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Purpose: Vitamin D (25[OH]D) status and bone turnover markers (BTMs) are considered 
important determinants of bone quality, which is associated with the risk of hip fractures, 
including both femoral neck and intertrochanteric fractures, in older adults; however, the 
exact relationship of 25(OH)D and BTMs with the type and severity of hip fractures remains 
unclear and the present study aimed to identify any specific associations.
Patients and Methods: According to the inclusion and exclusion criteria, 441 older female 
patients with hip fractures from 2015 to 2020 and 215 women without hip fractures were 
included in this cross-sectional study. According to Garden and AO/OTA classifications for 
femoral neck and intertrochanteric fractures, patients were divided into less severe (Garden 
I and Garden II; 31A1) and more severe (Garden III and Garden IV; 31A2 and 31A3) 
fracture groups. Levels of the serum osteoblast indicator, N-terminal/mid region (N-MID); 
the osteoclast indicator, beta-carboxy terminal telopeptide (β-CTX); and 25(OH)D were 
analyzed.
Results: For patients with less severe fractures, mean 25(OH)D levels were significantly higher 
than those with more severe fractures (17.67 vs 15.30 ng/mL, p = 0.006). Higher 25(OH)D levels 
were also observed in patients with less severe intertrochanteric fractures (p = 0.01). After 
adjustments for confounders, 25(OH)D remained a risk factor for patients with more severe 
fractures (p = 0.01), particularly those with intertrochanteric fractures (p = 0.011). No significant 
differences in BTMS were found between patients with less severe and more severe fractures.
Conclusion: Levels of 25(OH)D were significantly associated with the severity of inter-
trochanteric, but not femoral neck, fractures. Neither 25(OH)D nor BTMs were associated 
with the type of hip fracture in older women. Separate consideration of intertrochanteric and 
femoral neck fractures may be appropriate when investigating the clinical association 
between 25(OH)D and the severity of hip fractures in older women.
Keywords: 25(OH)D, bone turnover markers, femoral neck fractures, intertrochanteric 
fractures, fracture severity

Introduction
Hip fractures are among the most common injuries in older adults, and are often referred 
to as “the last fracture of the elderly.” With the accelerated aging of the global population, 
the incidence of hip fractures among older adults continues to rise. It is estimated that 
1.6 million hip fractures occur worldwide each year, and this number is expected to reach 
2.5 million by 2050.1 Serum vitamin D status is essential for bone mineralization and for 
the subsequent maintenance of bone quality, through its role in the regulation of skeletal 
metabolism equilibrium. Vitamin D maintains calcium homeostasis through the binding 
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of 1,25(OH)2D3 to vitamin D receptors. However, the half-life 
of 1,25(OH)2D3, the active form of vitamin D, is too short to 
be used to assess physiological vitamin D status.2 Therefore, 
25-hydroxyvitamin D (25[OH]D) is usually measured to eval-
uate vitamin D status, as 25(OH)D levels reflect the activity of 
1,25(OH)2D3. Bone formation biomarkers are synthesized by 
osteoblasts and reflect osteoblast function. Furthermore, bone 
resorption markers are degradation products of type 
I collagen.3 Numerous previous studies have demonstrated 
that 25(OH)D and bone turnover markers (BTMs) are asso-
ciated with the incidence of hip fractures in older adults.4–10

Although hip fractures in older people include two 
distinct anatomical types, femoral neck and intertrochan-
teric, most studies have evaluated them as though they 
were a homogenous entity.11,12 Nevertheless, there are 
noteworthy differences in many aspects of these two 
types of fracture, including epidemiological characteris-
tics, bone composition and geometry, treatment methods, 
and clinical prognosis.13–17 Therefore, concerns have been 
raised that the results of studies that do not distinguish 
between the types of hip fracture may be biased.18 The 
clinical importance of distinguishing among hip fractures 
of differing type and severity becomes apparent in the 
formulation of potential fracture-specific treatment strate-
gies and determination of prognosis.17,19 Therefore, inves-
tigation of the risk factors associated with the type and 
severity of hip fractures in older adults is necessary, and 
will contribute to clinical understanding of metabolic 
mechanisms associated with hip fractures, and inform 
subsequent decisions.

The levels of the BTMs in women begin to increase in 
perimenopause.20 Therefore, elderly women are more 
likely to have higher levels of BTMs. Therefore, in the 
current study, we conducted a retrospective analysis of 
elderly female patients with hip fractures, which were 
classified into two fracture types and severities based on 
the Garden (I–IV) and OA/OTA (31A1, 31A2, 31A3) 
fracture classification systems.21

The distinction between various fracture types is of 
particular importance because a better understanding of 
factors associated with each fracture subtype and level of 
severity could help to guide high-value clinical 
management.22 To date, there has been limited research 
investigating the potential relationships of 25(OH)D and 
BTMs with the type and severity of hip fractures in older 
women. The objective of the present study was to system-
atically investigate whether serum 25(OH)D and BTMs 

are risk factors for the type and severity of hip fractures 
in elderly women.

Patients and Methods
Subjects
Female patients (aged ≥65 years) who had sustained hip 
fractures (including femoral neck and intertrochanteric 
fractures) with a low-energy injury from November 24, 
2015 to May 20, 2020, were recruited for inclusion in 
a cross-sectional study. The fractures were all non- 
pathological, and metabolic-related diseases (including 
thyroid disease, renal insufficiency, diabetes and tumors) 
were ruled out. Of 552 potential participants, 111 were 
excluded because of a history of supplementation with 
calcium, vitamin D, or the administration of anti- 
osteoporosis drugs; a history of dementia, stroke, or pre-
vious fractures; or a lack of data. Eventually, 441 female 
patients were included in the present study. Furthermore, 
215 women (aged ≥65 years, without hip fractures) who 
came to our hospital for routine examination, and met the 
inclusion and exclusion criteria mentioned above were 
enrolled as a healthy control group. All participants were 
aware of the purpose of the study and provided signed 
informed consent. The study was reviewed by the Ethics 
Committee of Shanghai Sixth People’s Hospital (approval 
number: 2017–152) and registered in the China Clinical 
Trial Center (registration number: “ChiCTR-ONC 
-17,013,389”). The study protocol was in accordance 
with the principles of the Declaration of Helsinki (as 
revised in Brazil 2013).

Assays
Femoral neck fractures were classified according to the 
degree of fracture displacement (Garden classification), 
while intertrochanteric fractures were grouped according 
to the fragment and lateral cortex (AO/OTA classification, 
version 2018). Less severe fractures were referred to as 
non-displaced or stable fractures (Garden I and Garden II; 
31A1), and more severe fractures were referred to as 
displaced or unstable fractures (Garden III and Garden 
IV; 31A2 and 31A3). The exact fracture type and severity 
were independently assessed by three experienced ortho-
pedic surgeons, who all agreed with the final classification 
of fractures. The bone resorption marker, beta-carboxy 
terminal telopeptide (β-CTX), and the bone formation 
marker, N-terminal/mid region (N-MID), were measured 
after overnight fasting both in patients with fractures and 
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healthy controls.5,23,24 Serum concentrations of β-CTX, 
N-MID, and 25(OH)D were measured using a Roche elec-
trochemiluminescence system (Cobas E602; Roche 
Diagnostics, Basel, Switzerland). According to the 
Endocrine Society Task Force Clinical Practice Guideline 
(2011),25 vitamin D deficiency was determined at 
a concentration of <50 nmol/L (20 ng/mL) 25(OH)D, 
and vitamin D insufficiency at 50–75 nmol/L (21–29 ng/ 
mL) 25(OH)D.

Statistical Analysis
Baseline data and laboratory indicators were compared for 
different fracture types and severities in all subjects and 
patient subgroups (femoral neck and intertrochanteric frac-
ture groups). Continuous variables were expressed as the 
mean ± standard deviation, and categorical variables as 
percentages. The normality of continuous variables was 
tested. The significance of differences between groups was 
then evaluated using the independent t-test for two sam-
ples, Mann–Whitney test, or analysis of variance 
(ANOVA). Qualitative data were tested using the Chi- 
square test. Logistic regression analysis was performed to 
determine which variables were independently associated 
with the type and severity of hip fracture. Data analysis 
was performed using the SPSS software (version 25). The 
p-values were two-sided, and a value <0.05 was consid-
ered statistically significant.

Results
Participant Demographic and Clinical 
Characteristics
A total of 441 older female patients with hip fractures and 
215 women without hip fractures were included in the 
present study. Among the patients with hip fractures, 
266 (60.32%) had femoral neck fractures, of which 
95 (35.71%) were non-displaced and 171 (64.29%) were 
displaced. A total of 175 (39.68%) patients had intertro-
chanteric factures, among which 55 (31.43%) were stable 
and 120 (68.57%) were unstable. A total of 150 (34.01%) 
patients had less severe fractures, and 291 (65.99%) 
patients had more severe fractures, respectively. As 
shown in Tables 1 and 2, patients with femoral neck 
fractures were significantly younger (mean age, 77.54 vs 
82.98 years, p < 0.001, t-test) and taller than those with 
intertrochanteric fractures (p = 0.001). Furthermore, 
patients with more severe fractures (65.99%) were older, 

had lower vitamin D levels, and a higher proportion of 
vitamin D deficiency.

No significant differences in weight, body mass index 
(BMI), β-CTX, or N-MID levels, were detected among 
patients with different fracture types or severities (p > 0.05). 
However, significant differences were noted in age, height, 
β-CTX and 25(OH)D levels, and proportion of vitamin 
D deficient individuals, between patients with femoral neck 
or intertrochanteric fractures and those without hip fractures (p 
< 0.001 for both patients with femoral neck fractures and 
intertrochanteric fractures vs those without fractures). Similar 
results were observed in comparisons of patients with both less 
and more severe hip fractures to those without hip fractures (p 
< 0.001 vs women without fractures).

Association Between Patient 
Characteristics and Hip Fracture 
Stratified According to Type and Severity
The clinical characteristics of fracture severity and fracture 
type subgroups are presented in Table 3. The proportion of 
patients with more severe fractures among those with 
either fracture types was similar (64.29% and 68.57% for 
femoral neck and intertrochanteric fractures, respectively, 
p = 0.353). In the femoral neck fracture group, patients 
with less severe fractures were younger than those 
with more severe fractures (mean age, 75.68 vs 78.57 
years, p = 0.003); and no significant differences were 
detected between these two groups in height, weight, 
BMI, β-CTX, N-MID, or 25(OH)D (p > 0.05). In the 
intertrochanteric fracture group, lower 25(OH)D levels 
and a higher proportion of vitamin D deficient individuals 
were found in patients with more severe fractures (18.31 
vs 14.63 ng/mL, p = 0.010; 61.82% vs 78.33%, p = 0.022).

Logistic Regression Analysis
In unadjusted logistic regression models for all subjects, age 
(crude odds ratio (OR) = 1.046, 95% confidence interval (CI) 
= 1.019–1.073, p = 0.001) and 25(OH)D levels (crude OR = 
0.968, 95% CI = 0.946–0.991, p = 0.006) were associated 
with the incidence of more severe hip fractures. Furthermore, 
in subgroup analyses, age (crude OR = 1.055, 95% CI = 
1.018–1.093, p = 0.003) and 25(OH)D levels (crude OR = 
0.955, 95% CI = 0.920–0.990, p = 0.013) were associated 
with more severe femoral neck fractures and more severe 
intertrochanteric fractures, respectively. After adjustment for 
confounding factors, analysis of all subjects indicated that 
age (adjusted OR = 1.043, 95% CI = 1.015–1.072, p = 0.002) 
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and 25(OH)D levels (adjusted OR = 0.970, 95% CI = 
0. 948–0.994, p = 0.013) remained risk factors for hip frac-
ture severity. Furthermore, age (adjusted OR = 1.048, 95% 
CI = 1.010–1.087, p = 0.014) remained an independent risk 

factor for femoral neck fracture (FN) and 25(OH)D levels 
(adjusted OR = 0.952, 95% CI = 0.917–0.989, p = 0.011) 
remained an independent factor associated with intertrochan-
teric fracture (IT) (Table 4).

Table 1 Characteristics of Included Patients with Respect to Hip Fracture Type

Older Adult Patients with Hip Fracture Healthy Controls (n = 215)

FN Group (n = 266) IT Group (n = 175)

Age (years) 77.54 ± 7.53*,# 82.98 ± 7.41# 73.63 ± 6.12

Height (cm) 158.20 ± 5.07*,# 156.55 ± 5.36# 152.70 ± 6.38
Weight (kg) 55.78 ± 10.02 55.84 ± 12.95 54.07 ± 8.98

BMI (kg/m2) 22.28 ± 3.88# 22.79 ± 5.46 23.18 ± 3.62

β-CTX (ng/L) 523.87 ± 336.10# 565.16 ± 347.66# 337.08 ± 269.02
N-MID (ng/mL) 15.61 ± 9.04 15.77 ± 9.26 14.93 ± 7.67

25(OH)D (ng/mL) 16.32 ± 8.32# 15.79 ± 8.82# 28.81 ± 10.12

< 20 ng/mL 195 (73.31%)# 128 (73.14%)# 47 (21.86%)

Notes: *p < 0.05 vs intertrochanteric fracture. #p < 0.05 vs no hip fractures. Data are presented as the mean ± standard deviation. 
Abbreviations: FN, femoral neck fracture; IT, intertrochanteric fracture; β-CTX, C-terminal telopeptide of type-1 collagen; N-MID, N-MID fragment; BMI, body mass 
index.

Table 2 Characteristics of Patients with Respect to Hip Fracture Severity

Patients with Hip Fracture (n = 
441)

Less Severe Fracture (n = 
150)

More Severe Fracture (n = 
291)

No Hip Fractures (n = 
215)

Age (years) 77.88 ± 7.64*,# 80.63 ± 7.93# 73.63 ± 6.12

Height (cm) 157.59 ± 5.26# 157.53 ± 5.24# 152.70 ± 6.38
Weight (kg) 56.72 ± 12.24# 55.34 ± 10.71 54.07 ± 8.98

BMI (kg/m2) 22.89 ± 5.46 22.27 ± 4.03# 23.18 ± 3.62

β-CTX (ng/L) 509.79 ± 352.07# 555.96 ± 334.59# 337.08 ± 269.02
N-MID (ng/mL) 15.92 ± 10.88 15.55 ± 8.07 14.93 ± 7.67

25(OH)D (ng/mL) 17.67 ± 8.64*,# 15.30 ± 8.35# 28.81 ± 10.12

< 20ng/mL 100 (66.67%)# 223 (76.63%)# 47 (21.86%)

Notes: *p < 0.05 vs more severe fracture . #p < 0.05 vs no hip fractures. Data are presented as the mean ± standard deviation. 
Abbreviations: β-CTX, C-terminal telopeptide of type-1 collagen; N-MID, N-MID fragment; BMI, body mass index.

Table 3 Characteristics of 441 Patients with Different Hip Fracture Type and Severity

FN Group (n = 266) IT Group (n = 175)

Less Severe More Severe Less Severe More Severe

Patients (n) 95 (35.71%) 171 (64.29%) 55 (31.43%) 120 (68.57%)
Age (years) 75.68 ± 7.06* 78.57 ± 7.60* 81.67 ± 7.16 83.58 ± 7.47

Height (cm) 158.43 ± 5.46 158.08 ± 4.85 156.15 ± 4.60 156.74 ± 5.68

Weight (kg) 56.22 ± 9.74 55.54 ± 10.20 57.57 ± 15.72 55.04 ± 11.45
BMI (kg/m2) 22.41 ± 3.86 22.21 ± 3.90 23.73 ± 7.44 22.36 ± 4.23

β-CTX (ng/L) 480.64 ± 345.49 547.89 ± 329.34 560.14 ± 360.80 567.46 ± 343.00

N-MID (ng/mL) 16.07 ± 12.04 15.36 ± 6.85 15.66 ± 8.60 15.83 ± 9.58
25(OH)D (ng/mL) 17.30 ± 8.31 15.77 ± 8.31 18.31 ± 9.23* 14.63 ± 8.41*

25(OH)D < 20 ng/mL 66 (69.47%) 129 (75.44%) 34 (61.82%)* 94 (78.33%)*

Note: *Significant difference between patients with less severe and more severe fractures, stratified by fracture type (p < 0.05, t-test). 
Abbreviations: β-CTX, C-terminal telopeptide of type-1 collagen; N-MID, N-MID fragment; FN, femoral neck fracture; IT, intertrochanteric fracture; BMI, body mass 
index.
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Discussion
In the present study, we found that serum 25(OH)D was 
a risk factor for the incidence of hip fractures in older 
women but not for types of hip fracture. Furthermore, 25 
(OH)D levels were associated with the severity of inter-
trochanteric, but not femoral neck, fractures. Numerous 
studies have explored associations between metabolic indi-
cators and the incidence of hip fractures in older 
adults.9,10,26 However, few investigations have been 
focused on risk factors related to hip fracture type and 
severity, and particularly the severity in subgroups of hip 
fracture type among older women. A better understanding 
of such associations could also help to guide healthcare 
providers and patient counselling. To our knowledge, the 
present study is the first to analyze the relationships of 
serum 25(OH)D and BTMs with hip fractures of different 
type and severity in older women.

Vitamin D deficiency is a major public health issue 
worldwide among all age groups,27 and is more prevalent 
among the elderly, because they are less active and seldom 
go outdoors to benefit from adequate exposure to 
sunlight.28 The present study showed that women with 
either femoral neck or intertrochanteric fractures had 

lower levels of 25(OH)D and were more frequently defi-
cient in vitamin D, compared with women without hip 
fractures. These results are consistent with those of pre-
vious studies, which have shown that 25(OH)D is asso-
ciated with the occurrence of hip fracture in older 
adults.2,29,30 Whether the level of 25(OH)D differs signifi-
cantly in patients who sustain different types of hip frac-
ture remains controversial,31,32 and a few studies have 
investigated the association between 25(OH)D levels and 
fracture severity.

Based on the existing evidence, 25(OH)D levels may 
not be related to the type of hip fracture in older women, 
as both the level of 25(OH)D and the proportion of vita-
min D deficient individuals were similar among patients 
with femoral neck fractures and those with intertrochan-
teric fractures. However, we detected a significant differ-
ence in 25(OH)D levels between patients with hip 
fractures of differing severity. These findings indicate 
that 25(OH)D levels may be more closely associated 
with hip fracture severity. Intertrochanteric fractures were 
significantly associated with 25(OH)D levels, whereas 
femoral neck fractures were not. These findings indicate 
that an analysis of 25(OH)D may be more relevant to 

Table 4 Logistic Regression Analysis of Factors Associated with Severity of Total Hip Fractures and Hip Fracture Subtype

Hip Fractures (n = 441)

Crude OR (95% CI) P value Adjusted OR (95% CI) P value

Age 1.046 (1.019–1.073) 0.001 1.043 (1.015–1.072) 0.002

β-CTX 1.000 (1.000–1.001) 0.180 1.000 (1.000–1.001) 0.292
N-MID 0.996 (0.975–1.017) 0.690 0.992 (0.970–1.014) 0.452

25(OH)D 0.968 (0.946–0.991) 0.006 0.970 (0.948–0.994) 0.013

FN (n = 266)

Crude OR (95% CI) P value Adjusted OR (95% CI) P value

Age 1.055 (1.018–1.093) 0.003 1.048 (1.010–1.087) 0.014

β-CTX 1.001 (1.000–1.001) 0.122 1.001 (1.000–1.002) 0.150
N-MID 0.991 (0.965–1.019) 0.539 0.987 (0.960–1.016) 0.373

25(OH)D 0.979 (0.950–1.008) 0.155 0.982 (0.952–1.013) 0.257

IT (n = 175)

Crude OR (95% CI) P value Adjusted OR (95% CI) P value

Age 1.035 (0.991–1.081) 0.116 1.035 (0.990–1.083) 0.133
β-CTX 1.000 (0.999–1.001) 0.897 1.000 (0.999–1.001) 0.910

N-MID 1.002 (0.968–1.038) 0.903 0.998 (0.963–1.035) 0.929

25(OH)D 0.955 (0.920–0.990) 0.013 0.952 (0.917–0.989) 0.011

Note: Results are adjusted for age, height, weight and history of hypertension. 
Abbreviations: FN, femoral neck fracture; IT, intertrochanteric fracture; β-CTX, C-terminal telopeptide of type-1 collagen; N-MID, N-MID fragment; OR, odds ratio; CI, 
confidence interval.
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intertrochanteric fracture severity. Differences in the per-
centages of intertrochanteric fractures among the total 
population may have resulted in a statistical anomaly 
regarding the relationship between 25(OH)D levels and 
the severity of hip fractures in older women. 
Alternatively, different pathophysiological mechanisms 
may underly femoral neck and intertrochanteric 
fractures,14 resulting in the differences observed in the 
relationship between 25(OH)D levels and severity of the 
two types of fracture.

Intertrochanteric fractures are assumed to be more 
dependent on high levels of skeletal metabolic activity 
than femoral neck fractures, because of the large propor-
tion of metabolically active trabecular bone in the inter-
trochanteric region.33,34 Furthermore, the intertrochanteric 
region is superficial, making it more likely to sustain 
a fracture in response to external trauma. Moreover, 25 
(OH)D levels are positively correlated with bone quality,35 

which plays a major role in the severity of fractures. 
Hence, the relationship between 25(OH)D levels and the 
severity of intertrochanteric fractures is logical.

In contrast, the anatomical and biomechanical environ-
ment of the femoral neck is more complex, as it locates in 
the intracapsular region. In that area, the energy of a direct 
impact to the hip is dissipated, when transmitted from the 
intertrochanteric region to the femoral neck. Hence, the 
incidence of femoral neck fractures is more likely to 
dependent on a combination of factors, rather than a sole 
metabolic factor. These findings lead to uncertainty regard-
ing an association between 25(OH)D levels and the sever-
ity of femoral neck fractures. Therefore, it may be 
inappropriate to evaluate hip fractures as a homogenous 
group when investigating the association between 25(OH) 
D levels and the severity of hip fractures, particularly in 
older women.

Numerous studies have investigated whether BTMs 
can predict the incidence of hip fractures in older 
patients;5–7,26 however, no specific conclusions have been 
drawn. Compared with women without fractures, higher 
levels of β-CTX were observed in women with either 
femoral neck or intertrochanteric fractures in the present 
study, indicating an association between an active state of 
bone resorption and an increased risk of hip fractures. The 
exact relationship warrants further investigation.

Recently, concerns have been expressed that published 
results regarding the relationship between BTMs and the 
incidence of hip fractures in older adults may be biased, 
owing to a lack of separate analysis based on different hip 

fracture types.18 No significant differences in N-MID or 
β-CTX levels were found between patients with different 
hip fracture types and those with differences in severity in 
the present study, indicating that the levels of BTMs are 
not directly associated with the type and severity of hip 
fracture in elderly women. The BTMs are highly sensitive 
and may be affected by many factors, including circadian 
rhythms, seasonal changes, diet, geography, and 
ethnicity.23 Therefore, BTMs may be a sensitive, but not 
a specific, indicator for evaluation of the type and severity 
of hip fractures in older women. Further, it may be diffi-
cult to evaluate the status of recent stable skeletal meta-
bolism, based on samples collected at a single time point. 
The adoption of international reference standards may help 
to resolve uncertainties regarding the clinical application 
of these markers. Patients with intertrochanteric fractures 
were found to be older than those with femoral neck 
fractures.22,36 Further, patients with more severe hip frac-
tures were also found to be older than those with less 
severe fractures, particularly those with femoral neck frac-
tures, indicating that age is related to both the type and 
severity of femoral neck fractures; however, a previous 
study reported that patients with more severe hip fractures 
were similar in age to those with less severe fractures.32 

This difference could be attributed to the percentages of 
patients with different hip fracture types among the total 
study population, further highlighting the importance of 
separate investigations of hip fracture based on different 
types among older adults. Moreover, patients with femoral 
neck fractures were taller than those with intertrochanteric 
fractures, indicating that height may be associated with hip 
fracture type. No significant differences in the patient 
height were detected, according to fracture severity. Two 
previous studies examined height in relation to fracture 
severity, and reported conflicting results.37,38 The subjects 
included in the study of Cauley et al were all older white 
women, while those in the study of Chen et al and those in 
the present investigation were all elderly Chinese 
women.37,38 Hence, the observed discrepancies may be 
attributable to differences in ethnicity.

The present study has some limitations. The present 
findings were based on older female subjects and might 
not be applicable to male subjects. Determining the type 
and severity of hip fractures remained somewhat subjec-
tive, despite blinding of the investigators. Age was not 
matched when patients with less and more severe femoral 
neck fractures were compared. Furthermore, the sample 
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size was relatively small, and previous investigations may 
have used different hip fracture classification systems.

Conclusion
In conclusion, serum 25(OH)D is a risk factor for the 
incidence of hip fractures in older women, but not for 
types of hip fracture. Furthermore, 25(OH)D levels are 
associated with the severity of intertrochanteric fractures, 
but not femoral neck, fractures. When investigating the 
relationship between 25(OH)D levels and hip fracture 
severity in older adults, the results may be biased if inter-
trochanteric and femoral neck fractures are considered as 
a homogenous group. No significant differences in BTMs 
were detected between groups, regardless of fracture type 
or severity. However, higher levels of β-CTX were 
detected in patients with hip fractures compared those in 
the control population.
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