTB patients (4.4%) were reported as cured and 84.1% of patients 
completed their treatment. The rate of unsuccessfully treated patients was (11.5%), (5.6%) of patients died, (0%) of 
patients failed the treatment, (4.6%) of patients were lost to follow-up.

Factors Associated with Unsuccessful Treatment Outcomes
Table 3 depicts the results of the multivariable logistic regression analysis revealing that the males exhibited a higher 
likelihood of treatment failure compared to females AOR = 1.3 (95% CI: 1.2–1.5), p < 0.001. Urban residence was 
associated with an increased risk of treatment failure, AOR = 1.21 (95% CI: 1.1–1.2), p <0.01. Married individuals 

Table 2 (Continued). 

Variable Patients Percentage

Symptoms

Night Sweats

No 207 48.5

Yes 220 55.1

Cough

No 52 12.2

Yes 375 87.8

Fever

No 309 27.6

Yes 118 72.4

Shortness of Breath

No 209 48.9

Yes 218 51.1

Loss of Weight

No 138 32.3

Yes 289 67.7

Loss of Appetite

No 112 26.2

Yes 315 73.8

Hemoptysis

No 313 73.3

Yes 114 26.7

Comorbidities

PTB only 355 83.1

Comorbidities 72 16.9
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demonstrated a higher risk of treatment failure, AOR = 1.9 (95% CI: 1.0–1.7), p < 0.001. Patients with positive sputum 
smears had an elevated risk of treatment failure, AOR = 1.3 (95% CI: 1.1–1.3), p < 0.001. The presence of cough was 
associated with an increased risk of treatment failure, AOR = 1.5 (95% CI: 1.1–1.4), p < 0.001. The presence of 
comorbidities significantly increased the risk of treatment failure, AOR = 1.7 (95% CI: 1.1–1.6), p < 0.001.

Figure 2 Treatment outcomes among PTB patients.

Table 3 Factors Associated with Unsuccessful Treatment Outcome

Variables Total 427 (%) Unsuccessful 49 (%) Univariate analysis Multivariate analysis

Gender OR (95%CL) p-value aOR (95%CL) p-value

Female 111 (25.9) 19 (4.4) Referent Referent

Male 316 (74.1) 30 (7.1) 1.9 (1.1–1.6) <0.001 1.3 (1.2–1.5) <0.001

Age (Years)

≤ 15 6 (1.4) 2 (0.5) Referent Referent

16–25 37 (8.7) 2 (0.5) 0.2 (0.07–0.8) 0.03 1.4 (0.5–4.2) 0.4

26–35 45 (10.5) 3 (0.9) 0.3 (0.11–1.1) 0.09 1.07 (0.4–2.7) 0.8

36–45 53 (12.4) 6 (1.3) 0.3 (0.11–1.1) 0.08 1.02 (0.3–2.6) 0.9

46–55 74 (17.3) 9 (2.0) 0.5 (0.1–0.7) 0.04 1.72 (0.7–3.8) 0.8

56–65 96 (22.5) 12 (2.8) 0.4 (0.1–1.4) 0.1 1.07 (0.3–3.0) 0.8

≥ 66 116 (27.2) 15 (3.5) 0.3 (0.09–1.5) 0.1 0.77 (0.3–1.9) 0.5

Residence

Rural 294 (68.9) 34 (8.0) Referent Referent

Urban 133 (31.1) 15 (3.5) 1.1 (1.05–1.0) < 0.001 1.21 (1.1–1.2) < 0.001

Marital status

Unmarried 301 (70.5) 23 (5.4) Referent Referent

Married 126 (29.5) 26 (6.1) 1.3 (1.2–1.5) < 0.001 1.9 (1.0–1.7) < 0.001

(Continued)
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Table 3 (Continued). 

Variables Total 427 (%) Unsuccessful 49 (%) Univariate analysis Multivariate analysis

Smoking status

Non-Smoker 41 (9.6) 97 (7.3) Referent

Smoker 386 (90.4) 18 (1.3) 0.8 (0.4–1.3) 0.4

Sputum Smear Type

Negative 50 (11.7) 7 (1.7) Referent Referent

Positive 377 (88.3) 42 (9.8) 1.9 (1.4–1.8) < 0.001 1.3 (1.1–1.3) < 0.001

Chest X-ray

Clear 6 (1.4) 0 (0.0) Referent

Lesion 421 (98.6) 49 (100) 0.9 (0.2–3.2) 0.9

Symptoms

Night Sweat

No 207 (48.5) 23 (5.4) Referent

Yes 220 (55.1) 26 (6.1) 1.1 (0.7–1.6) 0.6

Cough

No 52 (12.2) 7 (1.7) Referent Referent

Yes 375 (87.8) 42 (9.8) 1.9 (1.2–1.7) < 0.001 1.5 (1.1–1.4) < 0.001

Fever

No 309 (27.6) 10 (2.4) Referent Referent

Yes 118 (72.4) 39 (9.1) 1.5 (1.1–2.9) 0.07 0.6 (0.3–1.09) 0.6

Shortness of breath

No 209 (48.9) 24 (5.6) Referent

Yes 218 (51.1) 25 (5.9) 1.1 (0.7–1.6) 0.4

Loss of Weight

No 138 (32.3) 11 (2.6) Referent

Yes 289 (67.7) 38 (8.9) 1.3 (0.9–2.1) 0.1

Loss of Appetite

No 112 (26.2) 11 (2.6) Referent

Yes 315 (73.8) 38 (8.9) 0.9 (0.6–1.4) 0.7

Hemoptysis

No 313 (73.3) 36 (8.4) Referent

Yes 114 (26.7) 13 (3.1) 0.4 (1.2–1.6) 0.8

Comorbidities

No 355 (83.1) 41 (9.6) Referent

Yes 72 (16.9) 8 (1.9) 1.6 (1.2–1.5) < 0.001 1.7 (1.1–1.6) < 0.001

Note: The bold numerals signify the significant p-values. 
Abbreviations: OR, Odd Ratio; aOR, Adjusted Odds Ratio.
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Discussion
The aim of this study was to evaluate the prevalence, clinical characteristics and unsuccessful treatment outcomes among 
PTB patients receiving care at King Fahad Hospital in Riyadh, Saudi Arabia. This study not only evaluated treatment 
outcomes in new smear-positive PTB patients but also identified risk factors associated with unsuccessful treatment 
outcomes. Over 2/3rd of patients (88.5%) of patients have successful treatment outcomes, which is higher than treatment 
success rate in India (74%),17 Brazil (71%)18 and Pakistan (69%).19 The successful treatment outcomes recorded in our 
study could be attributed to the introduction of effective policies by the NTP and WHO for the eradication of TB in Saudi 
Arabia.9,20 But it is still less than the WHO target of 90%.21 The NTCP was expanded to conform with the worldwide 
objective of achieving a TB-free world by 2035.11 The success rate can be improved by raising more awareness regarding 
TB in Saudi Arabia.

In this study, the rate of unsuccessful treatment is 11.5%. This could be attributed to patients’ deaths, and patients 
who were lost to follow-up. Studies conducted in Libya and Ethiopia have reported similar findings regarding loss to 
follow-up among PTB patients.22,23 At the local level, patient loss to follow-up may be exacerbated by the necessity to 
purchase medications to manage the side effects of TB drugs, particularly for those with limited financial resources.24 

Literature12,25 also indicates that constraints on patients’ time, long distances to TB clinics, and societal stigma towards 
their illness may contribute to treatment non-compliance. Another significant factor affecting lower treatment success 
rates is the higher mortality rate among patients in our study, it is consistent with previous research in Singapore26 and 
the United States.27 The elevated mortality rate in our study may be attributed to the study setting.

To have a higher chance of successful treatment, people with PTB should be diagnosed and treated promptly, should 
take their medication as prescribed, and should receive support to help them adhere to their treatment regimen.28 The rate 
of unsuccessful treatment outcomes could be reduced through effective health policies and surveillance.

Unsuccessful treatment outcomes may be associated with clinical characteristics.29 The characteristics included in the 
study were microbiological smear examinations, radiograph chest x-ray examinations, and investigations regarding the 
symptoms of PTB. The majority of PTB patients who died were smear-positive patients and showed lesions in the lung 
cavity on Chest X-rays. In light of this, individuals with smear-positive PTB are considered to have failed treatment if 
a positive smear result is discovered after two months or five months of treatment.30 Studies from India and South Africa 
also revealed consistent results regarding loss of follow-up among PTB patients who had smear-positive results.31,32

Our study demonstrated that gender, marital status, residential status, coughing, and comorbidity were the indepen
dent predictors of unsuccessful treatment outcomes among PTB patients in the multiple logistic regression analysis. Poor 
treatment outcomes among PTB cases have been documented in studies which are consistent with our findings.23,33 

Married PTB patients showed a significant association with unsuccessful treatment outcomes. The reason for this could 
be higher levels of professional stress, as well as higher smoking and alcohol consumption. Self-neglect, bad food habits, 
and sedentary living conditions may also contribute to unsuccessful PTB treatment outcomes.34

Cough was associated with unsuccessful treatment outcomes. Previous studies showed mixed results in clinical 
presentation among PTB patients.35,36 It has been shown that patients with comorbidities had a higher chance of poor 
outcomes and mortality.37 According to the WHO’s “Framework for Collaborative Action on Tuberculosis and 
Comorbidities”, our findings advocate for a holistic approach to care that prioritizes the integration of TB and 
comorbidities, focusing on early identification and treatment of concurrent conditions, suitable TB treatment plans, 
and vigilant monitoring of patients with comorbidities.38

These findings imply that TB programs should focus on identifying high-risk groups for TB-related disease and then 
developing suitable treatments to improve treatment outcomes. Examining treatment outcomes in PTB patients is crucial 
as they serve as significant benchmarks for evaluating the performance of the NTCP.

Strength and Limitations
This study is one of its types to be conducted in Saudi Arabia. The study highlights the problem caused by the delayed 
diagnosis and the factors associated with the treatment failure. The findings of this retrospective descriptive study will 
help healthcare professionals and policymakers to better understand the problems causing unsuccessful treatment out
comes. The factors indicate that the success rate can be improved due to various factors, including the practical and 
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holistic approach of NTCP and the WHO End TB strategy in Saudi Arabia, as well as more awareness regarding TB in 
Saudi Arabia. The study fills the gap of information regarding treatment outcomes and variables associated with 
unsuccessful outcomes among PTB patients from Saudi Arabia.

The only limitation is that the study is a single center study. The study should be conducted at a larger scale to 
observe much better results. A specific concern is the substantial amount of missing data related to TB. To address these 
limitations and improve data quality, we recommend the implementation of more rigorous data management strategies 
aimed at standardizing these practices.

Conclusion
This study reveals that the rate of unsuccessful treatment outcomes is relatively higher than anticipated. The level of 
treatment completed and cured patient is high which is encouraging ie, 88.5%. The study showed that males, patients 
with positive sputum smear test, patients with cough and comorbidities were significantly related to the unsuccessful 
treatment outcomes. Loss to follow-up, and mortality were the main reasons for unsuccessful treatment results. A large 
number of patients were lost to follow-up and passed away during therapy, which raised serious issues and call for quick 
action. Developing and implementing effective tracing methods for patients who have been lost to follow-up is essential 
to reduce treatment interruptions. Additionally, patients at higher risk of experiencing unsuccessful treatment outcomes 
should receive enhanced supervision and treatment monitoring to improve their overall outcomes.

Informed Consent
This is a retrospective study but informed consent was obtained from the study participants before study commencement. 
The patients who were below 18 years, the consent was taken from the parents.
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