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Background & objectives: Vitamin D insufficiency is prevalent in postmenopausal women and has been 
related to low bone mineral density (BMD). However, controversial results have been reported for the 
relationship between serum 25-hydroxyvitamin D [25(OH)D] levels and BMD. This study was done to 
investigate whether serum 25(OH)D levels were associated with BMD in postmenopausal women living 
in Guangzhou in southern China.
Methods: This cross-sectional study involved 119 asymptomatic postmenopausal women, aged 48-85 yr, 
who were consecutively selected from Guangzhou city. BMD was measured at the lumbar spine and 
femoral neck. The correlation between serum 25(OH)D levels and BMD wes investigated.
Results: With increasing serum 25(OH)D levels categorized as <20, 20-30, and ≥30ng/ml, the PTH levels 
decreased gradually (P=0.031). Bivariate correlation analyses showed an inverse relationship between 
serum 25(OH)D and PTH levels after controlling for age and BMI (r=-0.209, P=0.023). Although subjects 
with vitamin D<30 ng/ml had significantly lower BMD, age- and BMI-adjusted serum 25(OH)D was 
weakly correlated with BMD at femoral neck (r=0.185, P=0.045), and not at lumbar spine (r=0.172, 
P=0.063). In multiple regression analyses, serum 25(OH)D was a predictor for BMD at femoral neck  
(R 2=0.424). However, serum β-CTX was a determinant for BMD at lumbar spine (R 2=0.361).
Interpretation & conclusions: Serum 25(OH)D levels showed a positive correlation with BMD at femoral 
neck and serum β-CTX levels were inversely correlated with BMD at lumbar spine in postmenopausal 
women. Further studies are needed to elucidate the clinical impact of these findings.
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	 Vitamin D is considered essential for bone 
health in postmenopausal women1. In some studies, 
vitamin D insufficiency has been reported to be 
associated with low bone mineral density (BMD) and 
increased bone loss2,3. However, the results reported 

so far have been controversial4-7. Sun exposure is 
considered as the most important source of vitamin 
D8. Previous studies in Caucasians9,10, Africans11, 
and Asians4,12-15 indicated that the participants 
though had abundant sunlight exposure, but vitamin 
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D insufficiency was prevalent among populations 
around the world. 

	 Circulating 25-hydroxyvitamin D [25(OH)D] level 
is a biomarker of the vitamin D status of an individual. 
Unfortunately, the cut-off levels of serum 25(OH)D 
that represent vitamin D insufficiency are not clearly 
defined16. A circulating level of < 20 ng/ml of 25(OH)D 
is widely used as deficiency, while a circulating level of 
< 30 ng/ml as insufficiency1,17. Garnero et al7 showed 
that 73.0 per cent of French healthy postmenopausal 
women had 25(OH)D levels less than 30 ng/ml, and 
serum 25(OH)D levels were not related to BMD 
at hip. Bhattoa et al18 in their study on Hungarian 
postmenopausal women indicated high prevalence 
(56.7%) of vitamin D deficiency in association with 
BMD at femoral neck. Another study on Moroccan 
postmenopausal women showed high prevalence 
(85.3%) of vitamin D insufficiency in relation to 
asymptomatic osteoporotic vertebral fractures19. In 
Asia, available evidences from Shanghai12, Hongkong4, 
and India14 indicated that participants had abundant 
sunlight exposure, but vitamin D insufficiency was 
widespread. We undertook this study to investigate the 
relationship between serum 25(OH)D levels and BMD 
in postmenopausal women in Guangzhou, a city in the 
southern of China.

Material & Methods

	 In this cross-sectional study 165 healthy women 
(mean age 63.82 ± 10.61 yr; range 48-85 yr) who 
participated in the annual health examination at the 
General Hospital of Guangzhou Military Command of 
PLA were evaluated from July to August 2012. Only 
those women were selected who confirmed to be living 
for at least five years in Guangzhou. Informed written 
consent was obtained from all subjects. The study 
protocol was approved by the Ethical Committee of 
General Hospital of Guangzhou Military Command of 
PLA. Age, height, weight, and age of menopause were 
recorded and body mass index (BMI) was calculated.

	 Exclusion criteria included diabetes mellitus, 
hyperparathyroidism, thyroid disorders, liver and 
kidney diseases, cancer, rheumatoid arthritis and 
medical treatment with bisphosphonate, diuretics, 
adrenal and thyroid-related drugs, corticosteroids, 
vitamine D and/or calcium supplements within the 
preceding three months. Forty six women were 
excluded. 

Serum collection and analysis: Blood samples (4 ml) 
were collected from each subject in the morning after 

an overnight fast. The blood was centrifuged for 10 min 
at 1000 x g to obtain serum. The serum was placed in 
Eppendorf tubes and stored at -80°C until used. 

	 The levels of serum 25(OH)D, parathyroid 
hormone (PTH), type 1 procollagen amino-terminal 
propeptide (P1NP), and beta-carboxy-terminal cross-
linking telopeptide of type I collagen (β-CTX) were 
measured by electrochemiluminescence immunoassay 
(ECLIA) (Cobase 411, Roche Diagnostics, Mannheim, 
Germany). The intra- and inter-assay coefficients 
of variation (CVs) for 25(OH)D were 3.0 to 7.5 per 
cent and 5.5 to 13.6 per cent, respectively. The normal 
reference range for serum 25(OH)D was ≥30 ng/ml 
(≥75 nmol/l). The lower limit of detection of 25(OH)
D was 3 ng/ml (7.5 nmol/l), and the higher limit was 
70 ng/ml (175 nmol/l). The intra- and inter-assay CVs 
for PTH were 4.5 and 6.4 per cent, respectively. The 
normal reference range for serum PTH was 15-65 pg/
ml (1.6-6.9 pmol/l). The lower limit of detection of 
PTH was 1.20 pg/ml (0.127 pmol/l), and the higher 
limit was 5000 pg/ml (530 pmol/l). The intra- and 
inter-assay CVs for P1NP were 6.5 and 6.1 per cent, 
respectively. The lower limit of detection of P1NP 
was 5 μg/l, and the higher limit was 1200 μg/l. The 
intra- and inter-assay CVs for β-CTX were 4.3 and 5.8 
per cent, respectively. The lower limit of detection of 
β-CTX was 0.010 μg/l (10 pg/ml), and the higher limit 
was 6.00 μg/l(6000 pg/ml).

	 Serum calcium and phosphorus (Cobase501, 
Roche Diagnostics, Mannheim, Germany) were 
measured by colorimetric method (Hitachi, Automated 
Biochemistry Analyzer). The normal laboratory range 
for serum calcium was 2.15-2.55 mmol/l and for serum 
phosphorus was 0.97-1.62 mmol/l, according to the kit 
manufacturers.

Bone mineral density examination: BMD was 
determined using Dual Energy X-ray Absorptiometry 
(DEXA; Lunar Prodigy, GE Medical Systems, 
Madison, USA). Both spine region including lumbar 
vertebrae 1-4 and femoral neck area l BMD were 
obtained. To eliminate operator differences, all 
women were tested by the same operator during the 
study. Duplicate measurements were obtained from 
thirty subjects who underwent a repeat assessment 
on the same day, and the precision errors were 
calculated using the root mean square method20. The 
coefficients of variation for the lumbar spine and 
femoral neck BMD were 0.60 and 0.89 per cent, 
respectively.
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Statistical analysis: Normally distributed data were 
expressed as mean ± SD, and abnormally distributed 
data were shown as medians and interquartile ranges. 
All analyses were performed using SAS version 8.0 
(SAS Institute, Cary, NC, USA). Normal distribution 
of data was ascertained by the Shapiro-Wilk test21. 
Results that were not normally distributed, were log 
transformed before analysis. For normal distribution 
data, one-way ANOVA and Dunnett’s post-hoc test 
were performed to compare the results of multiple 
groups. Because serum PTH and β-CTX levels were 
still abnormally distributed after log transformation, 
the groups were compared using Kruskal-Wallis test. 
The frequency comparison between each group was 
tested by chi-square. Bivariate correlation analyses 
with Spearman’s rank correlation test was performed to 
determine the relationship between pairs of bone related 
variables which did not follow a normal distribution. 
Partial correlation analyses were used to adjust for age 
and BMI. Unadjusted and age-, BMI-adjusted Pearson 
correlation analyses were used when bone related 
parameters followed a normal distribution. Independent 
relationships between BMD and other variables were 
determined by multiple regression22. The selected 
independent variables had significant association with 
BMD on bivariate correlation analyses. The multiple-
regression analysis was carried out by the step-wise 
method. The probability of F was applied to select the 
variables to be included in the model, the variables 
with P less than 0.10 were entered and variables with  
P larger than 0.11 were removed from the model.

Results

	 The mean age of women (n=119) was 62.76 
± 9.82 yr (range 48-85 yr), and mean BMI was 
23.50 ± 3.50 kg/m2 (range 15.82-34.63). The mean 
serum concentrations of calcium and 25(OH)D were 
2.34 ± 0.14 mmol/l (range 1.97-2.83) and 25.98 ± 
8.19 ng/ml (range 7.93-49.69), respectively. The 
median (interquartile range) serum concentrations of 
phosphorus, PTH, P1NP and β-CTX were 1.26 (1.14-
1.39) mmol/l, 7.66 (3.35-18.30) pmol/l, 42.88 (33.07-
62.79) μg/l, and 0.42 (0.25-0.60) μg/l, respectively. 
The mean BMD values of lumbar spine and femoral 
neck were 0.95 ± 0.16 (range 0.54-1.36) and 0.77 ± 
0.12 (range 0.46-1.00)g/cm2, respectively. When the 
study group was analyzed according to the presence/
absence of the fragility fracture, 10 women (8.40%) 
with spine fracture and three (2.52%) with hip fracture 
were identified; 29 (24.37%) reported at least one fall 
in the past 12 months.

	 Serum 25(OH)D concentrations were divided into 
three subgroups17: deficiency (≥10 and <20 ng/ml), 
insufficiency (≥20 and <30 ng/ml), and sufficiency 
(≥30 ng/ml). Thirty (25.2%) postmenopausal women 
had 25(OH)D levels below 20 ng/ml; 77 (64.7%) had 
below 30 ng/ml. Women who spent less than 30 min 
a day time for sun exposure had lower serum 25(OH)
D levels. (P<0.001) among the three subgroups. 
Serum 25(OH)D concentrations were higher in 
women who exercised at least three times per week 
(P<0.001) among the three subgroups. In subgroups 
with decreasing mean 25(OH)D levels, the incidence 
of the vertebral fragility fracture increased (P<0.01), 
and a similar trend was observed for fall in the past 
12 months (P<0.001) (Table I). In addition, serum 
25(OH)D concentrations increased as the PTH levels 
decreased (P<0.05). The BMD at lumbar spine and 
femoral neck increased with increasing mean 25(OH)
D levels (P<0.05). Women with 25(OH)D less than 30 
ng/ml had significantly lower BMD T scores at both 
the spine and femoral neck (Table I).

Serum 25(OH)D, PTH levels in relation to 
anthropometric and biochemical markers: No 
significant correlations were observed between 
serum 25(OH)D levels and age, BMI, serum calcium, 
phosphorus, PTH, P1NP and β-CTX levels. However, 
correlations between the serum 25(OH)D and PTH 
levels persisted after adjustment for age and BMI. No 
correlation between age-after and BMI-adjusted 25(OH)
D and the remaining variables was found (Table II).

	 Serum PTH levels were negatively correlated with 
age, and positively correlated with calcium and P1NP 
levels. No significant correlations were found between 
serum PTH levels and BMI, serum phosphorus and 
β-CTX levels. However, age- and BMI-adjusted PTH  
levels were positively associated with calcium levels. 
No association between age- and BMI- adjusted PTH 
and the remaining variables was found (Table II).

BMD in relation to anthropometric and biochemical 
markers: BMD at lumbar spine was positively 
correlated with BMI and negatively correlated with 
age, P1NP, and β-CTX levels. BMD at femoral neck 
was negatively correlated with age and positively 
correlated with BMI and serum 25(OH)D levels (Table 
III). After controlling for age and BMI, BMD at lumbar 
spine showed significant inverse correlation with 
serum P1NP and β-CTX levels. However, age- and 
BMI- adjusted BMD at femoral neck was positively 
correlated with serum phosphorus and 25(OH)D levels 
(Table III).
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Table I. Characteristics of the study subjects with different ranges of serum 25(OH)D levels

Variable Serum 25(OH)D levels (ng/ml)
<20 20-30 ≥30

n 30 47 42
Age (yr) 65.17 ± 10.64 61.36 ± 9.61 62.60 ± 9.33
BMI (kg/m2) 23.03 ± 2.94 23.21 ± 3.36 24.16 ± 3.97
Sun exposure time <30 min/day 28 (93%)*** 36 (76.6%)*** 9 (21.4%)
Exercise ≥3 x /week 3 (10.0%)††,*** 19 (40.4%)*** 37 (88.1%)
Fragility fracture
Spine 7 (23.3%)†,** 2 (4.3%) 1 (2.4%)
Hip 2 (6.7%) 1 (2.1%) 0 (0)
Previous fall history 17 (56.7%)†††,*** 7 (14.9%) 5 (11.9%)
Calcium (mmol/l) 2.33 ± 0.16 2.34 ± 0.14 2.36 ± 0.13
Phosphorus (mmol/l) 1.27 (1.16-1.37) 1.22 (1.11-1.39) 1.29 (1.15-1.42)
25(OH)D (ng/ml) 15.83 ± 2.80 †††,*** 24.62 ± 2.59*** 34.75 ± 4.84
PTH (pmol/l) 12.37 (4.72-23.14)*** 7.68 (3.71-18.29) 4.42 (2.59-13.07)
P1NP (μg/l) 51.12 (36.66-66.28)* 41.38 (33.07-53.56) 40.33 (30.99-62.94)
β-CTX (μg/l) 0.42 (0.27-0.67) 0.50 (0.29-0.68)* 0.35 (0.22-0.52)
LS BMD (g/cm2) 0.90 ± 0.14* 0.94 ± 0.16 0.99 ± 0.15
LS BMD T-score -1.86 ± 1.16* -1.43 ± 1.29* -1.04 ± 1.42
FN BMD (g/cm2) 0.73 ± 0.12** 0.75 ± 0.13* 0.81 ± 0.11
FN BMD T-score -1.71 ± 0.97** -1.39 ± 1.13* -0.93 ± 0.84
Data are expressed as mean ± SD, medians (interquartile ranges), or frequency (%)
LS, lumbar spine; FN, femoral neck; BMD, bone mineral density; PTH, parathyroid hormone; P1NP, type I procollagen amino-terminal 
propeptide; β-CTX, beta-carboxy-terminal cross-linking telopeptide of type I collagen
†P<0.05, ††<0.01, †††<0.001 vs20-30 ng/ml
P*<0.05, **<0.01, ***<0.001 vs≥30 ng/ml

Table II. Unadjusted, and age-, BMI-adjusted correlation analysis between serum 25(OH)D, PTH levels and anthropometric and 
biochemical variables in postmenopausal women
Variable Serum 25(OH)D levels SerumPTH levels

Unadjusted Adjusted Unadjusted Adjusted
r P r P r P r P

Age -0.056 0.543 -0.224 0.014
BMI 0.126 0.172 0.101 0.276
Calcium 0.088 0.342 0.096 0.304 0.288 0.002 0.191 0.039
Phosphorus 0.018 0.846 0.105 0.261 -0.026 0.777 -0.142 0.125
25(OH)D -0.175 0.058 -0.209 0.023
PTH -0.175 0.058 -0.209 0.023
P1NP -0.112 0.225 -0.155 0.096 0.199 0.030 0.160 0.085
β-CTX -0.103 0.265 -0.124 0.184 -0.144 0.118 -0.124 0.184
BMI, body mass index; PTH, parathyroid hormone; P1NP, type I procollagen amino-terminal propeptide; β-CTX, beta-carboxy-terminal 
cross-linking telopeptide of type I collagen
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Multiple regression analysis for BMD as a dependent 
variable: Multiple regression analysis was performed 
to determine the predictor of BMD after adjustment for 
age and BMI. When age, BMI, serum 25(OH)D, P1NP 
and β-CTX levels were included as the independent 
variables, only age, BMI and serum β-CTX were the 
significant predictors for BMD at lumbar spine (Table 
IV). When age, BMI, serum phosphorus, 25(OH)D, 
P1NP and PTH levels were included as the independent 
variables, age, BMI, serum phosphorus and 25(OH)D 
levels were the significant determinants for BMD at 
lumbar spine (Table IV).

Discussion

	 In our study 64.7 per cent postmenopausal women 
had vitamin D insufficiency, in line with the previous 
studies of French postmenopausal women (73.0%)7, 
Moroccan healthy postmenopausal women (85.3%)19 

and Indian postmenopausal women (86.0%)23,24. 
Guangzhou is a flourishing international commercial 
city with a population of over 12 million. The main 
reason of vitamin D insufficiency may be attributed 
to the lifestyle change of people with less outdoor 
activities and air pollution related haze from vehicular 
sources that decreases sunlight exposure, thereby 
reducing the ultraviolet-B (UVB)-induced vitamin 
D synthesis in the skin8,25. Our results indicated that 
exercising at least three times a week and sun exposure 
less than 30 min a day were needed to obtain optimum 
serum 25(OH)D concentrations. 

	 Serum 25(OH)D level is the best clinical indicator 
of the vitamin D status in blood. Wat et al4 reported 
that an optimal level of 25(OH)D to suppress serum 
PTH concentrations was 30 ng/ml. Because PTH 
began to rise when 25(OH)D levels were below 30 ng/
ml, whereas PTH levels did not change when 25(OH)
D levels were above 30 ng/ml4. Lu et al12 showed that 
the levels of procollagen 1 N-terminal peptide (P1NP) 
and beta C-telopeptide of collagen (β-CTX) started to 
increase when serum 25(OH)D levels were less than 
30 ng/ml. In our study, with increasing serum 25(OH)
D levels categorized as <20, 20-30, and ≥30ng/ml, the 
PTH levels gradually decreased and BMD at lumbar 
spine and femoral neck increased. Our results also 
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Table III. Unadjusted, and age-, BMI-adjusted correlation analysis between bone mineral density and anthropometric and biochemical 
variables in postmenopausal women
Variable Lumbar spine BMD Femoral neckBMD

Unadjusted Adjusted Unadjusted Adjusted
r P r P r P r P

Age -0.479 <0.001 -0.571 <0.001
BMI 0.278 0.002 0.227 0.013
Calcium 0.068 0.464 0.096 0.304 0.020 0.828 0.037 0.695
Phosphorus 0.045 0.631 0.105 0.261 0.177 0.054 0.191 0.035
25(OH)D 0.167 0.069 0.172 0.063 0.212 0.021 0.185 0.045
PTH 0.148 0.107 0.016 0.865 0.046 0.618 -0.169 0.069
P1NP -0.201 0.029 -0.242 0.008 -0.137 0.136 -0.121 0.194
β-CTX -0.314 <0.001 -0.263 0.004 -0.128 0.165 -0.002 0.987
BMD, bone mineral density; PTH, parathyroid hormone; P1NP, type I procollagen amino-terminal propeptide; β-CTX, beta-carboxy-
terminal cross-linking telopeptide of type I collagen

Table IV. Multiple regression analysis for the association 
between bone mineral density (dependent variable) and bone 
related variables (independent) in postmenopausal women
Variable Lumbar spine BMD Femoral neck BMD

β P β P
Age -0.425 <0.001 -0.557 <0.001
BMI 0.274 <0.001 0.234 0.002
Phosphorus 0.137 0.060
25(OH)D 0.120 0.118 0.134 0.069
PTH -0.093 0.217
P1NP -0.122 0.167
β-CTX -0.227 0.004
R 2 0.361 0.424
BMD, bone mineral density; BMI, body mass index; PTH, 
parathyroid hormone; P1NP, type I procollagen amino-
terminal propeptide; β-CTX, beta-carboxy-terminal cross-
linking telopeptide of type I collagen



indicated that serum 25(OH)D level of at least 20 ng/
ml was needed to maintain high BMD at lumbar spine 
and suppress circulating PTH and P1NP levels, and 
that 30 ng/ml of 25(OH)D was needed to obtain high 
BMD at femoral neck and suppress circulating β-CTX 
levels.

	 Age and BMI, known risk factors for vitamin D 
insufficiency26, did not show any correlation with 
25(OH)D levels in our study. Our results also showed 
that serum 25(OH)D was inversely correlated with 
PTH levels after adjustment for age and BMI. This 
result was in agreement with previous studies on Asian 
and European women6,7,12. However, studies from USA 
and Israel have shown no association between 25(OH)
D and PTH levels after controlling age and BMI5,27. 
Allali et al6 showed that participants with low 25(OH)
D levels had higher bone turnover. We found that age- 
and BMI- adjusted 25(OH)D levels did not correlate 
with bone turnover markers. This suggests that it will 
be unsuitable to use increased bone turnover levels as 
a surrogate indicator for vitamin D insufficiency in 
subjects under investigation.

	 Vitamin D status is considered as an important 
determinant of bone health. However, there is a 
controversy regarding the association between 25(OH)
D levels and BMD. Some groups have reported a 
positive association between serum 25(OH)D levels 
and BMD at the hip and spine in men and women2,5,18 
while others found no association4,6,7. Our data 
demonstrated a marginal association between serum 
25(OH)D levels and lumbar BMD in postmenopausal 
women. However, in multiple regression analysis, 
serum 25(OH)D was not a predictor for lumbar 
BMD. We also found that femoral neck BMD was 
significantly and positively related to 25(OH)D after 
controlling age and BMI. Multiple regression analysis 
confirmed that serum 25(OH)D was a predictor of 
BMD at femoral neck. Our findings were similar to 
those reported earlier2,5,18,28. von Mühlen et al5 showed 
that age-adjusted 25(OH)D levels were related to 
BMD at hip in postmenopausal women (aged 50-
97  yr). Bhattoa et al18 showed that 25(OH)D levels 
were significantly associated with BMD at femoral 
neck in postmenopausal women. Nakamura   et   al28 
showed that higher serum 25(OH)D levels were 
associated with increased BMD of the femoral neck, 
and that a serum 25(OH)D level of at least 70 nmol/l 
was needed to obtain high BMD of the femoral neck 
in home-dwelling postmenopausal Japanese women. 
Garnero et al7 indicated that 25(OH)D levels were 

not related to BMD at hip in postmenopausal women 
(mean age: 62.2 yr). The results of the current study 
demonstrated that vitamin D status was an important 
determinant of hip bone health. Based on our results, it 
may be recommended to take vitamin D supplements 
when the circulating 25(OH)D level was below 30 ng/
ml, especially, in postmenopausal women. It was also 
found that with decreasing mean 25(OH)D levels, the 
incidence of fall and the vertebral fragility fractures 
increased. Our results suggested that vitamin D status 
was also linked with vertebral fragility fracture risk 
and normal levels of circulating 25(OH)D could reduce 
falls leading to lower fracture rate.

	 The analysis of our data showed that serum β-CTX 
was a determinant of BMD at lumbar spine. This 
result was consistent with a previous study, which also 
showed that there was a negative correlation between 
serum β-CTX and lumbar BMD29. Yoshimura et al30 
indicated that serum β-CTX in women could predict 
the occurrence of spinal osteoporosis. We also found 
that femoral neck BMD was significantly and inversely 
related to phosphorus after adjustment of age and BMI 
and there was a marginal association between serum 
PTH levels and BMD at femoral neck. This suggested 
that serum β-CTX was a determinant of BMD at 
lumbar spine, and it would be unsuitable to use serum 
PTH and bone turnover levels as an indicator for BMD 
at femoral neck in women under investigation.

	 This study had some limitations. First, the study 
was a population-based research were participants 
were sampled from annual health examination at a 
general hospital. There could be a selection bias as 
healthy adults are more likely to participate in the 
study. Second, this was a cross-sectional design, 
hence, no sufficient causality could be demonstrated 
for the relationship between serum 25(OH)D and other 
variables.

	 In conclusion, vitamin D insufficiency was 
common but largely ignored health problem in healthy 
postmenopausal women living in Guangzhou. Low 
serum 25(OH)D levels were associated with high serum 
PTH levels and low BMD at femoral neck. Serum 
25(OH)D levels were not associated with lumbar spine 
BMD and bone turnover markers. However, serum 
β-CTX levels were inversely correlated with lumbar 
spine BMD. Further studies are needed to elucidate the 
clinical impact and precise mechanisms of the above 
findings. 
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