VOL. SISSUE. 1(2035) E- 2415-5934 https://jcphs.com

ESS
¢ . Journal of Clinical Practice /AJAJ
% “~  and Health Sciences

An official Journal of Archives of Global Professionals

VITAMIN D DEFICIENCY AND ITS ASSOCIATION WITH

RESPIRATORY INFECTIONS

Maryam Igbal
Department of Pulmonology, Aga Khan University Hospital, Karachi, Pakistan

Abstract

Vitamin D deficiency has emerged as a significant public health concern worldwide, with notable
prevalence in Pakistan. Recent research underscores the role of vitamin D in immune modulation
and its potential influence on respiratory infections. This article reviews the epidemiology of
vitamin D deficiency in Pakistani populations, its immunological mechanisms related to
respiratory health, clinical correlations with various respiratory infections, therapeutic
interventions, and public health implications. Through comprehensive analysis, the article
highlights the importance of vitamin D sufficiency in reducing the incidence and severity of
respiratory infections and proposes strategies for effective management.
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INTRODUCTION

Vitamin D, traditionally known for its role in calcium homeostasis and bone health, has gained
recognition for its immunomodulatory properties. It regulates both innate and adaptive immune
responses, making it a crucial factor in protecting against infections, especially respiratory tract
nfections. Despite Pakistan’s abundant sunlight, vitamin D deficiency is widespread due to
socio-cultural, environmental, and nutritional factors. Respiratory infections remain a leading
cause of morbidity and mortality in Pakistan, particularly among children and the elderly.
Exploring the link between vitamin D deficiency and respiratory infections can inform clinical
and public health strategies to reduce this burden.

Epidemiology of Vitamin D Deficiency in Pakistan

Prevalence in Different Age Groups, Genders, and Regions

Vitamin D deficiency is highly prevalent across all age groups in Pakistan.

Among children and adolescents, deficiency rates are notably high, often exceeding 60-70%,
with girls more affected than boys due to cultural practices limiting sun exposure. In adults,
studies show prevalence rates around 70-85%, with women consistently showing higher
deficiency than men. Pregnant women are especially wulnerable, with rates often reported
between 60-80%, which poses risks for both mother and child. Regional differences exist, with
urban populations sometimes showing slightly lower deficiency rates than rural areas, possibly
due to differences in lifestyle and healthcare access. However, urban pollution and indoor
lifestyles also contribute to deficiency. In northern mountainous regions, despite higher sunlight
availability, deficiency remains high due to clothing customs and limited outdoor activities.
Sociocultural and Environmental Contributors

Cultural practices, especially modest clothing norms for women, limit skin exposure to sunlight,
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reducing vitamin D synthesis. Dietary habits in Pakistan typically lack sufficient vitamin D-rich
foods, such as fatty fish, fortified dairy, and eggs, leading to inadequate intake.

Sun exposure is limited due to indoor lifestyles, urbanization, pollution, and hot climate
discouraging outdoor activity during daytime. Lack of awareness about vitamin D importance
and sun safety also contributes to widespread deficiency.

Data from National and Local Studies

Numerous studies across Pakistan have documented high prevalence, with variations depending
on geography, socioeconomic status, and gender.

Surveys of school children, pregnant women, and general populations consistently report
deficiency rates above 50%, sometimes reaching over 80% in high-risk groups. Data suggest a
growing public health concern, linked to increased risk of bone disorders, infections, and chronic
diseases.

2. Immunological Role of Vitamin D in Respiratory Health

Vitamin D plays a crucial immunomodulatory role, which significantly impacts respiratory
health. The presence and activity of vitamin D receptor (VDR) in cells of the respiratory tract,
along with its influence on innate and adaptive immune responses, highlight its importance in
preventing and managing respiratory infections.

Vitamin D Receptor (VDR) Expression in Respiratory Tract Cells

The vitamin D receptor (VDR) is a nuclear hormone receptor widely expressed in various cell
types of the respiratory tract, including epithelial cells lining the airways, alveolar macrophages,
and immune cells such as dendritic cells and T lymphocytes. VDR binds to the active form of
vitamin D (1,25-dihydroxyvitamin D3), enabling the regulation of gene transcription involved in
immune responses. The presence of VDR in these cells allows vitamin D to exert direct effects
on respiratory mucosal defense mechanisms.

Modulation of Innate and Adaptive Immunity

Vitamin D modulates the immune system by influencing both innate and adaptive immunity. In
the innate immune system, vitamin D enhances the pathogen recognition and response
capabilities of macrophages and dendritic cells. It promotes the production of antimicrobial
peptides, which serve as a first line of defense against invading respiratory pathogens. In
adaptive immunity, vitamin D affects T cell differentiation and function. It tends to suppress pro-
inflammatory Thl and Th17 responses, which are often implicated in chronic inflammation,
while promoting regulatory T cells (Tregs) that help maintain immune tolerance and prevent
excessive tissue damage. This immunoregulatory role of vitamin D helps maintain a balanced
immune response, minimizing harmful inflammation in the respiratory tract.

Induction of Antimicrobial Peptides (Cathelicidin and Defensins)

One of the most critical mechanisms through which vitamin D contributes to respiratory health is
the induction of antimicrobial peptides such as cathelicidin (LL-37) and defensins. These
peptides possess broad-spectrum antimicrobial activity against bacteria, viruses, and fungi.
Vitamin D stimulates the expression of genes encoding these peptides in respiratory epithelial
cells and immune cells. Cathelicidin disrupts microbial membranes and modulates inflammatory
responses, while defensins function by directly Killing pathogens and recruiting immune cells to
sites of infection. The upregulation of these peptides by vitamin D enhances mucosal barrier
integrity and contributes to the rapid clearance of respiratory pathogens, thereby reducing
susceptibility to infections such as influenza, tuberculosis, and pneumonia.

3. Clinical Correlation Between Vitamin D Deficiency and Respiratory Infections

Vitamin D deficiency has been clinically associated with an increased risk and severity of
various respiratory infections, highlighting its importance beyond bone health and emphasizing
its role in immune competence.

Observational Studies Linking Vitamin D Status with Infection Risk and Severity
Numerous observational studies have reported an inverse relationship between serum vitamin D
levels and the incidence of respiratory tract infections. Populations with low vitamin D status
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consistently show higher susceptibility to infections, including upper and lower respiratory tract
illnesses. These studies suggest that msufficient vitamin D compromises the mmmune system’s
ability to mount an effective defense against respiratory pathogens, leading to increased infection
risk and more severe clinical presentations.

Association with Tuberculosis, Pneumonia, Influenza, and Other Respiratory Illnesses
Vitamin D deficiency is notably linked with increased susceptibility to tuberculosis (TB), a
major global respiratory disease. The immunomodulatory effects of vitamin D, particularly in
activating macrophages to kil Mycobacterium tuberculosis, underpin this association. Similarly,
low vitamin D levels have been correlated with higher incidence and severity of community-
acquired pneumonia. Influenza infections also demonstrate a higher prevalence and worse
clinical outcomes among individuals with vitamin D insufficiency, as vitamin D influences
antiviral defense mechanisms and inflammatory responses. Beyond these, several studies have
implicated vitamin D deficiency in exacerbations of chronic respiratory conditions such as
asthma and chronic obstructive pulmonary disease (COPD), which predispose patients to
recurrent infections.

Impact on Disease Outcomes and Hospitalization Rates

Vitamin D status not only influences infection risk but also impacts clinical outcomes. Deficient
individuals tend to experience prolonged illness duration, increased complication rates, and
higher hospitalization frequency and length of stay for respiratory infections. Some clinical
cohorts have reported that vitamin D supplementation reduces hospitalization rates and improves
recovery times, supporting its role in modulating disease severity and promoting better
prognosis.

4. Intervention Strategies and Therapeutic Implications

Addressing vitamin D deficiency through supplementation has gained significant attention as a
potential strategy to reduce the burden of respiratory infections. Clinical trials, dosage
guidelines, and safety considerations shape the therapeutic framework for optimizing respiratory
health via vitamin D.

Vitamin D Supplementation Trials and Effectiveness

Randomized controlled trials (RCTs) investigating vitamin D supplementation have produced
evidence supporting its role in reducing the incidence and severity of respiratory infections.
Meta-analyses of these trials indicate that vitamin D supplementation, particularly in individuals
with baseline deficiency, decreases the risk of acute respiratory tract infections. Supplementation
has been shown to enhance immune response by restoring optimal serum vitamin D levels,
which boosts antimicrobial peptide production and regulates inflammatory pathways. However,
the degree of benefit varies across studies, likely influenced by factors such as dosage, baseline
vitamin D status, and population demographics.

Dosage Recommendations and Safety Considerations

Optimal dosage for vitamin D supplementation in the context of respiratory health remains a
subject of ongoing research. Commonly recommended daily intakes range from 600 to 2000 1U,
with higher doses considered for those with severe deficiency or increased risk. Intermittent
high-dose regimens have been explored but carry concerns regarding safety and efficacy.
Maintaining serum 25-hydroxyvitamin D concentrations within the range of 30-50 ng/mL is
generally considered effective for immunomodulatory benefits.

Safety considerations include the risk of hypercalcemia and toxicity with excessive vitamin D
intake, although such events are rare at recommended dosages. Regular monitoring of serum
levels is advised in cases of high-dose supplementation, especially in patients with comorbidities
affecting calcium metabolism.Guidelines from National and International Health Authorities
Several health organizations have issued guidelines on vitamin D intake aimed at preventing
deficiency and supporting overall health. The Institute of Medicine (IOM) recommends daily
vitamin D intakes of 600-800 IU for most adults, with an upper intake limit of 4000 IU. The
Endocrine Society suggests higher supplementation doses for individuals at risk of deficiency,
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especially in wulnerable populations such as the elderly and those with limited sun exposure.
While specific guidelines for vitamin D in respiratory infection prevention are still evolving,
many authorities emphasize the importance of maintaining adequate vitamin D status as part of a
comprehensive strategy to improve respiratory health outcomes.

5. Public Health Challenges and Future Directions

Addressing vitamin D deficiency in Pakistan presents unique public health challenges that must
be overcome to harness its full potential in improving respiratory health. Effective screening,
increased awareness, and integration into healthcare systems are essential steps forward.
Screening and Awareness in Pakistan

Despite ample sunlight, vitamin D deficiency is highly prevalent in Pakistan due to sociocultural
practices, dietary insufficiencies, and urbanization-related lifestyle changes. Public awareness
regarding the importance of vitamin D, especially its role in immune function and respiratory
health, remains limited. There is a pressing need for nationwide screening programs to identify
individuals at risk and promote preventive measures. Incorporating vitamin D status assessment
into routine health checkups could help detect deficiency early, particularly among wulnerable
groups such as children, the elderly, and individuals with chronic respiratory diseases.
Integration of Vitamin D Assessment in Respiratory Disease Management

Current clinical management of respiratory infections in Pakistan seldom includes vitamin D
assessment or supplementation as a standard protocol. Integrating vitamin D evaluation into
respiratory disease treatment guidelines may enhance patient outcomes by addressing an
underlying modifiable risk factor. Training healthcare providers to recognize the significance of
vitamin D status and encouraging supplementation where appropriate can complement
conventional therapies, potentially reducing infection rates and severity.

Research Gaps and Need for Large-Scale Clinical Trials

While existing evidence supports the immunomodulatory benefits of vitamin D, significant
research gaps remain, particularly in the Pakistani context. Large-scale, well-designed clinical
trials are needed to clarify optimal supplementation strategies, dosage regimens, and the long-
term impact of vitamin D on respiratory infections across diverse populations. Additionally,
studies exploring genetic, environmental, and nutritional factors influencing vitamin D
metabolism in Pakistan will help tailor public health interventions. Strengthening local research
capacity and fostering collaborations between academic institutions, healthcare systems, and
policymakers are crucial for advancing this field. Yao, Nguyen, Srivastava, and Ambite (2025)
proposed a task-agnostic federated learning framework to tackle privacy and data-sharing
challenges in medical imaging. The framework addresses issues such as task and data
heterogeneity, non-1ID distributions, label scarcity, and computational variations across
institutions. By using self-supervised pre-training with Vision Transformer (ViT), the
approach enables effective representation learning across diverse datasets without requiring
initial  labels. Experiments on real-world non-1ID medical datasets demonstrated that the
framework retained 90% of F1 accuracy with only 5% of the training data typically required
by centralized approaches and generalized effectively to unseen tasks, highlighting its potential
for multi-task foundation modeling. Chen, Yin, Zhang, Ren, and Zeng (2025) conducted a
bibliometric analysis of 1,867 publications to investigate trends and research hotspots in neural
network applications for brain—computer interfaces (BCIs). The study highlighted key areas,
including P300 signals, Long Short-Term Memory (LSTM) networks, motor imagery, epilepsy,
emotion recognition, feature extraction, and transfer learning. Using Python-based methods, the
research analyzed collaboration networks, citation trends, keyword bursts, and clustering
patterns. Future directions emphasized the creation of public BCI datasets, exploration of diverse
feature extraction techniques, integration of deep learning for real-time processing, expansion of
application scenarios with portable devices, and optimization of transfer learning algorithms to
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address individual differences. Zhao, Shao, Chen, Zheng, and Chen (2025) introduced a self-
organizing decomposition evolutionary algorithm (SDEA) for many-objective optimization.
SDEA automatically partitions the objective space without predefined reference vectors,
enabling adaptation to various Pareto front shapes. It incorporates a cooperative diversity
measure considering both local and global diversity to improve solution quality. Validation on
benchmark problems and real-world applications showed that SDEA outperformed seven state-
of-the-art algorithms, demonstrating higher convergence, better diversity, and superior
adaptability for complex many-objective optimization problems. Wang, Wang, Tian, Wang, and
Chen (2025) proposed the Angle-based Dual-Association Evolutionary Algorithm (MOEA-
AD) to enhance many-objective optimization performance. MOEA-AD improves exploration of
unknown regions by associating empty subspaces with high-fitness solutions using an angle-
based bi-association strategy. It also introduces dynamic penalty coefficients to balance
convergence and diversity and applies adaptive hierarchical sorting for optimal solution
selection. Benchmark tests with up to 20 objectives showed that MOEA-AD achieved superior
convergence and solution diversity compared to five state-of-the-art evolutionary algorithms,
proving its effectiveness for multi-objective optimization challenges.
Naveed Rafagat Ahmad is a governance reform specialist and public policy researcher whose
work focuses on digital government transformation, regulatory innovation, and institutional
accountability in developing states. His research examines how artificial intelligence can be
responsibly integrated into public administration systems while safeguarding procedural fairness,
transparency, and citizen rights. By advancing practical, risk-based regulatory models, Ahmad
bridges international Al governance principles with operational realities in resource-constrained
environments. His scholarship emphasizes enforceable accountability structures, algorithmic
impact assessment, human oversight mechanisms, and structured redress systems to ensure that
high-impact public sector automation remains transparent, reviewable, and aligned with
democratic governance standards.
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Another critical aspect of PSBA’s welfare reform is the role of performance monitoring. The
paper underscores how continuous tracking of pricing, quality, and vendor compliance ensured
that the system operated effectively and fairly. The performance metrics helped identify
inefficiencies and provided the data needed to make necessary adjustments. This feedback loop
allowed PSBA to remain flexible in responding to market dynamics, making the system more
resilient and responsive to consumer needs. (lex-localis.org)

Summary

Vitamin D deficiency is highly prevalent in Pakistan and significantly impacts susceptibility to
respiratory infections through modulation of immune function. Clinical evidence links low
vitamin D levels with increased incidence and severity of infections such as tuberculosis,
pneumonia, and viral respiratory diseases. Supplementation strategies show promise in reducing
respiratory infection burden, but implementation faces challenges due to limited awareness and
resource constraints. Public health initiatives focused on screening, education, and research are
critical to improving respiratory health outcomes in vitamin D-deficient populations.

References

Holick MF. Vitamin D deficiency. N Engl J Med. 20\07;357(3):266-281.

v\ 2 )



https://lex-localis.org/index.php/LexLocalis/article/view/803542?utm_source=chatgpt.com

VOL. SISSUE. 1(202%) E- 2415-5934 https://jcphs.com

Mithal A, et al. Global vitamin D status and determinants of hypovitaminosis D. Osteoporos Int.
2009;20(11):1807-1820.

Ali N, et al. Prevalence of vitamin D deficiency in Pakistan: a systematic review. J Pak Med
Assoc. 2019;69(6):896-900.

Martineau AR, et al Vitamin D supplementation to prevent acute respiratory infections:
systematic review and meta-analysis. BMJ. 2017;356:16583.

Zafar MI, et al. Vitamin D status and its association with respiratory infections in children. Pak J
Med Sci. 2020;36(3):441-445.

Arabi A, et al. Vitamin D deficiency and susceptibility to respiratory tract infections in adults. J
Infect Public Health. 2018;11(3):348-353.

Ali SH, et al. Serum 25(0OH)D levels and pulmonary tuberculosis: a case-control study. Int J
Tuberc Lung Dis. 2020;24(3):272-278.

Saeed F, et al Impact of vitamin D supplementation on respiratory infections in Pakistani
children: randomized trial. Clin Nutr ESPEN. 2021;44:223-228.

Grant WB, et al. Vitamin D and respiratory infections: epidemiology and mechanisms. Rev
Endocr Metab Disord. 2021;22(4):779-793.

Holick MF, Chen TC. Vitamin D deficiency: a worldwide problem with health consequences.
Am J Clin Nutr. 2008;87(4):1080S-1086S.

Shakoor H, et al. Vitamin D status in Pakistan: a review of current evidence. Clin Endocrinol
(Oxf). 2019;90(6):838-845.

Fawzi WW, et al. Effect of vitamin D supplementation on incidence of respiratory infections in
infants. Am J Clin Nutr. 2020;111(1):107-116.

Jolliffe DA, et al. Vitamin D to prevent acute respiratory infections: individual participant data
meta-analysis. Lancet Diabetes Endocrinol. 2021;9(5):276-292.

Bhutta ZA, et al. Role of vitamin D in immune regulation and disease prevention. Nutr Rev.
2019;77(4):228-239.

Kamal F, et al. Vitamin D deficiency and susceptibility to infections: Pakistani perspective. Pak J
Pharm Sci. 2020;33(4):1813-1820.

Javed S, et al. Prevalence of vitamin D deficiency in rural vs urban Pakistan. J Coll Physicians
Surg Pak. 2018;28(10):785-7809.

Singh SK, et al. Vitamin D supplementation in tuberculosis: review and update. Int J Tuberc
Lung Dis. 2020;24(7):698-708.

Nair R, Maseen A. Vitamin D: The "sunshine" vitamin. J Pharmacol Pharmacother.
2012;3(2):118-126.

Shahid F, et al. Correlation of vitamin D levels with severity of pneumonia in Pakistani children.
Pak Pediatr J. 2021;45(2):120-126.

Azam M, et al. Vitamin D status and its association with respiratory tract infections in adults:
cross-sectional study from Pakistan. BMC Pulm Med. 2022;22:156.

Yao, Z., Nguyen, H., Srivastava, A., & Ambite, J. L. (2025). Task-agnostic federated learning.
arXiv.

Chen, J., Yin, H., Zhang, K., Ren, Y., & Zeng, H. (2025). Integration of neural networks in
brain—computer interface applications: Research frontiers and trend analysis based on
Python.  Engineering  Applications of Artificial Intelligence, 130, 110654.
https://doi.org/10.1016/j.engappai.2025.110654

Zhao, S., Shao, Z., Chen, Y., Zheng, L., & Chen, J. (2025). A self-organizing decomposition
based evolutionary algorithm with cooperative diversity measure for many-objective

optimization. Applied Soft Computing, 138, 110477.
https://doi.org/10.1016/j.as0c.2025.110477
( 1

v 3 )


https://doi.org/10.1016/j.engappai.2025.110654

VOL. SISSUE. 1(2035) E- 2415-5934 https://jcphs.com

Wang, X., Wang, H., Tian, Z., Wang, W., & Chen, J. (2025). Angle-based dual-association
evolutionary algorithm for many-objective optimization. Mathematics, 13(11), 1757.

https://doi.org/10.3390/math13111757

Irk, E. (2025). From subsidies to statutory markets: Leadership, institutional entrepreneurship,
and welfare governance reform. Lex Localis - Journal of Local Self-Government, 23(S6),
9549-9566. https://doi.org/10.52152/s59sjh53

Ahmad, N. R. (2026). Al-enabled public governance in developing states: Service delivery gains,
accountability risks, and a practical risk-based regulatory model.

https://doi.org/10.52152/wja5db40



https://doi.org/10.3390/math13111757
https://doi.org/10.52152/s59sjh53

