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Background: Vitamin D deficiency can lead to osteoporosis and increases the risk of fractures. Vitamin D
deficiency is prevalent in Asian populations, however, research focusing on the association between vitamin
D deficiency and osteoporotic hip fractures, particularly in Chinese populations is scarce. The aim of this
study was to explore the relationship between vitamin D deficiency and osteoporotic hip fractures in elderly
Chinese patients.

Methods: This cross-sectional study recruited 60 patients (aged 65 years and over) who had hip fractures.
Serum 25-hydroxyvitamin D (250HD) levels were examined using an electrochemiluminescence
immunoassay. The patients were classified into two groups based on their bone mineral density (BMD);
subjects with osteoporosis (BMD t value <-2.5) and individuals without osteoporosis (BMD t value >-1.0).
Serum 250HD was further analyzed in these two groups.

Results: Across all of the patients with hip fractures, approximately 10% showed vitamin D deficiency, and
a further 53.33% showed vitamin D. insufficiency. Furthermore, of the patients with hip fractures, those with
osteoporosis had significantly lower levels of serum 250HD (25.43+6.35 ng/mL) compared to those patients
without osteoporosis (30.70+7.17 ng/mL). The incidence of vitamin D insufficiency (66.67%) and deficiency
(16.67%) was higher in the patients with osteoporosis than in those without osteoporosis (insufficiency
44.44% and deficiency 5.56%, respectively).

Conclusions: Our study confirmed a high prevalence of vitamin D insufficiency in elderly patients with
hip fractures in China. Our data suggests that vitamin D plays an important role in the occurrence of hip

fractures in these elderly patients, and especially where patients also suffer from osteoporosis.
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Introduction fractures, which in turn increases mortality rates and the

risk of premature death (2). With an increasingly aging
Osteoporosis is a major health problem in the aging population, the incidence of hip fractures is similarly
population, and it increases the risk of fragility fractures (1). increasing dramatically worldwide, resulting in a severe

One of the severe consequences of osteoporosis is hip social and economic burden (1,3,4). The incidence rate
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of osteoporosis-associated hip fractures is predicted to
be about 45-70% of total hip fractures in 2050 (5). To
reduce the cost of fracture care, it is critical to develop
effective therapies designed both to treat and also prevent
osteoporosis. Based on the World Health Organization
(WHO) guidelines, osteoporosis is diagnosed when a patient’s
bone mineral density (BMD) is 2.5 standard deviations below
the mean for young healthy women (6). A reduction in BMD
is associated with a variety of factors including endocrine
dysfunction, side-effects of certain medications, and low diet
intake of calcium and vitamin D (7).

Vitamin D [1,25 (OH),D;] is a seco-steroid that plays a
critical role in calcium and phosphate homeostasis. Serum
vitamin D levels are positively correlated with BMD values (8).
Vitamin D deficiency leads to a reduction in BMD and
increases the risk of bone fractures in elderly people (9).
Growing evidence has shown that vitamin D insufficiency
is highly prevalent in Asian populations (10), however,
research focusing on the association between vitamin
D deficiency and osteoporotic hip fractures is limited,
particularly in Chinese populations. The aim of this study
was to measure the prevalence of vitamin D insufficiency
and deficiency in elderly patients with hip fractures who
had no calcium and vitamin D supplementation. The
association between vitamin D levels and osteoporosis was
then assessed further.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-19-610).

Methods
Study population

This cross-sectional study was conducted over a period
of 12 months (January 2017-December 2018). The study
included 60 patients who were admitted to Wenkou
Hospital of Qixia and were diagnosed with a hip fracture.
Inclusion criteria were as follows: (I) patients aged 65 or
over, (II) patients who agreed to participate in the study
and signed the informed consent form, (III) patients with
fresh fractures treated in Department of Orthopaedics at
Wenkou Hospital of Qixia. The exclusion criteria included:
(D) a history of joint operations; (II) a history of other joint
injuries such as vascular necrosis, inflammatory arthropathy,
or infection around knee.

This study was conducted according to the Declaration
of Helsinki (as revised in 2013) principles and the ethics
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was approved by the institutional review board of Wenkou
Hospital of Qixia (ethical ID number: QXWK2016082001).
Informed consent was obtained from all individual
participants included in the study.

BMD T-score analysis

Dual X-ray absorptiometry (DXA) analysis (Hologic QDR,
4,500 W) was used to measure bone density in the lumbar
vertebral and femoral bone (femur neck, trochanter and
Ward triangle). The BMD T-score analysis was conducted
with reference to the WHO?’s criteria (6). If the patient’s
BMD T score was <-2.5 at the lumbar spine, femur neck,
and total femur, they were classified as osteoporotic. The
patients with BMD T-scores greater than —1.0 in each of
these regions were categorized as non-osteoporotic.

Assessment of circulating 25-bydroxyvitamin D (25OHD)

concentration

250HD is the main circulating form of vitamin D.
Patients’ venous blood was collected in the non-fasting
state and centrifuged at 1,000 rpm for 10 minutes.
The supernatant was collected and stored at —80 °C.
Serum 250HD concentrations were measured using
an electrochemiluminescence immunoassay (11). The
inter- and intra-assay coefficients of variation for serum
250HD were 8.3% and 6.7% respectively. The serum
250HD concentrations were further categorized: optimal
(230 ng/mL), insufficient (21-29 ng/mL), and deficient
(<20 ng/mL). These categories were based on the 2011
clinical practice guidelines that were recommended by the
Endocrine Society (12).

Other general assessment

Patients with a body mass index (BMI) >25 kg/m’ were
classified as overweight/obese. Diabetes mellitus was
identified if the patient’s plasma glucose level was 200 mg/dL
(11.1 mmol/L) or more, or by self-reported use of diabetic
medication or physician-diagnosed diabetes.

Statistical analysis

Statistical analyses were performed using SPSS 25. For the
purpose of analysis, all laboratory values below the limit of
detection for a particular assay were recorded as the lowest
value for that assay. Comparison between the patients with
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Table 1 Clinical characteristics of the elderly patients with hip fractures in China

Clinical characteristics Patients with osteoporosis (n=24) Patients without osteoporosis (n=36) P value
Age 74.20+7.014 77.72+6.580 0.0709
Gender 0.8989
Male 11 (45.83) 20 (55.56)
Female 13 (54.17) 16 (44.44)
Hypertension 11 (45.83) 15 (41.67) 0.79
Diabetes 8 (33.33) 3(8.33) 0.0197
Total lipoprotein 4.598+0.7407* 4.123+0.9056 0.0369
LDL 3.392+0.7929** 2.795+0.639 0.0046
HDL 1.293+0.4023* 1.608+0.5225 0.0239
TG 1.499+0.0575 1.939+0.3703 0.8204

Data = mean + SEM or n (%); *, P<0.05; **, P<0.01. TG, triglyceride; LDL, low-density lipoprotein; HDL, high-density lipoprotein.

both hip fractures and osteoporosis, and the subjects with
hip fractures but without osteoporosis were conducted
using a student’s ¢-test or chi-square test. Non-parametric
variables were analyzed using the Mann-Whitney U test.

Results

A total of 60 hip fracture patients were included in
this study during a 1-year period. Tuable I depicts the
demographic and clinical characteristics of the patients.
The mean age of these patients was 76.62+6.7. Overall,
in all of the patients with hip fractures, the mean serum
levels of 250HD were 28.59 ng/mL and the prevalence
of vitamin D deficiency and insufficiency was 10% and
53.33% respectively. Twenty-nine females and 31 males
were included in this study. No statistical differences were
observed between female and male patients in terms of
vitamin D concentrations (P>0.05) (Table I).

We then divided the patients with hip fractures into
two groups according to BMD assessment. Twenty-
four patients (40%) with hip fractures were classified as
osteoporotic (BMD t value <-2.5) and the remainder (36
patients, 60%) were classified as non-osteoporotic. No
statistical differences were found between these two groups
in terms of age or gender. The patients with both hip
fracture and osteoporosis (Figure 14, are presentative image
had significant lower levels of serum 250HD (25.43+6.35
ng/mL) compared with the patients without osteoporosis
(Figure 1B, a representative image) whose serum 250HD
was 30.70+7.17 ng/mL (Figure 24, P<0.01). The serum
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Ca® was also lower in patients with osteoporosis (Figure
2B, P<0.05). Within the patients with osteoporosis, the
prevalence of vitamin D insufficiency and deficiency
was 66.7% and 16.7%, respectively. In patients without
osteoporosis, the prevalence of vitamin D insufficiency and
deficiency was 44.44% and 5.56%, respectively (1able 2).

Discussion

Our study has shown that low serum vitamin D is common
among elderly patients in China who were hospitalized with
a hip fracture. Of these patients, the serum levels of 250HD
were significantly lower in those patients with osteoporosis
in comparison to those without osteoporosis. This finding
is novel, as it reveals a negative association between serum
vitamin D levels and osteoporosis in elderly Chinese people,
which is consistent with findings in Western populations
(13-15).

In our study, the prevalence of vitamin D insufficiency
was very high in the elderly patients with hip fractures. In
Western patients, this has been shown in approximately
60% of elderly patients with hip fractures (13-15). In
other Asian populations, Ramason et a/. reported that the
prevalence of vitamin D insufficiency in Singapore was
90.5% in Malay patients, 61.1% in Indian patients and
55% in Chinese patients (16). Niikura et #/. found that
vitamin D insufficiency and deficiency was 71.7% and
21.4 %respectively in 360 Japanese patients with fragility
fractures of the hip (17). Other studies reported that
the prevalence of vitamin D insufficiency was 74% (18)
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Figure 1 Radiographic images of two patients who had hip fracture (A) with osteoporosis and (B) without osteoporosis. Arrow depicted

fracture region.
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Figure 2 The levels of serum (A) 25OHD and (B) Ca™ in patients
with hip fractures. Data = mean = SD; *, P<0.05; **, P<0.01.

or 39.3% (19) in Japan. Our study showed an overall
prevalence of vitamin D insufficiency in 53.3% of 60 elderly
Chinese patients with hip fractures. The small discrepancy
in the prevalence of vitamin D deficiency across Asian
populations could be attributed to the effects of latitude,
seasons, religion, poor diet vitamin intake, and possible
vitamin D genetic polymorphisms (10). Overall, our
finding consistently reported an overall high prevalence of
vitamin D insufficiency in elderly Chinese patients with hip
fractures.

In addition, our result has also shown that low serum
vitamin D levels were associated with a reduced BMD.
BMD is a measure of bone calcium content, and a reduction
in BMD is a hallmark of osteoporotic fractures. Vitamin D
is a key regulator of calcium balance by promoting calcium
absorption in the intestine and reducing resorption from the
bone (20). A positive correlation between serum vitamin D
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levels and BMD has been well-documented in the Western
population (8). Our study further validated this association
in an elderly Chinese cohort.

The mechanisms underlying the negative correlation
between serum vitamin D levels and osteoporosis are
attributed to the classical function of vitamin D on calcium
and phosphate homeostasis. Vitamin D promotes calcium
absorption in the intestine and maintains serum calcium
and phosphate levels (21). Low vitamin D not only reduces
calcium levels, it also induces a compensatory increase of
the parathyroid hormone (PTH), which leads to excessive
bone absorption (22). Our results have shown that patients
with osteoporosis also had low levels of calcium, which
could be a consequence of vitamin D deficiency. When
serum calcium cannot be maintained at the normal range,
vitamin D and PTH could mobilize bone calcium and
enhance calcium reabsorption in kidney. Therefore, vitamin
D deficiency results in alterations in bone structure and low
bone mass.

Apart from vitamin D deficiency, multiple factors
contribute to the risk of developing fragility fractures.
These include high alcohol consuming, smoking, sex, aging,
the use of glucocorticoids, disorders such as rheumatoid
arthritis and malnutrition (7). As vitamin D is well known
for its role in promoting calcium and phosphates absorption,
it has been used as non-pharmacological intervention in
the treatment of osteoporosis. In young adult (aged 20-
49 years), serum vitamin D levels are also positively
correlated with BMD (8) and vitamin D deficiency is also a
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Table 2 The prevalence of vitamin D insufficiency and deficiency in the sub-groups of the elderly patients with hip fractures

250HD (ng/mL) Patients with osteoporosis (n=24), n (%) Patients without osteoporosis (n=36), n (%)
Normal (>30 ng/mL) 4 (16.67) 18 (50.00)

Insufficiency (between 20-29 ng/mL) 16 (66.67) 16 (44.44)

Deficiency (<20 ng/mL) 4 (16.67) 2 (5.56)

risk factor of osteoporosis in this population (23).

One limitation of our study is there lative small sample
size, which will be addressed by recruiting more patients
with hip fractures in future studies. In addition, we only
recruited patients with hip fractures who had not taken
vitamin D and calcium supplementation, since only a
very small number of patients took supplementation
prior to admission to the hospital. As our results revealed
that the patients with hip fractures and osteoporosis had
significant lower levels of vitamin D than those without
osteoporosis, inclusion of patients who were taking vitamin
D supplementation would provide useful information with
regard to the effectiveness of vitamin D supplementation in
preventing osteoporosis.

Conclusions

Our data reported a high prevalence of vitamin D
insufficiency in an elderly Chinese population, and
an association between vitamin D insufficiency and
osteoporosis. A recent meta-analysis summarizing 19
studies has revealed that vitamin D supplementation
results in a small but significant increase in the density of
femoral neck (24). Since the frequency of falls and fractures
significantly increases as people age, cost-effective preventive
interventions are required. Vitamin D supplements are
cheap and safe, and could be a candidate for public health
interventions and inclusion in clinical practice.
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