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Abstract  
 
Objective. Limited information exists on the physical characteristics, bone mineral density (BMD), 25-hydroxyvitamin D 
[25(OH)D] levels and other biochemical parameters in patients with hip fractures in Asia. We aimed to explore whether 
these parameters differ between trochanteric and femoral neck (cervical) hip fractures in Singaporean patients.  
 
Methodology. 275 patients with osteoporotic hip fractures were evaluated. Multivariate regression models were used to 
investigate the relationship between physical characteristics, biochemical parameters, renal function, BMD and type of 
hip fracture.  
 
Results. The mean 25(OH)D level noted was 20.4 (8.1) ng/mL. Fifty percent of patients had levels less than 20 ng/mL. 
Patients with trochanteric fractures were heavier than those with cervical fractures (p=0.021). Logistic regression 
analysis showed that males were more likely to have trochanteric fractures (OR=1.79, 95% CI 1.03-3.11), and females 
with trochanteric fractures were older than those with cervical fractures (OR=0.97, 95% CI 0.94-1.00).  
 
Conclusion. Vitamin D deficiency was prevalent in half of our population of hip fracture patients. Trochanteric fractures 
were more common than cervical fractures in men and in older women. In contrast to findings noted in Caucasian 
populations, neither BMD nor other bone metabolic parameters examined were associated with the preferential 
occurrence of one type of osteoporotic hip fracture over the other.  
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INTRODUCTION 
 
Osteoporotic fractures are associated with significant 
morbidity and mortality in the elderly. The vitamin D-
parathyroid hormone (PTH) axis plays an important role 
in bone health and in the pathogenesis of osteoporotic 
fractures. The 2 major hip fracture types—femoral neck 
(cervical) and trochanteric—have been found to differ in 
etiology and pathophysiology.  Previous studies have 
shown that the structural and material properties of the 
proximal femur determine the type of hip fracture.1, 2 
Patients with trochanteric hip fractures have been found to 
have lower serum vitamin D levels compared to patients 
with femoral neck fractures.3 Apart from studies done 
involving Caucasians, there is a paucity of information on 
other populations about the relationship of vitamin D 
levels and hip fracture subtypes; the interplay between 
25(OH)D, intact PTH (iPTH), calcium and phosphorus; the 
impact of renal insufficiency; and the effect of premorbid 
ambulatory status on hip fracture type.4 

METHODS 
 
In our hospital, the hip fracture pathway was established 
to provide streamlined, cost-effective and timely care. All 
patients with hip fractures are enrolled into the pathway. 
They undergo a standard array of laboratory tests done in 
the fasting state within 24 to 48 hours from admission. 
These include full blood count, serum total calcium, 
albumin, 25(OH)D, iPTH, phosphorus, creatinine, thyroid 
function and liver function tests.  All laboratory analyses 
are performed on the day that blood is drawn.  All 
patients above the age of 50 who have suffered an 
osteoporotic fragility fracture are also offered inclusion in 
an osteoporosis disease management program, aimed to 
prevent the occurrence of a second fragility fracture 
through the judicious combination of appropriate 
medications, physiotherapy and dedicated nurse manager 
follow up. At the time of recruitment, medical information 
including demographic characteristics, pre-fracture 
ambulatory status, previous history of fractures, and 
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history of calcium and vitamin D supplementation is 
obtained. The program only recruits patients who have a 
clearly established osteoporotic fragility fracture and 
excludes those with pathologic fractures due to primary or 
metastatic bone cancer, multiple myeloma, Paget’s disease 
or other metabolic bone disease.  
  
For this particular study, we evaluated 275 patients with 
fragility fracture of the femoral neck or trochanteric region 
who were recruited into the program between April 2009 
and January 2010. BMD data was available in 188 (68.4%) 
of the patients. Information on fragility fractures in the 
past was derived from the history obtained by the nurse 
managers and by review of X-ray reports. Estimated 
creatinine clearance of 50 mL/min or less (calculated using 
the Cockcroft and Gault method) was taken as the 
threshold for delineating renal failure, as this has been 
noted to be the level below which there is impaired 
hydroxylation of 25(OH)D to 1,25(OH)2 vitamin D 
[1,25(OH)2D].5 Vitamin D levels were considered 
insufficient and deficient if levels were between 20 to 30 
ng/mL or less than 20 ng/mL, respectively. Secondary 
hyperparathyroidism was defined as serum iPTH more 
than 6.2 pmol/L, the upper limit of the laboratory 
reference range. These definitions are based on current 
recommendations.6,7 Ethical approval to conduct this 
retrospective study was obtained from the Centralized 
Institutional Review Board (CIRB) of our institution. The 
study conforms to the provisions of the World Medical 
Association Declaration of Helsinki. 
 
Laboratory analysis 
 
Laboratory tests included serum creatinine, albumin, total 
calcium, inorganic phosphate, liver enzymes, iPTH and 
25(OH)D. Albumin-corrected calcium (Ca) in mmol/L was 
calculated using the following formula: 
 
Corrected Ca  = (40 - serum albumin) x 0.02 + measured total Ca 
 
Serum 25(OH)D was measured as per routine practice by 
radioimmunoassay (Diasorin, Inc., Stillwater, Minnesota, 
USA) after extraction with acetonitrile. The intra-assay 
coefficient of variation (CV) of the assay is 11.7% at 8.6 
ng/mL, 10.5% at 22.7 ng/mL, 8.6% at 33 ng/mL and 12.5% 
at 49 ng/mL. The total imprecision CV is 9.4%, 8.2%, 9.1%, 
and 11%, respectively at these 4 serum concentrations.  
 
Serum iPTH was measured on the Beckman Dxl 800 
analyzer using a two-site sandwich immunoenzymatic 
chemiluminescent assay. The assay uses a monoclonal 
anti-PTH antibody conjugated to alkaline phosphatase and 
paramagnetic particles coated with a goat polyclonal anti-
PTH antibody. The CV of the assay is less than 3% for 
iPTH levels between 2 to 66 pmol/L, and the inter-assay 
CV is less than 7% for iPTH between 2 to 80 pmol/L. 

Bone mineral density 
 
BMD at the non-fractured hip and the lumbar spine (L1 to 
L4) was measured at our center by dual-energy X-ray 
absorptiometry (DXA) technology (Hologic Discovery W, 
Hologic, Waltham, Massachusetts, USA). Male and female 
ethnic-specific reference databases were used to calculate 
the T scores. The short-term in vivo precision (CV) at our 
hospital is 0.95+/-0.21% for the spine and 1.20+/-0.32% for 
the femoral neck. 
 
Statistical analysis 
 
The data was analysed using the statistical software 
STATA (Version 10, StataCorp, College Station, Texas, 
USA). Continuous variables were reported as mean +/- SD 
and categorical variables as percentages. Comparisons of 
continuous data between groups were performed using 
Student’s t-test for data following normal distribution, and 
Mann-Whitney U test for variables not following normal 
distribution.  Comparison between categorical variables 
was performed using the Fisher’s exact test. Correlation 
between two continuous covariates was estimated by 
Pearson’s or Spearman’s rho for normally and non-
normally distributed data, respectively. Logistic regression 
was performed to determine the association between hip 
fracture type (dependent variable) and iPTH, 25(OH) D, 
calcium, phosphorus, and other demographic and clinical 
variables (age, gender, premorbid ambulatory status, 
presence of renal failure and calcium and vitamin D 
supplement intake). Two sided p-values <0.05 were 
considered significant. 
 
RESULTS 
 
Of the 275 patients, 205 (74.8%) were women. Information 
about demographics and other parameters are shown in 
Table 1. The mean 25(OH)D level was 20.4 ng/mL. There 
was no difference between the mean 25(OH)D levels in 
men and women. 24.8% of the patients had a previous 
fragility fracture. Among those with a previous history of 
a hip fracture, 16.7% had a femoral neck fracture, while 11 
% had a trochanteric fracture. These differences were not 
found to be statistically significant. 
 
Compared to those with femoral neck fractures, patients 
with trochanteric fractures were heavier (p=0.021). 
However, logistic regression analysis did not find any 
significant effect of weight in the development of 
trochanteric fractures (OR=1.00, 95% CI 0.99-1.01). 
Trochanteric fractures were more common in males than 
in females (p=0.045). Logistic regression also showed that 
male patients tended to have more trochanteric fractures 
(OR=1.79, 95% CI 1.03-3.11).  There was no correlation 
between any of the other parameters (T-scores or Z-scores 
at the total hip or neck of the femur, 25(OH)D levels, 
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corrected calcium, iPTH, serum phosphorus, premorbid 
ambulatory status, calcium supplement intake, vitamin D 
supplements, presence of renal insufficiency or previous 
fracture history) with the type of hip fracture (Table 2).  
 
Table 1. Demographic and clinical characteristics of 
patients with hip fractures, N=275, Singapore. 

Factors Frequency 
or value Percentage 

Mean age (SD), yr 77.9 (10.0) - 
Gender   
Male 70 25.4 
Female 205 74.5 
Race   
Chinese 228 82.9 
Malay 23 8.4 
Indian 22 8 
Others 2 0.7 
Type of fracture   
Trochanteric 106 38.6 
Femoral neck 169 61.5 
Premorbid ambulatory status   
Ambulatory independent 87 31.6 
Uses walking aid 84 30.6 
Bedbound 2 0.7 
Wheel chair bound 8 2.9 
Prosthesis 1 0.4 
Unknown 93 33.8 
Previous fracture  69 25.1 
Calcium supplement intake  90 32.7 
Vitamin D supplement intake  83 30.2 
Mean 25(OH)D (SD) at baseline, ng/mL 20.4 (8.1) - 
Male, ng/mL 21.1 (8.2) - 
Female, ng/mL 20.1 (8.1) - 
25(OH)D level   
Deficient, less than 20 ng/mL 132 50.2 
Insufficient, 20 to 30 ng/mL 100 38 
Sufficient, more than 30 ng/mL 31 11.8 
Median iPTH (range), pmol/L 4.9 (0.5-200.0) - 
iPTH level among patients with 25(OH)D deficiency  
Elevated, 6.2 pmol/L or greater 33 35.1 
Normal, less than 6.2 pmol/L 61 64.9 
iPTH level among patients with 25(OH)D insufficiency 
Elevated, 6.2 pmol/L or greater 17 21.5 
Normal, less than 6.2 pmol/ 62 78.5 
Mean corrected calcium (SD), mmol/L 2.32 (0.11) - 
 

 

 
 

Figure 1. Scatter plot of iPTH versus 25(OH)D among all 
patients  
 
Women with trochanteric fractures were older than those 
with femoral neck fractures (p=0.042). This was also 
evident in the logistic regression analysis (OR=0.97, 95% 
CI=0.94-1.00). There were no differences between any of 
the parameters in men with femoral neck and trochanteric 
fractures (results of analysis not shown).  

There was a significant inverse correlation between iPTH 
and 25(OH)D levels in the entire population of patients 
(r=-0.261; p<0.001) (Figure 1). Linear regression analysis 
showed that for every 1 ng/mL decrease in 25(OH)D, iPTH 
levels increased by 0.08pmol/L (coefficient=-0.08, CI: -0.13 
to  -0.04), after adjusting for age and gender. 
 
Table 2. Comparison of characteristics according to hip 
fracture type 

Factors 

Type of current hip 
fracture p value Trochanteric Neck of 

femur 
Mean age (SD), yr 78.3 (10.5) 77.6 (9.6) 0.586 
Mean height (SD), cm 153.8 (8.6) 151.5 (8.8) 0.277 
Mean weight (SD), kg 57.9 (12.9) 51.5 (10.7 ) 0.021 
Mean T-score at THa (SD) -2.7 (1.6) -2.9 (1.1) 0.618 
Mean T-score at NOFb (SD) -2.7 (1.8) -3.0 (1.1) 0.395 
Mean 25(OH)D (SD), ng/mL 21.1 (8.8) 19.9 (7.6) 0.225 
Mean corrected calcium 
(SD), mmol/L 

2.3 (0.1) 2.3 (0.1) 0.671 

Median iPTH (range), pmol/L 5.0  
(1.6-45.4) 

4.9  
(0.5-200.0) 

0.636 

Median serum phosphorus 
(range), mmol/L  

1.1  
(0.7-2.2) 

1.2  
(0.7-1.7) 

0.974 

Gender   0.045 
Male 36 34  
Female 72 133  
Race   0.836 
Chinese 89 139  
Malay 8 15  
Indian 9 13  
Others 0 2  
Premorbid ambulatory 
status 

  1.000 

Ambulatory independent 38 49  
Uses walking aid 37 47  
Calcium supplements   0.693 
Yes 33 57  
No 73 112  
Vitamin D supplements   0.893 
Yes 31 52  
No 75 117  
iPTH among all patients   0.425 
Elevated, 6.2 pmol/L or greater 26 30  
Normal, less than 6.2 pmol/L 57 88  
iPTH among patients with 
vitamin D deficiency  

  0.825 

Elevated, 6.2 pmol/L or greater 12 21  
Normal, less than 6.2 pmol/L 25 36  
iPTH among patients with 
vitamin D insufficiency  

  0.164 

Elevated, 6.2 pmol/L or greater 10 7  
Normal, less than 6.2 pmol/L 23 39  
Renal failure   0.321 
Yes 23 46  
No 83 123  
Previous fracturec   0.390 
Yes 23 45  
No 80 123  
aTH, total hip 
bNOF, neck of femur 
cInformation on previous fracture history was not available in 4 patients   

 
DISCUSSION 
 
Our study is the first from a South East Asian country 
exploring the effect of physical, demographic, as well as 
bone metabolic parameters on the different types of hip 
fractures. Though the majority of the patients in the study 
had low levels of 25(OH)D as defined by currently 
accepted standards, contrary to the only two previous 
studies on the subject, neither 25(OH)D levels, blunted 
parathyroid response or hyperparathyroidism associated 
with low levels of 25(OH)D correlated with the type of hip 
fracture.  
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iPTH levels between 2 to 66 pmol/L, and the inter-assay 
CV is less than 7% for iPTH between 2 to 80 pmol/L. 

Bone mineral density 
 
BMD at the non-fractured hip and the lumbar spine (L1 to 
L4) was measured at our center by dual-energy X-ray 
absorptiometry (DXA) technology (Hologic Discovery W, 
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and categorical variables as percentages. Comparisons of 
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However, logistic regression analysis did not find any 
significant effect of weight in the development of 
trochanteric fractures (OR=1.00, 95% CI 0.99-1.01). 
Trochanteric fractures were more common in males than 
in females (p=0.045). Logistic regression also showed that 
male patients tended to have more trochanteric fractures 
(OR=1.79, 95% CI 1.03-3.11).  There was no correlation 
between any of the other parameters (T-scores or Z-scores 
at the total hip or neck of the femur, 25(OH)D levels, 
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Vitamin D status and iPTH level and their relation to bone 
health in patients from various ethnicities and geographic 
areas have gained increasing interest among scientists. 
Varying effects of 25(OH)D concentrations on BMD have 
been reported among community-dwelling South East 
Asian and Far East Asian women with no previous history 
of osteoporosis.8-14 There is conflicting evidence with 
regard to the association of vitamin D deficiency with the 
occurrence of osteoporotic fractures.15-20 A study from 
Hong Kong showed that hypovitaminosis D was common 
among elderly patients with femoral neck fractures.21 A 
similar study on Japanese postmenopausal women living 
in Hawaii did not find any significant association between 
25(OH)D and either vertebral or nonvertebral fractures.22 
In our study, 88.2% of the population had 25(OH)D levels 
less than 30 ng/mL. Given the lack of an age- and gender-
matched control group without hip fractures, it is difficult 
to ascertain whether the prevalence of vitamin D 
insufficiency is higher in patients with osteoporotic 
fractures compared to those without. An earlier study in 
patients with low BMD done in Singapore did not show 
any correlation between low 25(OH)D levels and 
osteoporotic fractures.23 

 
We did not find any difference in the 25(OH)D levels 
between patients with femoral neck and trochanteric 
fractures, in agreement with a previously published 
study.24 In contrast, a study done in Crete found that 
patients with trochanteric fractures had lower levels of 
25(OH)D.4 An excess of trochanteric over femoral neck 
fractures was found in patients with hypovitaminosis D 
and secondary hyperparathyroidism, compared to those 
with “functional hypoparathyroidism,” a condition 
characterized by vitamin D deficiency with no evidence of 
adequate parathyroid response.25 Although we found a 
significant negative correlation between 25(OH)D and 
iPTH levels in both groups of fracture patients, the 
prevalence of both secondary hyperparathyroidism and 
“functional hypoparathyroidism” in patients with 
insufficient or deficient 25(OH)D levels was quite similar 
between the two types of fracture patients. Likewise, there 
was no preferential occurrence of either type of fracture in 
both the secondary hyperparathyroid and the “functional” 
hypoparathyroid patients. This finding is relevant in the 
context of recent findings that racial and geographic 
differences modulate the effects of low vitamin D status on 
bone mass and other parameters of bone metabolism.26-28 

 
Singapore is a South East Asian country with a unique 
ethnic population mix of Chinese  (76.8%), Malay (13.9%), 
Indian (7.9%), and others (1.4%).29   Racial differences in 
fracture rates and vitamin D levels have been shown to 
exist in Singapore30,31 with the highest age-adjusted rates 
of hip fractures reported to be amongst the Chinese. 
However, median concentrations of 25(OH)D levels in 
Malays and Indians have been shown to be significantly 
lower than in the Chinese, suggesting that there exist 
differences in the regulation of bone health by 25(OH)D 

and iPTH and that other factors may also affect the 
pathogenesis of osteoporotic hip fractures in different 
ethnic populations. In our study, ethnicity was not found 
to be correlated with the type of hip fracture. It is difficult 
to draw further conclusions due to the small number of 
Malays and Indians included in the study. 
 
Our study did not reveal any significant difference in total 
hip (TH) or neck of femur (NOF) BMDs between patients 
with trochanteric or femoral neck fractures. Earlier studies 
have reported mixed results: some noted lower BMD at 
the trochanter in patients with trochanteric fractures, 
while others observed lower BMD at the NOF in this 
fracture type.32-36 Interestingly, an earlier study from 
Singapore did not show any significant difference in BMD 
at the femoral neck between these two types of hip 
fractures.37 

 
In our study, male patients frequently had trochanteric 
fractures. A similar finding was reported in a previous 
study,  where the proportion of femoral neck fractures was 
higher in females.1  However, a significant difference in 
the proportion of trochanteric fractures between men and 
women was not found in a Norwegian study.38 The 
differences in observations may be explained by 
methodological variations as well as by problems in 
classification of fractures. The Norwegian study included 
subtrochanteric fractures and basal cervical fractures 
among the trochanteric fractures, while we only included 
intertrochanteric and fractures involving the trochanters.  
 
We observed that women with trochanteric fractures were 
older than those with femoral neck fractures. This trend 
was not observed in men. This is in agreement with other 
studies that noted a rise in the proportion of 
intertrochanteric fractures in women with increasing age, 
but not in men.38-40 The reason for the gender difference 
and age trend is still unclear. The two major femoral sites 
have been found to have a dissimilar composition, with 
the trochanteric region having a greater proportion of 
trabecular bone, and the femoral neck predominantly 
cortical.41 The age-related loss of trabecular and cortical 
bone may differ between men and women, so that the 
higher proportion of intertrochanteric fractures in older 
women may reflect greater trabecular bone loss with age.42 

 
The mean body weight of women with femoral neck 
fractures was found to be higher than those with 
trochanteric fractures in two previously published 
studies.33,43 The investigators of these studies attributed the 
finding of lower body weight in trochanteric fracture 
patients to lower BMD. In contrast, another study did not 
find any statistically significant difference in weight or 
BMI between patients with femoral neck and trochanteric 
fractures.4 In our study, the heavier patients tended to 
have trochanteric fractures, but this correlation was not 
evident on logistic regression. This suggests that body 
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However, median concentrations of 25(OH)D levels in 
Malays and Indians have been shown to be significantly 
lower than in the Chinese, suggesting that there exist 
differences in the regulation of bone health by 25(OH)D 

and iPTH and that other factors may also affect the 
pathogenesis of osteoporotic hip fractures in different 
ethnic populations. In our study, ethnicity was not found 
to be correlated with the type of hip fracture. It is difficult 
to draw further conclusions due to the small number of 
Malays and Indians included in the study. 
 
Our study did not reveal any significant difference in total 
hip (TH) or neck of femur (NOF) BMDs between patients 
with trochanteric or femoral neck fractures. Earlier studies 
have reported mixed results: some noted lower BMD at 
the trochanter in patients with trochanteric fractures, 
while others observed lower BMD at the NOF in this 
fracture type.32-36 Interestingly, an earlier study from 
Singapore did not show any significant difference in BMD 
at the femoral neck between these two types of hip 
fractures.37 

 
In our study, male patients frequently had trochanteric 
fractures. A similar finding was reported in a previous 
study,  where the proportion of femoral neck fractures was 
higher in females.1  However, a significant difference in 
the proportion of trochanteric fractures between men and 
women was not found in a Norwegian study.38 The 
differences in observations may be explained by 
methodological variations as well as by problems in 
classification of fractures. The Norwegian study included 
subtrochanteric fractures and basal cervical fractures 
among the trochanteric fractures, while we only included 
intertrochanteric and fractures involving the trochanters.  
 
We observed that women with trochanteric fractures were 
older than those with femoral neck fractures. This trend 
was not observed in men. This is in agreement with other 
studies that noted a rise in the proportion of 
intertrochanteric fractures in women with increasing age, 
but not in men.38-40 The reason for the gender difference 
and age trend is still unclear. The two major femoral sites 
have been found to have a dissimilar composition, with 
the trochanteric region having a greater proportion of 
trabecular bone, and the femoral neck predominantly 
cortical.41 The age-related loss of trabecular and cortical 
bone may differ between men and women, so that the 
higher proportion of intertrochanteric fractures in older 
women may reflect greater trabecular bone loss with age.42 

 
The mean body weight of women with femoral neck 
fractures was found to be higher than those with 
trochanteric fractures in two previously published 
studies.33,43 The investigators of these studies attributed the 
finding of lower body weight in trochanteric fracture 
patients to lower BMD. In contrast, another study did not 
find any statistically significant difference in weight or 
BMI between patients with femoral neck and trochanteric 
fractures.4 In our study, the heavier patients tended to 
have trochanteric fractures, but this correlation was not 
evident on logistic regression. This suggests that body 

weight does not play a role in the differential development 
of hip fractures in our population. 
 
Our study has a few limitations. The patients included 
were not randomly recruited. We did not have 
information on fall history, which may have played a role 
in the preferential development of one type of hip fracture 
over the other. Previous studies have not shown any 
difference between trochanteric and cervical fractures with 
respect to fall energy or fall characteristics, and fall 
biomechanics did not appear to determine the location of 
hip fracture.33,34 Nevertheless, the strengths of our study 
included the recruitment of consecutive unselected 
patients with osteoporotic hip fracture, the wide range of 
laboratory tests employed, and the availability of BMD 
data in a significant percentage of patients. Since the study 
subjects were those included in the protocolized hip 
fracture pathway, all laboratory tests were done within 24 
to 48 hours of admission, and were analysed on the day of 
collection. This minimized potential errors in the collection 
of specimens and interpretation of the test results. 
 
CONCLUSION 
 
The present study is the first of its kind that examined the 
differential characteristics underlying the two main types 
of hip fracture in a population residing in a South East 
Asian country. Our findings suggest that the interplay 
between 25(OH)D and other parameters of bone 
metabolism  in the development of the two types of hip 
fractures is different in our population. It is likely that 
lifestyle factors, in addition to structural, geometric and 
material properties of bone, play a more important role in 
the determination of the type of hip fracture that 
individuals are likely to develop. These observations need 
to be confirmed in larger prospective studies.  
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