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Objective: The aim of the present study was to evaluate the relationship among vitamin D nutritional status, bone
mineral density, and other factors in elderly patients with brittle hip fractures.

Methods: The present study was a retrospective analysis of 268 patients, 102 men (38.06%) and 166 women
(61.94%), with brittle hip fractures admitted to the Hip Joint Center of Tianjin Hospital from February 2016 to June
2018. The median age of the patients was 74 years (range, 50–93 years). The patients were divided into three groups
based on age: ≤69 years, 70–79 years, and ≥80 years. Serum 25-hydroxyvitamin D3 (25(OH) D3), parathyroid hor-
mone (PTH), body mass index (BMI), and bone mineral density (BMD) of the lumbar spine, femoral neck, and hip were
measured and statistically analyzed.

Results: The median serum 25(OH)D3 level of patients was 9.90 (range, 2.60–42.70) ng/mL; the proportion of defi-
ciency was 89.18% and the deficiency was severe in 136 cases (49.25%). The proportion of vitamin D deficiency was
significantly lower in men than in women (P = 0.013). With the increase of age, 25(OH)D3 levels gradually decreased
(P = 0.044) and PTH levels gradually increased (P < 0.001). There was significantly negative correlation (P < 0.001)
between the levels of serum 25(OH)D3 and PTH. There were 200 cases (74.63%) in which T-values of BMD were less
than −2.5 in any part of the lumbar vertebrae, femoral neck, and hip. T-values in 74 cases (27.61%) were less than
−2.5 in all three parts. The T-values of BMD in men were significantly higher than those in men (P < 0.001). With the
increase of age, the femoral neck BMD in men gradually decreased (P = 0.016), and the femoral neck and hip BMD in
female gradually decreased (P-value was 0.001 and 0.003, respectively). Multivariate analysis suggested that gender
and BMI were independent risk factors for BMD, and vitamin D deficiency affected BMD.

Conclusion: Vitamin D deficiency is common in patients with brittle hip fractures, especially in women. With the
increase of age, vitamin D continues to decrease and PTH increases. The decrease of BMD in patients with hip frac-
tures is the result of a combination of age, gender, BMI, and vitamin D content.
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Introduction

The number of osteoporotic patients in China, which is
now an aging society, is increasing year by year. Osteo-

porosis is characterized by a breakdown in the micro-
architectural structure of bone, which leads to decreased
bone mass and, subsequently, increased bone fragility and
fracture risk. Hip fracture is a serious threat to the physical

and mental health of elderly patients. It has been estimated
that one-fifth of men and one-third of women over the age
of 50 years will sustain a major fragility fracture through
their remaining lifetime. Among such patients, 25% have to
spend time in a nursing home following the fracture and
50% of patients never reach their pre-fracture activity levels.
Many countries have classified such fractures and the
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associated dysfunction as significant public issues, and the
personal and societal costs of treatment are increasing.

Serum markers, including magnesium (Mg), copper,
iron, and vitamins, are potential risk factors associated with
the incidence of osteoporotic fractures in the elderly. Vita-
min D plays an important role in increasing the intestinal
absorption of calcium (Ca) and phosphorus (P) and, thus,
helps to maintain a healthy musculoskeletal system. Serum
25-hydroxyvitaminD (25(OH)D) is recognized as the main
circulating form of vitamin D; it accurately indicates the vita-
min D concentration in the body. Gorter et al.1 found that
insufficiency and deficiency of vitamin D accounted for a
considerable proportion of elderly patients with osteoporotic
fractures, but information on this aspect is relatively lacking
for Chinese patients. To investigate the relationship between
vitamin D nutritional status and bone mineral density in
elderly populations, 268 patients with brittle hip fractures in
the Tianjin area were retrospectively analyzed. In these
patients, the present study explores: (i) the vitamin D nutri-
tional status; (ii) bone mineral density; and (iii) other
influencing factors.

Materials and Methods

Demographic
A total of 268 hip fracture patients admitted to the Tianjin
Hospital Hip Center were enrolled in this study from
February 2016 to June 2018. All patients were of Han ethnic-
ity and had lived in Tianjin for at least 10 years. The exclu-
sion criteria were: (i) patients with chronic liver disease,
renal insufficiency, malignant tumors, active rheumatic
immune disease, active tuberculosis, thyroid and parathyroid
disease, Parkinson’s disease, and other metabolic bone dis-
eases; (ii) patients with a history of surgery or disease that
might cause vitamin D deficiency, including postoperative
gastrectomy, postoperative bowel resection, gastrointestinal
spasm, and inflammatory bowel disease; and (iii) patients
who had undergone systematic anti-osteoporosis treatment
before admission, including oral vitamin D, Ca tablets, and
diphosphate drugs.

The median age of patients was 74 years (range,
50–93 years), including 102 men (38.06%) and 166 women
(61.94%), who were postmenopausal. All patients were
admitted to hospital within 24 h of the fall (non-car acci-
dent); there were165 cases of femoral neck fractures
(61.57%) and 103 cases of intertrochanteric fractures
(38.43%). The following data were collected after admission:
gender, age, height, weight, and body mass index (BMI).
There was no significant difference in the basic clinical char-
acteristics between male and female patients (Table 1).
Patients were then divided into groups according to gender
(male and female) or age (≤69 years, 70–79 years, and
≥80 years old). Parameters were compared between groups,
including 25(OH)D3, parathyroid hormone (PTH), incidence
of vitamin D deficiency, and BMD. Furthermore, factors

related to vitamin D deficiency were analyzed in the current
study.

Research Methods
The patients were enrolled at the hospital early in the morn-
ing to collect fasting blood samples.

Detection of Serum 25-Hydroxyvitamin D3

Vitamin D is a fat-soluble essential vitamin. Adequate vita-
min D increases intestinal Ca absorption, promotes bone
mineralization, maintains muscle strength, improves balance,
and reduces the risk of fall. The serum levels of 25(OH)D3
were measured using a 25-hydroxy vitamin D sample release
agent kit (Guangzhou Golden Field Biotechnology) with an
AB high performance liquid chromatography-tandem mass
spectrometer (MPX-API 4000, Roche Molecular Systems,
Switzerland) detection. Patients were divided into groups
based on 25(OH) D3 level: (i) vitamin D was sufficient,
25(OH) D3 ≥ 30 ng/mL; (ii) vitamin D was insufficient,
20 ng/mL ≤ 25(OH) D3 < 30 ng/mL; and (iii) vitamin D was
deficient, 25(OH) D3 < 20 ng/mL. If 25(OH) D3 < 10 ng/mL,
there was a serious deficiency of vitamin D2, 3.

Detection of Serum Parathyroid Hormone
The main effect of PTH is to increase the activity and num-
ber of osteoclasts; it increases blood calcium and promotes
absorption of intestinal Ca and P. It was measured using a
Roche parathyroid hormone detection kit (Mannheim,
Germany).

Detection of Serum Calcium, Phosphorus, and
Magnesium
Calcium and phosphorus are important components of the
human body; they are stored in bone and regulated by PTH
and vitamin D. One of the physiological functions of Mg is
maintaining bone growth and neuromuscular excitability. It
is an essential mineral element in the human body, with
60%–65% of the body’s Mg existing in bone. These electro-
lytes were measured. Detection was conducted using Siemens
ADVIA2400 automatic biochemical analyzer (Vital Scientific
B.V., Holland).

Measurement of Bone Mineral Density
Bone mineral density is an important index of bone strength,
which reflects the degree of osteoporosis. BMD in the lumbar
spine, the contralateral femoral neck, and hip were measured
using dual-energy X-ray absorptiometry (Hologic
Discovery A, USA). According to the guidelines for the diag-
nosis and treatment of osteoporosis in China4 and the World
Health Organization diagnostic criteria5, a T-value ≤ −2.5
was defined as osteoporosis, −2.5 < T-value <−1.0 as bone
loss, and T-value ≥ −1.0 as normal bone mass.

Statistical Analysis
The data were analyzed and processed using SPSS 21.0 statis-
tical software. The measurement data were presented as
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mean � SD or median after the normality test and the enu-
meration data were presented by rate (%). For the normal
distribution and variance homogeneity measurement data,
the parameter test was used. The two groups of measurement
data were compared by t-test, including BMI, serum levels
of P, and BMD T-values between male and female patient
groups. The three age groups and the abovementioned
potential risk factors were compared by one-way analysis of
variance, including the serum levels of P and BMD T-values
among different age groups; the non-normal distribution
measurement data was analyzed by Mann–Whitney U-test
(age, serum levels of 25(OH) D3, PTH, Ca, and Mg) and
Kruskal–Wallis test (the three age groups, the
abovementioned potential risk factors, and serum PTH levels
between different age groups). χ2-tests were used to compare
the incidence of vitamin D deficiency between different
groups. The correlation between variables was analyzed by
Spearman correlation. The risk factors in the univariate anal-
ysis (P < 0.2) were included in the logistic regression model
for the multivariate analysis. P < 0.05 was considered statisti-
cally significant difference. The whole process of the research
is presented in Fig. 1.

Results

Serum 25-hydroxyvitamin D3 Outcomes
The median serum 25(OH)D3 of 268 patients was 9.90
(2.60–42.70) ng/mL. According to the grading criteria, only
3 patients (1.12%) had adequate vitamin D; 25 patients
(9.70%) had insufficient vitamin D. There was a lack of vita-
min D in 240 cases (89.18%), of which 136 cases (49.25%)
were severely deficient. Table 2 and Fig. 2 showed that the
median serum 25(OH)D3 in male patients was 9.80 (3.10–-
38.90) ng/mL and 9.90 (2.60–42.70) ng/mL in female
patients. There was no significant difference between the two
groups (P = 0.328). There were 85 cases (83.33%) with vita-
min D deficiency in the male group. The incidence was sig-
nificantly higher in the female group (155 cases, 93.37%)
(P = 0.013). With the increase in age, the serum vitamin D
levels of the three groups gradually decreased. The differ-
ence was statistically significant (P = 0.044). The serum
25(OH)D3 level of patients aged ≤69 years was significantly

higher than that of the ≥80-year-old group (P < 0.05)
(Table 3 and Fig. 3). The incidences of vitamin D deficiency
in each age group were 88.51%, 87.25%, and 92.41%,
respectively; no statistically significant difference was
detected (P = 0.526).

Parathyroid Hormone Outcomes
The median PTH of this group was 51.00 (15.7–-
323.9) pg/mL. There was no significant difference between
men and women (see Table 2 and Fig. 2, P = 0.485). With
the increase of age, the PTH level of patients gradually
increased, and the difference between the groups was statisti-
cally significant (P < 0.001) (Table 3 and Fig. 3). Correlation
analysis suggested that there was a significant negative corre-
lation between 25(OH)D3 and PTH levels (r = −0.310,
P < 0.001).

Calcium, Phosphorus, and Magnesium Outcomes
The expression of serum phosphorus was 0.96 �
0.20 mmol/L in the male group and 1.04 � 0.19 mmol/L in
the female group. The difference was significant (P = 0.001).
There was no significant difference in Ca and Mg content
between men and women (see Table 2 and Fig. 2).

Bone Mineral Density Detection
Only 4 cases (1.49%) had normal bone mass in the lumbar
spine, the contralateral femoral neck, and the hip. There
were 64 patients (23.88%) with reduced bone mass in any
part of the patient; 200 patients (74.63%) had BMD T-values
less than −2.5 in any part, including 74 patients (27.61%;
12 men and 62 women) whose T-values were ≤−2.5 in all
three parts. The T-values of lumbar spine, contralateral fem-
oral neck, and hip BMD in men were − 1.70 � 1.24,
−2.39 � 0.65, and −1.73 � 0.77, respectively. The T-values
of these locations in women were, respectively, −2.67 � 1.29,
−3.01 � 0.82, and −2.44 � 0.94. The T-values of BMD in
men were significantly higher than those in women
(P < 0.001) (see Fig. 4).

There was no significant difference in BMD between
lumbar vertebrae and hip in all age groups (P = 0.501 and
0.063, respectively). The T-values of femoral neck BMD in

TABLE 1 Characteristics of patients

Characteristics Male (102 cases) Female (166 cases) P-value

Age [years, M (range)] 74.5 (50–92) 73 (54–93) 0.161
BMI (�x � s, kg/m2) 23.51 � 3.79 23.09 � 3.39 0.346
Comorbidity
None 54 (20.15%) 108 (40.30%) 0.070
One kind of disease 27 (10.07%) 26 (9.70%)
≥2 kinds of disease 21 (7.84%) 32 (11.94%)

Type of fracture
Femoral neck 69 (25.75%) 96 (35.82%) 0.109
Trochanteric fracture 33 (12.31%) 70 (26.12%)
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the three groups were −2.39 � 0.56, −2.18 � 0.68, and
−2.62 � 0.62, respectively, and the difference was statistically
significant (P = 0.016). The femoral neck BMD in the
70–79-year-old group was significantly higher than that in

the ≥80-year-old group (P < 0.05) (see Table 4 and Fig. 5).
Female patients were divided into the same three groups.
There was no significant difference in lumbar spine BMD
among the age groups (P = 0.700). The BMD of the femoral

Hip fracture patients admitted 

to our clinical center

February 2016–June 2018

Excluded:

(i) Chronic liver and renal disease, malignant 

tumor, active rheumatic immune disease, 

active tuberculosis, thyroid and parathyroid 

disease, and Parkinson’s disease.

(ii) Patients with a history of surgery or 

disease that might cause vitamin D 

deficiency.

(iii) Patients with systematic anti-

osteoporosis treatment before admission.

268 hip fracture patients

The following data were collected: 

(i) Gender, age, height, weight, and BMI

(ii) 25(OH)D3, PTH, Ca, P and Mg

(iii) BMD in the lumbar spine, the

contralateral femoral neck, and hip

Parameters were compared between 

groups:

(i) 25(OH)D3 and PTH

(ii) Incidence of vitamin D deficiency

(iii) BMD

Grouped by gender

Group A: male (n = 102)

Group B: female (n = 166)

Grouped by age

Group A: ≤69 (n = 87)

Group B: 70–79 (n = 102)

Group C: ≥80 (n = 79)

Parameters were compared between 

groups:

(i) 25(OH)D3, PTH, Ca, P, and Mg

(ii) Incidence of vitamin D deficiency

(iii) BMD

Conclusions:

(i) Vitamin D deficiency is common in patients with brittle hip fracture, especially in 

women.

(ii) With the increase of age, vitamin D continues to decrease and PTH to increase.

(iii) The decrease of BMD in patients with hip fractures is the result of a combination of 

age, gender, BMI, and vitamin D content.

Fig 1 Patient flow diagram. Process of the

research. 25(OH) D3, serum 25-hydroxyvitamin

D3; BMD, bone mineral density; BMI, body

mass index; Ca, calcium; Mg, magnesium; P,

phosphorus; PTH, parathyroid hormone.

TABLE 2 Results of examination in men and women

Index Male (102 cases) Female (166 cases) P-value

25 (OH)D3 (M [range), ng/mL) 9.80 (3.10–38.90) 9.90 (2.60–42.70) 0.328
PTH (M [range], pg/mL) 50.25 (13.20–174.60) 51.50 (15.7–323.9) 0.485
Ca (M [range], mmol/L) 2.23 (1.96–2.99) 2.27 (1.89–2.82) 0.061
P ð�x � s, mmol/L) 0.96 � 0.20 1.04 � 0.19 0.001
Mg (M [range], mmol/L) 0.87 (0.65–1.03) 0.88 (0.65–1.14) 0.415

PTH, parathyroid hormone; Ca, calcium; P, phosphorus; Mg, magnesium.
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neck and hip showed a decreasing trend with age, and the
difference was statistically significant (P = 0.001 and 0.003,
respectively) (Table 4 and Fig. 6).

Analysis of Risk Factors Related to Bone Mineral
Density
In the correlation analysis, decreased BMD (T-value ≤ −2.5)
in any location (the lumbar vertebrae, femoral neck, and
hip) was correlated with gender (r = 0.285, P < 0.001),
25(OH)D3 level (r = −0.138, P = 0.023), and BMI
(r = −0.323, P = <0.001). In the univariate analysis, the gen-
der (P < 0.001), decreased serum 25(OH)D3 level
(P = 0.024), and BMI <24 kg/m2 (P < 0.001) were risk factors
for reduced BMD, with T-value ≤−2.5 in any of the lumbar
vertebrae, femoral neck, and hip as a dependent variable.
BMD decreased with age, but the difference was not statisti-
cally significant (P = 0.146). The variables with P < 0.2 were
included in the multivariate logistic regression model (using
forward LR); only the gender (OR = 0.249, 95% CI 0.137–
0.454, P < 0.001) and BMI (OR = 3.358, 95% CI 1.838 to
6.134, P < 0.001) were independent risk factors for
reduced BMD.

Discussion

Status of Vitamin D in Patients with Hip Osteoporosis
Fractures
Since the 1980s, with the increasing aging of China’s popula-
tion, the prevalence of osteoporosis in people over 60 years
of age has increased significantly6. The main cause of senile
osteoporosis is the negative balance of bone formation and
absorption resulting from decreased hormone levels and
inflammatory factors. In addition, the elderly commonly
have insufficient nutritional intake, recuced pyhsical activity,
and vitamin D deficiency, aggravating the progression of
osteoporosis7, 8. According to Takiar et al., approximately
1 billion people in the world have a vitamin D deficiency9.
The third US Health and Nutrition Survey, in 2005, found
that 41% of men and 53% of women were lacking in vitamin
D10. What about vitamin D deficiency in patients with osteo-
porotic fractures? A group of fracture patients who under-
went conservative treatment were studied by Gorter et al.1;
vitamin D levels in 71% of the patients were abnormal, of
which 40% were lacking in vitamin D and 11% were severely
deficient in vitamin D. Hwang et al.11 found that 86.6% of
Taiwanese menopausal women with hip fractures were vita-
min D deficient. Other scholars have revealed that 60% of

TABLE 3 Relationship between age and levels of serum 25-hydroxyvitamin D3 (25(OH)D) and parathyroid hormone (PTH) in serum

Groups Cases 25(OH)D3 (ng/mL) PTH (pg/mL)

≤69 years 87 12.20 (2.60–38.90)a 44.80 (13.2-174.60)
70–79 years 102 9.65 (3.10–28.80) 49.75 (13.80–219.80)
≥80 years 79 8.70 (3.30–42.70) 65.65 (24.80–323.90)
P value 0.044 <0.001

aCompared with ≥80 years group, P < 0.05.
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patients with hip fractures have reduced vitamin D
levels12–14.

This study included patients with a median age of
74 years, who were at high-risk of osteoporosis. The
median serum 25(OH)D3 level was only 9.90 ng/mL, sig-
nificantly lower than the normal minimum limit of 30 ng/mL,
and the proportion with normal vitamin D was only 1.12%.
The incidence of vitamin D deficiency in our study was up to
89.18%, which indicated that vitamin D deficiency was
commonly observed in elderly people in the Tianjin region.
The serum vitamin D levels in such patients were signifi-
cantly reduced, which patients and doctors must pay
attention to.

Factors Related to Vitamin D Deficiency
In this study, patients were grouped according to age.
Serum 25(OH)D3 levels gradually decreased with age
(P = 0.044) and the proportion of vitamin D deficiency
increased with age. This showed that the decrease of vita-
min D was a manifestation of human aging. In addition,
the proportion of men with a vitamin D deficiency was
significantly lower than that of women (P = 0.013), which
might be related to the congenital differences between
genders or certain acquired factors. In addition to con-
firming the above factors, Dam et al.15 found that 25(OH)
D3 levels decreased in high BMI and heavy drinkers.

Bischoff-Ferrari16 found that vitamin D levels in hip frac-
ture patients were also related to the season and living
environment: they were low in spring, highest in summer,
highest at home, and lowest in nursing homes in Switzer-
land. In summary, the reduction of vitamin D levels in
patients is caused by a combination of factors, such as age
and gender, and external factors, such as diet, activity
range, and living environment.

Relationship between Vitamin D and Parathyroid
Hormone Content
Vitamin D synthesis and metabolism are associated with
the dynamic balance of Ca and are regulated by PTH,
serum Ca, and P levels. When hypocalcemia occurs, the
concentration of PTH in the serum increases, and Ca
resorption is enhanced11, 17. In this study, the PTH level
gradually increased with age (P < 0.001), while the
25(OH)D3 level was negatively correlated with PTH
(r = −0.310, P < 0.001), which was similar to the results of
Marco et al.17 Although PTH levels were elevated, only
86 patients (32.09%) had PTH values above the upper
limit of normal (76.8 pg/mL), consistent with previous
studies18. Monaco et al.19 also found 148 patients (37%)
with secondary PTH elevation in 405 hip patients studied;
63% had severe vitamin D deficiency, but PTH was within
the normal range. He believed that it might play an impor-
tant role in the consumption of Mg, because in addition to
inhibiting PTH activity, Mg could reduce PTH secretion.
According to some studies, Mg deficiency and decreased
renal function could elevate serum PTH20, 21.

Harm of Vitamin D Deficiency
The main physiological function of Vitamin D is to regulate
Ca and P metabolism and bone formation in the human
body. It also has the effect of increasing muscle strength and
maintaining neuromuscular coordination. Korean scholars11,
22 demonstrated that vitamin D effects on muscle function
included: one human muscle tissue containing vitamin D
receptor, through which vitamin D affected muscle function
by the genome path; and vitamin D deficiency could cause
type 2 muscle fiber atrophy. In their study, vitamin D sup-
plementation significantly improved grip, independent of

TABLE 4 Relationship between age and BMD for three parts in male and female groups

Groups

T-value of male BMD T-value of female BMD

Lumber spine Femoral neck Hip Lumber spine Femoral neck Hip

≤69 years −1.89 � 1.25 −2.39 � 0.56 −1.77 � 0.69 −2.69 � 1.27 −2.74 � 0.80a −2.11 � 0.87
70–79 years −1.72 � 1.20 −2.18 � 0.68a −1.51 � 0.86 −2.75 � 1.21 −3.02 � 0.77a −2.54 � 0.94b

≥80 years −1.53 � 1.23 −2.62 � 0.62 −1.93 � 0.67 −2.54 � 1.39 −3.33 � 0.79 −2.71 � 0.88b

P-value 0.501 0.016 0.063 0.700 0.001 0.003

aCompared with ≥80 years, P < 0.05.; b Compared with ≤69 years, P < 0.05.
BMD, bone mineral density.
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Fig 4 T-values of bone mineral density of lumbar spine, contralateral

femoral neck, and hip in male and female groups.
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vitamin D levels. Snijder, in a prospective study, and
others8, 20, 23, 24 confirmed that when 25(OH)D3 was less
than 10 ng/L, the risk of falls increased in 65–75 year olds.
According to Monaco et al.25, secondary high PTH caused
by vitamin D reduction could damage bone tissue and
reduce muscle mass and muscle function in the elderly,
leading to the risk of falling and increased fracture proba-
bility, which could be independent of 25-hydroxyvitamin
D. For patients with hip fractures, Carpintero et al.26, 14

found that 1,25-dihydroxycholecalciferol levels were associ-
ated with all biochemical nutritional indicators (albumin,
prealbumin, transferrin, and cholesterol). A reduction of
these indicators could significantly predict the high rate of
disability and mortality in patients with hip fractures and
was also related to the degree of functional recovery at
1 year. Mak et al.27 and Warner et al.28 found that a
decrease of vitamin D in elderly fracture patients could lead
to weakened proximal muscle strength, pain, decreased
dynamic balance, decreased speed of movement, and poor
quality of life. Based on these mechanisms, deficiency of
vitamin D (in nearly 90% of patients in this study) was one
of the main reasons for hip fracture.

Relationship among Vitamin D, Parathyroid Hormone
Levels, and Bone Mineral Density
In this study, the BMD of the lumbar vertebrae, femoral
neck, and hip were measured. The results showed that the
portion with T-value ≤ −2.5 of any location accounted for
74.63%, and T-value ≤ −2.5 of all parts accounted for
27.61%, which indicated that the patient’s osteoporosis was
extremely serious. Logistic multivariate analysis in this study
revealed that gender and BMI were independent risk factors
for BMD. Compared with men, the T-values of BMD in all
parts of women were significantly lower, which was related
to the decrease of estrogen, a hormone that inhibits osteo-
clast, in postmenopausal women16, 19. It might also be
related to the lower proportion of vitamin D deficiency in
men than in women. The correlation analysis of this study
suggested that 25(OH)D3 levels had an effect on BMD.
The vitamin D content decreased with age, and the BMD
of male and female hip and femur neck also showed a sig-
nificant downward trend. The effect of PTH on bone den-
sity remains controversial. Monaco et al.19 found that
BMD values were significantly lower in the secondary high
PTH group compared with the normal PTH group. How-
ever, Amouzougan et al.29 found no significant relation-
ship between PTH values and BMD, which was similar to
the findings of this study. The negative correlation
between BMI and BMD in this study was similar to that of
other studies30–32. The mechanism might be the result of
multiple factors, including mechanical load mechanism,
hormone level, and nutritional factors. However, there is
still controversy in this respect. Some scholars have
suggested that when the mechanical load caused by body
mass is corrected, the amount of fat is significantly nega-
tively correlated with bone mass33, 34. These conditions
indicate that the level of BMD is a result of a combination
of identified and unknown factors.

This study focused on Han patients in Tianjin and
had geographical limitations. Data from other regions and
ethnic groups are needed, and the exploration of similari-
ties and differences among groups may be a task for us in
the future. Zheng concluded that the number of skeletal
muscles was positively correlated with BMD; that is, skele-
tal muscle loss could lead to a decrease in bone density35.
Therefore, in addition to detecting the bone mass of
patients, it is necessary to measure the muscle strength of
patients in the future, to investigate the living conditions
of patients, including, for instance, eating habits and daily
activities. The study of vitamin D deficiency in such
patients should be more detailed.

Conclusion
Patients with hip fragility fractures in Tianjin have worrying
vitamin D deficiencies, with low BMD of the hip and lumbar
spine. Especially in postmenopausal women, the proportion
of vitamin D deficiency is higher, and the decrease in BMD
is more obvious. The decrease of BMD is caused by age, sex,
BMI, and vitamin D content. Anti-osteoporosis drugs such
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as Ca and vitamin D should be actively supplemented to
promote fracture healing and reduce the incidence of re-frac-
ture.4, 36
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