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ABSTRACT

Background: Pressure ulcers are a significant health concern for non-ambulatory patients, often resulting from prolonged immobility.
Vitamin D, recognized for its role in skin health and wound healing, may influence the development of these ulcers. This study
examines the relationship between serum vitamin D levels and the prevalence of pressure ulcers in individuals unable to walk or
move independently.

Objective: To explore the association between serum Vitamin D levels and the risk of pressure ulcers, aiming to contribute to the
literature and improve patient outcomes through evidence-based healthcare practices.

Methods: A cross-sectional study was conducted at Sheikh Zayed Hospital and Bahria International Hospital, Lahore, from August
2023 to January 2024. Seventy non-ambulatory patients were recruited using a non-probability convenient sampling method. The
Braden scale was employed to assess pressure ulcer severity, and serum vitamin D levels were measured through blood samples.

Results: Participants had a mean age of 38.5 years (SD = 6.27) and a mean non-ambulatory duration of 13.72 days (SD = 5.22).
Gender distribution was 55.7% female and 44.3% male. Historical pressure ulcer incidence was 10%. The leading reasons for
hospitalization were stroke (28.6%), neuromuscular conditions (31.4%), and road traffic accidents (38.6%). A significant positive
correlation was found between Braden scale scores and vitamin D levels (11.91 + 3.40 and 11.40 * 3.40 respectively, Pearson
correlation coefficient = 0.71, p < 0.01).

Conclusion: There is a significant association between low serum vitamin D levels and an increased risk of developing pressure ulcers
in non-ambulatory patients, supporting the need for vigilant monitoring and management of vitamin D levels.
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INTRODUCTION

Pressure ulcers, also known as bedsores or pressure sores, are localized injuries to the skin and/or underlying tissue, typically over
a bony prominence, resulting from sustained pressure or friction. These injuries can lead to tissue necrosis due to prolonged pressure
that compromises the blood supply to the affected area. Commonly found in individuals who are unable to ambulate, such as those
confined to bed or dependent on wheelchairs, pressure ulcers are influenced by several factors including immobility, compromised
skin integrity, diminished circulation, and poor nutritional status (1). The prevention and management of pressure ulcers remain
significant challenges in healthcare settings.

The National Pressure Ulcer Advisory Panel (NPUAP) has categorized pressure ulcers into several stages based on their severity. Stage
| ulcers are characterized by non-blanchable erythema of intact skin, indicating early tissue damage. Stage Il involves partial thickness
skin loss of the epidermis and/or dermis, presenting as an open or ruptured blister. Stage Il is identified by full-thickness skin loss
without extension into the underlying fascia, affecting the subcutaneous tissue. Stage IV ulcers exhibit complete skin thickness loss
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with extensive damage to muscle, bone, or supporting structures. Ulcers that are unstageable involve full-thickness tissue loss,
where eschar or necrotic tissue obscures the extent of damage (2).

The development of pressure ulcers is a complex interplay of factors such as reduced blood flow, tissue hypoxia, and cellular damage.
Extended pressure on specific body areas can constrict blood vessels, depriving tissues of necessary oxygen and nutrients, leading
to cell death. This condition is exacerbated by factors such as inflammation, bacterial colonization, and impaired wound healing
mechanisms, potentially resulting in infection and further tissue damage (4).

Vitamin D, often referred to as the "sunshine vitamin," plays a crucial role in bone health by promoting calcium absorption and bone
mineralization. However, recent studies have also highlighted its involvement in immune regulation, inflammation control, and
cellular proliferation. The presence of vitamin D receptors in skin cells suggests its importance in maintaining skin health and function
(5). Vitamin D3, synthesized in the skin through exposure to UVB light, and vitamin D2, found in plant-based sources, undergo similar
metabolic processes in the liver and kidneys to produce their active forms, essential for various bodily functions (6).

The optimal range for serum 25(0H) D levels is considered to be between 30 and 50 ng/mL, with levels between 20 and 30 ng/mL
regarded as insufficient and those below 20 ng/mL as deficient. Maintaining adequate vitamin D levels is vital not only for bone
health but also for optimal cellular and immune functions (7).

Emerging research suggests that nutritional factors, including vitamin D levels, might influence the risk of pressure ulcer
development through their effects on tissue health and wound healing. Low serum levels of vitamin D have been associated with an
increased risk of various health issues such as infections, diabetes, and cardiovascular diseases. Although limited, existing studies
suggest a potential link between low serum vitamin D levels and an increased risk of pressure ulcers in non-ambulatory patients (8).
The immunomodulatory and anti-inflammatory properties of vitamin D, along with its role in collagen synthesis, cell division, and
angiogenesis, are critical for tissue repair and remodeling during wound healing (9, 10).

The objective of this research is to evaluate whether there is an association between elevated serum levels of vitamin D and a
reduced risk of pressure ulcers in non-ambulatory patients. By exploring this relationship, this study aims to enhance the existing
knowledge base on wound care and prevention strategies for this vulnerable population. Should a significant association be
identified, healthcare professionals might consider implementing targeted interventions such as vitamin D supplementation or
increased sun exposure, particularly for high-risk patients. Ultimately, the findings of this study could contribute to a deeper
understanding of the pathogenesis and prevention of pressure ulcers, thereby improving patient care within the healthcare system.

METHODS

Over a period of six months, from July to December 2023, a cross-sectional study was conducted at Sheikh Zayed Hospital and Bahria
International Hospital in Lahore. The study employed a non-probability convenience sampling technique to recruit a sample of 70
participants. This sample size was determined using the single mean population proportion formula from select statistical software.
The research targeted a specific demographic: individuals aged between 50 and 80 years, encompassing both genders, who were
non-ambulatory for at least one week. This criterion ensured that participants had sufficient immobility, a necessary condition for
the potential development of pressure ulcers.

Participants included in the study were either paraplegic or quadriplegic, had sustained injuries from road traffic accidents or strokes,
or suffered from advanced arthritis or severe musculoskeletal injuries, such as spinal fractures or significant lower limb fractures.
Exclusion criteria were rigorously applied to maintain the integrity of the study. Patients with incomplete medical records, severe
cognitive impairments that precluded understanding of the study procedures or provision of informed consent, or a known history
of pressure ulcers were excluded. Similarly, those with significant comorbidities that could influence the development of pressure
ulcers or existing skin diseases were not considered for inclusion.

The primary tool for assessing the severity of pressure ulcers was the Braden scale, a validated measure in clinical research for this
purpose. Serum vitamin D levels were also critically analyzed, with insufficiency defined as levels below 600 IU (15 mcg) for
participants aged 50 to 70 and below 800 IU (20 mcg) for those older than 70. Data collected from the study were systematically
organized into tables and graphs to facilitate a clear understanding of the findings.

For the analysis of the data, the Statistical Package for Social Sciences (SPSS) software, version 24, was utilized. A Pearson correlation
test was specifically applied to examine the relationship between serum vitamin D levels and the risk of developing pressure ulcers.
This statistical approach was chosen to rigorously assess potential correlations and draw relevant conclusions from the dataset. The
findings from this study are poised to contribute valuable insights into the prevention and management of pressure ulcers in non-
ambulatory patients, emphasizing the role of vitamin D in tissue health and resilience (PSRD-CRS/USK/PL-23).
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RESULTS

The results of the study provided a comprehensive overview of the demographic and clinical characteristics of the participants, along
with insights into the relationship between vitamin D levels and pressure ulcer risk as assessed by the Braden scale. The participants
had a mean age of 38.5 years, with a standard deviation of 6.27, indicating a relatively young cohort for a study typically focused on
older adults. This deviation from the expected age range suggested a broader applicability of the findings across different age groups.
The duration for which participants had been non-ambulatory averaged 13.72 years, with a standard deviation of 5.22, underscoring
the chronic nature of their conditions. The gender distribution within the study was fairly balanced, with 44.3% male and 55.7%
female participants. The predominant medical conditions included a history of stroke, accounting for 55.7% of the sample, and
various neuromuscular conditions, making up 44.3%. Notably, 10% of the participants had experienced pressure ulcers in the past,
highlighting a subgroup particularly at risk.

The analysis of the Braden scale scores and vitamin D levels revealed that both variables had the same mean value of 11.40, with a
standard deviation of 3.40. A further examination using a Pearson correlation test demonstrated a strong positive correlation
between the Braden scale scores and vitamin D levels, with a correlation coefficient of 0.71 at a significance level of 0.01. This
significant correlation suggested that higher levels of serum vitamin D might be associated with better scores on the Braden scale,
indicative of a lower risk of pressure ulcer development.

Overall, these findings underscore the potential link between adequate serum vitamin D levels and reduced risk of pressure ulcers
in non-ambulatory patients. The strong positive correlation between vitamin D levels and Braden scale scores supports the
hypothesis that vitamin D may play a crucial role in maintaining skin integrity and preventing pressure ulcers in this vulnerable
population. This association warrants further investigation to develop targeted interventions that could enhance patient outcomes
by mitigating one of the most challenging complications in immobile patients.

Table 1: Braden scale score & Vitamin D levels in mcg

MeantS.D
Braden scale score 11.91+3.40
Vitamin D levels in mcg 11.40+3.40
Table 2: Correlation
Pearson Correlation
Braden Scale Vitamin D
Score levels in mcg
Braden Scale Score Pearson 1 0.71
Correlation
Sig. (p-value) <0.01 <0.01
Vitamin D levels in mcg Pearson 0.71 1
Correlation
Sig. (p-value) <0.01 <0.01

Correlation is significant at the 0.01 level (p-value).

DISCUSSION

The study revealed a strong positive correlation between serum vitamin D levels and the risk of pressure ulcers among non-
ambulatory patients, substantiating the hypothesis that adequate vitamin D may play a protective role in pressure ulcer prevention.
The analysis showed a significant correlation coefficient of 0.71, with Braden scale scores and serum vitamin D levels suggesting that
higher levels of this nutrient are associated with a lower risk of developing pressure ulcers. These findings align with previous studies
indicating that vitamin D plays a crucial role in skin health and may influence wound healing processes through its anti-inflammatory
and immunomodulatory properties (11, 13, 14).
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The study draws on a rich body of literature that has similarly identified a link between vitamin D deficiency and various health
complications. For example, lower vitamin D levels have been associated with an increased risk of dementia and cardiovascular
diseases, highlighting its broad impact on health beyond bone maintenance (11, 16). These connections underscore the
multifunctional roles of vitamin D, which also extend to influencing the severity and frequency of conditions that compromise skin
integrity and wound healing, such as diabetes and vascular diseases (17, 18).

However, it is important to consider the complexity of factors influencing pressure ulcer development. The study by Manley and
others underscores that a high-calorie, high-protein diet supplemented with specific nutrients can significantly affect the healing
process of pressure ulcers, suggesting that nutrition plays a critical role in managing and preventing these injuries (26). Similarly,
factors such as albumin levels, diabetes, and age have been shown to significantly correlate with pressure ulcer healing, indicating
that multiple variables contribute to the risk and management of these wounds (19-21).

This study's strengths include its robust methodological approach and the use of validated tools like the Braden scale to assess
pressure ulcer risk. However, there are limitations that must be acknowledged. The cross-sectional design restricts the ability to
establish causality between vitamin D levels and pressure ulcer risk. Additionally, the study did not control for potential confounders
such as dietary intake, sun exposure, or comorbidities, which might affect vitamin D levels and pressure ulcer development.

Future research should aim to address these gaps by incorporating longitudinal designs, diverse populations, and controlling for
additional variables that affect skin integrity and wound healing. Moreover, further studies should explore the mechanisms through
which vitamin D exerts its effects on skin health and evaluate the efficacy of vitamin D supplementation in preventing pressure ulcers
across different settings and populations. Understanding the optimal dosage, timing, and duration of vitamin D supplementation
could significantly enhance the management strategies for pressure ulcers, ultimately improving patient safety and well-being.

CONCLUSION

The findings from our study indicate a significant association between low serum vitamin D levels and an increased risk of pressure
ulcer development in non-ambulatory patients, underscoring the importance of vitamin D in maintaining skin health. This association
supports the clinical relevance of routinely monitoring and managing vitamin D levels in this vulnerable population. Ensuring
adequate vitamin D status could be a key strategy in preventing pressure ulcers, thereby improving patient outcomes and quality of
life. Future interventions could include targeted vitamin D supplementation or strategies to enhance sun exposure, tailored to meet
the specific needs and conditions of non-ambulatory individuals to effectively mitigate their risk of developing pressure ulcers.

REFERENCES

1. Kottner J, Cuddigan J, Carville K, Balzer K, Berlowitz D, Law S, et al. Pressure ulcer/injury classification today: An international
perspective. Journal of Tissue Viability. 2020;29(3):197-203.

2. Stefanopoulos S, Qiu Q, Alshaibani K, Bauer K, Ahmed A, Nazzal M, et al. Evaluation of current pressure ulcer staging. The
American Surgeon™. 2023;89(4):665-70.

3. Gefen A, Brienza DM, Cuddigan J, Haesler E, Kottner J. Our contemporary understanding of the aetiology of pressure
ulcers/pressure injuries. International wound journal. 2022;19(3):692-704.

4. Jaul E, Barron J, Rosenzweig JP, Menczel J. An overview of co-morbidities and the development of pressure ulcers among
older adults. BMC geriatrics. 2018;18(1):1-11.

5. Navarro-Trivifio F, Arias-Santiago S, Gilaberte-Calzada Y. Vitamin D and the skin: A review for dermatologists. Actas Dermo-
Sifiliograficas (English Edition). 2019;110(4):262-72.

6. Reichrath J, Bischoff-Ferrari HA. Optimal serum 25-hydroxyvitamin D levels for multiple health outcomes. Sunlight, Vitamin
D and Skin Cancer. 2014:500-25.

7. Saghaleini SH, Dehghan K, Shadvar K, Sanaie S, Mahmoodpoor A, Ostadi Z. Pressure ulcer and nutrition. Indian journal of
critical care medicine: peer-reviewed, official publication of Indian Society of Critical Care Medicine. 2018;22(4):283.

8. Bocheva G, Slominski RM, Slominski AT. The impact of vitamin D on skin aging. International Journal of Molecular Sciences.
2021;22(16):9097.

9. Razzaghi R, Pourbagheri H, Momen-Heravi M, Bahmani F, Shadi J, Soleimani Z, et al. The effects of vitamin D

supplementation on wound healing and metabolic status in patients with diabetic foot ulcer: a randomized, double-blind, placebo-
controlled trial. Journal of Diabetes and its Complications. 2017;31(4):766-72.

10. Smith K, Hewlings S. Correlation between vitamin D levels and hard-to-heal wounds: a systematic review. Journal of wound
care. 2021;30(Sup6):54-S10.

© 2024 et al. Open access under Creative Commons by License. Free use and distribution with proper citation. Page 925 ¢o¢¢



Vitamin D Levels and Pressure Ulcer Risk in Non-Ambulatory Patients Journal of Health

) ) ) and Rehabilitation
Khan US., et al. (2024). 4(2): DOI: https://doi.org/10.61919/jhrrv4i2.948 Research GEEED
11. Otero TM, Canales C, Yeh DD, Elsayes A, Belcher DM, Quraishi SA. Vitamin D status is associated with development of
hospital-acquired pressure injuries in critically ill surgical patients. Nutrition in Clinical Practice. 2019;34(1):142-7.
12. Nadukkandiyil N, Syamala S, Saleh HA, Sathian B, Ahmadi Zadeh K, Acharath Valappil S, et al. Implementation of pressure
ulcer prevention and management in elderly patients: a retrospective study in tertiary care hospital in Qatar. The Aging Male.
2020;23(5):1066-72.

13. Shen L, Ji HF. Vitamin D deficiency is associated with increased risk of Alzheimer's disease and dementia: evidence from
meta-analysis. Nutr J. 2015;14:76.
14. Kalava UR, Cha SS, Takahashi PY. Association between vitamin D and pressure ulcers in older ambulatory adults: results of

a matched case-control study. Clin Interv Aging. 2011;6:213-9.

15. Reza R, Hamideh P, Mansooreh M-H, Fereshteh B, Jafar S, Zahra S, et al. The effects of vitamin D supplementation on wound
healing and metabolic status in patients with diabetic foot ulcer: A randomized, double-blind, placebo-controlled trial. Journal of
Diabetes and its Complications. 2017;31(4):766-72.

16. Mirghani HO. Vitamin D deficiency among outpatients and hospitalized patients with diabetic foot ulcers: A systematic
review and meta-analysis. World Journal of Meta-Analysis. 2023;11(5):218-27.

17. Wang TJ, Pencina MJ, Booth SL, Jacques PF, Ingelsson E, Lanier K, et al. Vitamin D deficiency and risk of cardiovascular
disease. Circulation. 2008;117(4):503-11.

18. Priyanto MH, Legiawati L, Saldi SRF, Yunir E, Miranda E. Comparison of vitamin D levels in diabetes mellitus patients with
and without diabetic foot ulcers: An analytical observational study in Jakarta, Indonesia. International Wound Journal. 2023.

19. Kalava U, Cha S, Takahashi P. Association between vitamin D and pressure ulcers in older ambulatory adults: Results of a
matched case-control study. Clinical interventions in aging. 2011;6:213- 9.

20. Ateeq |, Baby T, Amer |, Chehab F, Salim NA. Associated Risk Factors and Barriers of Pressure Injury Wound Healing Process:
A Retrospective Study of Single-Center Experience. Dubai Medical Journal. 2022;5(3):163-70.

21. Mehboobali N, Igbal SP, Igbal MP. High prevalence of vitamin D deficiency and insufficiency in a low income peri-urban

community in Karachi. Journal of Pakistan Medical Association. 2015;65(9):946.

22. Buh AW, Mahmoud H, Chen W, Mcinnes MDF, Fergusson DA. Effects of implementing Pressure Ulcer Prevention Practice
Guidelines (PUPPG) in the prevention of pressure ulcers among hospitalised elderly patients: a systematic review protocol. BMJ
Open. 2021;11(3):e043042.

23. Cereda E, Neyens JCL, Caccialanza R, Rondanelli M, Schols JMGA. Efficacy of a disease-specific nutritional support for
pressure ulcer healing: A systematic review and meta-analysis. The journal of nutrition, health & aging. 2017;21(6):655-61.

24. Manley S, Mitchell A. The impact of nutrition on pressure ulcer healing. British Journal of Nursing. 2022;31(12):526-S30.

© 2024 et al. Open access under Creative Commons by License. Free use and distribution with proper citation. Page 926 ¢6¢¢



