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Background: The purpose of this study was to ascertain the prevalence of vitamin D de-
ficiency and risk factors associated with mortality in patients ≥50-year-of-age with hip 
fractures. Methods: A total of 489 patients ≥50-year-of-age who sustained a hip frac-
ture from January 2010 to October 2014 were followed-up for a minimum of 1 year. 
Clinical and radiological outcomes were evaluated including prevalence of vitamin D 
deficiency. Crude mortality rates were calculated, and the effects of different risk factors 
on mortality were assessed. Results: Vitamin D deficiency was present in 76.5% of cases 
(n=237). The prevalence of vitamin D insufficiency was 12.3%, and only 11.2% of pa-
tients had normal vitamin D levels. Accumulated mortality was 11% (54 patients) at 1 
year. A univariate analysis showed that vitamin D deficiency (P=0.012), age (P<0.001), 
BMI (P<0.001), type of management (P<  0.001), American Society of Anesthesiologists 
(ASA) score (P=0.009), pre-fracture ambulatory status (P<0.001), and osteoporosis (P<  
0.001) were associated with mortality. A multivariate analysis performed using a Cox 
proportional hazards model demonstrated that ASA score (P=0.001) and pre-fracture 
ambulatory status (P=0.011) were independently associated with mortality after hip 
fracture. Conclusions: We did not find a relationship between serum 25-hydroxy-vitamin 
D levels and mortality after hip fracture, although we observed a high prevalence of vi-
tamin D deficiency and a significant association with mortality in the univariate analysis. 
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INTRODUCTION

Several studies in developed countries have reported a decreasing trend in hip 
fracture incidence.[1-4] However, studies in Korea show that a two-fold increase 
in the total number of hip fractures, and the incidence rate of hip fracture in wom-
en increased steeply during a 10-year study period.[5] Hip fractures in elderly pa-
tients are the most serious because of high mortality, loss of independence, lower 
quality of life, and the high socioeconomic burden.[6,7] Although most risk fac-
tors, such as ageing, sex, and medical comorbidities, are inevitable, aging is the 
most important risk factor for hip fractures; thus, identifying modifiable risk fac-
tors is extremely important. Among these modifiable risk factors, vitamin D defi-
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ciency is a known modifiable risk factor for hip fracture.[8] 
A cohort study in Norway reported that patients in the low-
est quartile of 25- hydroxy-vitamin D (25-[OH]D) level had a 
38% increased risk of hip fracture compared with those in 
the highest quartile 25-(OH)D level.[9] 

According to a multi-national study, Korea has the high-
est prevalence (92.1%) of vitamin D insufficiency (25-[OH]
D<30 ng/mL), followed by Japan (90.4%), Lebanon (84.9%), 
Turkey (76.7%), UK (74.5%), Germany (68.0%), Mexico (67.1%), 
and Spain (64.7%).[10] Song et al.[11] determined the prev-
alence of vitamin D deficiency in an urban Korean popula-
tion of 8,976 participants (3,587 men and 5,389 women) 
aged ≥50-year-of-age. They reported 59.7% and 86.5% 
prevalence rates of vitamin D deficiency (25-[OH]D <20 
ng/mL) in men and women, respectively. Therefore, vita-
min D deficiency is a general phenomenon in Korean el-
derly subjects.[11] However, no study has investigated the 
association between vitamin D deficiency and mortality in 
patients with hip fractures. 

The purpose of this study was to assess the prevalence 
and relationship between mortality and vitamin D deficien-
cy among hospitalized patients aged ≥50-year-of-age 50 
with hip fractures. 

METHODS

A total of 489 patients (489 hips) aged ≥50-year-of-age 
who was diagnosed with a femoral neck or intertrochan-
teric fracture from January 2010 to December 2014 were 
include in this study. Of them, 10 patients had a contralat-
eral hip fracture and were excluded. 

The follow-up period was a minimum of 12 months after 
discharge. There were 146 men (146 hips) and 343 women 
(343 hips). Demographic datas including age at the time of 
admission, diagnosis, body mass index (BMI), American 
Society of Anesthesiologist (ASA) score,[12] T-score (osteo-
porosis, osteopenia, and normal),[13] pre-fracture ambula-
tory status using Koval’s categories,[14] serum 25-(OH)D3 
level, and type of management were obtained by review-
ing the medical records (Table 1).

Blood sampling of all patients at the admission date, af-
ter fasting for 8 to 12 hr, was performed by experienced 
laboratory technicians. Detailed information on the 25-
(OH)D assay was provided previously.[15] Briefly, of serum 
25-(OH)D levels were assayed with a radioimmunoassay 

(RIA) kit (Siemens Healthcare, Erlangen, Germany).
Routine follow-up visits were scheduled at 6 weeks, and 

3, 6, 9, 12 months, and every year thereafter. Patients who 
had not returned for regularly scheduled visits were con-
tacted by telephone. 

Osteoporosis was defined as a T-score ≤-2.5, osteopenia 
was defined as a T-score between -1 and -2.5, and normal 
was defined as a T-score ≥-1.0.[13] 

Activity levels were defined as follows: I-independent 
community ambulator, II-community ambulator with cane, 
III-community ambulator with walker/crutches, IV-inde-
pendent household ambulator, V-household ambulator 
with cane, VI-household ambulator with walker/crutches, 
and VII-nonfunctional ambulatory.[14] 

According to the Holick [16] classification, vitamin D de-
ficiency was considered at a vitamin D level <20 ng/mL, 
vitamin D insufficiency was 21 to 29 ng/mL, and normal  
≥30 ng/mL. In addition, severe vitamin D deficiency was 
<10 ng/mL.[17] 

Table 1. Demographics of patients

Parameters Findings

Number of patients 489

Age at the time of admission (yr) 76.5 (50 to 101)

Male:Female 146:343

BMI (kg/m2) 22.0 (13.3 to 36.2)

Mean of 25-hydroxy-vitamin D3 levels (ng/mL) 15.7 (0.0 to 112.8)

Diagnosis
   Neck fracture
   Intertrochanteric fracture

194 (39.7%)
295 (60.3%)

Type of management
   Internal fixation
   Arthroplasty
   Conservative

160 (32.7%)
312 (63.8%)

17 (3.5%)

ASA score
   1
   2
   3
   4

1 (0.2%)
137 (28.0%)
346 (70.8%)

5 (1.0%)

Osteoporosis
   Normal
   Osteopenia
   Osteoporosis

19 (3.9%)
111 (22.7%)
359 (73.4%)

Koval’s grade by pre-fracture
   I
   II
   III
   IV
   V
   VI
   VII

38
20

7
14
15

7
1

BMI, body mass index; ASA, American Society of Anesthesiologist.
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Table 2. Camparison of parameters regarding mortality in patients 
with hip fractures  

 Survival Mortality P-value

Number (%) 375 (76.7) 114 (23.3)

Gender (M/F) 109/266 37/77 0.489

Age (yr) (mean±SD) 74.5±10.1 83.4±7.6 <0.001

BMI (mean±SD) 22.3±3.3 21.0±3.2 <0.001

Diagnosis
   Neck fracture
   Intertrochanteric fracture

151
224

43
71

0.626

Type of management
   Internal fixation
   Arthroplasty
   Conservative

141
224

10

19
88

7

<0.001

ASA score
   1
   2
   3
   4

1
117
255

2

0
20
91

3

0.009

Osteoporosis
   Normal
   Osteoporosis

97
253

17
122

<0.001

Pre-fracture ambulatory status
   Koval I-III
   Koval IV-VII

310
65

68
46

<0.001

Serum Vitamin D level
   Less than 10 ng/mL
   10 ng/mL to less than 20 ng/mL
   20 ng/mL to less than 30 ng/mL
   More than 30 ng/mL

138
144

50
43

66
26
10
12

0.001

SD, standard deviation; BMI, body mass index.

Fig. 1. High prevalence of vitamin D deficiency in patients ≥50-year- 
of-age with hip fracture.
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Mortality was determined by the hospital records and/ 
or by interviewing the patient’s family. A systemic search 
for death certificates at the National Statistical Office was 
conducted for patients lost to follow-up.

1. Statistical analysis
Sex, age, diagnosis, type of management, BMI, ASA score, 

T-score (osteoporosis, osteopenia, and normal), pre-frac-
ture ambulatory status, and serum 25-(OH)D3 levels were 
assessed to determine their relationships with mortality. 
We used the chi-square or Fisher’s exact tests for categori-
cal variables and the t-test for numerical variables. All two-
sided P-values<0.05 were considered significant. A multi-
variate analysis was performed using age, gender, BMI, type 
of management, ASA, osteoporosis, pre-fracture ambula-
tory status, and serum 25-(OH)D3 levels as these variables 
had P-values <0.10. The Cox proportional-hazards model 
was carried out to identify independent factors associated 
with mortality. The statistical analysis was performed using 
SPSS version 20 software (SPSS Inc., Chicago, IL, USA).

RESULTS

The mean vitamin D level at admission was 15.7 ng/mL. 
The prevalence of vitamin D deficiency was 76.5%, 12.3% 
of patients were vitamin D insufficient, with 11.2% had nor-
mal vitamin D levels. Of them, severe vitamin D deficiency 
was present in 41.7% (204/489 patients) (Fig. 1). 

During the minimum 1-year follow-up period, 114 of 
489 patients (23.3%) died. Of them, 54 died within 1 year, 

32 within 2 years, 11 within 3 years, and 17 within 5 years. 
The univariate analysis showed that mortality was asso-

ciated with vitamin D deficiency (P=0.012), age (P<0.001), 
BMI (P<0.001), type of management (P<0.001), ASA score 
(P=0.009), pre-fracture ambulatory status (P<0.001), and 
osteoporosis (P<0.001). However, no significant associa-
tion was found between mortality and sex (P=0.489) or 
diagnosis (P=0.626) (Table 2). The adjusted multivariate 
analysis revealed that ASA score (HR 12.220; 95% CI 3.314-
45.063, P=0.001) and pre-fracture ambulatory status (HR 
1.681; 95% CI 1.104-2.558, P=0.011) were significant asso-
ciated with death after hip fracture. 

DISCUSSION

Our results show a high prevalence of hypovitaminosis 
D and mortality in patients with hip fracture. In total, 89% 
of patients were vitamin D deficient or insufficient, and 
1-year mortality after hip fracture was 11%. Although vita-
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min D deficiency was a possible risk factor for death after 
hip fracture, we did not find any strong evidence for vita-
min D deficiency as risk factor for death after hip fracture. 
Medical comorbidities and preoperative ambulatory status 
were important risk factors for mortality after hip fracture 
in this study. 

Although the mean vitamin D insufficiency (<30 ng/mL) 
rate was 63.9% in a multinational study of 18 countries 
that evaluated 2,606 postmenopausal women with osteo-
porosis, South Korea had the highest rate (92.1%) of vita-
min D insufficiency (<30 ng/mL) among the 18 countries.
[10] Choi [18] evaluated the 2008 Korea National Health 
and Nutrition Examination Survey IV data that included 
6,925 subjects in the general population and reported vi-
tamin D deficiency (<20 ng/mL) prevalence rates of 47.3% 
in men and 64.5% in women and those for vitamin D insuf-
ficiency (<30 ng/mL) were 86.8% in men and 93.3% in wo-
men. In this study, vitamin D insufficiency (<30 ng/mL) and 
deficiency (<20 ng/mL) were present 88.8% and 76.5% of 
subjects, respectively. The reason for the high vitamin D in-
sufficiency rate in Korea may be due to the indoor lifestyle 
and protection from ultraviolet light.[18] 

The relationship between vitamin D deficiency and mor-
tality in elderly subjects has been reported in several stud-
ies.[19-21] However, serum vitamin D concentrations and 
mortality rates in elderly patients with hip fractures are 
rarely reported.[22,23] Although our univariate analysis 
found that vitamin D deficiency was an independent risk 
factor for mortality after hip fracture, it was not associated 
with mortality after adjusting for age (P<0.001), BMI (P=  
0.041), type of management (P<0.001), ASA score (P=  
0.009), pre-fracture ambulatory status (P<0.001), and os-
teoporosis (P<0.001) in the multivariate analysis. This find-
ing is similar to a previous study. Gumieiro et al.[22] assess-
ed whether serum vitamin D concentration is associated 
with gait status and mortality among 87 elderly patients 
with fractures of the proximal femur 6 months after suffer-
ing the fracture. They reported that serum vitamin D con-
centration was not related to gait status or mortality among 
patients with fractures proximal femur.[22] Madsen et al. 
[23] performed a case control study of 562 patients aged 
≥70 years with hip fractures and found that serum para-
thyroid hormone serum calcium levels were significantly 
associated with mortality, whereas serum 25-(OH)D level 
was not. 

Risk factors for mortality after hip fracture have been re-
ported in several studies.[24-28] The known risk factors for 
mortality after hip fracture are race, old age, dementia, male 
sex, low BMI, low handgrip strength, preoperative activity, 
preoperative delirium, and medical comorbidities, such as 
chronic renal failure, congestive heart disease, and chronic 
obstructive pulmonary disease.[6,25-29] In that study, the 
patient’s medical condition according to the ASA score and 
preoperative functional status by the Koval’s classification 
were important risk factors for mortality after hip fracture. 
In a previous Jeju cohort study, Lee et al.[6] performed 
mid-term follow-up after hip fracture in patients >50 year 
old. After adjustment for covariates, age, woman sex, and 
medical comorbidities were significantly associated with 
the risk for mortality after hip fracture.[6] However, preop-
erative functional activity was not associated with the risk 
for mortality. Karademir et al.[29] reported no significant 
association between ASA score and mortality after hip frac-
ture in patients >75-year-old. The reason for these discrep-
ancies might be related to cohort size, sex distribution, and 
patient age or other demographic characteristics. 

This study had several limitations. First, it was a retrospec-
tive review of prospectively collected data, and no control 
group was used. Second, a single blood 25-(OH)D measure-
ment is an imperfect surrogate as a long-term indicator of 
25-(OH)D. Finally, serum 25-(OH)D levels were measured at 
baseline by radioimmunoassay. Therefore, further study is 
necessary to evaluate the real-time effect of vitamin D.

In conclusion, we did not find a relationship between se-
rum 25-(OH)D level and mortality after hip fracture, althou-
gh we observed high prevalence of vitamin D deficiency 
and a significant association with mortality in a univariate 
analysis. 
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