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Vitamin D deficiency has been implicated in the susceptibility to tuberculosis due toits crucial
role in immune regulation and host defense mechanisms. Objectives: To compare serum
Vitamin D levels between newly diagnosed TB patients and healthy individuals and assess their
association with the nutritional-inflammatory profile. Methods: This comparative cross-
sectional study was conducted over 1 year from Dec 2021 to Dec 2022. A total of 224
participants, comprising 112 newly diagnosed tuberculosis patients as cases and 112 healthy
individuals as controls, were recruited. Cases included patients aged over 18 years with
confirmed tuberculosis diagnosis GeneXpert MTB/RIF assay. Controls were individuals without
tuberculosis symptoms and with serum vitamin D levels available. Results: Vitamin D levels
were found to be lesser in TB patients with median levels of 14.35 ng/mL (interquartile range
(IQR): 8.65-25.48) versus 19.08 ng/mL (IQR: 13.92-26.17; p=0.029) in normal people. A higher
proportion of TB patients exhibited severe deficiency (<10 ng/mL)at 35.7% compared to 13.4%
in controls (p=0.002). Similarly, deficiency (10-20 ng/mL) was more prevalent among
tuberculosis patients (42.9%) than controls (26.8%). Vitamin D levels in tuberculosis patients
had a positive correlation with BMI and albumin levels. Conclusions: It was concluded that
tuberculosis patients exhibited poorer nutritional status, with lower BMI, albumin, hemoglobin,
and Vitamin D levels compared to healthy controls with a significantly higher proportion of
tuberculosis patientshaving severe Vitamin D deficiency.

INTRODUCTION

Vitamin D deficiencyisapublic health concern, witharound
one billion people estimated to have insufficient levels[1].
The prevalence varies geographically due to differences in
sun exposure, dietary intake, cultural practices, and skin
pigmentation. In many regions, particularly in South Asia,
vitamin D deficiency is endemic[2]. In Europe, nearly 40%
of the population is deficient, with even higher rates in
elderly populations [3]. This widespread deficiency
underscores the need for increased awareness and
intervention. Tuberculosis (TB) remains one of the leading
infectious diseases globally, caused by Mycobacterium
tuberculosis. Recent evidence highlights its potential role

incombatinginfections, including tuberculosis(TB), due to
its ability to enhance macrophage function and upregulate
the production of antimicrobial peptides like “cathelicidin
and defensins” [4, 5]. The interaction between vitamin D
and TB is well documented, with vitamin D deficiency
identified as a risk factor for TB susceptibility. Studies
suggest that individuals with low vitamin D levels have
impaired macrophage activation, resulting in suboptimal
bacterial clearance [6, 7]. A meta-analysis revealed that
vitamin D deficiency is significantly more prevalent among
TB patients than in healthy individuals [8]. Furthermore,
supplementation with vitamin D in TB patients has been
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explored as an adjunct therapy, showing promise in
enhancing treatment outcomes [9]. In Pakistan, TB
remains a major public health challenge, with the country
ranking fifth among high-burden TB countries [10].
Simultaneously, vitamin D deficiency is alarmingly
prevalent, affecting approximately 7090% of the
population, including all age groups [11, 12]. A 2019 study
reported that over 80% of TB patients had vitamin D
deficiency compared to 45% in healthy controls,
highlighting the correlation between low vitamin D levels
and increased TB risk [13]. Factors contributing to this
deficiency include limited sun exposure due to cultural
practices, inadequate dietary intake, and high rates of
malnutrition [14]. Studies indicate that the majority of TB
patients in Pakistan have insufficient vitamin D levels,
potentially impairing immune response and bacterial
clearance. Variationsin Mycobacterium tuberculosis strain
types, including the Beijing and East African-Indian
lineages, further impact disease severity and treatment
outcomes. While standard treatment regimens achieve
high successratesin drug-sensitive TB, the growing threat
of Multidrug-resistant tuberculosis (MDR-TB) and
extensively drug-resistant tuberculosis (XDR-TB)
necessitates prolonged, toxic therapies [13]. While global
research has established a link between vitamin D
deficiency and TB susceptibility, regional variations in
prevalence and severity necessitate localized
investigations. Pakistan's dual burden of TB and vitamin D
deficiency offers a unique opportunity to explore this
relationship further and help in the development of
preventive andtherapeutic strategies.

Tuberculosis remains a major infectious disease burdenin
developing countries, and emerging evidence suggests
that vitamin D deficiency may contribute to increased
susceptibility and poor disease outcomes due toitsrole in
immune regulation. However, in Pakistan, there is limited
comparative data evaluating serum vitamin D levels
between newly diagnosed TB patients and healthy
individuals, particularly in relation to nutritional-
inflammatory status. Existing studies show inconsistent
findings regarding the strength of this association and its
clinical relevance in local populations. This study aimed to
perform a comparative analysis of serum vitamin D levels
between newly diagnosed TB patients and healthy
individuals and assess theirassociation with the nutritional
profile.

METHODS

This comparative cross-sectional study was conducted
over lyear from Dec 2021to Dec 2022 at Liaquat University
Hospital, Hyderabad. A total of 224 participants,
comprising 112 newly diagnosed TB patients as cases and
112 healthy individuals as controls, were recruited. The
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sample was calculated via an open epi sample size
calculator by taking the percent of Vitamin D deficiency in
exposed(TB patients)with the outcome as 68.96% percent
of unexposed (healthy controls) with the outcome as
51.72% with 80% power of study and 30% CI[15]. The study
was approved by the ERC of Liaquat University of Medical
and Health Sciences, Jamshoro vide letter No.
LUMHS/REC/-164. Cases included patients aged over 18
years with confirmed TB diagnosis through AcidFast Bacilli
(AFB) smear microscopy or GeneXpert MTB/RIF assay.
Controls were individuals without TB symptoms and with
serum vitamin D levels available. Participants with chronic
liver disease, chronic kidney disease, HIV-positive status,
or ongoing vitamin D supplementation were excluded from
the study. Pregnant individuals were also excluded to
eliminate potential confounding factors related to
pregnancy-induced changes in vitamin D metabolism.
Vitamin D status was classified based on the clinical
practice guidelines of the Endocrine Society Task Force
[16]. Informed written consent was taken from every
participant (cases and controls) before enrollment in the
study. The study outcomes were assessed in terms of
measuring the serum Vitamin D levels and their correlation
with nutritional (BMI, Vitamin B12, Serum Ferritin,
Hemoglobin, and Albumin)andinflammatory markers(ESR,
Total Leucocyte Count, and Neutrophil-to-Lymphocyte
Ratio) in TB patients and healthy controls. Data analysis
was performed using SPSS version 21.0. Descriptive
statistics were used to summarize demographic and
clinical characteristics. An Independent t-test was applied
to compare continuous variables between cases and
controls, while the chi-square test assessed the
relationship of the level of Vitamin D in cases and controls.
Spearman's correlation was used to measure the
association between Vitamin D levels and nutritional-
inflammatory parameters. A p-value<0.05 was considered
statistically significant.

RESULTS

The mean age was similar between TB patients (50 + 16.46
years) and controls (49 + 11.38 years) (p=0.43). A greater
ratio of males was observed among TB patients (71.43%)
compared to controls (55.36%). TB patients had a
significantly lower mean BMI(21.34 + 3.16 kg/m?) compared
to controls (26.53 + 2.14 kg/m?) (p=0.04). Mean albumin
levels were lower in TB patients(3.03 + 1.32 mg/dL) than in
controls(4.3+0.53 mg/dL)(p=0.013). Likewise, hemoglobin
levels were lowerin cases(10.52 +2.19 g/dL)thanin controls
(13.32 +1.56 g/dL)(p = 0.045). Differences in mean calcium,
total WBC count, and platelet count were not significant
(Table1).
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Table 1: Baseline Characteristics of Tb Patients (n=112) and
Healthy Controls(n=112)

TB Patients  Controls

p-Value

Variables (n=112) (n=112)
Male 80(71.43%) | 62(55.36%)

0.120
Female 32(28.57%) | 50 (44.64%)

Mean BMI (Kg/m?) 21.34+3.16 | 26.53+2.14 | 0.040*

Mean Albumin (mg/dL) 3.03+£1.32 | 4.3+0.53 | 0.013*
Mean Calcium (mg/dL) 8.15+1.27 | 10.21+0.13 | 0.860
Mean ESR(mm/h) 67+12.76 14.53 +6.31 | 0.003*

10.62+2.19 | 13.32+1.56 | 0.045*
13642 +3281| 63241138 | 0.080
3.23+1.51 | 2.21+0.62 0.130

Mean Hemoglobin (g/dL)
Mean Total WBC Count (10°%/L)
Mean Platelets (100,000/dL)

*Statistically significant

Vitamin Dlevelswerelesserin TB patientsin comparison to
healthy controls, with median levels of 14.35 ng/mL (IQR:
8.65-25.48)versus 19.08 ng/mL (IQR: 13.92-26.17; p=0.029).
A higher proportion of TB patients exhibited severe
deficiency (<10 ng/mL) at 35.7% compared to 13.4% in
controls(p=0.002). Similarly, deficiency (10-20 ng/mL)was
more common among TB patients (42.9%) than controls
(26.8%). Opposite to that, Vitamin D sufficiency (>30
ng/mL)was observed in only 8% of TB patients compared
t024.1% of controls(Table 2).

Table 2: Comparison of Vitamin D Status Between Tb Patients
(n=112) and Healthy Controls (n=112)

Variabl TB Patients  Controls p-
ariabies (n=112) (n=112)  Value
Median (IQR) Serum Vitamin 14.35 19.08 0.029*
D3 Levels (ng/mL) (8.65-25.48) | (13.92-26.17) | -~
Severe Deficiency (<10 ng/mL) 40(35.7%) | 15(13.4%)
Deficiency (10-20 ng/mL) 48(42.9%) | 30(26.8%) 0.002*
Insufficiency (21-30 ng/mL) 15(13.4%) | 40(35.7%) |
Sufficiency (>30 ng/mL) 9(8.0%) 27(24.1%)

*Statistically significant

A significant positive correlation was observed between
Vitamin D and BMI(r=+0.40, p=0.032) and albumin (r=+0.55,
p=0.018), suggesting that better nutritional status may be
associated with higher Vitamin D levels. While hemoglobin
(r=+0.48, p=0.076) and Vitamin B12 (r=+0.15, p=0.162)
showed positive correlations, they were not statistically
significant. Conversely, ESR (r=-0.65, p=0.091), serum
ferritin (r=-0.08, p=0.247), and NLR (r=-0.09, p=0.225)
exhibited negative correlations with Vitamin D, though
these associations lacked statistical significance(Table 3).
While correlation of Vitamin D3 with Nutritional-
Inflammatory Profile in Healthy Controls was not found to
be statistically significant.
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Table 3: Correlation Between Vitamin D3 and Nutritional-
Inflammatory Profile in Tuberculosis Patients and Healthy
Controls

TB PATIENTS CONTROLS

PARAMETER Correlation p-

Correlation p-
Coefficient(r) Value Coefficient(r) Value

BMI +0.40 0.032* +0.22 0.148

Vitamin B12 +0.15 0.162 +0.09 0.312
Serum Ferritin -0.08 0.247 -0.12 0.284
Albumin +0.55 0.018* +0.38 0.079
Hemoglobin +0.48 0.076 +0.29 0.092

ESR -0.65 0.091 -0.15 0.056

Total Leucocyte Count +0.12 0.198 +0.07 0.367
Lympm%‘g;fepggtfg(NLR) 009 |0225| -005 |o0.419

*Statistically significant

DISCUSSION

The findings in the current study revealed a median serum
Vitamin D level of 14.35 ng/mL among TB patients,
significantly lower than the 19.08 ng/mL observed in
controls (p=0.029). Severe Vitamin D deficiency was more
prevalent in TB patients (35.7%) compared to controls
(13.4%, p=0.002). Similarly, Vitamin D sufficiency was less
common in TB patients (8%) than in controls (24.1%). A
study by Balcells et al., showed that Vitamin D deficiency is
consistently linked to active TB, likely owing to the
immunomodulatory role in macrophage activation and
granuloma formation [17]. TB patients had significantly
lower BMI(21.34 + 3.16kg/m?)and serum albumin levels(3.03
+1.32mg/dL) compared to controls (26.53 + 2.14kg/m? and
4.3 + 0.53mg/dL, respectively, p=0.013). BMI and albumin
were positively associated with Vitamin D levels in TB
patients. This suggests that malnutrition exacerbates
Vitamin D deficiency, which may worsen TB outcomes.
Similar findings have been reported in India, where
malnourished TB patients exhibited lower Vitamin D levels
than their well-nourished counterparts, underscoring the
need for nutritional interventions [18]. Malnutrition in TB
patients likely arises from increased metabolic demands,
poor appetite, and systemic inflammation. Low albumin
levels, indicative of protein energy malnutrition, correlate
with diminished Vitamin D binding protein, causing lower
bioavailability of active vitamin D3[19]. Elevated ESR levels
in TB patients(67+12.76mm/h)compared to controls(14.53
+ 6.31mm/h, p=0.003) indicate heightened systemic
inflammation. However, no significant correlation was
observed between Vitamin D levels and ESR (r=0.85,
p=0.091). This contrasts with a study from China, where
lower Vitamin D levels were linked to more severe
inflammatory responses in TB patients [20]. The absence
of such an association in our study could be due to
variability in disease severity or differences in the
inflammatory markers assessed. TB patients
demonstrated lower hemoglobin levels (10.52 + 2.19g/dL)
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comparedto controls(13.32 +1.56g/dL, p=0.045), reflecting
anemia of chronic disease. A positive relation between Hb
levels and Vitamin D was observed (r=+0.48) but was non-
significant (p=0.076). Anemia in TB is multifactorial, driven
by chronic inflammation, nutritional deficiencies, and
impaired erythropoiesis [21]. Studies from India have
highlighted the synergistic impact of Vitamin D and iron
deficiencies in exacerbating anemia among TB patients
[22]. These findingsreinforce the need to deal with Vitamin
Ddeficiency and malnutritionin TB management. The WHO
End TB Strategy emphasizesintegrated nutritional support
for TB patients, aligning with our observation that
malnourished TB patients are prone to severe Vitamin D
deficiency [23]. Vitamin D supplementation as adjunctive
therapy has shown promise in enhancing sputum
conversion rates and reducing treatment duration in
randomized controlled trials conducted in India and
Pakistan[24]. Variations in deficiency rates are influenced
by dietary intake, sun exposure, genetic factors, and
comorbidities. Comparative studies indicate that
countries with higher latitudes experience more
pronounced seasonal variations in Vitamin D3, potentially
exacerbating TBrisk duringwintermonths[25].

This study was limited by its cross-sectional design, which
prevents establishing a causal relationship between
vitamin D deficiency and tuberculosis. Being a single-
center study with a relatively small sample size may limit
generalizability to the broader population. Additionally,
potential confounding factors such as dietary intake,
sunlight exposure, and socioeconomic status were not
fully controlled. Futureresearch shouldinclude large-scale
multicenter longitudinal studies to establish causality and
explore the effect of vitamin D supplementation on TB
treatment outcomes. It is also recommended to integrate
nutritional screening, including vitamin D assessment, into
routine TB management protocols to improve patient
outcomes.

CONCLUSIONS

Tuberculosis patients exhibited poorer nutritional status,
with lower BMI, albumin, hemoglobin, and Vitamin D levels
compared to healthy controls. A significantly higher
proportion of TB patients had severe Vitamin D deficiency.
Positive correlations were observed between Vitamin D
levels and BMI as well as albumin, indicating a link between
nutritional status and Vitamin D. However, inflammatory
markers showed no significant association with Vitamin D
levels. These findings suggest that nutritional
deficiencies, particularly in Vitamin D, may be linked to TB,
highlighting the importance of nutritional support in TB
management.

DOI: https://doi.org/10.54393/pjhs.v6i2.2607

Authors’ Contribution

Conceptualization: MAR

Methodology: MAR, MN, IJ, MS

Formalanalysis: MAM, MZ

Writingand Drafting: MN, IJ, MNA

Reviewand Editing: MN, IJ, MNA, MAR, MN, IJ, MS

All authors approved the final manuscript and take
responsibility for the integrity of the work

Conflicts of Interest
Theauthorsdeclare no conflict of interest.
Source of Funding

The author received no financial support for the research,
authorshipand/or publication of thisarticle.

REFERENCES

[11  Alswailmi FK, Shah S|, Nawaz H, Al-Mazaideh GM.
Molecular Mechanisms of Vitamin D-Mediated
Immunomodulation. Galen Medical Journal. 2021;10:
E2097.doi: 10.31661/gm;j.v10i0.2097.

[2] Siddigee MH, Bhattacharjee B, Siddigi UR,
Meshbahurrahman M. High Prevalence of Vitamin D
Deficiency Among the South Asian Adults: A
Systematic Review and Meta-Analysis. BioMed
Central Public Health. 2021Dec; 21:1-8. doi: 10.1186/s
12889-021-11888-1.

[3] Amrein K, Scherkl M, Hoffmann M, Neuwersch-
Sommeregger S, Kdstenberger M, Tmava Berisha A et
al. Vitamin D Deficiency 2.0: An Update on the
Current Status Worldwide. European Journal of
Clinical Nutrition. 2020 Nov; 74(11): 1498-513. doi: 10.1
038/s41430-020-0558-y.

[4] Bussi C and Gutierrez MG. Mycobacterium
Tuberculosis Infection of Host Cells in Space and
Time. Federation of European Microbiological
Societies Microbiology Reviews. 2019 Jul; 43(4): 341-
61.doi: 10.1093/femsre/fuz006.

[5] Chai Q, Zhang Y, Liu CH. Mycobacterium
Tuberculosis: An Adaptable Pathogen Associated
with Multiple Human Diseases. Frontiers in Cellular
and Infection Microbiology. 2018 May; 8:158. doi: 10.3
389/fcimb.2018.00158.

[6] CaoY,WangX, LiuP,SuY, YuH, DudJ. Vitamin D and
the Risk of Latent Tuberculosis Infection: A
Systematic Review and Meta-Analysis. BioMed
Central Pulmonary Medicine. 2022 Jan; 22(1): 39. doi:
10.1186/s12890-022-01830-5.

[7] BrighentiS, Bergman P, Martineau AR. Vitamin D and
Tuberculosis: Where Next?. Journal of Internal
Medicine. 2018 Aug; 284(2): 145-62. doi: 10.1111/joim.1
2771.

PJHS VOL. 6 Issue. 02 Feb 2025 Copyright ® 2025. PJHS, Published by Crosslinks International Publishers LLC, USA
[ This work is licensed under a Creative Commons Attribution 4.0 International License. 29




Rind MA et al.,

(8l

Serum Vitamin D Levels in Newly Diagnosed TB Patients versus Healthy Individuals

Junaid K and Rehman A. Impact of Vitamin D On
Infectious Disease-Tuberculosis-A Review. Clinical
Nutrition Experimental. 2019 Jun; 25: 1-0. doi: 10.101

DOI: https://doi.org/10.54393/pjhs.v6i2.2607

Patients. Internatioanl Journal of Applied Basic
Medical Research. 2021 Dec;11(4):226-30. doi: 10.41
03/ijabmr.ijabmr_76_21.

6/j.yclnex.2019.02.003. [19] VanValkenburg A, Kaipilyawar V, Sarkar S,
[9] Soeharto DA, Rifai DA, Marsudidjadja S, Roekman AE, Lakshminarayanan S, Cintron C, Prakash Babu S et al.
Assegaf CK, Louisa M. Vitamin D as an Adjunctive Malnutrition leads to increased inflammation and
Treatment to Standard Drugs in Pulmonary expression of tuberculosis risk signaturesinrecently
Tuberculosis Patients: An Evidence-Based Case exposed household contacts of pulmonary
Report. Advances in Preventive Medicine. 2019; tuberculosis. Frontier Immunology. 2022 Sep
2019(1): 5181847. doi: 10.1155/2019/5181847. 28;13:1011166. doi: 10.3389/fimmu.2022.1011166.
[10] World Health Organization. Global tuberculosis [20] Cail, HousS, Huang, LiuS, Huang X, Yin X et al. The
report 2020. Geneva: WHO; 2020 [cited 2025 Jan Potential Role of Vitamin D in the Development of
23]. Available from: https://www.who.int/ Tuberculosis in Chinese Han Population: One Case-
publications-detail-redirect/9789240013131 Control Study. Frontiers in Medicine. 2022 Jul; 9:
[11] Arshad S and Zaidi SJ. Vitamin D Levels Among 849651.doi: 10.3389/fmed.2022.849651.
Children, Adolescents, Adults, and Eldersin Pakistani [21] Ongwae JM, Musyoki SK, Mongare S. Profile of
Population: A Cross-Sectional Study. BioMed Central haematological indices among pulmonary
Public Health. 2022 Nov; 22(1): 2040. doi: 10.1186/s12 tuberculosis patients attending Kisii Teaching and
889-022-14526-6. Referral Hospital, Kenya. International Journal of
[12] Salim N, Sattar MA, Adnan A. High Prevalence of Community Medicine and Public Health [Internet].
Vitamin D Deficiency in Pakistan and Miscarriages: A 2023 Aug;10(8):2669-2675. https://dx.doi.org/
Hazard to Pregnancies. Annals of Medicine and 10.18203/2394-6040.ijcmph20232351
Surgery. 2022 Oct; 82.doi: 10.1016/j.amsu.2022.1046 [22] Dasaradhan T, Koneti J, Kalluru R, Gadde S, Priya
34. Cherukuri S, Chikatimalla R. Tuberculosis- . Cureus.
[13] Nouri-Vaskeh M, Sadeghifard S, Saleh P, Farhadi J, 2022 Aug; 14(8). doi: 10.7759/cureus.27746.
Amraii M, Ansarin K. Vitamin D Deficiency Among [23] Papagni R, Pellegrino C, Di Gennaro F, Patti G,
Patients with Tuberculosis: A Cross-Sectional Study Ricciardi A, Novara R et al. Impact of Vitamin D in
in Iranian-Azari Population. Tanaffos. 2019 Jan; 18(1): Prophylaxis and Treatment in Tuberculosis Patients.
1. International Journal of Molecular Sciences. 2022
[14] ElHossK, Salla M, Khaled S, Krayem M, Hassan H, El Mar; 23(7): 3860. doi: 10.3390/ijms23073860.
Khatib S. Update on Vitamin D Deficiency and Its [24] Afzal A, Rathore R, Butt NF, Randhawa FA. Efficacy of
Impact On Human Health Major Challenges and Vitamin D Supplementation in Achieving An Early
Technical Approaches of Food Fortification. Journal Sputum Conversion in Smear Positive Pulmonary
of Agriculture and Food Research. 2023 Jun; 12: 1006 Tuberculosis. Pakistan Journal of Medical Sciences.
16. doi: 10.1016/j.jafr.2023.100616. 2018 Jul; 34(4): 849.doi: 10.12669/pjms.344.14397.
[15] Mamadapur VK, Nagaraju S, Prabhu MM. Comparative [25] Lips P, de Jongh RT, van Schoor NM. Trends in
Study of Vitamin D Levels in Newly Diagnosed Vitamin D Status Around the World. Journal of Bone
Tuberculosis and a Normal Population. Medicina. and Mineral Research Plus. 2021 Dec; 5(12): e10585.
2024 Apr; 60(5): 685. doi: 10.3390/medicina00506 doi:10.1002/jbm4.10585.
85.
[16] Ptudowski P, Kos-Kudta B, Walczak M, Fal A,
Zozulinska-Ziodtkiewicz D, Sieroszewski P et al.
Guidelines for Preventing and Treating Vitamin D
Deficiency: A2023 Updatein Poland. Nutrients. 2023
Jan; 15(3): 695. doi: 10.3390/nu15030695
[17] Balcells ME, Yokobori N, Hong BY, Corbett J,
Cervantes J. The Lung Microbiome, Vitamin D, and
the Tuberculous Granuloma: A Balance Triangle.
Microbial Pathogenesis. 2019 Jun; 131: 158-63. doi:
10.1016/j.micpath.2019.03.041.
[18] ChhabraS, Kashyap A, Bhagat M, Mahajan R, Sethi S.
Anemia and Nutritional Status in Tuberculosis
e T work i conao undor a et Commons atinton 3 ntstoatona Lisnie, 30




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5

