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Abstract
Purpose The aims were to assess whether vitamin D deficiency influenced mortality risk and length of acute hospital stay 
in patients presenting with a hip fracture.
Methods A retrospective study was undertaken including all patients aged over 50 years that were admitted with a hip fracture 
to a single centre during a 24-month period. Serum vitamin D levels on admission, patient demographics, perioperative vari-
ables and mortality were collected. Cox regression analysis was utilised to determine the independent association between 
serum vitamin D levels and patient mortality.
Results The cohort consisted of 1510 patients with a mean age of 81.3 years and 1107 (71.4%) were female. 876 (58.0%) 
were vitamin D deficient (< 50 nmol/l). The median follow up was 405 (IQR 249 to 610) days. During follow-up there were 
464 deaths (30.7%). Vitamin D deficiency was independently associated with higher mortality risk (hazard ratio [HR] 1.26, 
95% confidence interval (CI) 1.03 to 1.53, P = 0.022). Male sex (HR 1.64, 95% CI 1.34 to 2.01, P < 0.001) was also associ-
ated with a higher mortality risk. Vitamin D deficiency was not associated with length of hospital stay (median difference 
0 days, P = 0.207).
Conclusion Vitamin D deficiency was independently associated with increased mortality in hip fracture patients, though this 
finding may be influenced by lack of comprehensive adjustment for comorbidity. While the value of routine serum vitamin 
D measurement is debated, supplementation during hospital stays is important to reduce falls and fracture risks associated 
with deficiency.
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Introduction

Vitamin D deficiency has been described as a pandemic 
which affects approximately 40% of Europeans, with asso-
ciated costs estimated to be in excess of a billion Euros [1, 
2]. Vitamin D deficiency is defined by the Endocrine Soci-
ety Task Force as a serum 25-hydroxyvitamin D [25(OH)D] 
level < 50 nmol/l [3]. The optimal level is often described as 
being higher than this with 75 nmol/l as a common target [4] 
as at this level vitamin D is thought to help prevent fractures 
[5]. Vitamin D is primarily obtained through sunlight expo-
sure, specifically to ultraviolet B radiation, but it can also 
obtained in lower amounts through diet and supplementation 

[6]. Due to its northern latitude [7], Scotland is a particular 
endemic risk area for vitamin D deficiency. The mean serum 
vitamin D level in Scotland is 37.5 nmol/l, and 75% (in sum-
mer) to 92% (in winter) of Scottish people have suboptimal 
vitamin D levels (< 75 nmol/l) [8, 9]. Socioeconomic dep-
rivation was also associated with vitamin D deficiency in 
Scotland, with those living in the most deprived areas having 
the lowest vitamin D levels [8, 9].

Vitamin D is involved in a wide range of cellular func-
tions, with the vitamin D receptors being found in nearly all 
human cells [10]. Its primary function is calcium homeo-
stasis and maintenance of bone mineral density, but it also 
has roles in neuromuscular and cognitive function, immune 
system regulation and glucose metabolism [10, 11]. In addi-
tion to osteoporosis and muscular weakness [12], vitamin D 
deficiency has been linked to most of the leading causes of 
death in high income countries [13] including heart disease, 
stroke, cancer, diabetes [14], chronic obstructive pulmonary 
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disease [15] and dementia [16]. It is therefore unsurpris-
ing that vitamin D deficiency is associated with all-cause 
mortality [17], but whether or not the link between vita-
min D deficiency, chronic disease and mortality is causal 
or associative is unknown [4]. Vitamin D supplementation 
has however proven to reduce fracture and falls risks in frail 
elderly populations [5, 18, 19], and it is therefore now a 
national standard in Scotland to administer a loading dose 
of vitamin D to all hip fracture patients [20].

The primary aim of this study was to assess whether 
patients with a hip fracture who were vitamin D deficient 
had an increased mortality risk following their injury. The 
null hypothesis was that there was no difference in mortal-
ity for patients who were vitamin D deficient compared to 
those who were not deficient. The secondary aim was to 
assess whether being vitamin D deficient influenced length 
of acute hospital stay.

Methods

This retrospective study included all patients aged 50 years 
or more that were admitted with a hip fracture to the study 
centre over a 24-month period (1st July 2020 to 30th June 
2022). The study centre is the only trauma centre serving a 
catchment population of approximately 850,000 and man-
ages over one thousand hip fractures per year. The inclusion 
criteria were patients with either an intracapsular or extra-
capsular (no more than five centimetres of distal extension 
from the lesser trochanter) fracture of the proximal femur, 
that were resident in the catchment population and had pre-
sented to the emergency department (ED). Patients with 
isolated fractures of the acetabulum, pubic ramus, greater 
trochanter and periprosthetic fractures were excluded.

Patients were retrospectively identified from the local 
hip fracture database which was collected prospectively 
on a continuous basis for submission to the Scottish Hip 
Fracture Audit (SHFA) and was inclusive of all patients. 
Patient demographics, place of domicile, fracture type, ED 
admission and discharge times, delirium status, time to thea-
tre, American Society of Anaesthesiologists (ASA) grade, 
length of stay, mortality and serum vitamin D level on ward 
admission was collected from the patients e-health records 
(TRAKcare) and service documentation. The ASA grade 
was obtained from the anaesthetic notes, recorded at the time 
of surgery. Time to theatre was taken as per the SHFA guide-
lines; from time of admission to the ward to commence-
ment of anaesthesia. Vitamin D deficiency was defined as 
per the Endocrine Society Task Force definition of a serum 
25-hydroxyvitamin D [25(OH)D] level < 50 nmol/l [3]. 
These data were compiled by specialist local audit coor-
dinators familiar with hip fractures and the trauma unit. 
The data were collected and assessed for completeness by 

a senior analyst as part of the routine activity of the SHFA. 
All data were handled in accordance with the UK Caldicott 
principles.

Throughout the study period, it was protocol to take 
serum vitamin D levels for all hip fracture patients. Vitamin 
D deficiency in these patients was managed with a combined 
oral calcium and vitamin D supplement. Bisphosphonates 
were not routinely prescribed based on vitamin D status dur-
ing the study period.

ASA grade was used as a measure of each patient’s over-
all health and comorbidity. It is a subjective assessment 
made by the anaesthetist that classifies a patient’s severity 
of systemic disease from 1 (completely healthy and fit) to 
5 (moribund and not expected to live 24 h without surgery) 
[21]. More detailed measures of comorbidity, including body 
mass index (BMI), are not routinely collected by the SHFA 
and therefore were not available for analysis.

The Scottish Index of Multiple Deprivation (SIMD) was 
used to assign the socioeconomic status of each patient with 
assessment of seven domains: current income, employment, 
health, education, skills and training, housing, geographic 
access and crime [22]. The current study used the updated 
SIMD rankings published in 2020 to assign a patient to a 
quintile of local data zone deprivations (1 = most deprived 
to 5 = least deprived) according to their postcode at time of 
injury.

The four “A’s” test (4AT) is used internationally as a vali-
dated clinical tool for detecting delirium [23]. A score of 4 
or more is suggestive of delirium but is not diagnostic. The 
4AT is assessed and recorded as part of the “standard” of 
care for the SHFA as a screening tool for delirium.

Outcomes

Acute length of hospital stay (LOS) was defined as the num-
ber of days between admission to discharge from the trauma 
unit. Patient mortality status was obtained from the study 
centre hospital electronic records which is the sole national 
health service provider for the catchment population.

Statistics

Statistical analysis was performed using R software (R 
foundation for statistical computing, Vienna, Austria) ver-
sion 4.4.1. Descriptive statistics were used to describe data. 
Unpaired t-tests and Mann–Whitney U tests were used to 
assess for significant differences between groups in normally 
(age) and non-normally distributed (time to theatre, time in 
ED) continuous variables, respectively. Between group com-
parisons for dichotomous variables were assessed using a chi 
square test (sex, SIMD, ASA grade, pre-fracture residence, 
fracture type, 4AT score). Kaplan–Meier time to event meth-
odology was used to assess patient survival post-operatively. 
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Cox proportional hazard analysis was used to assess mor-
tality risk and the independent association of factors influ-
encing patient mortality when adjusting for confounding 
variables. A p-value of < 0.05 was defined as statistically 
significant.

Results

There were 2173 patients admitted with a hip fracture dur-
ing the study period, of which 67 (3.1%) were from out-
side the catchment population of the study centre and were 
excluded. There were a further 31 patients (1.4%) that were 
managed non-operatively and excluded. Of the remaining 
2075 patients, 1510 (72.8%) had a vitamin D level taken on 
admission and 565 (27.2%) did not (Fig. 1). The differences 
between these groups are shown in Table 1.

In the study cohort of 1510 hip fracture patients with 
a vitamin D level taken on admission, there were 403 
(28.6%) males and 1107 (71.4%) females with an overall 
mean age of 81.3 (SD 9.4). Of these patients, 876 (58.0%) 
were vitamin D deficient (< 50 nmol/l) and 634 (42.0%) 
were not deficient (≥ 50 nmol/l). The deficient group had 
a greater proportion of male patients (30.8%) compared to 
the non-deficient group (21.0%, P < 0.001). There was also 
a greater proportion of intracapsular fractures (61.3%) in 
the deficient group compared to the non-deficient group 
(55.4%, P = 0.024). Delirium, defined by a 4AT score of 4 
or more, was more common in the deficient group (17.0%) 
compared to the non-deficient group (13.2%). The deficient 
group also spent longer in the ED (median = 4.9 h, interquar-
tile range (IQR) 3.5 to 7.2) compared to the non-deficient 

group (median = 4.0 h, IQR 3.3 to 5.7; P < 0.001). There 
were no significant differences in age, SIMD, ASA grade, 
pre-fracture residence, or time-to-theatre between deficient 
and non-deficient groups (Table 2).

The median follow up was 405 (IQR 249 to 610) days, 
and during the follow up period there were 464 deaths 
(30.7%). Cox proportional hazard analysis showed that vita-
min D deficient patients had a 1.26 times higher risk of death 
over the follow-up period compared to non-deficient patients 
(hazard ratio [HR] 1.26, 95% confidence interval (CI) 1.03 
to 1.53, P = 0.022; Fig. 2). Male sex (HR 1.64, 95% CI 1.34 
to 2.01, P < 0.001) was also associated with a higher risk of 
death (Fig. 3). Conversely, living at home prior to fracture 
was protective against death (HR 0.53, 95% CI 0.37 to 0.76, 
P = 0.001). Survival at 1 year was 71.1% (95% CI 68.6 to 
74.9) for vitamin D deficient patients whereas for those who 
were not deficient survival was 79.0% (95% CI 75.9 to 82.3; 
Table 3). The survival difference between groups widens 
even further at 2 years with vitamin D deficient patients 
at 56.7% survival (95% CI 52.2 to 61.6) compared to non-
deficient patients at 67.4% survival (95% CI 63.1 to 72.1).

Median LOS was 12 (IQR 8 to 18) days. Vitamin D defi-
cient patients did not have any difference in LOS compared 
to non-deficient patients (median 12 (IQR 8 to 18) versus 12 
(IQR 7 to 18) days, P = 0.207).

Discussion

This study has demonstrated that patients with a hip fracture 
who are vitamin D deficient had a higher mortality risk over 
the follow-up period, independent of confounding variables. 

Fig. 1  Patient inclusion flow-
chart



 European Journal of Orthopaedic Surgery & Traumatology           (2025) 35:33    33  Page 4 of 9

1-year and 2-year survival for vitamin D deficient patients 
were worse than non-deficient patients by 7.9% and 10.7% 
respectively. The vitamin D deficient group in this study 
had a greater proportion of male patients (30.8% vs 21.0%) 
and a higher incidence of delirium (17.0% vs 13.2%). This 
is in keeping with previous studies [24] and suggests that 
this group may be frailer than the non-deficient group [25, 
26], a known predictor of mortality in hip fracture patients 
[27]. The vitamin D deficient group also spent longer in the 
ED (4.9 h vs 4 h), had a greater proportion of intracapsular 
fractures (61.3% vs. 55.4%), and experienced a shorter wait 
time for surgery (23.6 vs 25.4 h). In contrast, previous stud-
ies have found no association between vitamin D status and 
fracture pattern [24]. These results may be due to type 1 
error, highlighting the need for further research in this area. 
Male patients in this study had a 1.64 times higher risk of 
death, which is in keeping with previous studies showing 
male sex as a risk factor for mortality in this population [28, 

29]. Vitamin D deficiency was not associated with any dif-
ference in length of hospital stay.

Our findings are broadly consistent with previous pub-
lished work examining the impact of vitamin D deficiency 
on mortality and length of hospital stay in hip fracture 
patients. A recent review and meta-analysis of nine stud-
ies and 4409 patients showed that vitamin D insufficient 
(50–75 nmol/l) and severely deficient (< 25 nmol/l) hip 
fracture patients had an increased mortality risk, however 
these differences were no longer present when adjusting for 
the confounding variables of age, sex, serum albumin lev-
els and co-morbidities [30]. In keeping with our findings, 
another recent meta-analysis of seven studies (1972 patients) 
showed that vitamin D deficiency had no impact on length 
of hospital stay [31].

There are multiple possible explanations for the variabil-
ity in the findings of this study and those within the lit-
erature. Firstly, chronic diseases are a major predictor of 

Table 1  Patient demographics, ASA grade, place of domicile, fracture type, delirium status according to the 4AT, and time to theatre grouped by 
if a Vitamin D level was taken or not

a 95% CI = 95% confidence interval
* chi-square test **Student’s t-test ***Mann–Whitney U test

Demographic Descriptive Group Difference/Odds Ratio (95%  CIa) p-value

Vitamin D level 
taken (n = 1510)

Vitamin D level 
not taken (n = 565)

Sex (n, % of group) Female 1107 (73.3) 364 (64.4) Reference
Male 403 (26.7) 201 (35.6) 1.52 (1.23 to 1.86)  < 0.001*

Age (years: mean, SD) 81.3 (9.4) 79.3 (11.5) − 2.0 (− 0.9 to − 3.1)  < 0.001**
SIMD (n, % of group) 1 (Most) 177 (11.7) 76 (13.5) 1.17 (0.85 to 1.60) 0.344*

2 302 (20.0) 125 (22.1) 1.12 (0.86 to 1.47) 0.393*
3 264 (17.5) 85 (15.0) 0.87 (0.65 to 1.17) 0.374*
4 254 (16.8) 90 (15.9) 0.96 (0.72 to 1.29) 0.797*
5 (Least) 513 (34.0) 189 (33.5) Reference

ASA Grade (n, % of group) 1 27 (1.8) 21 (3.7) Reference
2 387 (25.6) 134 (23.7) 0.45 (0.24 to 0.82) 0.011*
3 956 (63.3) 347 (61.4) 0.47 (0.26 to 0.85) 0.012*
4 129 (8.5) 61 (10.8) 0.61 (0.32 to 1.17) 0.137*
Missing 11 (0.7) 2 (0.4) 0.25 (0.03 to 1.09) 0.105*

Pre-fracture Residence (n, % of group) Home 1188 (78.7) 382 (67.6) Reference
Care home 193 (12.8) 134 (23.7) 2.16 (1.68 to 2.77)  < 0.001*
Hospital 80 (5.3) 32 (5.7) 1.25 (0.80 to 1.89) 0.317*
Rehab 29 (1.9) 11 (1.9) 1.19 (0.56 to 2.35) 0.635*
Other 20 (1.3) 6 (1.1) 0.95 (0.34 to 2.27) 0.914*

Fracture type (n, % of group) Intracapsular 888 (58.8) 349 (61.8) Reference
Extracapsular 622 (41.2) 216 (38.2) 0.88 (0.72 to 1.08) 0.241*

4AT (n, % of group) 0–3 935 (61.9) 308 (54.5) Reference
4 + 233 (15.4) 124 (21.9) 1.62 (1.25 to 2.08)  < 0.001*
Missing 342 (22.6) 133 (23.5) 1.18 (0.93 to 1.50) 0.174*

Time to Theatre (hours: median, IQR) 24.7 (16.6 to 37.3) 25.3 (17.1 to 38.8) 0.6 0.238***
Time in ED (hours: median, IQR) 4.4 (3.4 to 6.5) 4.0 (3.4 to 5.8) −0.4 0.002***
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post-operative mortality in the hip fracture population [32]. 
Vitamin D deficiency is correlated with many chronic dis-
eases including heart disease, stroke, cancer, diabetes [14], 
chronic obstructive pulmonary disease [15] and dementia 
[16]. Adjusting for the mortality risk of chronic diseases is a 
challenge, and few studies have used a comprehensive meas-
ure such as the Charlson Comorbidity Index to adjust for 
confounding [33–35]. Although ASA grade of 3 or greater 
is a strong predictor of mortality in this population [32], it 
seems possible that this measure in isolation may not be able 
to fully adjust for the mortality risk of all relevant chronic 
diseases.

The increased mortality in vitamin D deficient patients 
with a hip fracture could also be related to the associations 
between vitamin D deficiency, increased clinical frailty 
[36], reduced functional ability [31], and increased falls 
and fracture risks [5, 18, 37]. Increased clinical frailty, 
of which functional ability is a major component [38], is 

highly predictive of post-operative mortality in hip frac-
ture patients [39]. Subsequent fall and re-fracture following 
hip fracture surgery is also unsurprisingly associated with 
increased mortality [40]. Differentiating association from 
causation with these interrelated risk factors is challenging. 
Vitamin D appears to have a vital role in the maintenance 
of strength, function, balance and bone mineral density in 
elderly patients, as vitamin D supplementation has been 
shown to reduce falls and fracture risks [5, 18]. However, 
combined oral calcium and vitamin D supplementation fol-
lowing hip fracture in this study did not result in equiva-
lent mortality between deficient and non-deficient patients. 
This suggests that the increased mortality risk associated 
with vitamin D deficiency is not completely reversible with 
oral supplementation alone. Current SHFA guidelines now 
recommend the routine administration of an intravenous 
bisphosphonate for all hip fracture patients in addition to 
oral calcium and vitamin D supplementation [20]. This may 

Table 2  Patient demographics, ASA grade, place of domicile, fracture type, delirium status according to the 4AT, and time to theatre grouped by 
vitamin D status

a 95% CI = 95% confidence interval
* chi square test **Student’s t-test ***Mann–Whitney U test

Demographic Descriptive Group Difference/Odds 
Ratio (95%  CIa)

p-value

Vitamin D Not 
deficient (n = 634)

Vitamin D Deficient (n = 876)

Sex (n, % of group) Female 501 (79.0) 606 (69.2) Reference
Male 133 (21.0) 270 (30.8) 1.68 (1.32 to 2.13)  < 0.001*

Age (years: mean, SD) 81.3 (9.1) 81.3 (9.7) 0.0 (−1.0 to 0.9) 0.948**
SIMD (n, % of group) 1 (Most) 72 (11.4) 105 (12.0) 1.18 (0.84 to 1.68) 0.338*

2 118 (18.6) 184 (21.0) 1.27 (0.95 to 1.69) 0.109*
3 105 (16.6) 159 (18.2) 1.23 (0.91 to 1.67) 0.178*
4 109 (17.2) 145 (16.6) 1.08 (0.80 to 1.47) 0.616*
5 (Least) 230 (36.3) 283 (32.3) Reference

ASA Grade (n, % of group) 1 12 (1.9) 15 (1.7) Reference
2 180 (28.4) 207 (23.6) 0.922 (0.41 to 2.03) 0.842*
3 385 (60.7) 571 (65.2) 1.19 (0.54 to 2.58) 0.663*
4 51 (8.0) 78 (8.9) 1.22 (0.52 to 2.85) 0.640*
Missing 6 (0.9) 5 (0.6) 0.68 (0.15 to 2.87) 0.595*

Pre-fracture Residence (n, % of group) Home 511 (80.6) 677 (77.3) Reference
Care home 71 (11.2) 122 (13.9) 1.30 (0.95 to 1.78) 0.104*
Hospital 28 (4.4) 52 (5.9) 1.40 (0.88 to 2.28) 0.162*
Rehab 15 (2.4) 14 (1.6) 0.71 (0.33 to 1.49) 0.358*
Other 9 (1.4) 11 (1.3) 0.92 (0.37 to 2.33) 0.855*

Fracture type (n, % of group) Intracapsular 351 (55.4) 537 (61.3) Reference
Extracapsular 283 (44.6) 339 (38.7) 0.78 (0.64 to 0.96) 0.024*

4AT (n, % of group) 0–3 410 (64.7) 525 (59.9) Reference
4 + 84 (13.2) 149 (17.0) 1.38 (1.03 to 1.87) 0.031*
Missing 140 (22.1) 202 (23.1) 1.12 (0.88 to 1.45) 0.353*

Time to Theatre (hours: median, IQR) 25.4 (17.6 to 38.1) 23.6 (16.3 to 36.5) −1.8 0.015***
Time in ED (hours: median, IQR) 4.0 (3.3 to 5.7) 4.9 (3.5 to 7.2) 0.9  < 0.001***
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improve the mortality rates associated with vitamin D defi-
ciency observed in this study due to both the skeletal and 
non-skeletal benefits of bisphosphonate therapy [41].

This study was limited by its retrospective single centre 
design. The confounders used in this study may also have 
not completely accounted for the mortality risks associated 
with chronic diseases that vitamin D deficiency is associated 
with. This study was also prone to selection bias, as 72.8% 
of hip fracture patients over the study period had a vitamin 
D level taken on admission. Patients with vitamin D levels 
taken were slightly older, had a lower likelihood of being 
ASA grade 1, were less likely to be admitted from a care 
home, had a lower incidence of delirium, and spent more 
time in ED. This may indicate a selection bias influenced by 
admitting doctors' perceptions of the relevance of measur-
ing vitamin D levels, potentially based on the patient's age, 
fitness, or a need to prioritise other investigations, such as 
those for delirium. Additionally, a single serum measure-
ment of vitamin D level at the time of an acute injury is an 

imperfect surrogate of vitamin D status. High C-reactive 
protein and low albumin levels can lower serum vitamin 
D levels [42], and therefore concurrent acute illnesses may 
have influenced results in some patients.

In conclusion, there was an independent association 
between vitamin D deficiency and increased mortality in 
hip fracture patients. These results agree with the wider 
literature, but the independence from confounders may be 
due to lack of inclusion of a comprehensive measure of 
comorbidity in this study. The role of routinely measuring 
vitamin D status in this population is debated. While some 
consider it mandatory [43], others, like the SHFA [20], con-
sider vitamin D deficiency so prevalent that measurement is 
unnecessary and treat all hip fracture patients for vitamin D 
deficiency. Ensuring hip fracture patients receive vitamin D 
supplementation during their hospital stay remains impor-
tant given its high prevalence and the increased mortality, 
falls and fracture risks linked to vitamin D deficiency.

Fig. 2  Kaplan–Meier survival curve for hip fracture patients grouped by vitamin D status. The numbers of patients at risk at 50-day intervals 
since the day of surgery are shown in the table
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Fig. 3  Hazard ratios from cox regression model for variables associated with patient mortality over the follow-up period following a hip fracture. 
HR = hazard ratio. 95% CI = 95% confidence interval

Table 3  Patient survival following a hip fracture at different time-
points according to group

a 95% CI = 95% confidence interval

Timepoint Group Survival (%, 95%  CIa)

Vitamin D not deficient Vitamin D deficient

30-day 95.9 (94.4 to 97.5) 95.2 (93.8 to 96.6)
60-day 92.6 (90.6 to 94.6) 90.5 (88.6 to 92.5)
90-day 89.6 (87.2 to 92.0) 87.7 (85.5 to 89.9)
1-year 79.0 (75.9 to 82.3) 71.7 (68.6 to 74.9)
2-year 67.4 (63.1 to 72.1) 56.7 (52.2 to 61.6)
Final follow-up 62.8 (57.5 to 68.6) 35.4 (18.8 to 66.6)
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