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ABSTRACT

Background: Approximately one-quarter of the global population is infected with Mycobacterium tuberculosis. This study
was based on the hypothesis that supplementation with vitamin D and C when given alongside standard anti tuberculous
therapy may enhance the host immunity against the disease and shorten the time required for clinical recovery.
Objective: Investigate the effects of vitamin D & C as adjunct with anti-tuberculous therapy on time to clinical recovery and
period of treatment in patients with active disease.

Method: A total of 100 newly diagnosed tuberculosis patients were enrolled from Gulab Devi Hospital, Lahore, and were
randomly assigned into two groups. The non-experimental TB patients (n=50) receiving standard anti tuberculous treatment
only, while the experimental TB Patients (n=50) receiving standard anti-tuberculosis treatment with vitamin D and C. The
experimental group was administered Vitamin C at a dose of 500 mg /day orally, along with 2 ampoules of 200,000-unit
injection of vitamin D were given orally once monthly for 12 weeks. Clinical improvement in symptoms like cough, fever and
weight of these patients were recorded. Blood samples for vitamin C, D and ESR were collected at baseline (0 weeks), 6
weeks, and 12 weeks. Vitamin C levels were measured using HPLC, vitamin D using ELISA, and ESR using the Westergren
method.). Chest X-rays and ESR values were used to evaluate the treatment progress in both groups and to assess the
comparative effectiveness of vitamin supplementation.

Results: Statistical analysis of vitamin D, vitamin C levels and ESR levels at 0, 6 and 12 weeks were performed using an
independent sample t-test. The results showed a significant increase in both vitamin levels, indicated by markedly reduced
ESR values and significant healing in x-ray findings in the experimental group at 12 weeks compared with the non-
experimental group. At 121" week, the comparison between experimental and non-experimental groups demonstrated that
levels of vitamin C, D, ESR values and X ray findings showed a p value of less than 0.05 indicating statistically significance
between the groups.

Conclusion: Thus, the findings of this study suggest that vitamin C & D may serve as adjunctive therapies alongside anti-
tuberculous drugs in the management of pulmonary tuberculosis. Nevertheless, further research is needed to clarify their
role in enhancing patients’ immune responses.
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INTRODUCTION: Mycobacterium tuberculosis causes an infectious disease Tuberculosis and affects
approximately one-quarter people globally. The prevalence of drug-resistant TB in Pakistan is estimated to be
around 40% across both male and female populations. It affects the Mycobacterium tuberculosis systemic and
pulmonary system [1]. Factors that increases the occurrence of developing tuberculosis include demographic
status like age, sex, educational status, body weight and nutritional health (such as vitamin C, D deficiency),
smoking habits, and the presence of diabetes mellitus [2]. The development of TB is related to a disturbance in
balance, where elevated free radical production and reduced antioxidant defense system leads to oxidative
damage of tissues and stimulate the body’s immune response against the bacterial infections [3]. The purpose
of anti-tuberculous treatment is to avert morbidity, mortality and transmission of disease. Additionally, strict
compliance can prevent drug resistance [4].
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First-line drug therapy has two phases: the intensive and continuation phase. Intensive phase is based to give
Isoniazid, Pyrazinamide, Rifampicin, and Ethambutol in adults for 2 months [5]. During the continuation phase,
patients receive at least two effective medications, typically Rifampin and Isoniazid, with the treatment duration
is different according to the drug regimen and the possibility of relapse [6]. While this treatment approach is
efficacious, it can lead to various side effects like gastrointestinal discomfort, skin reactions, reduced platelets
count, and liver damage [7].

It has been suggested that addition of different vitamins, particularly vitamin C and E, to anti-tuberculosis
treatment may improve the effectiveness of the therapy and strengthen the immune system’s ability to fight
against the disease [8]. A study reported the use of 1st line bactericidal drugs together with vitamin C
supplementation may reduce lung infection faster than using the drugs alone, thus enhance their therapeutic
impact and possibly reducing the overall duration of tuberculosis management [9]. Mycobacterium tuberculosis
in most patients shows delayed clinical recovery, persistent inflammation and slow radiological improvement
continue to pose significant challenges. These limitations highlight the need for safe adjunctive therapies that
can enhance treatment response and improve the patient clinical condition.

The aim of this experimental study was to assess the impact of vitamin C and D as supportive treatments for
pulmonary tuberculosis. Study hypothesized that vitamin C and D with anti-tuberculosis drug could enhances
the clinical recovery more quickly and reduce the overall length of medication regimen

METHOD: This randomized experimental study (add on trial) was conducted in the Department of
Pulmonology at Gulab Devi Hospital, Lahore, from August 2021 to February 2023with laboratory analyses
performed in the Pathology Department of Combined Military Hospital (CMH), Lahore, and at PCSIR
Laboratories, Lahore. A total of 100 newly diagnosed pulmonary tuberculosis patients were enrolled from Gulab
Devi Hospital, Lahore, and randomly allocated into two equal groups. Randomization was performed using the
lottery method, in which each participant was assigned to either the experimental or non-experimental group
by randomly drawing a concealed allocation slip. The non-experimental group consisted of 50 patients receiving
standard anti-tuberculous therapy alone, while the experimental group included 50 patients receiving standard
anti-tuberculous therapy supplemented with vitamins D and C. The primary outcome measure was the
resolution of chest X-ray abnormalities, while secondary outcomes included changes in erythrocyte
sedimentation rate (ESR) and increase in body weight. The study population was selected using predefined
inclusion and exclusion criteria to ensure uniformity and diagnostic accuracy.

Inclusion criteria: Eligible participants included male and female patients between 18 and 60 years of age
who were newly diagnosed with sputum-positive pulmonary tuberculosis.

Exclusion criteria: Patients were excluded if they had known multidrug-resistant tuberculosis, diabetes
confirmed through random blood glucose testing, or evidence of HIV infection, which was assessed through
relevant clinical, social, and sexual history. These criteria were applied to obtain a representative and clinically
appropriate sample for evaluating the effects of adjunctive vitamin C and D supplementation

The sample size was calculated using PenEpi software, which determined that a total of 100 participants would
be sufficient to achieve the study objectives. Based on this calculation, the study population was divided into
two equal groups, with 50 patients assigned to the experimental group and 50 to the non-experimental group.

The experimental group included patients who received anti-tubercular therapy along with vitamin C and D
supplementation, whereas the non-experimental group consisted of patients treated with anti-tubercular drugs
alone, without any vitamin supplementation. Vitamin C 500 mg/day/p. o [10] and 2 ampoules of 200,000 IU of
In drop D were given orally once a month [11], for 3 months. A proforma to get demographic information, clinical
signs and symptoms was used to collect data of each consented patient. Blood samples were collected from
the Anti-cubital vein at the start of study from both groups before giving any medication to check the vitamin D
and C levels and ESR at 0 week. Vitamin C and D levels were analyzed by HPLC [12] and ELISA technique,
respectively [9]. Study was approved by IRB committee Institute of CMH (Case# 549/ERC/CMH/LMC dated 24-
03-21) and Al-Aleem medical college, Gulab devi hospital (A AMC/DME/IRRB/EA23’21 dated 18-11-21).
Vitamin C (Citrovet) by Don Valley Pharmaceuticals and Vit D injection (In drop D) by Neutro Pharma were
used.

Blood sampling was done at 0, 6 and 12 weeks of therapy. 2.00 cc blood was collected in EDTA and plastic
tubes, and when the clot is formed at room temperature, then centrifuge at 1500 rpm for 10 min. The separated
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serum or plasma was placed into polypropylene tubes and stored at -20% for the estimation of vitamin C and
D. Vitamin C estimation was done at PCSIR laboratories [13]. Vitamin D and ESR were estimated at pathology
department at CMH by ELISA method [14]. Clinical symptoms like fever, cough, and weight of the patients were
recorded at 0, 6 and 12 weeks. ESR and Chest X-rays were used as indicators of resolution of disease. Chest
Xray, ESR, levels of vitamin C and D were tested during the study to record the favorable effect of vitamins on
the disease.

Data was analyzed descriptively using SPSS version 26 to obtain frequency distributions, percentages, means,
standard deviations, and 95% confidence intervals. An independent samples t-test was applied to assess the
effect of vitamin supplementation as an adjuvant on treatment response and body mass index. A p-value of <
0.05 was considered statistically significant. Chi square test was applied for X ray findings.

RESULTS:

In the age group 20-30 years, the percentage of Pulmonary TB-Sputum Sensitive-positive cases was 24.0%,
in 31 to 40 years 20.0 %, in 41 - 50 years 18.0 %, in 51 - 60 years 22 %. In our study, 36% females and 64%
males are included in both experimental and non-experimental groups

Table 1: Frequency and percentage of demographic data

Groups
Experimental 50 50
Non- Experimental 50 50
Gender Experimental 36 72%
Male
Non- Experimental 28 56%
Female Experimental 14 28%
Non- Experimental 22 44%
Socioeconomic group Experimental 50 100%
(Poor)
Non- Experimental 50 100%
Increase in Body weight (Kg) Experimental 44 80%
after ATT with vit C and D
Non- Experimental 45 60%
Sign and Symptoms  Experimental 44 95%
improvement
(cough & fever)
Non-Experimental 45 70%
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Frequency of Patients

experimental group non-experimental group

Groups

Figure 1: Frequency of experimental and non-experimental groups

At the end of our study, 44 patients in experimental and 45 in non-experimental group were included.
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Figure 2: Mean age of experimental and non-experimental groups

Mean age of experimental group was 38.06 years and 39.44 years of non-experimental group
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Figure 3: Weight variation in experimental and non- experimental groups
There was significant increase in weight of experimental group as compared to non-experimental group

X-ray results for both experimental and non-experimental groups were categorized into four outcomes:
complete healing, incomplete healing, no healing, and absence of detectable findings. The chi-square test was
employed to evaluate these radiological data. All the patients were completely healed except 3 patients; they
didn’t have any x-ray findings in 12t week as shown in Figure 4.
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Figure 4: Chest X-rays findings of experimental and non-experimental groups
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In non-experimental group, X-ray examination revealed right lung opacity in 36%, 34%, and 29% of patients.
Left lung opacities were observed in 14%, 13%, and 12% of patients. 7%, 6%, 5% revealed hilar opacity, 10%,
9% and 7 % showed emphysematous, 9%, 7%, and 6% showed fluffy appearance of right lung and left lung,
6%, 5%, and 5 % had consolidation of lung, 6%, 6%, 5 % revealed pleural effusion at 0,6 and 12 weeks
respectively as shown in figure 5.
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Figure 5: Chest X-ray findings of non-experimental groups (0, 6, and 12 weeks)

In the experimental group, X-ray findings at 0 and 6 weeks demonstrated right lung opacity in 27% and 24% of
patients, left lung opacity in 20% and 13%, emphysematous changes in the left lung in 13% and 9%, hilar
opacity in 16% and 14%, fluffy appearance of the lungs in 10% and 6%, lung consolidation in 6% and 5%, and
pleural effusion in 6% and 4%, respectively, all the patients were completely healed as shown in figure 6. Chi
square test was applied for x ray findings.
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Figure 6: Chest X-ray findings of experimental group (Zero and six weeks)

(Op Lt Lung= Opacity of left lung, Op Rt lung= Opacity of right lung, Multi Op= Emphysematous left lung, Hilar
/Lt lung , fluff app=fluffy appearance, Consolidation of right /left lung, PE= Pleural effusion.
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Table 2: Comparison of Mean of different Xray findings of sub-groups, healing of experimental group
was significant which is <0.05

Mean N Std. deviation Mean
Healing 1.0238 42 .15430
not healing 2.0000 4 .00000
Absent 1.5000 6 54772
incomplete healing 2.0000 37 .00000
Total 1.5056 89 .05280

Table 3: Association of x-rays findings with experimental and non-experimental groups at 12 weeks;

Variable Experimental group Non-experimental group Total p-value
Healing 41 (93.2%) 1(2.2%) 42 (47.2%) 0.001
No healing 0 (0%) 4 (8.9%) 4 (4.5%)

Incomplete healing 0 (0%) 37 (82.2%) 37 (41.6%)

No X-ray finding 3 (6.8%) 3 (6.7%) 6 (6.7%)

Total 44 45 89

Table 4: Comparison of variables with both groups

Variables Groups Mean Standard Standard Error of p-value
deviation Mean

0 week

Vitamin D Experimental 15.04 3.00 .57 0.049
Non- Experimental 14.66 3.63 57

Vitamin C Experimental .20 14 .02 0.049
Non- Experimental 14 .09 .01

ESR Experimental 48.54 19.13 2.88 0.02
Non- Experimental 59.47 25.23 3.82

6 weeks

Vitamin D Experimental 25.57 4.23 .63 0.001
Non- Experimental 15.67 3.84 .57

Vitamin C Experimental 42 | .02 0.001
Non- Experimental 15 .09 .01

ESR Experimental 36.52 15.20 2.29 0.078
Non- Experimental 43.98 23.14 3.49

12 weeks

Vitamin D Experimental 36.69 7.10 1.07 0.001
Non- Experimental 15.67 3.84 .57

Vitamin C Experimental 1.08 .30 .05 0.001
Non- Experimental 15 .09 .01

ESR Experimental 17.66 7.05 1.01 0.001
Non- Experimental 30.25 16.64 2.51

X-rays finding Experimental 1.14 .51 .08 0.001
Non- Experimental 3.69 .73 |

*Independent sample t-test, P<0.05= Significant
After the supplementation of vitamin D and C as shown in figure 7 and 8, highly significant (**P <0.001) result

was observed in experimental groups at 6 and 12 weeks. Independent sample t-test was used to find the effect
of vitamin supplementation in improvement of response of treatment.
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Table 5: Variation in the values of vitamin D at 0, 6 and 12 weeks in experimental and non-experimental
groups.

Vit D Experimental group n=50 ng/ml Non-experimental group n=50 ng/ml
Mean Standard Standard error Mean Standard Standard error p-value
deviation of mean deviation of mean
0 week 15.0 3.0 0.6 14.7 3.6 0.6 0.50
6 weeks 25.6 4.2 0.6 15.7 3.8 0.6 0.001
12weeks 36.7 71 1.1 15.7 3.8 0.6 0.001

B vit D 0 week
M it D6 weeks
40.00 Wit D 12 weeks

30.00

20.00

10.00

Clustered Bar Mean of vit D at 0, 6 & 12 weeks

experimental group non-experimental group

Groups

Figure 7: Mean vitamin D Levels in both groups
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Figure 8: Mean vitamin C in both groups
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Levels of ESR was significantly reduced in experimental group at 0, 6 and 12 weeks as shown in figure 9.
value is 0.001 which shows our result is statistically significant.

Table 6: Variation in the values of ESR at 0, 6 and 12th weeks experimental and non- experimental
groups.

ESR Experimental group Non experimental group
(mm/hr) (n=50) mm/hr (n=50) mm/hr
0 week Mean Standard Standard error Mean Standard Standard error p-value
deviation of mean deviation of mean

48.5 19.1 2.8 59.5 25.2 3.8 0.024
6weeks

36.5 15.2 2.2 43.9 23.1 3.5 0.078
T2weeks 176 7.0 1.1 303 16.6 25 0.001
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Figure 9: Comparison of mean ESR Levels between both groups

DISCUSSION: The management of tuberculosis remains a significant challenge due to the emergence of
multidrug-resistant (MDR) strains and the increasing diversity of drug-resistant Mycobacterium tuberculosis
variants. Although the potential role of vitamins in modulating immune responses and improving disease
outcomes has been widely explored, clinical trials evaluating vitamin supplementation as an adjunct to standard
tuberculosis therapy are still limited and insufficient [2]. Based on our study, the male-to-female ratio among
tuberculosis patients (both those receiving anti-TB drugs with vitamin supplements and those in control group,
not taking vitamin supplementation) was 64% males to 36% females. When we analyze the age distribution
data, it revealed that the highest proportion of sputum-positive pulmonary TB cases present in individuals aged
20-30 years, accounting for 24% of cases. This was followed by 20% of cases in the 31-40-year age group,
18% in those aged 41-50 years, and 22% among individuals between 51-60 years. Similarly, a study conducted
in Lucknow reported that approximately 39.7% of pulmonary TB cases were found in patients aged 18-35
years. These findings suggest that pulmonary tuberculosis prevalence is more among the young and middle-
aged population, emphasizing the necessity for preventive measures, more focused screening and
management programs in these age groups [15].

A retrospective study of chest X-rays from tuberculosis patients was conducted in Nigeria, which revealed that
97% of the patients showed abnormal radiological findings. Among drug-resistant TB patients, the most
frequently observed abnormality was cavitations, followed by pleural effusion, pulmonary infiltrates and fibrotic
changes. These findings suggest that people seek medical care late in the course of the iliness, especially
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when drug resistance has already developed, this leads to problem of late diagnosis and treatment initiation in
such cases [16]. The present study aimed to evaluate the potential benefits of vitamin C and D supplementation
in tuberculosis patients. Vitamin C is a powerful antioxidant that reduces oxidative stress injury at cellular level,
while vitamin D enhances the production of antimicrobial peptides that play an important role in enhancing
immune response against Mycobacterium tuberculosis.

A study observed that active tuberculosis patients had decreased levels of vitamin C accompanied by an
increase in lipid peroxide activity. This suggests that oxidative stress causes lipid peroxidation of cell
membranes which can cause further tissue damage and it leads to disease progression [17]. Another study
reported that vitamin C supplementation may help limit the spread of tuberculosis infection. It can also enhance
recovery by helping with the healing of lung cavities and converting sputum samples from acid-fast bacillus
positive to negative. It improves the clearance rate of bacteria and promotes better therapeutic outcomes [18].
We studied the beneficial impact of vitamin D on the patients’ response to therapy (by x-ray findings and sign
& symptoms of patients). A study revealed that vitamin D can enhance the phagocytic ability of macrophages,
thereby improving the body’s immunity to engulf and fight against pathogens. It also revealed that monocytes
developed the anti-tubercular properties when they were exposed to vitamin D metabolites, suggesting vitamin
D plays an essential role in activating the body’s immunity against tuberculosis infection [19]. Providing vitamin
D during TB infection assists in inhibiting the growth and multiplication of bacterial agents by stimulating the
cathelicidin, an antimicrobial peptide production. Cathelicidin performs multiple immunological functions, in
addition to its direct antimicrobial activity, it enhances the process of autophagy, a cellular defense mechanism
that facilitates the clearance of harmful bacterial agents, therefore, inducing the immunity response against the
infection [20]. In our study, elevated ESR levels were noted in both the patient and the control groups before
starting the therapy. Among the patients, ESR showed a marked decrease after 6 and 12 weeks of treatment,
whereas the control group showed only a slight decline by the 12th week. The initial high ESR levels indicate
the presence of acute or chronic infection and the inflammatory response generated in lungs and it is the
characteristic feature of pulmonary tuberculosis [21]. It has been suggested that ESR levels in pulmonary
tuberculosis indicate the presence of elevated levels of circulating globulins and fibrinogen, which are usually
present in acute-phase reactions and contributing factors to the rise in ESR levels [22]. ESR is useful parameter
for assessing the effectiveness of anti-tuberculosis treatment and prognosis of TB. Because of its simplicity and
low cost, baseline ESR testing can be especially helpful in diagnosing and monitoring TB particularly in the
settings where resources are limited and better treatment opportunities are not readily available [23].

CONCLUSION: The findings indicate that vitamins C and D may serve as effective adjunctive therapies when
used alongside standard anti-tuberculosis medications for the management of pulmonary TB. Patients in the
experimental group demonstrated greater improvement in clinical symptoms, reductions in ESR levels, and
better chest X-ray resolution after 12 weeks compared with those in the non-experimental group. While these
results highlight the potential benefits of vitamin supplementation, further clinical studies are required to explore
the therapeutic value of additional vitamins in tuberculosis management.
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