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Abstract 
BACKGROUND: Chronic osteomyelitis is a difficult-to-treat bone infection and has frequent relapses. Vitamin D 

seems to have systemic antimicrobial properties and increases therapeutic response when administered with 

appropriate antibiotics. The aim of the present study was to evaluate the effect of vitamin D3 supplementation on 

chronic osteomyelitis. 

METHODS: This randomized, blinded, placebo-controlled pilot trial was conducted in Afzalipour Hospital and Besat 

Clinic affiliated with Kerman University of Medical Sciences, Kerman, Iran, from June 2017 to January 2020. Thirty 

patients with lower-extremity chronic osteomyelitis were randomly assigned to receive oral vitamin D3 pearls or a 

placebo. The participants were followed for 6 months. The levels of erythrocyte sedimentation rate (ESR) and  

C-reactive protein (CRP) and the prevalence of osteomyelitis symptoms were recorded at baseline and 1, 3, and  

6 months later. SPSS software and statistical tests such as generalized estimating equation (GEE) and mixed 

model analysis of variance (ANOVA) were used to analyze the data. 

RESULTS: ESR (P = 0.045), CRP (P = 0.049), and the prevalence of osteomyelitis symptoms significantly 

decreased in the vitamin D3 group in comparison with the placebo one during the study. 

CONCLUSION: High-dose and long-term vitamin D3 supplementation as an adjunct therapy to antibiotics may 

improve the outcomes of patients with chronic osteomyelitis. 
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Introduction1 

Chronic osteomyelitis is a difficult-to-treat 
bone infection and has frequent relapses.1,2 The 
most common pathogens are Staphylococcus 
aureus and coagulase-negative staphylococci 
(CoNS). Besides, the pathogens with a lower 
prevalence include streptococci, gram-negative 
pathogens (enterobacteria, pseudomonads), and 
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anaerobic bacteria.3 It is managed with surgical 
debridement and prolonged antibiotic therapy. 
In several studies, the remission rate was 
reported as 78.8%, 84%, and 90% at 1-year,  
2-year, and 5-year follow-up, respectively.4 
Consequently, this infection has significant 
effects on patients' morbidity, self-confidence, 
and socioeconomic status.5 Moreover, some 
issues should be considered when treating 
chronic osteomyelitis including the potential 
toxicity of systemic antibiotics, the difficulty in 
achieving adequate antibiotic concentrations at 
the infection site, the cost of antibiotic therapy 
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and relapse, and the patient’s compliance. As a 
result, finding a complementary therapy that 
aids the improvement of the infection plays a 
crucial role.1 

Vitamin D affects bone health, serum 
calcium, innate immunity, and inflammatory 
cascade.6-8 Moreover, vitamin D has systemic 
antimicrobial properties and increases 
therapeutic response when administered with 
appropriate antibiotics. In vitro studies show 
that vitamin D3 has an antibacterial activity 
against Staphylococcus aureus, Streptococcus 
pyogenes, Klebsiella pneumoniae, Escherichia coli 
(E. coli), and other bacteria.9 Additionally, 
various clinical trials investigated the effect of 
vitamin D supplementation on the treatment 
or prevention of infectious diseases such as 
respiratory tract infections, tuberculosis (TB), 
human immunodeficiency virus (HIV) 
infection, and sepsis. The results of these 
studies are promising.10 Furthermore, the 
prevalence of vitamin D insufficiency and 
deficiency is high among worldwide human 
populations.11 When vitamin D levels are  
low, infectious diseases are more likely. 
Vitamin D deficiency is also associated with an 
increased risk of infection severity and 
mortality. With due attention to the above, 
vitamin D may be considered a cost-effective 
adjunct therapy to antimicrobial agents in a 
variety of infections.9,10 

Some studies reported the inverse relation 
between the level of vitamin D and the 
incidence of orthopedic infections. Zargaran et 
al. identified a relationship between the low 
levels of serum 25-hydroxyvitamin D (25-OHD) 
and increased orthopedic infection.12 Traven et 
al. reported that normal vitamin D levels 
resulted in fewer orthopedic infections.13 The 
majority of these studies were observational 
rather than interventional and based on them, it 
could only be suggested that prophylactic 
vitamin D supplementation may reduce 
orthopedic infections. However, randomized 
clinical trials (RCTs) are required to establish  

the protective effect of vitamin D 
supplementation against orthopedic infections.14 
Nevertheless, there is limited research on 
vitamin D role in the treatment of orthopedic 
infections.6 Until now, no study has been 
performed to investigate the effect of vitamin  
D on the treatment of chronic osteomyelitis. 
Therefore, the purpose of the present study was 
to evaluate the effect of vitamin D3 
supplementation on chronic osteomyelitis. 

Methods 

This randomized, blinded, placebo-controlled 
pilot trial was conducted in Afzalipour 
Hospital and Besat Clinic affiliated with 
Kerman University of Medical Sciences, 
Kerman, Iran, from June 2017 to January  
2020. This study with registry number 
91000005 was approved by the Ethical 
Committee of Kerman University of Medical 
Sciences. The ethical approval code is 
IR.KMU.REC.1395.786. The clinical trial was 
also registered at the Iranian Registry of 
Clinical Trials (IRCT201609026026N4). All the 
participants signed an informed consent form 
before participating in the study. 

All the patients in the age range of 18-50 
years with lower-extremity chronic 
osteomyelitis were included. Among them, 
those who had the same causative organisms 
and received the same treatment were 
enrolled. As recommended by an experienced 
infectious diseases specialist collaborating with 
the researchers in the current study, the 
patients whose bone cultures showed 
polymicrobial infections were selected. The 
causative organisms were Enterobacteriaceae, 
Staphylococcus spp., and Pseudomonas 
aeruginosa. After the surgery, the patients were 
treated with intravenous (IV) vancomycin and 
meropenem for six weeks, and then they 
received oral levofloxacin and co-trimoxazole 
according to antibiogram results for 12 to  
24 weeks (based on clinical response). The 
exclusion criteria were the patients with an 
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underlying disease, use of vitamin D 
supplements during the study, pregnancy, and 
lactation. Demographic characteristics 
including sex and age were also recorded for 
all the patients. 

Pearls of vitamin D3 (50000 IU) and the 
placebo were provided by Zahravi 
Pharmaceutical Company, Tehran, Iran. The 
eligible patients were randomly assigned in a 
1:1 ratio by block randomization with a  
block size of four to receive oral vitamin D3 
pearls or the placebo. A person (not involved 
in the trial) generated the assignment schedule. 
The patients and physicians were blinded to 
the treatment assignment (a double-blind 
study). The patients received four pearls of 
vitamin D3 or the placebo after the sugary and 
four ones 1 month later, and then two pearls 
monthly for 4 months.15 

Follow-up visits occurred at 1, 3, and 6 
months after the enrollment. The presence of 
clinical symptoms (pain, tenderness, swelling, 
drainage, redness, and abscess) was recorded 
at baseline and follow-up visits. Erythrocyte 
sedimentation rate (ESR), C-reactive protein 
(CRP), plasma calcium (corrected serum 
calcium levels for plasma albumin 
concentration), and serum 25-OHD levels were 
measured at baseline and 1, 3, and 6 months 
later. Vitamin D insufficiency and vitamin D 
deficiency were defined as 25-OHD levels of  
12 to 20 ng/ml and less than 12 ng/ml, 
respectively.16 It should be mentioned that 
Fatemeh Mehrabi was responsible for 
recording all the patients’ data. 

Statistical analysis: The studies evaluating 
the effect of complementary therapy on 
chronic osteomyelitis were scarce, and chronic 
osteomyelitis has a low prevalence. In the 

current study, it was tried to select patients 
having the same conditions such as pathogens 
and treatment. The study also had prolonged 
and frequent follow-ups. Therefore, the sample 
size was considered as approximately 15 

patients in each group in this pilot study.17 

The SPSS software (version 21, IBM 
Corporation, Armonk, NY, USA) was used for 
the analysis of the statistical data. An 
independent samples t-test and chi-square test 
were employed to evaluate the differences in 
the demographic data. A generalized 
estimating equation (GEE) was applied to 
compare the binary data (clinical symptoms) 
over time between the vitamin D3 and placebo 
groups. A mixed model analysis of variance 
(ANOVA) was used to compare changes over 
time in the lab data. A P-value less than  
0.05 was considered statistically significant.  

Results 
Fifteen patients (9 men and 6 women) in the 
vitamin D3 group and 15 (10 men and 5 
women) in the placebo group completed the 
study. Figure 1 shows the flowchart of the 
study. The mean age of the participants was 
24.50 ± 4.53 and 23.87 ± 4.09 years in the 
vitamin D3 and placebo groups, respectively. 
There were not any significant differences 
regarding age, sex, and baseline 25-OHD level, 
CRP, and ESR between the two groups. 
Nineteen (63.33%) out of 30 patients had 
vitamin D insufficiency (10 in the vitamin D3 
and 9 in the placebo group) and no one had 
vitamin D deficiency. The levels of calcium 
were in the normal range for all the 
participants in all the follow-up visits. The 
calcium levels did not significantly change 
between the two groups during the study. 

The time-group interaction and main effect 
of time were statistically significant for  
25-OHD level, CRP, and ESR although the 
time-group interaction was borderline 
significant for CRP and ESR. The effect of the 
group reached statistical significance only for 
the 25-OHD level. Table 1 demonstrates 
changes in ESR, CRP, and 25-OHD levels in 
the vitamin D3 and placebo groups throughout 
the study. 
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Figure 1. Flowchart of the participants in this pilot study 

 
The prevalence of osteomyelitis symptoms 

significantly decreased after 1, 3, and 6 months 
following the treatment initiation in the 
vitamin D3 in comparison with the placebo 
group (Table 2). Additionally, no adverse 
effect was reported during the study. 

Discussion 

The present study was designed to evaluate 
the effect of vitamin D3 supplementation as an 

adjunct treatment to antibiotics on chronic 
osteomyelitis. The results of this study suggest 
that high-dose and long-term vitamin D3 
supplementation as an adjunct therapy to 
antibiotics could decrease CRP and ESR and 
also improve the clinical symptoms of chronic 
osteomyelitis. Vitamin D plays multiple 
important roles in the musculoskeletal system 
including the regulation of bone health, 
fracture healing, and soft tissue healing. 

 
Table 1. Changes in erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and  

serum 25-hydroxyvitamin D (25-OHD) in the vitamin D3 and placebo groups during the study 

Variables Time Vitamin D3 group 

(mean ± SD) 

Placebo group 

(mean ± SD) 

P1 

(time-group 

interaction) 

P1 

(time 

effect) 

P1 

(group 

effect) 

ESR At the baseline 29.96 ± 21.76 26.63 ± 22.85 0.0450 0.0150 0.5200 

 After 1 month 22.79 ± 18.61 25.50 ± 20.37    

 After 3 months 14.15 ± 16.89 25.75 ± 17.37    

 After 6 months 11.78 ± 8.98 24.75 ± 15.84    

CRP At the baseline 6.78 ± 6.06 4.38 ± 4.62 0.0490 0.0420 0.9600 

 After 1 month 4.22 ± 4.41 3.63 ± 3.82    

 After 3 months 2.78 ± 4.23 4.25 ± 4.11    

 After 6 months 2.33 ± 3.94 4.20 ± 4.09    

25-OHD At the baseline 18.12 ± 3.91 17.77 ± 4.64 0.0001 0.0001 0.0040 

 After 1 month 29.75 ± 4.19 17.71 ± 4.31    

 After 3 months 35.33 ± 4.51 17.14 ± 4.22    

 After 6 months 34.25 ± 3.69 16.43 ± 3.87    
1Based on mixed model analysis of variance (ANOVA) 

ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; 25-OHD: 25-hydroxyvitamin D; SD: Standard deviation 

Randomized (n = 33)  

Lost to follow-up (n = 2) 
Inaccessibility for follow-up visits 

(n = 2) 

Allocated to placebo (n = 17) 

Analyzed (n = 15) 

Allocated to intervention (n = 16) 

Analyzed (n = 15) 

Lost to follow-up (n = 1) 

Inaccessibility for follow-up visits 
(n = 1) 

Excluded (n = 20) 

Declined to participate (n = 4) 

Not meeting inclusion criteria (n = 11) 

Meeting exclusion criteria (n = 5) 

Assessed for eligibility (n = 53) 
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Table 2. Prevalence of osteomyelitis symptoms over time in the vitamin D3 and placebo groups 

Time point Group Presence of symptoms (%) Exp(B) 95% CI for Exp(B) P1 

At baseline Vitamin D3 75.9 1.11 0.89-2.14 0.325 

 Placebo 66.7 1   

After 1 month Vitamin D3 28.9 0.54 0.17-0.91 0.001 

 Placebo 52.9 1   

After 3 months Vitamin D3 9.2 0.38 0.12-0.81 0.015 

 Placebo 30.2 1   

After 6 months Vitamin D3 4.8 0.16 0.06-0.49 < 0.001 

 Placebo 29.4 1   
1Based on a generalized estimating equation (GEE) 

Exp(B): Exponential beta; CI: Confidence interval 

 
Moreover, Vitamin D supplementation 

improves the neuromuscular function and 
neuroprotective effects. It has also 
immunomodulatory and anti-infective 
activity.18-20 Vitamin D signaling seems to 
reduce susceptibility to and severity of 
bacterial and viral infections via several 
mechanisms including its direct effects on 
producing antimicrobial peptides and 
cytokines, and its regulation of the nuclear 
factor kappa-light-chain-enhancer of activated 
B cells (NF-κB) pathway during infections. 
Furthermore, there is a strong relationship 
between vitamin D status and susceptibility to 
infectious and autoimmune diseases.21 

Vitamin D supplementation was used for 
the treatment of infectious diseases in many 
clinical trials. It is difficult to compare the 
results of these studies due to different 
methodologies, different infections, and 
different doses, frequencies, and routes of 
vitamin D administration. In addition, many of 
these trials did not measure baseline 25-OHD 
levels. Thus, further research should be 
undertaken before recommending vitamin D 
supplementation for routine treatment of 
infections. Furthermore, several studies with 
vitamin D sufficient and nearly sufficient 
populations had negative results, and an 
inverse relationship between baseline 25-OHD 
level and response to vitamin D 
supplementation may be suggested. Finally, it 
is not clearly determined whether vitamin D 
supplementation has any beneficial effects on 

the treatment of infectious diseases in patients 
with normal 25-OHD levels.10 In the present 
study, 63.33% of the patients had vitamin D 
insufficiency; therefore, it may be a reason for 
a good response.  

To our knowledge, up to now, no studies 
have evaluated the effect of vitamin D3 
supplementation on chronic osteomyelitis. 
However, some studies have investigated the 
effect of baseline 25-OHD on clinical outcomes 
in orthopedic infections. Marschall et al. 
reported that there was no association between 
low vitamin D serum levels at the start of 
antibiotic therapy and the outcomes of 
osteoarticular infections when the patients 
received vitamin D supplementation along 
with antimicrobial therapy. They mentioned 
that hypovitaminosis D is prevalent and may 
be a modifiable risk factor for poor clinical 
outcomes in patients with osteoarticular 
infections. In their study, 75% of the patients 
had 25-OHD levels < 30 ng/ml.20 In another 
study, Signori et al. investigated vitamin D 
status in patients undergoing orthopedic 
surgery for prosthetic or bone tissue infections 
and compared baseline 25-OHD levels 
between these patients and non-infected ones. 
Higher 25-OHD levels were observed in the 
patients with prosthetic joint infection 
(significant) and in those with osteomyelitis 
and aseptic arthritis (non-significant) 
compared to non-infected patients. It was 
proposed that the higher levels of 25-OHD 
may be the result of the infectious process not 
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a predisposing factor for infection. They 
reported 79% of the study population were 
vitamin D deficient (25-OHD levels < 20 
ng/ml).6 Moreover, Maier et al. found that low 
vitamin D levels were inversely associated 
with the length of hospital stay in orthopedic 
patients receiving elective hip or knee 
arthroplasty. In this study, 86% and 63% of the 
patients were vitamin D insufficient (25-OHD 
levels < 30 ng/ml) and vitamin D deficient  
(25-OHD levels < 20 ng/ml), respectively.22 
Besides, in another study, Maier et al. showed 
that the prevalence of vitamin D deficiency in 
the patients treated for periprosthetic joint 
infection was high. Sixty-four percent of the 
study population had 25-OHD levels less than 
20 ng/ml.23 All the above-mentioned studies 
demonstrated a possible association between 
low vitamin D levels and orthopedic diseases, 
particularly orthopedic infections. The reasons 
for some differences in the results of the 
aforementioned studies are as follows: patients 
with different orthopedic infections, small 
sample size, and also differences and 
limitations in methodology.14 These results 
may confirm the need for vitamin D 
supplementation in this population. 

It is worth mentioning that Jiang et al. have 
indicated that vitamin D receptor TaqI, BsmI, 
FokI, and ApaI gene polymorphisms may 
contribute to the increased risk of chronic 
osteomyelitis in the Chinese population. The 
vitamin D receptors are responsible for the 
endocrine action of vitamin D.24 This study 
also emphasized the special role of vitamin D 
in chronic osteomyelitis.  

Long-term and frequent follow-ups were 
the limitations of the current study. However, 
this is a pilot study and the results are 
encouraging. Moreover, due to the coronavirus 
disease 2019 (COVID-19) epidemic and issues 
arising from it, there was not enough time to 
report the results of the current study earlier. 
Large trials with a longer duration and 
different doses of vitamin D are suggested to 

be conducted for future studies. 
 

Conclusion 

High-dose and long-term vitamin D3 
supplementation as an adjunct therapy to 
antibiotics may improve the outcomes of 
patients with chronic osteomyelitis. The 
vitamin D3 supplementation could decrease 
CRP and ESR and also improve the clinical 
symptoms of chronic osteomyelitis in the 
patients. Moreover, the number of patients 
with vitamin D insufficiency was high in the 
current study. However, this is a pilot study, a 
small-scale trial, and large-scale trials should 
be performed to reach robust results. 
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