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ABSTRACT 
Background: Drug-resistant tuberculosis (DR-TB) poses a major challenge to global TB control, with increasing incidence 
and poor treatment outcomes. Differences in resistance patterns between pulmonary and extrapulmonary TB remain 
inadequately explored. Objective: To evaluate the patterns and predictors of drug-resistant tuberculosis in pulmonary and 
extrapulmonary TB patients. Methodology: This was a comparative cross-sectional study conducted at Sialkot medical 
college Sialkot from march 2025 to march 2026 including 266 patients diagnosed with tuberculosis. Results: Drug-sensitive 
TB was more common in extrapulmonary TB (67.3% vs 60.3%), while MDR-TB (20.5% vs 16.4%) and mono-resistance 
(14.1% vs 10.9%) were slightly higher in pulmonary TB. Patients with DR-TB were older (44.8 ± 13.9 vs 40.6 ± 14.4 
years) and had lower BMI (20.7 ± 3.1 vs 21.9 ± 3.3 kg/m²). Previous TB treatment (59.2% vs 26.2%), diabetes (36.7% vs 
22.6%), HIV positivity (20.4% vs 11.9%), and malnutrition (53.1% vs 31.0%) were significantly associated with DR-TB. 
Multivariable analysis identified previous treatment (AOR 3.42), malnutrition (AOR 2.76), low BMI (AOR 2.21), diabetes 
(AOR 1.94), HIV (AOR 1.88), and age >45 years (AOR 1.67) as independent predictors. Conclusion: Drug-resistant TB is 
influenced by multiple factors, with prior treatment being the most significant predictor. Both pulmonary and 
extrapulmonary TB require equal attention in resistance surveillance and management strategies.. 
Keywords Drug-resistant tuberculosis, Pulmonary TB, Extrapulmonary TB, MDR-TB, XDR-TB, Drug susceptibility 
testing, Risk factors. 
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INTRODUCTION 
Tuberculosis (TB) is one of the most serious global health 
threats, with millions of new cases being reported every 
year and a high risk of death, especially in low-and-middle-
income nations [1]. The emergence of drug-resistant 
tuberculosis (DR-TB), multidrug-resistant tuberculosis 
(MDR-TB) and extensively drug-resistant Tuberculosis 
(XDR-TB) have become a major challenge to the TB 
control programs, as they are difficult to treat, more 
expensive and bring worse results [2]. The weight of DR-
TB is also on the increase making it difficult to meet global 
TB elimination goals [3]. The most widespread type of the 
disease is pulmonary tuberculosis (PTB) which is the main 

means of transmission [4]. Nonetheless, extrapulmonary 
TB (EPTB) is a significant cause of TB, as it is a disease of 
organs (lymph nodes, pleura, bones, and the central nervous 
system) and it is especially prevalent among people with 
weakened immunity [5]. PTB and EPTB have drastically 
different clinical presentation, diagnostic problems, and 
response to treatment, and thus necessitate comparative 
assessment [6]. The development of drug resistance in TB 
has been attributed to different factors, some of which are 
incomplete or inappropriate therapy, lack of patient 
compliance, and spread of resistant strains [7]. Drug 
resistance patterns could be different in pulmonary versus 
extrapulmonary form because of the variation in bacterial 
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load, tissue penetration of drugs, and host immune response 
[8]. These variations are essential to understand to 
maximize the treatment strategies and enhance patient 
outcomes [9]. 
A number of risk factors have been linked to the occurrence 
of DR-TB, such as a historical history of TB treatment, HIV 
infection, diabetes mellitus, malnutrition, and 
socioeconomic factors, such as poverty and overcrowding 
[10]. These could affect the development and the 
development of drug resistance in various forms of TB [11]. 
Past studies have pointed out that patients who have been 
exposed to treatment in the past are at a great risk of 
developing drug-resistant strains [12]. The diagnosis of 
DR-TB, especially extrapulmonary, is another challenge 
because it is hard to collect enough samples and has a low 
bacillary load [13]. The development of molecular methods 
of diagnosis, including GeneXpert or line probe assays, has 
enhanced detection rates; but uptake of these technologies 
in most environments is still limited [14]. Resistance 
patterns have to be identified at an early stage in order to 
initiate the relevant therapy and avoid further spread [15]. 
Comparison of the patterns of drug resistance in pulmonary 
and extrapulmonary TB may offer some useful information 
on the behavior of the disease and direct personalized 
interventions [16]. It is important to determine predictors of 
drug resistance in the two types of TB in order to risk 
stratify, diagnose and manage the disease at the earliest 
[17]. 
Objective 
To evaluate the patterns and predictors of drug-resistant 
tuberculosis in pulmonary and extrapulmonary TB patients. 
Methodology 
This was a comparative cross-sectional study conducted at 
Sialkot medical college Sialkot from march 2025 to march 
2026, including 266 patients diagnosed with tuberculosis.  
Inclusion Criteria 
Patients aged ≥15 years diagnosed with tuberculosis 
(pulmonary or extrapulmonary) 
Microbiologically confirmed TB cases using smear 
microscopy, GeneXpert, culture, or line probe assay 
Patients with available drug susceptibility testing (DST) 
results 
Patients willing to provide informed consent 
Exclusion Criteria 
Patients already on second-line anti-TB therapy at 
presentation 
Patients with incomplete diagnostic or laboratory data 
Patients with non-tuberculous mycobacterial infections 
Patients lost to follow-up before confirmation of drug 
resistance status 
Data Collection 
Data were recorded using a structured proforma. Patients 
were categorized into pulmonary TB and extrapulmonary 
TB groups. Demographic variables included age, gender, 
socioeconomic status, and residence. Clinical variables 
included history of previous TB treatment, comorbidities 
(diabetes mellitus, HIV status), nutritional status, and 
presenting symptoms. Laboratory variables included 
sputum smear status, GeneXpert results, culture findings, 
and drug susceptibility testing for first-line drugs 

(rifampicin, isoniazid) and second-line drugs where 
available. Drug resistance patterns were categorized as 
drug-sensitive TB, mono-resistant TB, multidrug-resistant 
TB (MDR-TB), and extensively drug-resistant TB (XDR-
TB). 
Statistical Analysis 
Data were analyzed using SPSS version 24. Quantitative 
variables were presented as mean ± standard deviation, 
while categorical variables were expressed as frequencies 
and percentages. Chi-square test was used to compare drug 
resistance patterns between PTB and EPTB groups. 
Independent sample t-test was applied for continuous 
variables. Multivariable logistic regression analysis was 
performed to identify independent predictors of drug-
resistant TB. A p-value ≤ 0.05 was considered statistically 
significant. 
Results 
Patients with PTB had a mean age of 42.3 ± 14.6 years 
compared to 39.8 ± 13.9 years in EPTB. Males 
predominated in both groups (65.4% vs 56.4%). Mean BMI 
was slightly higher in PTB (21.6 ± 3.4 vs 20.9 ± 3.2 kg/m²). 
Previous TB treatment was more common in PTB (41.0% 
vs 34.5%). Diabetes (30.8% vs 23.6%) and HIV positivity 
(14.1% vs 16.4%) were comparable, while malnutrition was 
slightly higher in EPTB (41.8% vs 37.2%). 
 
Table 1: Baseline Demographic and Clinical 
Characteristics (n = 266) 

Variable Category PTB (n = 
156) n (%) / 
Mean ± SD 

EPTB (n 
= 110) n 
(%) / 
Mean ± 
SD 

Age (years) Mean ± SD 42.3 ± 14.6 39.8 ± 
13.9 

Gender Male 102 (65.4%) 62 
(56.4%)  

Female 54 (34.6%) 48 
(43.6%) 

BMI 
(kg/m²) 

Mean ± SD 21.6 ± 3.4 20.9 ± 3.2 

Previous TB 
Treatment 

Yes 64 (41.0%) 38 
(34.5%)  

No 92 (59.0%) 72 
(65.5%) 

Diabetes 
Mellitus 

Yes 48 (30.8%) 26 
(23.6%)  

No 108 (69.2%) 84 
(76.4%) 

HIV Status Positive 22 (14.1%) 18 
(16.4%)  

Negative 134 (85.9%) 92 
(83.6%) 

Malnutrition 
(BMI <18.5) 

Yes 58 (37.2%) 46 
(41.8%)  

No 98 (62.8%) 64 
(58.2%) 

 
Drug-sensitive TB was more common in EPTB (67.3%) 
compared to PTB (60.3%) (p=0.041). Mono-resistance 
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(14.1% vs 10.9%), MDR-TB (20.5% vs 16.4%), and XDR-
TB (5.1% vs 5.5%) were relatively similar between groups. 
Rifampicin resistance (25.6% vs 21.8%) and isoniazid 
resistance (29.5% vs 25.5%) did not differ significantly 
(p>0.05), indicating comparable resistance patterns overall. 
 
Table 2: Patterns of Drug Resistance in PTB vs EPTB 

Variable Category PTB (n 
= 156) n 
(%) 

EPTB 
(n = 
110) n 
(%) 

p-
value 

Drug-
Sensitive 
TB 

Present 94 
(60.3%) 

74 
(67.3%) 

0.041 

 
Absent 62 

(39.7%) 
36 
(32.7%) 

 

Mono-
resistant 
TB 

Present 22 
(14.1%) 

12 
(10.9%) 

0.312 

 
Absent 134 

(85.9%) 
98 
(89.1%) 

 

MDR-TB Present 32 
(20.5%) 

18 
(16.4%) 

0.289 
 

Absent 124 
(79.5%) 

92 
(83.6%) 

 

XDR-TB Present 8 (5.1%) 6 (5.5%) 0.912  
Absent 148 

(94.9%) 
104 
(94.5%) 

 

Rifampicin 
Resistance 

Present 40 
(25.6%) 

24 
(21.8%) 

0.312 
 

Absent 116 
(74.4%) 

86 
(78.2%) 

 

Isoniazid 
Resistance 

Present 46 
(29.5%) 

28 
(25.5%) 

0.289 
 

Absent 110 
(70.5%) 

82 
(74.5%) 

 

 
Patients with DR-TB were older (44.8 ± 13.9 vs 40.6 ± 14.4 
years) and had lower BMI (20.7 ± 3.1 vs 21.9 ± 3.3 kg/m²). 
Previous TB treatment was significantly higher in DR-TB 
(59.2% vs 26.2%). Diabetes (36.7% vs 22.6%), HIV 
positivity (20.4% vs 11.9%), and malnutrition (53.1% vs 
31.0%) were also more frequent in DR-TB. PTB was 
slightly more common in DR-TB (65.3% vs 54.8%), though 
not statistically significant (p=0.092). 
 
Table 3: Comparison of Risk Factors Between Drug-
Resistant and Drug-Sensitive TB 

Variable Categor
y 

DR-TB 
(n = 
98) n 
(%) / 
Mean 
± SD 

Drug-
Sensitiv
e TB (n 
= 168) n 
(%) / 
Mean ± 
SD 

p-
value 

Age (years) Mean ± 
SD 

44.8 ± 
13.9 

40.6 ± 
14.4 

0.021 

BMI 
(kg/m²) 

Mean ± 
SD 

20.7 ± 
3.1 

21.9 ± 
3.3 

0.006 

Previous 
TB 
Treatment 

Yes 58 
(59.2%
) 

44 
(26.2%) 

<0.00
1 

 
No 40 

(40.8%
) 

124 
(73.8%) 

 

Diabetes 
Mellitus 

Yes 36 
(36.7%
) 

38 
(22.6%) 

0.015 

 
No 62 

(63.3%
) 

130 
(77.4%) 

 

HIV Status Positive 20 
(20.4%
) 

20 
(11.9%) 

0.048 

 
Negative 78 

(79.6%
) 

148 
(88.1%) 

 

Malnutritio
n 

Yes 52 
(53.1%
) 

52 
(31.0%) 

<0.00
1 

 
No 46 

(46.9%
) 

116 
(69.0%) 

 

Type of TB PTB 64 
(65.3%
) 

92 
(54.8%) 

0.092 

 
EPTB 34 

(34.7%
) 

76 
(45.2%) 

 

 

 
Figure 1: Comparison of Risk Factors Between Drug-
Resistant TB and Drug-Sensitive TB 
 
Multivariable analysis identified previous TB treatment as 
the strongest predictor of DR-TB (AOR 3.42), followed by 
malnutrition (AOR 2.76) and low BMI (AOR 2.21). 
Diabetes (AOR 1.94), HIV positivity (AOR 1.88), and age 
>45 years (AOR 1.67) were also significant predictors, 
indicating that both clinical and demographic factors 
contribute to drug resistance. 
 
Table 4: Multivariable Logistic Regression Analysis of 
Predictors of Drug-Resistant TB 
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Variable Category AOR 95% 
CI 

p-value 

Previous TB 
Treatment 

Yes vs No 3.42 2.01 – 
5.82 

<0.001 

Malnutrition Yes vs No 2.76 1.61 – 
4.73 

<0.001 

Diabetes 
Mellitus 

Yes vs No 1.94 1.12 – 
3.36 

0.018 

HIV Status Positive vs 
Negative 

1.88 1.01 – 
3.51 

0.046 

Age (>45 
years) 

Yes vs No 1.67 1.02 – 
2.73 

0.041 

BMI (<18.5 
kg/m²) 

Yes vs No 2.21 1.29 – 
3.79 

0.004 

 
Discussion 
This paper tested the trends and predictors of drug-resistant 
tuberculosis (DR-TB) in pulmonary and extrapulmonary 
TB, and showed how drug resistance is a significant issue, 
with a significant percentage of patients experiencing it. 
Extrapulmonary cases had a higher incidence of drug-
sensitive TB (67.3 vs 60.3) than of pulmonary cases, 
whereas the proportion of MDR-TB (20.5 vs 16.4) and 
mono-resistance (14.1 vs 10.9) was marginally higher in 
pulmonary TB, although the general pattern of resistance 
was generally These results indicate that although the 
burden of pulmonary TB could have a slightly increased 
resistance, extrapulmonary TB does not lack the substantial 
drug resistance. Other studies have also established the 
presence of similar resistance patterns between pulmonary 
and extrapulmonary TB with minor differences based on the 
distribution of the disease and difficulty in diagnosis [18]. 
Factors that were patient related were crucial in the 
emergence of DR-TB. Nutritional and age-related 
vulnerability was evident in the differences in the BMI 
(20.7 ± 3.1 vs 21.9 ± 3.3 kg/m 2 ) and age (44.8 ± 13.9 vs 
40.6 ± 14.4 years) of patients with drug resistance. In the 
case of DR-TB, malnutrition was found to be much greater 
(53.1% vs 31.0%), which demonstrated its involvement in 
the weakening of the immunity and the failure to respond to 
the treatment. Past studies have always indicated 
malnutrition and low body mass index are good predictors 
of drug resistance because they influence immune system 
and pharmacokinetics of drugs [19]. Previous TB treatment 
was found to be the most important predictor of DR-TB 
with 59.2% of the patients with DR-TB having been treated 
before versus 26.2% of patients with drug sensitive TB. 
This result highlights the value of adhering to treatment and 
proper therapy to avoid the development of resistance. 
Multivariate analysis also proved prior treatment to be the 
strongest independent predictor (AOR 3.42). It has been 
previously noted that prior TB treatment has been 
repeatedly cited as the strongest risk factor in drug 
resistance, which is usually related to incomplete or 
improper course of treatment [20]. 
Some comorbidities like diabetes mellitus (36.7% vs 
22.6%), and HIV infection (20.4% vs 11.9%), were also 
significantly related to DR-TB. These states undermine 
immune protection and can influence the results of 
treatment, which allows developing resistant strains. 

Multivariate analysis revealed that diabetes (AOR 1.94) and 
HIV (AOR 1.88) were both independent risk factors of drug 
resistance. Earlier studies have also pointed out that 
diabetes and HIV are the key factors that contribute to DR-
TB because of their influence on the host immunity and 
disease progression [21]. Though a higher proportion of 
DR-TB was observed in pulmonary TB (65.3 vs 54.8), the 
difference was not found to be significant meaning that 
pulmonary and extrapulmonary are equally significant in 
drug resistance epidemiology. Past studies have provided 
both positive and negative results on the prevalence of DR-
TB in PTB and EPTB, with some studies showing an 
increased prevalence of the former because of increased 
bacillary load whereas others reported no significant 
difference [22]. In general, the results of the current 
research indicate that there is a multifactorial influence of 
clinical, demographic, and treatment-related factors on DR-
TB. The close correlation with previous therapy, 
malnutrition and comorbidities underscores the importance 
of the holistic approach to the management of the patient. 
To reduce the transmission of drug-resistant TB, it is 
necessary to identify high-risk people early, adhere to the 
treatment regimen, and optimize nutrition and metabolism. 
These findings are consistent with the findings of the past 
studies, supporting the necessity of specific interventions to 
decrease the burden of DR-TB in both pulmonary and extra 
pulmonary. 
 
Conclusion 
It is concluded that drug-resistant tuberculosis is a 
significant clinical problem affecting both pulmonary and 
extrapulmonary TB, with comparable resistance patterns 
observed between the two forms. Previous TB treatment 
emerged as the strongest predictor of drug resistance, 
followed by malnutrition, low BMI, diabetes mellitus, HIV 
infection, and older age. These findings highlight that both 
clinical and socioeconomic factors contribute to the 
development of DR-TB. Early identification of high-risk 
patients, strict adherence to treatment regimens, and 
comprehensive management of comorbidities are essential 
to reduce the burden of drug-resistant TB.. 
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