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ABSTRACT

Obijective: Tuberculosis (TB) is a key health issue and is characterized by a wide variety of clinical symptoms which can
be affected by the underlying biochemical and hematological status of the patients. Therefore, this study assessed the
association of clinical symptoms with biochemical and hematological findings among patients with tuberculosis.

Methodology: This cross-sectional experimental study was conducted in institute of Basic Medical Sciences (IBMS),
Khyber Medical University. A total of 103 patients aged >15 years suspected with pulmonary tuberculosis, were included
in the study. A chi-square test and Fisher’s exact test was used to observe the association between clinical symptoms and
demographics, hematological, and biochemical findings. Additionally, a Mann Whitney test was employed to analyze the
relationship between the means of demographic variables.

Results: The study findings showed that all patients reported cough, and 100 (97.1%) had fever, with no significant
association between symptoms and demographics, comorbidities, medication use, or hematological markers such as TLC
and ESR (p>0.05). Significant associations were found with diabetes, where weight loss 48 (55.2%) (p=0.032) and reduced
appetite (p=0.002) were more common among diabetics. Reduced appetite was also significantly linked to fasting blood
sugar levels (p=0.017) and chronic illness (p=0.020), while all other variables showed no significant associations.

Conclusion: This study concluded that comorbid diabetes and chronic illnesses were significantly associated with main
clinical symptoms, such as weight loss and reduced appetite. A significant association was identified between fasting blood
sugar levels and reduced appetite. In contrast, hematological parameters including Total Leukocyte Count (TLC) and
Erythrocyte Sedimentation Rate (ESR), showed no significant association with clinical symptoms.
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1. INTRODUCTION

Tuberculosis (TB), caused by *Mycobacterium tuberculosis*, remains a major global health concern and continues to be
one of the leading causes of infectious disease-related morbidity and mortality. According to the World Health
Organization (WHO), approximately 8.3 million new TB cases were reported worldwide in 2024, with pulmonary TB
accounting for the majority of notified cases [1]. Pakistan remains among the high-burden countries, contributing
substantially to the global TB burden and facing increasing challenges related to drug-resistant disease [2]. The coexistence
of TB with chronic conditions such as diabetes further complicates disease management and outcomes [3].Tuberculosis
exists in latent and active forms. While latent infection is asymptomatic, active disease may involve pulmonary or
extrapulmonary manifestations and can be either drug-susceptible or drug-resistant [1,5]. Pulmonary TB commonly
presents with chronic cough, sputum production, chest pain, fever, night sweats, weight loss, and fatigue, whereas
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extrapulmonary TB produces symptoms depending on the affected organ system [6].Recent advances in TB diagnostics,
including molecular assays such as Xpert MTB/RIF Ultra, Truenat, line-probe assays, and TB-LAMP, have improved the
accuracy and speed of disease detection [7]. Similarly, treatment outcomes have improved with standardized first-line
regimens for drug-susceptible TB and newer all-oral treatment strategies for multidrug-resistant tuberculosis [8]. Despite
these developments, delayed diagnosis and limited access to healthcare resources remain important barriers in many low-
resource settings.In addition to microbiological confirmation, laboratory abnormalities are frequently observed in patients
with active TB. Hematological and biochemical alterations, including anemia, elevated erythrocyte sedimentation rate
(ESR), leukocytosis, thrombocytosis, lymphopenia, and increased inflammatory markers, have been reported among
newly diagnosed patients [9]. These abnormalities may reflect disease severity, systemic inflammation, and host immune
responses to infection [10].Understanding the relationship between clinical manifestations and laboratory findings may
provide valuable insights for early disease recognition and assessment of disease burden, particularly in resource-
constrained settings where advanced diagnostic facilities are not always readily available [11]. Identification of readily
available hematological and biochemical markers could support clinical decision-making and improve patient
management [12].Therefore, this study aimed to evaluate the association between clinical symptoms and biochemical as
well as hematological findings among patients with active tuberculosis and to determine whether specific laboratory
abnormalities correlate with particular clinical presentations.

2. METHODOLOGY

This cross-sectional study was performed in institute of Basic Medical Sciences (IBMS), Khyber Medical University,
Khyber Teaching Hospital, Lady Reading Hospital Peshawar and Rehman Medical Complex, Peshawar and conducted
from June 2024 to Dec 2024. A total of 103 patients aged >15 years suspected with pulmonary tuberculosis based on
clinical features, biochemical, and hematological parameters; and willingness to participate in the study were included.
While, patients with extrapulmonary TB only, incomplete medical records, previous anti-TB treatment in the last six
months, concomitant immunocompromised conditions excluding diabetes (e.g., HIV), and those with severe systemic
disorders preventing reliable data collection were excluded from the study.Demographic variables assessed included age
group, gender, height, and weight, while additional clinical history variables captured comorbid conditions such as
diabetes mellitus, history of prior tuberculosis infection, presence of any chronic illness, current use of medications, and
the presence or absence of a BCG vaccination scar. Hematological and biochemical parameters consisted of Total
Leukocyte Count (TLC), Erythrocyte Sedimentation Rate (ESR) and Fasting Blood Sugar (FBS), all classified according
to the determined normalized values from clinical references to ensure the standardization of the results. Clinical symptoms
were evaluated through a structured clinical assessment conducted by trained healthcare professionals. Each participant
was examined to document the presence or absence, of key symptoms for instance cough, fever, weight loss, and reduced
appetite.Data was analyzed using SSPS version 23.0. The demographic details and signs and symptoms were reported in
frequencies and percentages. Quantitative variables were reported as means with standard deviations. A chi-square test
was used to observe the association between clinical symptoms and hematological and biochemical findings. Additionally,
a Mann Whitney test was employed to analyze the relationship between the means of demographic variables. Categorical
variables were compared between symptoms with hematological and biochemical findings using the Fisher’s exact test,
due to small cell counts. A p-value of < 0.05 was reflected as statistically significant.

3. RESULTS

A total of 103 patients with suspected of pulmonary tuberculosis were included in the study, all participants reported cough,
and almost all 100(97.1%) presented with fever. Demographic factors, including age group and gender, showed no
statistically significant association with either cough or fever (p>0.05). Most patients with fever were above 51 years of
age 55(55.0%), while males 54(54.0%) and females 46(46.0%) were similarly represented. Mean weight and height did not
differ significantly between febrile and afebrile patients (p>0.05). Use of medications, presence of diabetes, previous
history of tuberculosis, chronic illnesses, and BCG vaccination status also showed no significant association with fever
(p>0.05). Hematological findings revealed that the majority of patients had normal TLC levels 82(82.0%) and normal
ESR values 57(57.0%), with no significant association between variations in TLC or ESR and the presence of fever
(p>0.05). Fasting blood sugar levels were also insignificantly associated with fever status (p>0.05), as most patients with
fever had normal glycemic levels 58(58.0%), as depicted in Table I.Regarding other symptoms, weight loss was reported
in 87(84.5%) patients, while reduced appetite was present in 80(77.7%) patients. Age and gender distributions did not show
statistically significant associations with either weight loss or reduced appetite (p>0.05). Similarly, mean weight and
height were insignificantly associated with weight loss or reduced appetite (p>0.05). Significant associations were
observed for comorbid diabetes and clinical symptoms. Patients with diabetes were more likely to report weight loss
48(55.2%) compared to non-diabetic patients 39(44.8%) with (p=0.032), and reduced appetite with (p=0.002). Presence
of chronic illness was also significantly associated with reduced appetite 16(100%) compared to patients without chronic
illness 64(80%), (p=0.020). Fasting blood sugar levels were significantly associated with reduced appetite (p=0.017), with
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42(52.5%) of patients with reduced appetite having normal FBS, 13(16.3%) in the diabetic range, and 25(31.3%) with
high uncontrolled levels. Hematological parameters, including Total Leukocyte Count and ESR, did not show significant
associations with either weight loss or reduced appetite (p>0.05). Other variables such as history of TB, BCG scar, and
medication use were also not significantly associated with these clinical symptoms, as depicted in Table Il.

Table 1. Association of Demographic, Biochemical, and Hematological Characteristics with Cough and Fever
Among Tuberculosis Patients (N = 103)

Variable Category Cough, n (%) p-value Fever, n (%) p-value
Age (years) 15-30 12 (11.7) 12 (12.0) 0.692
31-50 33(32.0) 33 (33.0)
>50 58 (56.3) NA* 55 (55.0)
Gender Male 55 (53.4) NA* 54 (54.0) 0.478
Female 48 (46.6) 46 (46.0)
Weight (kg) Mean + SD 58.93 + 11.77 NA* 58.74 £ 11.80 0.231
Height (ft) Mean + SD 5.43+0.26 NA* 5.43 £ 0.26 0.968
Diabetes Yes 52 (50.5) NA* 52 (52.0) 0.118
No 51 (49.5) 48 (48.0)
Previous TB History Yes 23 (22.3) NA* 23 (23.0) 1.000
No 80 (77.7) 77 (77.0)
Chronic Illness Yes 16 (15.5) NA* 16 (16.0) 1.000
No 87 (84.5) 84 (84.0)
BCG Scar Yes 64 (62.1) NA* 63 (63.0) 0.555
No 39 (37.9) 37 (37.0)
TLC Normal 83 (80.6) NA* 82 (82.0) 0.072
Mild elevation 14 (13.6) 13 (13.0)
Moderate elevation 5(4.9) 4 (4.0)
Severe elevation 1(1.0) 1(1.0)
ESR Normal 58 (56.3) NA* 57 (57.0) 0.246
Mild elevation 12 (11.7) 11 (11.0)
Moderate elevation 15 (14.6) 14 (14.0)
High elevation 18 (17.5) 18 (18.0)
Fasting Blood Sugar Normal 61 (59.2) NA* 58 (58.0) 0.700
Diabetic range 13 (12.6) 13 (13.0)
Uncontrolled diabetes 29 (28.2) 29 (29.0)

Table 1. Association of demographic characteristics, biochemical parameters, and hematological findings with
cough and fever among patients with tuberculosis (N = 103). Most participants presented with cough (100%) and
fever (97.1%). No statistically significant associations were observed between fever and demographic
characteristics, comorbid conditions, hematological parameters, or fasting blood glucose levels (all p > 0.05).
Statistical analysis was performed using the Mann-Whitney U test for continuous variables and Fisher’s exact
test for categorical variables.

Table 2. Association of Demographic, Biochemical, and Hematological Characteristics with Weight Loss and
Reduced Appetite Among Tuberculosis Patients (N = 103)

Variable Category Weight Loss n p- Reduced Appetite n p-
(%) value (%) value
Age (years) 15-30 12 (13.8) 0.330 11 (13.8) 0.171
31-50 27 (31.0) 28 (35.0)
>50 48 (55.2) 41 (51.3)
Gender Male 45 (51.7) 0.427 45 (56.3) 0.279
Female 42 (48.3) 35 (43.8)
Weight (kg) Mean £ SD 58.68 + 12.31 0.760 58.78 £ 12.01 0.978
Height (ft) Mean £ SD 5.42 £ 0.27 0.271 5.43 £ 0.26 0.854
Diabetes | Yes 48 (55.2) 0.032 47 (58.8) 0.002
No 39 (44.8) 33 (41.3)
Previous TB Yes 18 (20.7) 0.351 19 (23.8) 0.777
History
No 69 (79.3) 61 (76.3)
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Chronic Illness Yes 15 (17.2) 0.456 16 (20.0) 0.020
No 72 (82.8) 64 (80.0)
BCG Scar | Yes 52 (59.8) 0.279 50 (62.5) 0.887
No 35 (40.2) 30 (37.5)
TLC Normal 71 (81.6) 0.064 65 (81.3) 0.718
Mild elevation 13 (14.9) 11 (13.8)
Moderate elevation 3(3.4) 3(3.8)
Severe elevation 0(0.0) 1(1.3)
ESR Normal 48 (55.2) 0.624 46 (57.5) 0.243
Mild elevation 10 (11.5) 7 (8.8)
Moderate elevation 12 (13.8) 11 (13.8)
High elevation 17 (19.5) 16 (20.0)
Fasting Blood Normal 48 (55.2) 0.107 42 (52.5) 0.017
Sugar
Diabetic range 13 (14.9) 13 (16.3)
Uncontrolled 26 (29.9) 25 (31.3)
diabetes

Table 2. Association of demographic characteristics, biochemical parameters, and hematological findings with weight
loss and reduced appetite among patients with tuberculosis (N = 103). Weight loss was significantly associated with
diabetes mellitus (p = 0.032). Reduced appetite showed significant associations with diabetes mellitus (p = 0.002),
chronic illness (p = 0.020), and fasting blood glucose level (p = 0.017). No significant associations were observed for
age, gender, hematological parameters, or BCG vaccination status (all p > 0.05). Statistical analysis was performed using
the Mann-Whitney U test, Chi-square test, and Fisher’s exact test as appropriate.

4. DISCUSSION

This study evaluated the association between clinical symptoms and biochemical and hematological findings among
patients with tuberculosis. Cough and fever were the most frequently reported symptoms; however, they showed no
significant association with age, sex, comorbidities, total leukocyte count, or ESR. In contrast, diabetes mellitus was
significantly associated with weight loss and reduced appetite, suggesting that metabolic disturbances may contribute to
symptom severity in tuberculosis patients [13].Previous studies have consistently reported hematological abnormalities
among patients with active tuberculosis. A recent meta-analysis demonstrated high frequencies of anemia, leukocytosis,
thrombocytosis, lymphopenia, and elevated ESR, highlighting their potential role as supportive diagnostic markers [14].
Similar findings have been reported from studies conducted in India, Pakistan, and other developing countries, where
anemia and elevated inflammatory markers were common among newly diagnosed tuberculosis patients [15-18].In the
present study, anemia and elevated ESR were also frequently observed. However, unlike earlier reports, no significant
association was found between major clinical symptoms and hematological parameters such as hemoglobin level, total
leukocyte count, or ESR. These findings suggest that while laboratory abnormalities are common in tuberculosis, they may
not directly reflect the severity or pattern of clinical manifestations in all patient populations [19].The observed
hematological changes may result from chronic inflammation, nutritional deficiencies, bone marrow suppression, and
altered immune responses associated with tuberculosis infection [20]. Previous investigations have demonstrated reduced
hemoglobin levels alongside increased ESR, leukocyte counts, and platelet counts, supporting the presence of an ongoing
inflammatory process in affected individuals [21].Although significant correlations between laboratory parameters and
symptom profiles were limited, routine hematological and biochemical investigations remain valuable in the evaluation
and monitoring of tuberculosis patients. These inexpensive and readily available tests may provide supportive information
regarding disease burden and systemic inflammation, particularly in resource-constrained settings [22].Several limitations
should be acknowledged. The cross-sectional design prevents causal interpretation, while the single-center setting and
relatively small sample size may limit the generalizability of the findings. Future multicenter prospective studies involving
larger populations are needed to further clarify the relationship between clinical presentation and laboratory abnormalities
in tuberculosis.

Limitations

This study has several limitations. Its cross-sectional design limits the ability to establish causal relationships between
clinical symptoms and laboratory findings. The study was conducted at a single center with a relatively small sample size,
which may affect generalizability. Additionally, potential confounding factors, including nutritional status and coexisting
infections, were not fully evaluated.
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5. CONCLUSION

This research concluded that diabetes and chronic illnesses were observed to be significantly associated with
symptoms of the clinical condition such as weight loss, decreased appetite. In contrast, hematological parameters of
Total Leukocyte Count and erythrocyte sedimentation rate did not show significant association with clinical
symptoms. However, a significant association was found between fasting blood sugar levels and reduction in appetite.
These findings recommend that the severity of clinical manifestations and the presence of symptoms in patients with
TB may be influenced by metabolic and chronic health conditions, but routine hematological and biochemical
parameters may not predict the presence of symptoms.
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