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ABSTRACT
Background: The association between TB, oxidative stress and 
dietary supplements is multidirectional. The inflammation asso-
ciated pathology in tuberculosis leads to the development of 
the free radical generation. 
Methods: A cross-sectional study design was selected for the 
study. This study was carried out in the Department of Bio-
chemistry, Santosh Medical College, Ghaziabad. A total of 75 
subjects will be enrolled from department of respiratory med-
icine from Santosh hospital, Ghaziabad and were divided into 
3 groups as 75 healthy individuals of either sex as controls, 75 
newly diagnosed patients of pulmonary tuberculosis and 75 
patients after 6 months from starting treatment. Patients with 
newly diagnosed tuberculosis and on anti tubercular treatment 
(after 6 months) belonging to age group of 18 years and above 
from either sex were included in this study. The data was col-
lected from July 2020–June 2021.
Results: A total of 225 patients were recruited for the study 
from the department of respiratory medicine. Newly diag-
nosed cases have significantly increased levels of MDA with 
values estimated as 4.59 nmol/ml as compared to the healthy 
subjects with value as 1.82 nmol/ml. Anti oxidant markers i.e. 
Serum calcium, total antioxidant capacity, Vitamin D and zinc 
levels were decreased with the TB patients and were raised 
after 6 months of ATT.
Conclusion: Tuberculosis is an important health problem requir-
ing early diagnosis for timely initiation of the therapy and con-
trol of disease transmission (RNTCP Guideline 2010). Although 
the available data suggest that the TB epidemic may be on the 
decline, the absolute number of new cases is still the highest. 
Anti tubercular therapy proves to be beneficial in reducing the 
oxidative stress and hence, the tubercular burden. 
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INTRODUCTION
Tuberculosis is a disease prevalent in third world 

and developing economies. The increasing incidence of 
tuberculosis (TB) is a major concern to public health 
policy-makers in both developing and developed coun-
tries. Globally, one-third of the population is infected 
with tuberculosis-pulmonary and extra pulmonary, 
and three million people die every year (342 death / 
hour) due to TB1. Loss of potential human contribu-
tion gets significantly reduced due to the limitations 
imposed by this disease. Human health is the primary 
causality but the associated losses in terms of economic, 
social and population well being is the added byprod-
uct. The cause to work for tuberculosis (Koch’s disease) 
is of immense value in the countries which face the ca-
tastrophe of associated complications2,3.

Tuberculosis (TB) is caused by infection with My-
cobacterium tuberculosis, which is part of a complex 
of organisms including Mycobacterium bovis (reser-
voir cattle) and Mycobacterium africanum (reservoir 
human) 4. In tuberculosis, oxidative stress is a resul-
tant of tissue inflammation, poor dietary intake of 
adequate nutrients, free radical burst from activated 
macrophages, and anti-tuberculosis drugs. Hence, 
these free radicals generated contribute towards the 
pulmonary inflammation and should be neutralized 
by antioxidants. As there is a critical balance between 
free radical generation and antioxidant defenses5, an 
imbalance between oxidants and antioxidants in fa-
vor of the oxidants, potentially leading to damage, is 
termed ‘oxidative stress ’.

The total antioxidant status (TAS) in human beings 
can defined as a measurement of dietary, enzymatic 
and systemic antioxidants and is therefore an indi-
cator of the free radical load along with total oxidant 
status6. Free radicals are formed as a normal conse-
quence of a number of biochemical reactions taking 
place in human body. The same can occur at elevated 



Issue 25. December 2022 | Cardiometry | 1273

rates under patho-physiological conditions. Patients 
with active pulmonary tuberculosis exhibit increased 
circulating level of free radical activity and inflamma-
tion-related oxidative stress which is linked with lung 
fibrosis and dysfunction. Activated macrophages me-
diate the associated fibrosis and lead to granulomatous 
response with central necrosis causing release of vari-
ety of chemicals including oxygen free radicals 7,8.

Such results lead towards an understanding that a 
number of free radicals are released in processes asso-
ciated with inflammation and thus may be measured 
as indicators for the different levels in the disease pro-
cess and treatment.9Adverse effects of the free radical 
reactions produced due to damage to cells and tissues 
can be managed and measured by enzymes, small mo-
lecular weight molecules,macronutrients and micro-
nutrients with antioxidant capabilities. However, the 
diagnostic limitations of chest x-ray, culture, tubercu-
lin skin test and acid-fast staining are inconclusive and 
present lack of reliability and specificity. Therefore, 
biochemical abnormalities (oxidants/antioxidants) 
can assist and guide the diagnosis.

As compared to the other internal organs, the lungs 
carry a higher associated of oxidative stress leads to 
tissue inflammation. The increased risk as causative 
factors can be elaborated as poor dietary intake of 
micronutrients, free radical burst from activated mac-
rophages, and anti-tuberculosis drugs. Vitamin D as 
lung immune-modulator and Vitamins A, C, E as 
antioxidants improves the complications of inflamed 
airflow in asthma but the studies in the area of pulmo-
nary tuberculosis are very limited10,11.

As Vitamin D and calcium metabolism are interre-
lated and hypercalcemia is known to occur in granulo-
matous disease as a complication of active pulmonary 
tuberculosis, but the reported incidence of hypercal-
cemia in patients with active pulmonary tuberculosis 
varies widely between countries, probably because of 
variation in vitamin D level, calcium levels and the 
amount of sun exposure.

The nutritional levels of zinc are low in patients 
having active pulmonary tuberculosis. Several studies 
have shown that the level of zinc in the serum decrease 
significantly during the stage of active pulmonary tu-
berculosis and it increase following recovery after anti 
tubercular therapy therefore in the view of poor nutri-
tional status in patients of pulmonary TB, measuring 
the level of zinc maybe added as important diagnostic 
tool at different stages of TB12. The current review is 

planned to comprehend the detailed interaction be-
tween oxidative stress created due to tuberculosis 
and anti oxidant defense mechanisms utilized by the 
host and the M. tuberculosis which are significant 
towards improvement of new preventive/restorative 
methodologies for tuberculosis. There exists a poten-
tial supplemental role for macronutrients (calcium) 
and micronutrients (vitamin D and zinc) as antioxi-
dants in management of tuberculosis. The ill effects 
of anti tubercular drugs specifically hepato-toxicity 
can be possibly counter acted and treated with the 
micro and macro nutrients along with antioxidants. 

MATERIALS & METHODS
This Cross-sectional observational study was car-

ried out in the Department of Biochemistry, Santosh 
Medical College, Ghaziabad. A total of 75 subjects will 
be enrolled from department of respiratory medicine 
from Santosh hospital, Ghaziabad and were divided 
into 3 groups as follows:

Group 1 -75 healthy individuals of either sex will 
be enrolled as controls

Group 2- 75 newly diagnosed patients of pulmo-
nary tuberculosis 

Group 3- 75 patient after 6 months from starting 
treatment.

Patients with newly diagnosed tuberculosis and on 
anti tubercular treatment (after 6 months) belonging 
to age group of 18 years and above from either sex were 
included in this study. Subjects with extra pulmonary 
tuberculosis, non-tuberculous pulmonary infections, 
chronic pulmonary disease, chronic liver disease, 
chronic renal disease, diabetes mellitus, smoking, 
pregnancy and chronic cardiovascular diseases were 
excluded from the study. Well informed written con-
sent was obtained from all the enrolled subjects. In-
stitutional ethical committee was also taken into the 
account. Under all aseptic precautions 10ml of blood 
was collected and serum was separated by standard 
procedure and stored in smaller aliquots at -4 degree 
Celsius. Following parameters were carried out on the 
samples on the same day of collection. Oxidant/anti-
oxidant status assessed by kit method from Randox 
(U.K), levels of zinc and calcium was assessed by Kit 
method from Centronic, Germany. The levels of Vita-
min-D were assessed by Cobas C311 by the Kit meth-
od from Roche (U.K). Statistical analysis of results 
was carried out by one-way ANOVA and indepen-
dent t-test by SPSS (23rd version). A detailed clinical 
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history including age, sex, occupation, socio-econom-
ic status, history of alcohol intake, smoking, their res-
idence and any associated risk factor contributing for 
the illness was elicited from the subjects. 

RESULT
A total of 75 subjects each were enrolled in the study 

segregated under 3 categories as 75 healthy individu-
als of either sex as controls, newly diagnosed patients 
of pulmonary tuberculosis and those patients after 6 
months from starting treatment as follow up cases. Ta-

ble 1 depicts the presence of tuberculosis is high in male 
gender and with illiteracy. Smoking and alcohol intake 
increased the prevalence of tuberculosis.

Table 2 comprises of oxidant status in all the 3 groups. 
Newly diagnosed cases have significantly increased lev-

els of MDA, a product of lipid peroxidation and a potent 
marker of oxidative stress. The levels of MDA decrease 
effectively after 6 months of ATT therapy. 

Table 3 shows the various markers for the anti-
oxidant status of the subjects. Serum calcium, Total 
Anti-oxidant (TAS) status, Vitamin D and zinc levels 
were significantly decreased in the newly diagnosed 
TB patients as compared to the normal age and sex 
matched subjects and they drastically improve upon 
the regular anti tubercular treatment. 

DISCUSSION
Shrivastava et al recently reported that India is 

the highest TB burden country with an estimated in-
cidence of 26.9 lakh cases in 2019 (WHO). India ac-
counts for nearly 24% of the global prevalence and 

Table No. (1) 
Comparison of Demographic Parameters in 3 groups:-

Demographic Param-
eters

Characteristics Healthy Individuals 
Group 1 (n=75)

Newly diagnosed TB
Group 2 (n=75)

After 6 months of ATT
Group 3 (n=75)

(1) Sex Female 26 27 27
Male 49 48 48

(2) Education Status Literate 29 32 32
Illiterate 46 43 43

(3) Smoking Yes 21 49 49
No 54 26 26

(4) Alcohol intake Yes 23 48 48
No 52 27 27

(5) Residence Urban 33 35 35
Rural 42 40 40

Table No. (2) 
Comparison of Oxidant Status in 3 groups:-

Parameters Healthy Individuals 
Group 1 (n=75)

Newly diagnosed TB
Group 2 (n=75)

After 6 months of ATT 
Group 3 (n=75)

(1) MDA (nmol/ml)) 1.82 + 0.22 4.59+0.43 2.36+0.17
(2) Total Oxidant (TOS) status (μmol H2O2 equi./ lt) 4.02+0.59 16.6+3.13 8.23+2.59

Table No. (3)
For Comparison of Anti-Oxidant Status: 

Parameters Healthy Individuals 
Group 1 (n=75)

Newly diagnosed TB
Group 2 (n=75)

After 6 months of ATT
Group 3 (n=75)

(1) Calcium (mg/dl) 9.25± 1.02 8.01±0.56 9.30±1.04
(2) Total Anti-oxidant (TAS) status (μmoltroloxequi./ lt) 1.95± 0.9 0.62±0.2 1.89±0.4
(3) Vitamin D (ng/dl) 43.03±3.66 10.31±2.33 26.23±2.21
(4) Zinc (μg/dl) 95.26± 9.90 53.5± 6.89 94.3± 8.12
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21% of the global TB deaths13. The Global data also is 
bleak as an estimated 10.0 million people developed 
active TB disease in 2019 with 1.4 million TB deaths14. 
Daniels B et al in 2019 reported that men are more 
likely than women to have active tuberculosis In India 
as represented from two urban based settings. This is 
also reported in our study15. 

In a study by Rao VG et al in 2012 it was observed 
that the prevalence of tuberculosis was significantly 
higher (p<0.001) amongst males as compared with fe-
males. The prevalence was proportionately increased 
in rural areas as compared to the urban areas in Jabal-
pur population16.In a multi-centric prospective cohort 
study of newly diagnosed adult pulmonary TB patients 
by Thomas Be et al in 2019 it was accounted that more 
than 25% of TB patients reported history of smoking, 
either current or past smoking. Our study findings 
clearly indicate that being a smoker is a significant risk 
factor for composite treatment outcomes17.

In a meta analysis by Imtiaz S et al in 2017 it was 
concluded that alcohol consumption was associated 
with an increased risk of tuberculosis and was conse-
quently a major contributor to the tuberculosis bur-
den of disease18.In a recent study in a hospital in Peru 
it was found that members living in destitution and 
with low socio economic strata had low wellbeing pro-
ficiency scores due to less literacy rates, setting them 
at an expanded danger of chronic weakness results, 
ill-advised utilization of medicines and higher fre-
quency of trauma center visits and hospitalizations19.

In a study by Wiid I et al in 2004 it was concluded 
that in TB pathogenesis and treatment, anti oxidant 
mechanism is multi-faceted which incorporates anti 
oxidant enzymes, reactive oxygen species generated 
as free radicals, micronutrients and dietary nutrients. 
The lung inflammation which occurs during tubercu-
losis disease is a vicious cycle of free radical genera-
tion. The free radicals produced attack the cell mem-
brane causing tissue damage and wasting disease in 
pulmonary tuberculosis patients20. 

In a study by Reddy et al it was observed that MDA 
as a lipid peroxidation product was significantly in-
creased in the pulmonary TB and were decreased after 
completion of the ATT regimen21. The nutritional de-
rangement and lower antioxidant status should be well 
treated promptly by timed nutritional intervention in 
the management of pulmonary tuberculosis patients22. 

A population’s nutritional profile is an important de-
terminant of its TB incidence23. C Padmapriyadarsini et 

al in 2016 quoted that “improvement of the nutritional 
status of the mass population is the key factor to reduce 
the tuberculosis burden in Indian community” 24. 

In a recent study it was observed that in patients of 
pulmonary tuberculosis the levels of anti oxidants de-
crease and that of oxidative stress biomarkers remark-
ably increase as in Nigerian population25. 

In the current study in newly diagnosed TB pa-
tients vitamin D insufficiency is exceptionally com-
mon as contrasted with healthy subjects. In pul-
monary tuberculosis, patients show severe clinical 
manifestations along with Hypovitaminosis D26. 
Zinc acts as an important micro nutrient that adds 
to protein structure and regulates gene expression as 
well. Zinc inadequacy impacts the host as it achieves 
reduced phagocytosis and prompts a diminished 
number of streaming T-cells and lessened tuberculin 
reactivity. Therefore, it is judicious that zinc supple-
mentation may be valuable in accomplishing the ear-
ly recovery from the disease27. 

Similar to this, in Delhi a study with the sample of 
104 sewage workers with a mean age of 50.71 (8.43) 
years showed a profile of chronic respiratory disorders 
and tuberculosis. Of them, 21.15% had tuberculosis, 
and 92.31% had at least one of these diseases.28

The findings of present study are important ow-
ing to widespread presence of TB in community and 
its effect on quality of life of life.28-30 Newer develop-
ments in the genetic methods may provide further in-
sights.31,32 Lastly, it is recommended to conduct quality 
randomized controlled trials to generate an evidence 
of high strength.33

CONCLUSION:
The present study gives an insight to the relation 

between oxidative stress and antioxidant levels in 
pulmonary tuberculosis patients. It helps to under-
stand the beneficial role of antioxidants in preven-
tion and intervention to device appropriate thera-
peutic regime to be employed during the course of 
treatment by the consulting practitioners. This study 
will further open the new avenues for subsequent re-
search at genetic level to understand the mechanism 
associated with pulmonary tuberculosis and role of 
antioxidants. The COVID-19 pandemic and its rap-
id global spread, highlights the intrinsic weaknesses 
of health care is that of creating a systemically strong 
healthcare base upon which to build disease-specific 
programs such as for TB.
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