
Vitamin D Deficiency in Proximal Femur Fracture Patients of South-East 

Queensland 

ABSTRACT 

Objectives: To determine the incidence of hypovitaminosis D in proximal femur fracture (PFF) 

patients and investigate if sociodemographic factors or radiographic parameters are associated with 

vitamin D levels.  

Methods: This is a consecutive case series of South-East Queensland patients presenting with low-

energy PFFs. Vitamin D levels and sociodemographic factors (age, gender, postcode, medications, 

type of residence) were collected from medical records. Radiographic parameters included PFF type 

and cortical thickness of the femur. 

Results: 313 patients were included (mean age=79.5 years) and 105 (34%) were deficient in vitamin 

D (<50nmol/L). There was no association between vitamin D levels and sociodemographic factors or 

radiographic parameters. Eighty-four (84%) of vitamin D deficient patients were not taking vitamin D 

supplements. 

Conclusions: Social and demographic factors are not correlated with vitamin D levels in this cohort. 

Routine vitamin D supplementation may be indicated in ageing patients although it is not always 

protective of low-energy fractures. 
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MAIN TEXT 

Introduction: 

Vitamin D deficiency, defined as a serum 25-hydroxyvitamin D concentration of less than 50nmol/L, 

commonly occurs from a lack of exposure to sunlight.1 Vitamin D deficiency leads to reduced 

absorption of calcium from the gut which results in hypocalcemia and decreased bone mineralisation, 

a disease process known as osteomalacia. Additionally, parathyroid hormone levels rise in response to 

hypocalcemia and stimulates osteoclasts to increase bone resorption. As a result, vitamin D deficiency 

predisposes individuals to fractures in load-bearing areas of the skeleton such as the proximal femur.2 

Proximal femur fractures (PFFs) represent a major burden to individuals, the community and the 

health system. Between July 2015 and June 2016, there were approximately 18,700 new hip fractures 

among Australians aged 45 years and above.3 Of these, 93% were from a falls-related injury and 87% 

were from low-energy falls.3 Low-energy trauma refers to falling from standing height or less, 

whereas high-energy trauma generally involves more forceful impacts or higher speeds such as motor 

vehicle accidents.4 This incidence is expected to rise due to an ageing population, underscoring the 

need for effective prevention strategies and pharmacological management of bone health.  

The frequency of hypovitaminosis D amongst hip fracture patients has been well documented in other 

parts of the world such as Russia5, Switzerland6, Great Britain7-10, India11, Finland12 and Spain13 with 

reported rates of vitamin D deficiency ranging from 53% to 92%. There is limited data in Australia 

with only one Tasmanian study from 2002 reporting that 67% of patients had vitamin D levels below 

28nmol/L.14 

The objectives of this study are to, firstly, compare the incidence of hypovitaminosis D in PFF 

patients from South-East Queensland with other reports globally. Secondly, to investigate if 

sociodemographic factors, femoral cortical thickness or fracture type are associated with vitamin D 

levels. Lastly, determine the rate and effectiveness of vitamin D supplementation in PFF patients. 

Methods: 

This is a retrospective analysis of a consecutive case series of patients with PFF that presented to a 

tertiary regional hospital in South-East Queensland between January 2018 to January 2019. Patients 

of any age that presented with a proximal femur fracture due to low-energy trauma and received a 

serum vitamin D level on admission were included. Patients with high-energy trauma and peri-

prosthetic fractures were excluded. Each patient’s serum 25-hydroxyvitamin D level was measured 

using liquid chromatographic separation followed by tandem mass spectrometry. The laboratory 

followed a series of internal and external quality control checks including standardisation through the 

Vitamin D External Quality Assessment Scheme (DEQAS). Age, gender, postcode, medications, type 

of residence and admission date were collected from medical records. Type of residence was 



classified as either nursing home (including assisted living) or private residence (including units in 

retirement villages). Admission date was used to detect seasonal variation in vitamin D levels of PFF 

patients. Patients were divided into three groups based on medications for bone health immediately 

before admission: calcium and vitamin D supplements only; antiresorptive medications (such as 

denosumab or bisphosphonates) with or without supplements; and no bone protection medications. 

The Socio-Economic Indexes for Areas (SEIFA) is a report developed by the Australian Bureau of 

Statistics (ABS) that ranks areas in Australia according to their relative socioeconomic advantage or 

disadvantage.15 Each postcode’s rank is based on dimensions collected from Census data such as 

overall income, education, employment, occupation and housing. In this study, the Index of Relative 

Socio-Economic Advantage and Disadvantage within the SEIFA report was used to estimate the 

patients’ level of socioeconomic status based on postcode recorded at admission.  

Participants’ radiographs were evaluated for combined cortical thickness (CCT) of the affected femur 

and fracture type. Femoral CCT was calculated by measuring the sum of the medial and lateral 

cortical thicknesses of the femur 3cm below the lesser trochanter and dividing it by the total thickness 

of the shaft, to be consistent with previous reports.16 All measurements were performed by two 

independent authors using the ruler functionality on IMPAX 6.0 (Agfa). The average of the two 

values was used in the analysis. PFF type was classified as subcapital, transcervical, basicervical, 

intertrochanteric or subtrochanteric (Figure 1). 

Hierarchical multiple regression (HMR) analysis was performed to allow for stepwise analysis and 

adjustment for covariates (SPSS v24, IBM). The first model of the HMR analysis contains vitamin D 

as the dependent variable and medication group as the independent variable. In the second model, 

sociodemographic factors (age, gender, socioeconomic status and type of residence) were added as 

independent variables. Fracture type and femoral CCT were added as independent variables in the 

third model. The R2 change values from the second and third model indicate the degree of correlation 

between vitamin D and the independent variables whilst controlling for covariates from previous 

models. One-way ANOVA was employed to detect seasonal variation in vitamin D levels. Pearson’s 

chi-square was used to compare differences in supplement usage between vitamin D deficient and 

non-deficient patients, and between institutionalised and non-institutionalised patients. Statistical 

significance was denoted by a p-value of <0.05.  

This study has been approved by the Gold Coast Hospital and Health Service Human Research Ethics 

Committee (Ref: LNR/2019/QGC/48850). 

Results: 

Over the 12-month study period, 328 patients presented with a PFF and, of those, 313 patients (67% 

female, 33% male) received routine vitamin D testing and were included in the study. The mean age 



of the population was 79.5 years (SD = 11.0), ranging from 43 to 102 years. Vitamin D levels ranged 

from 9 to 167 nmol/L, with a mean of 61.7 nmol/L (SD = 27.5). Approximately two-thirds of patients 

(n = 208, 67%) had adequate levels of vitamin D (≥50 nmol/L) and one-third were deficient in 

vitamin D (n = 105, 34%). Due to discrepancies in definitions of vitamin D deficiency, Figure 2 

shows the distribution of serum vitamin D levels in this cohort to allow for independent interpretation. 

Furthermore, 116 (37%) patients were in a nursing home or assisted living and 191 (61%) patients 

were living independently in the community before admission.  

We compared the percentage of patients with vitamin D deficiency in this study with previous 

reports5-14 (Table 1). For each study that we compared to, we adjusted the threshold for vitamin D 

deficiency in our sample population to match the threshold used in the study. We also adjusted for 

inclusion criteria, such as age above 65 years, to allow for a meaningful comparison. Our cohort had 

lower levels of vitamin D deficiency compared to all listed studies. 

The three stages of the HMR analysis are summarised in Table 2. In model one, medications 

accounted for 11% of the variance in vitamin D levels, which was statistically significant (R2 = 0.107, 

p<0.001). The mean vitamin D level was 74.1 nmol/L (n = 74) in patients receiving calcium and 

vitamin D supplements only, 73.6 nmol/L (n = 42) in patients receiving antiresorptive medications, 

and 54.5 nmol/L (n = 197) in patients not receiving any bone protection medication. Vitamin D 

supplementation, antiresorptive medications or both, were used by 52% of patients from nursing 

homes (including assisted living) compared to only 29% of patients living independently (χ2 = 18.52, 

p = 0.001). Out of the 105 patients with vitamin D deficiency and 208 patients with adequate vitamin 

D levels, 88 (84%) and 109 (52%) were not taking vitamin D supplements before admission, 

respectively. In other words, 15% of patients taking vitamin D supplements and 45% of patients not 

taking vitamin D supplements were deficient in vitamin D (Figure 3). The difference between these 

two groups were statistically significant (χ2 = 29.51, p<0.001). 

In model two of the HMR analysis, age, gender, socioeconomic index and type of residence (nursing 

home or private residence) were not significantly correlated with vitamin D levels when controlling 

for medications (R2 change = 0.004, p = 0.9). 

Finally, in the third model, fracture type and femoral CCT had no significant correlation with vitamin 

D levels when controlling for covariates in models one and two (age, gender, socioeconomic index, 

type of residence and medications) (R2 change = 0.004, p = 0.5). 

When testing for seasonal variation, ANOVA revealed vitamin D levels had no statistically significant 

difference between seasons (F(3,309) = 1.12, p = 0.3). The mean vitamin D level was 62.3 nmol/L 

(SD = 26.6) in summer, 62.0 nmol/L (SD = 26.6) in autumn, 57.7 nmol/L (SD = 26.4) in winter, and 

65.7 nmol/L (SD = 30.5) in spring. 



 

Discussion: 

There are four pertinent findings from these results. Firstly, 34% of a South-East Queensland cohort 

of PFF patients were deficient in vitamin D and this is consistently lower than cohorts from other 

studies conducted around the world. Secondly, sociodemographic factors, fracture type and femoral 

CCT did not correlate with vitamin D levels in this cohort when accounting for covariates. Thirdly, 

there was no seasonal variation in vitamin D levels. Lastly, 84% of vitamin D deficient patients were 

not taking vitamin D supplements. 

South-East Queensland has historically low levels of vitamin D deficiency. In 2011-12, the rate of 

vitamin D deficiency in the adult Queensland population was the lowest of any state or territory in 

Australia at 11%, with a nationwide average of 24%.17 The low rates of vitamin D deficiency seen in 

Queensland are attributed to a combination of factors including the subtropical climate, lifestyle and 

high UV index.18 Consequently, this may explain why there was no statistically significant seasonal 

variation in vitamin D levels of ageing PFF patients in this study. Inderjeeth and colleagues,14 in their 

Tasmanian study, also reported no statistical seasonal variation and suggested that this may be 

because PFF patients are older and frailer than the general population and, thus, are less likely to go 

outdoors regardless of the season.  

Living in residential care is a recognised risk factor for vitamin D deficiency.1 In a study of 222 PFF 

patients in Switzerland, Bischoff-Ferrari and co-workers6 reported that patients admitted from nursing 

homes or assisted living had over 20nmol/L lower vitamin D levels compared to those admitted from 

private residences (p<0.05). In our study, admission from a nursing home was not associated with 

lower levels of vitamin D. This discrepancy may be because the lower sun exposure experienced by 

nursing home residents was offset by both the higher rates of medication in nursing homes and the 

higher UV index in Queensland. 

Socioeconomic status in this study was not significantly correlated with vitamin D levels after 

correcting for supplementation. Vitamin D is not substantially different across socially advantaged 

and disadvantaged areas in the general Australian population, with the proportion of vitamin D 

deficiency in the first quintile of social disadvantage (26%) being similar to the fifth quintile (24%).17 

However, studies from other countries have found that social deprivation is associated with higher 

levels of vitamin D deficiency.19,20 Several reasons for this have been proposed including reduced 

physical activity, limited access to supplements and poorer diets in disadvantaged communities.21 The 

discrepancy found in Australia indicates that exposure to sunlight is similar in all patients, irrespective 

of their socioeconomic status. 



We found no association between vitamin D and femoral cortical thickness. Since it is accepted that 

cortical thickness corresponds to bone strength and resistance to fracture,22 vitamin D levels may not 

be a reliable indicator for an individual’s risk of sustaining a hip fracture. Zhao et al. performed a 

systematic review and meta-analysis of 33 randomised controlled trials and found that vitamin D 

supplementation did not reduce fracture incidence in community-dwelling adults.23 In contrast, in a 

nursing home population, a randomised controlled trial found that vitamin D and calcium 

supplementation reduced the risk of hip fracture.24,25 Our study had a majority of community-dwelling 

individuals and, thus, the findings reflect the Zhao et al. study. 

According to model one of the HMR analysis, calcium and vitamin D supplements were associated 

with significantly higher levels of serum vitamin D compared to patients not receiving any bone 

protection medication. Vitamin D supplementation is beneficial in patients with hypovitaminosis D by 

preventing osteomalacia and reducing the risk of hypocalcemia in patients treated with 

bisphosphonates.26 Furthermore, a retrospective study suggested that bisphosphonates were more 

effective in raising bone mineral density in patients with vitamin D >70nmol/L than in patients with 

lower vitamin D levels.27 One-third of this Queensland cohort was deficient in vitamin D and 84% of 

these patients were not taking vitamin D supplements. Therefore, while it is unclear how vitamin D 

may influence fracture risk in this cohort, there are several benefits of supplementation for ageing PFF 

patients. 

There are some limitations to this study. This is a retrospective cohort of patients and there is no 

healthy control group without fractures. Bone mineral density scans were not routinely obtained and, 

thus, cortical thickness was used as a surrogate. Additionally, we were limited by the data from 

patient records and could not account for factors such as comorbidities or medication compliance. 

In summary, levels of hypovitaminosis D in ageing PFF patients from South-East Queensland are 

lower than in other countries and states. Social and demographic factors do not appear to influence 

vitamin D levels in this cohort. Hypovitaminosis D may not reliably predict an individual’s risk of 

sustaining a low-energy proximal femur fracture. However, routine vitamin D supplementation for 

ageing PFF patients is beneficial. 

 

IMPACT STATEMENT 

Low levels of vitamin D are not associated with an increased risk of low-energy proximal femur 

fractures. However, our findings suggest that ageing patients will still benefit from routine vitamin D 

supplementation irrespective of their social or demographic factors. 
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TABLES 

Table 1: Comparison to other studies investigating vitamin D levels in proximal femur fracture 

patients  

Study Location Vitamin D 

deficiency cut-

off value 

(nmol/L) 

Proportion of 

subjects with 

vitamin D 

deficiency (%) 

Proportion of 

matched subjects 

with vitamin D 

deficiency in our 

cohort (%) 

Bakhtiyarova et al. 5 Russia <25 65 9 

Bischoff-Ferrari et 

al. 6 

Switzerland <50 80 31 

Bryson et al. 10 Leicester, United 

Kingdom 

<30  71 13 

Dhanwal et al. 11 India <50  77 33 

Gallacher 8 Scotland <50  92 32 

Inderjeeth et al. 14 Tasmania <28  68 11 

Larrosa et al. 13 Spain <62  67 51 

Moniz et al. 9 London  <50  82 33 

Nurmi et al. 12 Finland <37.5  53 20 

Sahota et al. 7 Nottingham, United 

Kingdom 

<30  68 12 

 

 

 

 

 

 



Table 2: Summary of hierarchical multiple regression analysis between vitamin D and 

medications, age, sex, season of admission, socioeconomic status, nursing home status, fracture 

type and femoral CCT 

Variable Model 1 Model 2 Model 3 

β (95% CI) p-value β (95% CI) p-value β (95% CI) p-value 

Medications -10.7 (-14.1, -7.2) <0.001 -10.2 (-13.8, -6.6) <0.001 -10.1 (-13.8, -6.5) <0.001 

Age   0.0 (-0.3, 0.3) 0.9 0.1 (-0.3, 0.4) 0.7 

Sex   2.5 (-3.9, 8.8) 0.4 3.1 (-3.3, 9.6) 0.3 

Season of 

admission 

  0.5 (-2.1, 3.2) 0.7 0.6 (-2.1, 3.3) 0.7 

Socioeconomic 

status 

  0.0 (-0.1, 0.2) 0.7 0.03 (-0.2, 0.2) 0.8 

Nursing home 

status 

  2.3 (-4.4, 9.0) 0.5 2.30 (-4.4, 9.0) 0.5 

Fracture type     0.0 (-2.2, 2.2) 0.9 

Femoral CCT     0.3 (-0.2, 0.6) 0.2 

R2 0.107 0.111 0.115 

R2 change 0.107 0.004 0.004 

P-value <0.001 0.9 0.5 

 

 

 

 

 

 

 

 



FIGURE LEGENDS: 

Figure 1 - Classification of proximal femur fractures 

Subcapital fractures occur at the junction of the head and neck of femur. Transcervical fractures occur 

in the middle of the neck of femur. Basicervical fractures occur at the base of the neck of femur. 

Intertrochanteric fractures involve the greater and/or lesser trochanter. Subtrochanteric fractures occur 

in the femoral shaft up to 5cm distal to the lesser trochanter. 

 

 

 

 



Figure 2 - Distribution of serum vitamin D levels 

Distribution of serum vitamin D levels in the studied cohort. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 3 - Proportion of patients with vitamin D deficiency by supplement usage 

The number of patients with a vitamin D deficiency (<50nmol/L) or adequate vitamin D (≥50nmol/L) 

grouped by vitamin D supplement usage. The differences between the two groups were statistically 

significant (χ2 = 29.51, p<0.001). 

 


