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Introduction  

Vitamin D is a micronutrient that is also a pro-hormone for 
the active hormone calcitriol. It is mostly produced by skin upon 
exposure to adequate sunlight. In addition, a small amount is 
ingested from supplementation or from foods, e.g. fatty fish, beef 
liver, egg yolk and cheese. Some foods, including breakfast cereal, 
are fortified with vitamin D to increase its availability [1,2]. 
Optimal serum vitamin D levels have been shown to have health 
benefits that expand beyond prevention osteoporosis, prevention 
of falls in the elderly, reduced incidence of colorectal cancer, 
improved insulin response, improved symptoms of depression, 
and better tooth attachment [3]. It is important in the regulation 
of a large number of genes, including those responsible for cell  

 
proliferation, cell differentiation and programmed cell death  
(apoptosis). It is also reported to play a role in the homeostasis 
of the immune system and prevention of the development of 
autoimmune diseases [1]. Vitamin D helps tissues to maintain tight 
junctions, gap junctions, and adherens junctions (AJs) that can be 
disturbed by viruses and other microorganisms [4,5]. Low levels of 
vitamin D have been associated with infection from different types 
of microorganisms, as well as in metabolic disorders.

Vitamin D can potentially be protective against respiratory 
tract infections [6]. The winter months have been associated 
with increased transmission of respiratory viruses, including 
the SARS CoV-2. This has been attributed in part to lower levels 
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of vitamin D, primarily due to decreased exposure to the sun [7]. 
The world is currently experiencing a surge of the coronavirus 
disease that began late in 2019 in Wuhan, China and was declared 
a pandemic by the World Health Organization (WHO) in March 
2020 [8]. Millions of lives have been lost and the global economy 
continues to experience unmitigated distress. Although clinical 
evidence to support reduction in mortality through randomised 
controlled trials (RCT) is inadequate, there have been reports of an 
association between the level of vitamin D serum with the severity 
and rate of mortality in retrospective studies on the coronavirus 
disease (COVID-19) caused by SARS-CoV-2 [9,10]. The epithelial 
cells of the blood vessels, intestines, lungs, kidneys and heart have 
a high number of angiotensin-converting enzyme 2 (ACE2). The 
coronavirus binds to the ACE 2 receptors, and thus organs that 
have these receptors can be affected by the virus [11]. Han et al. 
report that ventilated patients who are given a higher dosage have 
a short length of hospitalization [12]. In a study by Biegalski, 98.9% 
of those who have lost their lives due to Covid-19 had vitamin D 
levels below 20ng/ml [7]. 

In children, intake of vitamin D has proven to reduce the risk 
of developing type 1 diabetes [13]. Glycaemic control has been 
achieved following supplementation in both type 1 and type 2 
diabetes [14,15]. However, not all researchers support the benefits 
of vitamin D in diabetes. Haroon et al. reported no improvement 
of hyperglycaemia, beta cells secretion nor insulin sensitivity 
following vitamin D supplementation [16]. Orthopaedic surgeons 
regularly manage the complications arising from poorly controlled 
diabetes, as well as bone conditions of patients with diabetes. 
Having adequate glycaemic control would most likely result in 
a reduction of the high costs that are associated with diabetic 
complications. There would be the prevention and delay of 
peripheral neuropathy and arthrosclerosis respectively, following 
supplementation in diabetes [17]. In addition, pain scores havebeen 
shown to improved following supplementation [18]. A high number 
of orthopaedic patients have presented with low levels of vitamin 
D. A study by Pal et al. found that about 91.3% of these patients 
were classified as having a vitamin D deficiency [19]. The United 
Kingdom recommends keeping levels of serum vitamin D above 
30nmol/L to prevent deficiency. A healthy diet with adequate levels 
of vitamin D, together with safe sunlight exposure, is recommended 
for the maintenance of adequate levels of vitamin D. In particular, 
these recommendations are important in view of the worldwide 
isolation rules to which populations must adhere in an attempt to 
reduce the impact of Covid-19 [1]. The aim of this review article is to 
outline the benefits of vitamin D for both osseous and non-osseous 
conditions and also to highlight the importance of a knowledge of 
vitamin D supplementation for an orthopaedic surgeon.

Physiology of Vitamin D

Vitamin D absorbed from both the gastrointestinal tract and 
the skin is hydroxylated within the liver into 25-hydroxyvitamin 

D [25(OH)D]. The final product and the active form of vitamin 
D is produced in the kidneys where 25(OH)D is hydroxylated 
to 1,25(OH)D, also known as calcitriol [2,20]. The enzyme that 
hydroxylates the 25(OH)D, called 25-hydroxylase, is also found in 
antigen-presenting cells, macrophages and in other organs, e.g. the 
mammary glands, colon and prostate [2]. The major role of vitamin 
D is to regulate serum calcium levels and maintain its homeostasis 
through a feedback loop with the parathyroid hormone (PTH). 
This is essential for collagen matrix mineralization [2,21]. It is 
not unusual to find low levels in sunny areas [22,23]. These low 
levels are also found in university students [24]. Drugs which are 
associated with low vitamin D include, anti-epileptics, antibiotics, 
anti-inflammatory agents, antihypertensive drugs, antiretroviral 
drugs, endocrine drugs, and some herbal medicines [4]. Obesity, 
bone tumours, malabsorption syndromes, renal disease and 
smoking have also been associated with levels of low vitamin 
D [21,25]. Darker skin, sunscreen use and covering of the skin 
observed in adherents to some religions, cultures and customs 
can lead to reduced exposure to the sun and thereby reduce the 
availability of vitamin D from its major source [1,2,7].

Immunology and Microbiology 

Over 200 viruses have been implicated in the aetiology of 
upper respiratory infections. These infections have been reported 
to be worse in individuals with respiratory diseases, e.g. chronic 
obstructive pulmonary diseases (COPD) and those with low levels 
of vitamin D [1]. Various mechanisms of Vitamin D have been 
suggested to reduce the risk of virus infections. Vitamin D can assist 
in enhancing cellular innate immunity through the induction of 
antimicrobial peptides, which include human cathelicidin, LL-37, by 
1,25-dihdroxyvitamin D and defensins [4,26,27]. Innate immunity 
and the production of antimicrobial peptides have been found to 
play a role in tissue protection against microorganisms (virus, 
bacteria and fungi), which cause infections [4,5,27]. Cathelicidin 
has direct antimicrobial activities while LL-37 can reduce influenza 
virus replication [28,29]. Human macrophages and monocytes rely 
on vitamin D/LL-37 axis to fight against mycobacteria and slow 
its growth [6,30,31]. A supplement of 400 IU/day vitamin D was 
found to improve the innate immune response against dengue 
virus [32]. Vitamin D is also reported to enhance cellular immunity, 
which helps to reduce the cytokine storm induced by the innate 
immunity. Sharifi et al. found that vitamin D supplement resulted in 
decreasing the effects on serum TNF-a, IFN-c, and IL12p70 levels, 
as well as inhibiting Th1 immune responses. However, no effect was 
observed on the IL4 and IL10 or the Th2 responses [33].

The increment of plasma renin activity and higher angiotensin 
2, as well as higher renin-angiotensin-system (RAS) activity, can be 
due to low vitamin D [7]. It has been shown that in patients with 
Covid-19, the SARS-CoV-2 virus binds to ACE2 receptors, especially 
in the respiratory tract, which can be blocked by an inhibitor of the 
cellular serine protease [25,34]. Calcitriol in animal studies was 
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found to have a protective role by alleviating lipopolysaccharide 
(LPS)-induced acute lung injury [35]. Vitamin D has been shown 
to assist with stimulation of surfactant synthesis. The corona virus 
has a high affinity with type II pneumocytes. The reduction of the 
pneumocytes leads to an increase in surface tension by decreasing 
the surfactant level in Covid-19 [25,36-38]. However, not all support 
the relationship of Covid-19 with vitamin D serum concentrations. 
Hastie et al. found that there was no relationship between low 
vitamin D and ethnicity after analysis of UK Biobank data [39]. 

Orthopaedic conditions and vitamin D

Conditions that are known to be associated with low vitamin 
D include rickets, osteoporosis, osteomalacia, stress fractures and 
tumours. Serum vitamin D levels are often part of the initial work-
up [40]. Michelson and Charlson reported that about 66,7% of 
patients presenting for elective foot and ankle procedures had low 
vitamin D levels [41]. 

Falls and Fractures 

Marcelli et al. reported that vitamin D has a role in reducing 
the risk of falling, hence preventing the incidence of low-energy 
(fragility) fractures [42]. Low levels can be seen in elderly patients 
who sustain hip fractures [43]. About 30% of elderly patients 
lose their lives 12 months after sustaining a low-energy hip 
fracture [44]. By contrast, some studies have not shown that the 
supplementation of vitamin D can prevent a fractures. Kahwati 
et al. found that the combination of vitamin D with calcium, or 
given alone, was not associated with a reduction of fractures in the 
elderly, the combination was associated with increased incidence 
of kidney stones [45]. Vitamin D plays a role in fracture healing and 
thus adequate levels are linked to reduced morbidity [46]. 

Diabetes and Bones 

There has been an association of vitamin D with pathogenesis of 
both type 1 and type 2 diabetes mellitus. The suggested mechanism 
includes the regulation of plasma calcium that also regulates 
insulin production [47]. Vitamin D receptors have been detected in 
the beta cells of the pancreas that are destroyed in type 1 diabetes 
and these receptors have also been found in adipose tissue and 
other cells that are influenced by insulin; hence they have been 
implicated in insulin resistance [48]. Patients with low levels can 
have high glycosylated hemoglobin (HbA1c) [49]. The orthopaedic 
complications of diabetes include diabetic foot, Charcot, adhesive 
capsulitis, osteoporosis, diffuse idiopathic skeletal hyperostosis, 
delay in bone healing, tendinopathy, and periprosthetic infections 
, while the management of these complications is associated with 
high costs [50,51]. Having a normal blood glucose level would result 
in a reduction of the morbidity associated with the complications of 
diabetes. Post-operative sepsis can be associated with poor diabetic 
control, while tight serum glucose control usually has less incidence 

of sepsis. 

Pain and Musculoskeletal Conditions

Vitamin D is involved in various mechanisms that can lead to 
pain. Supplementation of vitamin D has been shown to improve the 
pain score, whereas low levels of vitamin D have been associated 
with subacromial impingement syndrome [18]. Nonspecific 
musculoskeletal pain is often difficult to manage. Plotnikoff and 
Quigley reported an association of nonspecific musculoskeletal 
pain with low levels of vitamin D. The low levels were also found 
in patients that are normally considered low risk [52]. The reason 
for pain reduction is because of the ability of vitamin D to decrease 
inflammatory mechanisms. 

Osteoarthrosis 

Vitamin D has been associated with the development of 
osteoarthritis because of changes in the subchondral bone [53]. 
Gharaibeh et al. reported that 100% of patients with big-joint 
osteoarthritis had low levels of vitamin D [54]. By contrast, Cakar 
et al. fractures association of osteoarthritis knee pain with levels of 
vitamin D [55]. Inflammatory bowel disease (Crohn’s disease and 
ulcerative colitis) extraintestinal manifestations include developed 
osteoarthritis that may need to be managed with arthroplasty. 
The other complication of inflammatory bowel disease is the 
development of osteoporosis and avascular necrosis due to steroid 
treatment [56-58]. The benefits of vitamin D in inflammatory 
bowel diseases include reduced risk for operation, decrease in 
inflammatory markers, reduction in developing anaemia, decrease 
in the incidence of developing colo-rectal cancer and an increased 
response to biological treatment [59,60]. It is possible that the 
incidence of developing osteoarthritis in inflammatory bowel disease 
could be reduced if the disease is controlled by supplementation. 
However, there is some controversy regarding the use of vitamin 
D for rheumatoid arthritis. Some studies have found that there 
were better outcomes of the disease with supplementation, whilst 
others did not [61,62]. Rheumatoid patients can have low levels 
of vitamin D in winter which is a season that is associated with 
disease severity [63]. Some reports propose that supplementation 
has not been shown to prevent the development of rheumatoid 
arthritis [64]. The treatment of arthritis involves arthroplasty and 
for patients who select this one should also evaluate their vitamin 
D status, although the role is not clear [65].

Tuberculosis 

Mycobacterium tuberculosis affects various organs, especially 
the respiratory system. Some studies report the association of 
pulmonary tuberculosis (TB) with low vitamin D, as well as benefit 
from UVB in the treatment of TB [66,67]. Brighenti et al. reported 
that there is an increased risk of infection with mycobacterium 
tuberculosis in people with a vitamin D deficiency, however, in 
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the absence of a clear deficiency no significant benefit has been 
demonstrated with supplementation in the management of TB [31]. 
Supplementation can increase the proportion of sputum smear, and 
culture conversion that can help with the diagnosis of pulmonary 
TB [68]. Talat et al. reported that there is a five times higher risk 
for pulmonary TB to progress to clinical disease if a patient has low 
vitamin D [69]. Spinal tuberculosis is a common spine infection 
with an increased susceptibility in developing countries and has 
been demonstrated to be associated with low vitamin D status [12]. 
Children with various osteoarticular TB were found to have low 
vitamin D levels [70]. However, not all have found the benefits of 
supplementing tuberculosis patients [31,71].

Complex Regional Pain Syndrome

Lee et al. reported the development of complex regional pain 
syndrome (CRPS) in post-menopausal women who had sustained 
distal radius fracture and were treated surgically. This was 
associated with vitamin D levels and the incidence varied in relation 
to the severity of the deficiency. Women whose vitamin D levels met 
the criteria for deficiency had a higher incidence of CRPS at 22%, 
followed by 15% in those classified as insufficient, and as low as 8% 
when the levels were sufficient [72]. Generally, supplementation of 
vitamin C to high risk individuals has been shown to decrease the 
development of CRPS [73]. Hence more clinical trials are needed 
to ascertain whether vitamin D supplementation can play a critical 
role in the prevention of CRPS, a condition which is difficult to 
manage.

Depression and Musculoskeletal 

In treating depression, the role of vitamin D requires further 
scientific evidence. Vitamin D deficiency has been found in patients 
with depression in various studies. Almost 100% of depressed 
women were found to have low levels in a study by Ameri [74]. 
Although some benefit was reported with supplementation, the 
evidence remains scanty [75-78]. Alavi et al. [77] found benefits 
of vitamin D supplements in patients who had depression while 
Fraington and Moller [75] did not. Mood was improved in type 2 
diabetes after vitamin D supplementation [79]. Other studies have 
suggested the reason for low vitamin D levels is because depressed 
patients lack interest in life activities; they remain indoors and 
their exposure to the sun is reduced [80]. There is an association 
between depression and orthopaedics where depression can be 
found in both trauma and non-trauma cases [81,82]. About 61% of 
orthopaedic in-patients were found to have symptoms of depression 
[83]. Although the literature shows a discrepancy between vitamin 
D supplementation and depression, we recommend that serum 
levels should at least be optimized. 

Replenish Management 

Treatment should be commenced when the serum vitamin D 
level is below normal levels [7]. It appears that the appropriate 

regimen and dosage of vitamin D has not been well documented. 
Pepper et al. found that at least 36 regimens are used to replenish 
vitamin D [84]. Some have reported that small daily doses do 
well as compared to a high loading dose because they might be 
metabolized and used differently [85]. Tladi recommends usage of 
a regimen that contains higher vitamin D for replenishment therapy 
in patients with a deficiency, as well as an empiric dose for patients 
who present for orthopaedic surgery [86]. Serum levels of more 
than 60ng per millilitre (150nmol per litre) have been associated 
with increased risk of pancreatic cancer, vascular calcification, and 
death from any cause, but more studies are needed [85]. There 
have been reports of contracting tuberculosis while using higher 
dosages. One should aim to have functional serum levels of vitamin 
D; as a result, a treatment regime that is safe to use is recommended. 

Discussion 
It can be seen that one should prescribe vitamin D to 

orthopaedic patients because there are multiple benefits, both 
osseous and extra-osseous, and some that are life-saving. Although 
there is controversy regarding prevention of falls in the elderly, 
we believe that supplementation would be of benefit, especially in 
the case of deficiency. Elderly patients tend to have diabetes and 
cardiovascular diseases that may give rise to other complications 
requiring intervention by the orthopaedic surgeon. Optimization 
of vitamin D levels may assist in improving the healing of wounds 
and fractures, particularly in this population. There have been 
reports of improving patients with cardiovascular diseases. Blood 
pressure in hypertensive patients could be reduced following 
supplementation [7,17]. We believe that supplementation might 
help with managing co-morbidities, e.g. hypertension and diabetes, 
as well as improving mood, in addition to preventing falls. As the 
world continues to fight the Covid-19 pandemic the role of vitamin 
D remains controversial. We believe it is important to maintain 
normal serum levels of vitamin D and that there is no harm in 
presumptuous supplementation in the case of acute respiratory 
disease. 

Ventilated patients may have a shorter stay in the intensive care 
unit (ICU), which not only creates space for others but also reduces 
mortality and morbidity following ICU discharge. Other infections 
may be prevented with supplementation, especially to optimal 
levels. The involvement of vitamin D with inflammation can result 
in fewer side effects that are normally associated with analgesia. 
Chronic use of non-steroidal anti-inflammatory drugs can cause 
renal failure that also predisposes the body to have low vitamin 
D. Most orthopaedic patients present to health care facilities due 
to pain. These patients may benefit if vitamin D is added to the 
analgesia. The US Endocrine Society does not recommend routine 
screening of non-risk individuals [21]. However, we feel that there 
are multiple benefits with supplementation in deficient patients 
and that this warrants further screening. It is uncertain which 
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regime is ideal. One should use the regime that will make the serum 
vitamin D normal. Further clinical trials are needed to determine 
further extraosseous benefits of vitamin D and to guide appropriate 
screening and supplementation. We advocate public awareness 
of the high risk of low levels of vitamin D, as well as the multiple 
benefits that would accrue if the levels are optimal. 
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