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Abstract 

Objective: The purpose of this systematic review was to evaluate the role of and importance of Vitamin D deficiency as an 

independent risk factor for fracture.  

Methods: A search of the current literature was performed, leading to the inclusion of 15 suitable papers for analysis. A search on 

EMbase conducted using the search items “Vitamin D deficiency” and “fracture” was performed. The outcomes of these papers 

were used to outline a better understanding of the role of Vitamin D deficiency as an independent risk factor for fracture.  

Results/Discussions: Often implicated in the pathophysiology of osteoporosis, Vitamin D deficiency is often described as a risk 

factor for the development of fractures in both adults and children.  

Conclusion: While sufficient intake and metabolism of Vitamin D is important for proper bone health, the true impact of Vitamin 

D insufficiency and deficiency varies across different populations. Overall, large, long-term and prospective studies must be 

completed to further our current understanding of this important area of musculoskeletal medicine. 
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Introduction 

Fractures are a common presentation to general practitioners, 

emergency medicine physicians, sports physicians and 

orthopaedic surgeons. The trauma resulting from a fracture 

leads to pain, immobility and loss of function of the affected 

limb. Fractures are not exclusive to any age group, but 

different patterns and variations are observed in different 

patient groups. The aim of management is anatomical or 

functional restoration of the limb and its component bones 

through operative or non-operative methods. Independent risk 

factors exist for fractures that include osteoporosis, advanced 

age, a history of maternal hip fracture, low body mass index 

(BMI), poor health, and metabolic disorders, among others [1]. 

One factor of increasingly recognised importance is Vitamin 

D deficiency (hypovitaminosis D), which is advocated to be 

an independent risk factor in fracture aetiology. This 

systematic review aims to evaluate the recent literature and 

determine whether any causation exists in this key area of 

clinical interest.  

 

Methods 

In order to review Vitamin D levels and fracture risk, a 

literature search was performed on EMBase. The search terms 

used were “Vitamin D” and “Fracture”, these were combined 

using the “And” option. The results were limited to English, 

“Human” and “Last 10 years” which subsequently produced 

125 results. All conference abstracts were immediately 

excluded, of which there were 98. One individual (RS) 

reviewed the remaining studies and after review of title and 

content, a further twelve were excluded as they were clinically 

inappropriate or of low-level evidence, leaving the total of 

included studies at 15. A further six studies were found using 

reference sources and searches and these studies were deemed 

to be of clinical importance.  

 

Critical Analysis and Discussion 

Often implicated in the pathophysiology of osteoporosis, 

Vitamin D deficiency (VDD) is often described as a risk 

factor without having its relationship with fracture quantified. 

It is often subclinical, however it can present in different 

groups in myriad ways. Several reviews have been performed 

in an attempt to delineate the effect of Vitamin D on fracture 

risk. Khaw, Luben and Wareham (2014) reviewed the effect 

of Vitamin D on osteoporosis and fracture over a 13-year 

population study. This UK study reviewed 14,641 adults 

between 42-82 years of age in 1997-2000 and followed up in 

2012. Participants were separated into five groups according 

to baseline serum concentration of Vitamin D (Vitamin D 

<30, 30 - <50, 50 - <70, 70 - <90, >90 nmol/L) The mean 

serum Vitamin D found throughout the groups was 56.6 

nmol/L and while other factors were measured, a 20 nmol/L 

increase in Vitamin D had a hazard ratio of 0.89 for fractures 

(563 total events).  

Furthermore, concentrations of Vitamin D were also inversely 

associated with incidental fractures and hip fractures, although 

this was less apparently linear with the lower risk ratio 

flattening at VDL greater than 50 nmol/L. Plasma VDL were 

also found to predict 13-year total mortality, incident 

cardiovascular disease, respiratory disease and fracture [2]. A 

recent review by O. Sahota (2015) suggested that the 

literature, including systematic reviews, was still extremely 

contentious, however there is evidence that VDD is associated 

with proximal muscle weakness and that appropriate 

supplementation may result in a reduction of non-vertebral 
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fracture risk [3].  

The aged population form a significant portion of individuals 

with VDD. Increased age is a risk factor for fractures, as well 

as further health problems that develop with age. Lips et al 

attempted to quantify the reduction of fracture risk with 

calcium and Vitamin D supplementation. It categorised 

abnormal Vitamin D levels (VDL) into insufficiency (25-

50nmol/L or 10-20ng/mL), deficiency, (<25nmol/L or <10 

ng/mL) and severe deficiency (<12.5nmol/L or <5ng/ml). The 

study also reviewed 14 previous studies and compared the 

changes in hip and non-vertebral fractures with Vitamin D and 

calcium supplementation. Of these, one study with 800 IU/day 

of Vitamin D and 1200mg/day of calcium caused a 43% 

reduction in hip fracture risk, as well as 32% reduction in non-

vertebral fracture risk in 3270 patients [4, 5]. Another group 

used 700 IU/day of Vitamin D and 500 mg/day of calcium 

dosing found a relative risk reduction of 0.5 in the 

supplementation group vs. the control group [6].  

Moreover, the only study that found a significant reduction in 

non-vertebral fracture (22%), without calcium 

supplementation, was one where the subjects had 100,000IU/4 

monthly [7]. All but five of the included studies found non-

significant results in regards to Vitamin D supplementation 

and reduction of fracture risk. However, in Lips’ review, it did 

not state whether each study further performed subgroup 

analysis between levels of Vitamin D and fracture risk. It did 

recommend a supplementation of 800 IU/day as this did have 

the most successful outcome reported [4]. One hundred patients 

were chosen who presented with fractures from a population 

of 1246. Following their treatment for the fracture, they were 

voluntarily enrolled and underwent DEXA scanning and those 

with osteoporosis and recorded VDL were recruited. This 

study aimed to identify contributors to fracture risk and 

determine whether they were reversible or not. The study 

concluded that approximately one in two patients who present 

with clinical vertebral or non-vertebral fractures have 

secondary risk factors, of which most are reversible. Despite 

this, it made no comment on the risk reduction or change in 

incidence following correction of these contributors [8]. 

Other studies reviewing specific populations have also been 

performed. Chan et al reviewed Vitamin D status, BMD and 

non-vertebral fracture risk in community-based men in Hong 

Kong and found no change in fracture risk over four years. 

This conclusion was drawn from a cross-sectional analysis 

and longitudinal analysis of 939 and 712 men older than 65 

years. The study used a value of 50 nmol/L or below as having 

VDD and found the 94.1% of the patients were not in this 

group. Following adjustment for confounders, higher VDL 

was associated with higher baseline BMD, however there was 

no association between VDD and non-vertebral or hip fracture 

risk [9]. A further study by Zhifeng et al (2013) reviewed 609 

healthy postmenopausal Chinese women. This study found 

that 72.6% of the women had VDD with a level <50 nmol/L. 

By using the FRAX risk calculator, it found that Vitamin D 

reduced 10-year hip fracture risk by 0.100 and reduced 10-

year major osteoporotic fracture by 0.111, which yielded 

statistical significance. This study therefore supported the 

suggestion that Vitamin D deficiency increased risk of 

fracture (as an independent risk factor), albeit only in the 

population under review [10]. In practical terms, this can be 

compared to elderly nursing home and community dwelling 

individuals. The case control study by De Konig et al (2012) 

clearly supported this notion, however their findings only 

stated that this relationship was non-linear and that VDL was 

inversely associated with hip fracture below 70 nmol/L (Odds 

ratio = 0.81 per 10 nmol/L increase) [11].  

Building on this work, Shinkov et al (2016) undertook a cross-

sectional study of 66 nursing home patients and 139 matched 

community based older subjects to assess their general 

fracture risk, as well as hip fracture risk specifically. While 

the nursing home residents reported a higher proportion of 

VDD (65.2% vs. 22.3%), fractures were distributed equally 

amongst the two groups and were of comparable rates 

between deficient and sufficient groups. Hip fracture rate was 

slightly higher in the nursing home patient group (8% vs. 2%), 

however this was associated with elevated PTH levels and not 

with VDL or residency status [12]. One must also consider the 

alterations that systemic disease has on fracture risk when 

added to VDD; these confounding factors need to be 

appreciated in this particular patient population. Renal 

impairment requiring maintenance haemodialysis has been 

found to be associated with increase bone fragility. Ambrose 

et al had demonstrated low VDL and decreased bone mineral 

density (BMD) in haemodialysis patients, as well as abnormal 

bony microstructure potentially associated with increased 

fracture risk. Indeed, 144 patients who had been on 

maintenance haemodialysis for greater than six months were 

approached, with 130 enrolled. The patients were surveyed 

about previous bone fracture, as well as medical charts 

examined. Weekly laboratory tests were completed, as well as 

DEXA scanning to assess BMD. Indeed, of those reviewed, 

21 had previous fractures, with 109 remaining fracture-free. 

The former group had a mean VDL of 15.8 nmol/L and the 

latter had one of 30 nmol/L. Overall, the prevalence of 

deficiency (<20 nmol/L) was 41% and insufficiency (20-30 

nmol/L) was 13.3%.  

Contrary to other studies, there was no difference between the 

fractured and non-fractured groups in PTH levels. On 

multivariate analysis, there was a significant odds ratio of 

11.215 (P = 0.026) between fracture in those with VDL <20 

nmol/L. Furthermore, it was demonstrated that Vitamin D 

insufficiency, as well as other factors such as radial bone 

density and relative hypoparathyroidism are independently 

associated with fractures in those on haemodialysis [13]. 

Another study reviewed bone and calcium metabolism in 

relation to fracture incidence in those with spinocerebellar 

degeneration (SCD). Sato et al (2016) prospectively reviewed 

110 patients with SCD who were age-matched to healthy 

controls. Over the ten-year study period, the SCD mean VDL 

decreased to < 5ng/mL, as well as BMD in men (15.2%) and 

women (24.6%). Additionally, the fracture rate was 

significantly higher in the SCD group for both men (8/49 vs. 

1/42) and women (16/49 vs. 2/48). While there was no 

analysis to review for confounding variables, the study authors 

hypothesised that severe Vitamin D deficiency contributed to 

the frequency of fracture and increased fracture risk due to 

sunlight deprivation, increased bone resorption due to 

immobilisation and frequent falls [14].  

Kim et al further investigated systemic disease in 2013 in 

individuals with an ever more common syndrome. Kim 
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reviewed serum Vitamin D levels and vertebral fractures in 

postmenopausal women and men > 50 years of age who 

visited diabetes clinics in May to September 2010. This study 

aimed to determine whether low VDL was associated with 

vertebral fractures. The study found women had on average 

lower VDL than men (31.3 vs. 41.3 ng/mL), with vertebral 

fractures being found in 16% of all patients. Men with higher 

VDL showed a reduced prevalence of vertebral fractures 

(9.4% vs. 17.9% vs. 21.7%, >30 vs. 20-29.9 vs. <20 ng/mL 

respectively), however this was not reproduced in the female 

subjects. Once further factors were excluded, men with serum 

VDL of less than 20 ng/mL was associated with an increased 

risk of vertebral fracture in those with type 2 diabetes [15]. 

A 2013 study by Busse et al reviewed iliac bone cores taken 

from 15 Vitamin D deficient and 15 non-Vitamin D deficient 

subjects at autopsy (within 48 hours of death), with 20 ng/mL 

being the cut-off. These samples then underwent significant 

laboratory testing with a further 10 being used to investigate 

toughness, strength and mode of failure. All the samples in 

this study underwent 2D and 3D histomorphometry, Raman 

and FTIR spectroscopy and in situ fracture testing. The latter 

test involved removing a sample of cortical bone from the 

crest. Following preparation samples underwent Gatan 

Microtest mechanical testing with serial images being taken 

during different phases. These found initiation and 

propagation were increased by VDD by 22 to 31%. 

Additionally, the other tests found that the bone with VDD 

had more uncalcified osteoid surrounding bone with higher 

mineral content, mature collagen and mineral constituents; the 

latter three features being a feature of older tissue. As a result, 

the study demonstrated that normal Vitamin D levels are 

essential in maintaining bone’s structure and function and that 

VDD worsens fracture risk and progression [16]. 

In the paediatric population, Contreras et al aimed to 

determine whether children with fractures from minor trauma 

had a raised prevalence of VDD compared to children without 

fractures [17]. The study compared the VDL of two groups of 

100 children, one with fractures and one without, with VDD 

being defined as VDL <20ng/mL and Vitamin D insufficiency 

being 20-30ng/mL. Despite this, no relationship was found 

between VDD and fracture risk in the two groups. Paterson 

attempted to review several case reports with young children 

with rickets secondary to VDD [18]. This group identified 35 

patients between 0-23 months of age with 18 of them having 

multiple fractures in case reports from 1918-2012. A 

significant number of rib fractures (>40) were documented 

with femoral fractures, the most common diaphyseal injury. 

Indeed, VDL were only recorded in 17 patients, with 16 of 

them having VDL <10ng/mL. No statistical analysis was 

performed in this study, as well as no control or comparative 

group provided. Radiographic features of rickets diagnosed 

the cases in this study; however, this does mean that fractures 

occur in the absence of the radiographic signs. Of the 58 

diaphyseal fractures, 40 of them were spontaneous, with a 

further 11 not having a known mechanism of injury. This 

study draws importance to the recognition of potentially 

multiple fractures in those children with rickets [19]. It may 

also draw attention to the need for testing of Vitamin D levels 

in children with unknown or spontaneous fractures, with an 

otherwise unknown or undetermined etiology.  

Other paediatric studies have revealed minimal information 

regarding fracture risk in relation to VDD. A 2012 study by 

Perez-Rossello et al reviewed 40 children with diagnosed 

VDD from a parent study. These children had high quality 

wrist and knee x-rays taken and reviewed for rachitic changes. 

Two patients had rachitic changes and another two had 

demineralization changes, however none had fractures 

present. While this study estimated that fracture risk for those 

with Vitamin D deficiency, it could not formally calculate or 

draw conclusions from its findings [19]. Marana attempted to 

establish whether bone biopsy findings correlated with 

clinical, radiological and biochemical parameters in children 

with fractures. Twenty-four children referred for primary 

osteoporosis with no clinical diagnosis of osteogenesis 

imperfect or other known cause of bone fragility. This study 

divided patients into various groups using multi-variate 

analysis, however when it came to vitamin D levels, three 

subgroups were found. A total of 67 non-vertebral fractures 

were found with the median age for first long-bone fracture 

was 7.5 years. Also there were nine vertebral compression 

fractures prior to referral and five found on radiographic 

screening. The most common injury was fracture of the 

forearm and/or distal radius and ulna (n=28) and all but three 

fractures were cause by low-to-moderate energy trauma. The 

subgroups by VDL were <37.5nmol/L, 37.5-50nmol/L and 

>50nmol/L with nine, five and ten patients in each group 

respectively. The study made no attempt to identify a link 

between Vitamin D levels and childhood fractures, but did 

state that VDD was associated with high bone turnover, as 

well as correlated to osteoid surface and volume on biopsy. 

Subsequently it stated that hypovitaminosis D may be 

associated with suboptimal bone quality and decreased bone 

strength [20]. The final paediatric publication assessed whether 

there were any differences either in behaviour, physically or 

biochemically between children > 2 low-energy fractures (68) 

and those without (57). The study found 20% of case cases 

and 23% of control subjects had idiopathic hypercalcuria (IH). 

In the controls, the presence of this did not affect bone mineral 

density, whereas in the cases almost all of the patients with IH 

also had decreased bone mineral density. Further analysis of 

VDL showed that there was no significant difference in the 

levels between each group, but that there was with those with 

fractures [21]. 

When reviewing these studies it must be noted that while they 

all used extremely similar classifications for decreased levels 

of Vitamin D, some used the classification of insufficiency, 

deficiency and severe deficiency and had an associated value 

range, where others attempted to use the range of values 

obtained to form their range. Additionally, the use of both 

ng/mL and nmol/L in standard testing for VDL created some 

difficulty when comparing studies and thus it may be of 

benefit both having a standard criteria and unit of 

measurement. Each study used a varying form of statistical 

analysis and used different methodology and results grouping, 

creating heterogeneity between the studies in general.  

 

Conclusion 

There has been significant literature reviewing Vitamin D 

deficiency and its impact on fractures. While sufficient intake 

and metabolism of Vitamin D is important for proper bone 
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health, the true impact of Vitamin D insufficiency and 

deficiency is varies across different populations. Although 

much literature supports the view that there is a clear 

increased risk of both vertebral and fragility fractures with 

Vitamin D deficiency, there are also an equal number of 

studies that oppose this conclusion. Of note, the studies 

suggested that in those with concomitant disease, there was a 

notable association with VDD and fracture risk, whereas 

certain populations across different continents, sexes and 

residential status all produced different results, likely due to 

different sun exposure, diet and activity level. In the paediatric 

population, more studies are required for delineation, however 

results suggest that there is no associated increase in fracture 

risk in of itself. Overall, large, long-term and prospective 

studies must be completed to further our current 

understanding of this important area of musculoskeletal 

medicine.  
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