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Abstract N
Studies show that vertebral fractures could predict the risk of hip fractures. We aimed to evaluate the potential benefits of whether the \
timing of vertebroplasty (VP) for vertebral fracture associated with the risk of hip fracture for hip replacement.

We identified 142,782 patients from the Taiwan National Health Insurance Database with thoracolumbar vertebral fracture
(International Classification of Diseases, Ninth Revision, Clinical Modification:805.2-805.9) who were followed up from 2000 to 2013.
These patients were divided into those who underwent VP (VP group) (International Classification of Diseases, Ninth Revision, Clinical
Modification : 78.49) within 3 months and those who did not (non-VP group). After adjusting for the confounding factors, the Cox
proportional hazards analysis was used to estimate the effect of early VP on reducing the risk of hip fracture. The difference in the risk
of hip replacement, between the VP group and non-VP group was estimated using the Kaplan-Meier method with the log-rank test.

In the 14-year follow-up, the cumulative incidence rate of hip replacement in the VP group was lower than that in the non-VP group
(0.362% and 0.533%, respectively, long-rank P < .001). There was a significant difference between the 2 groups since the first-year
follow-up.

Our study showed that early VP performed to avoid progression of the kyphotic changes following thoracolumbar vertebral fracture
may reduce the risk of hip fracture. These results, obtained from retrospective data, indicate that a prospective study is warranted.

Abbreviations: Cl| = confidence interval, DM = diabetes mellitus, HTN = hypertension, ICD-9-CM = International Classification of
Diseases, Ninth Revision, Clinical Modification, NHIRD = National Health Insurance Research Database, Pl = pelvic incidence, TLCF
= thoracolumbar compression fracture, VP = vertebroplasty.

Keywords: compression fracture, fall, hip fracture, pelvic incidence, sarcopenia, vertebroplasty

1. Introduction complications of the respiratory and intra-abdominal organs and

increase the risk of mortality. Further, hip fractures can decrease
Vertebral compression fractures and hip fractures are prevalent  the quality of life and cause many morbidities. Vertebral
in the elderly population. Vertebral deformity could lead to  compression fractures and hip fractures have high risk of
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mortality.['3! Taiwan, like other developed countries, is facing
the challenge of an aging population. In 2011, 10.7% of the
entire population was > 65 years old; this figure is more than
14% in 2017.11 Some authors concluded that a relationship
between vertebral deformities and hip fracture that vertebral
deformities have in prospective studies been reported as a risk
factor for a future hip fracture.>™!

The objective of our study was to evaluate whether a relationship
exists between hip fractures and the timing of restoration of
vertebral deformities among population-based cohorts using the
National Health Insurance Research Database at the National
Health Research Institutes (NHIRD) in Taiwan. We hypothesized
that early vertebroplasty (VP) performed to prevent the progres-
sion of kyphotic changes owing to thoracolumbar compression
fracture (TLCF) would decrease the risk for a future hip fracture.

2. Methods

2.1. Data source

The National Health Insurance program in Taiwan is a
compulsory single-payer program initiated in 1995, which
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covers nearly 99% of the 23.75 million residents of Taiwan.
The NHIRD, contains all claims data of the beneficiaries and uses
the International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) codes to record diagnoses.
We used the NHIRD strictly for research purposes. All data
recorded in the database are double-encrypted to protect the
confidentiality of the patients.

2.2. Study design

The study flow and patient characteristics with details of
inclusion and exclusion criteria are shown in Figure 1. This
retrospective population-based cohort study used NHIRD data
collected between 2000 and 2013. The index date was defined as
the first date in the database that indicated a diagnosis of TLCF
(ICD-9-CM: 805.2-805.9). The exclusion criteria were as
follows: a history of TLCF before the index date, a history of
hip replacement (ICD-9-CM: 81.51, 51.52) before the index date,
aged below 18 years, and unknown gender. These patients were
divided into groups based on those who received VP (VP group)
(ICD-9-CM: 78.49, repair of vertebral fracture) within 3 months

Inpatient in 2000-2013 in Taiwan
31,340,284 events; 11,019,756 individuals

Inclusion criteria
Thoracic compression fracture >
142,782 individuals
Exclusion criteria
1. Thoracic compression fracture before index date
- 2. Hip replacement before tracking
3. Age<18
4. Gender unknown
7,639 individuals
v
Study samples
135,143 individuals
a Repair of vertebral fracture R
With Without in study period
18,970 individuals 116,173 individuals

Repair of vertebral fracture
in 3 months

4-fold propensity score matching
by gender, age, and index date

With repair of vertebral fracture
(Study cohort)
17,545 individuals

Without fepair of vertebral fracture

(Comparison cohort)
70,180 individuals

v

Tracking endpoint (2013.12.31)

v

429 individuals with hip replacement

2,465 individuals with hip replacement

Figure 1. The flowchart of study sample selection from National Health Insurance Research Database in Taiwan.
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and those who did not (non-VP group). Propensity score (PS)
matching according to age, sex, and index date was performed on
patients in the non-VP group randomly matched with those in the
VP group (4 controls for each patient in the VP group) using the
same exclusion criteria. At the end, the patients who underwent
hip replacement (ICD-9-CM:81.51, 81.52) in both groups (VP
and non-VP) were extracted. Using these criteria, 429 patients
from the VP group and 2465 from the non-VP group who
underwent hip replacement after TLCF were identified. Comor-
bidities in this study included diabetes mellitus (ICD-9-CM: 250),
hypertension (ICD-9-CM: 401-405), depression (ICD-9-CM:
296.2-296.3, 296.82, 300.4, 311), renal disease (ICD-9-CM:
580-589), hyperlipidemia (ICD-9-CM: 580 - 589), pneumonia
(ICD-9-CM: 480-486), injury (ICD-9-CM: 800-999, excluding
805.2-805.9), tumor (ICD-9-CM: 140-208), osteoporosis (ICD-
9-CM: 733), ischemic heart disease (ICD-9-CM: 410-414),
and stroke (ICD9-CM:430-438). We also examined the impact
of the baseline sociodemographic characteristics, including
age, sex, urbanization level, and Charlson comorbidity index
score.

2.3. Statistical analysis

Baseline distributions of the demographic characteristics and
comorbidities were compared between the patients in the VP and
non-VP groups using the x2 test for categorical variables and the
t-test for continuous variables. The incidence density of hip
replacement (per 10° person-years) was calculated in both
cohorts. Additionally, we calculated the incidence rate ratio of
hip replacement for each variable. Univariate and multivariate
Cox proportional hazards regression models were used to
analyze the influence of early VP after TLCF (VP group) on the
risk of hip replacement, which was expressed as a hazard ratio
(HR) with a 95% confidence interval (CI), using non-VP patients
as the reference. Multivariate models were controlled for a
considerable range of independent variables: age, sex, diabetes
mellitus (DM), hypertension (HTN), depression, renal disease,
hyperlipidemia, pneumonia, injury, tumor, osteoporosis, ische-
mic heart disease (IHD), stroke, Charlson comorbidity
index score, season, city location, urbanization, and level of
care. After stratifying by age, sex, comorbidities, and follow-up
time, the Cox models were used to compare the risk of hip
replacement between the patients in the VP and non-VP groups.
Cumulative incidence curves of the risk of hip replacement for the
2 cohorts were assessed using the Kaplan—Meier analysis.
Differences between cohorts were evaluated using the log-rank
test. All data were analyzed using the SAS statistical software
(Version 9.3 for Windows). A 2-tailed P<.05 was considered
significant.

2.4. Ethics statement

We employed the NHIRD-encrypted patient personal informa-
tion system to protect patient privacy; therefore, patient consent
was not required to access the NHIRD. This study was approved
by the Institutional Review Board of the Tri-Service General
Hospital. (TSGHIRB No. 2-105-05-082).

3. Results

During 2000-2013, 142,782 TLCF patients were enrolled in this
study in accordance with our inclusion criteria; hip replacement
was observed in 429 of 17,545 VP patients and in 2,465 of
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70,180 non-VP patients (2.445% versus 3.512%, P<.001). The
baseline demographic characteristics and comorbidities are as
presented in Table 1. In both cohorts, approximately 67.22%
patients were >65 years of age and 67.77% of the patients
were women. The major coexisting diseases were HTN
(20.51%) and DM (15.35%), injury (30.88%), and osteoporosis
(20.65%).

Table 2 describes the 14-year follow-up of the demographic
characteristics and incidence of morbidity. The incidence of renal
disease, pneumonia, injury, tumor, IHD, and stroke in the VP
group was lower than that in the non-VP group (3.69% versus
5.92%, 7.73% versus 11.93%, 18.08% versus 24.21%, 7.06%
versus 8.60%, 6.73% versus 7.71%, 5.66% versus 7.92%).
After adjusting for the confounding factors, such as age,
comorbidities, residence of urbanization and locations, seasons,
level of care, and insured premiums, the risk of hip replacement in
the VP group was lower than that in the non-VP group (adjusted
HR, 0.669, 95% CI [0.527, 0.719], P<.001) (Table 3). Female
sex (adjusted HR, 1.103, 95% CI, 1.004-1.209, P <.041), age >
65 years (adjusted HR, 6.649, 95% CI, 5.196-8.508, P <.001),
injury (adjusted HR, 22.392,95% CI, 20.138-24.899, P <.001),
and osteoporosis (adjusted HR, 2.262, 95% CI, 2.394-2.871,
P <.001) with TLCF were associated with an increased risk of hip
replacement.

In the stratified subgroup analysis, compared with the non-VP
group, the risk reduction in the VP group was apparent in both
males and females, all 3 age groups, with or without the following
comorbidities: DM, HTN, depression, pneumonia, injury,
osteoporosis, IHD, and stroke. Absence of renal disease,
hyperlipidemia, and tumor in the VP group was associated with
a significantly decreased risk of hip replacement. (Table 4). The
mean duration of hip replacement was 3.40 +2.93 years in the VP
group and 2.78 +2.55 years in the non-VP group (data not shown
in the table). The Kaplan—Meier method was used to evaluate the
cumulative incidence. The cumulative incidence rate of hip
replacement in the VP group was lower than that in the non-VP
group (0.362% and 0.533%, respectively, Long-rank P <.001)
(Fig. 2). There was a significant difference between the 2 groups
since the first-year follow-up.

4. Discussion

This nationwide population-based retrospective study showed that
the patient with thoracolumbar compression fracture (TLCF) who
received VP within 3 months had a lower risk of hip replacement
than had the patient with TLCF who did not receive VP within 3
months. To our knowledge, this is the first study to report on the
association between the timing of VP intervention and the risk of
hip replacement. Prospective studies have shown that vertebral
deformities are a risk factor for a future hip fracture.* " Our study
indicates that early VP to prevent progression of the kyphotic
change in TLCF may play an important role in decreasing hip joint
degeneration and the hip fractures.

The concept of spinal alignment was developed by including
the pelvis because spinal pathology, balance, and alignment are
intertwined with the pelvis and lower extremities. The coordina-
tion among spinopelvic parameters is therefore of significant
importance. A compensatory mechanism would trigger sagittal
plane imbalance, such as hip extension, knee flexion, and an
increase in pelvic incidence (PI) and pelvic tilt.””! Further, it leads
the pelvis to posteriorly rotate to preserve adequate sagittal
balance, which results in an increased PI(Fig. 3). PI remains a key
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Demographic characteristics and comorbidities in TLCF patients who did or did not receive VP in 3 mo.
VP
Variables Total Yes No P-value
N(%) 87,725 17,545 (20.00) 70,180
Gender .999
Male 28,275 (32.23) 5,655 (32.23) 22,620 (32.23)
Female 59,450 (67.77) 11,890 (67.77) 47,560 (67.77)
Age, year 599
18-44 9,940 (11.33) 1,988 (11.33) 7,952 (11.33)
45-64 18,820 (21.45) 3,764 (21.45) 15,056 (21.45)
265 58,965 (67.22) 11,793 (67.22) 47,172 (67.22)
Comorbidity
DM 13,467 (15.35) 2,902 (16.54) 10,565 (15.05) <.001
Hypertension 17,994 (20.51) 4,455 (25.39) 13,539 (19.29) <.001
Depression 666 (0.76) 165 (0.94) 501 (0.71) .002
Renal disease 1,617 (1.84) 209 (1.19) 1,408 (2.01) <.001
Hyperlipidemia 845 (0.96) 119 (0.68) 726 (1.03) <.001
Pneumonia 1,432 (1.63) 155 (0.88) 1,277 (1.82) <.001
Injury 27,092 (30.88) 3,558 (20.28) 23,534 (33.53) <.001
Tumor 1,843 (2.10) 306 (1.74) 1,537 (2.19) <.001
Osteoporosis 18,118 (20.65) 3,791 (21.61) 14,327 (20.41) <.001
IHD 3,681 (4.20) 608 (3.47) 3,073 (4.38) <.001
Stroke 3,454 (3.94) 479 (2.73) 2,975 (4.24) <.001
CCI_R 0.09+0.34 0.07+0.30 0.10+0.35 <.001
Season .002
Spring (March-May) 22,155 (25.26) 4,415 (25.16) 17,740 (25.28)
Summer (June-August) 22,130 (25.23) 4,457 (25.40) 17,673 (25.18)
Autumn (September-November) 21,674 (24.71) 4,484 (25.56) 17,190 (24.29)
Winter (December-February) 21,766 (24.81) 4,189 (23.88) 17,577 (25.05)
Location <.001
Northern Taiwan 30,281 (34.52) 6,428 (36.64) 23,853 (33.99)
Middle Taiwan 30,189 (34.41) 6,619 (37.73) 23,570 (33.59)
Southern Taiwan 21,294 (24.27) 3,401 (19.38) 17,893 (25.50)
Eastern Taiwan 5,490 (6.26) 1,022 (5.83) 4,468 (6.37)
Outlets islands 471 (0.54) 75 (0.43) 396 (0.56)
Urbanization level <.001
1 (The highest) 22,839 (26.03) 4,747 (27.06) 18,092 (25.78)
2 37,647 (42.91) 8,332 (47.49) 29,315 (41.77)
3 7,966 (9.08) 1,303 (7.43) 6,663 (9.49)
4 (The lowest) 19,273 (21.97) 3,163 (18.03) 16,110 (22.96)
Level of care <.001

Hospital center
Regional hospital
Local hospital

18,130 (20.67)
36,835 (41.99)
32,760 (37.34)

4,949 (28.21)
8,182 (46.63)
4,414 (25.16)

13,181 (18.78)
28,653 (40.83)
28,346 (43.39)

P-value = Chi-square/Fisher exact test for gender, age, comorbidity, season, location, urbanization level, and level of care; t-test for CCI_R.

CCl = Charlson comorbidity index, DM = diabetes mellitus, IHD = ischemic heart disease.

parameter in the sagittal spinal alignment and related deformi-
ties.%1!1. Degenerative kyphosis and vertebral compression
fracture are common in the elderly. TLCF causes kyphosis that
moves the center of gravity forward and increases the load on the
front column of the spine.['?! Subsequently, it results in a decrease
in lumbar lordosis and the posterior tilt of the pelvis. This causes
a deficiency in the anterior coverage of the acetabulum. However,
the deficient coverage of anterior acetabulum applies more
pressure on the femoral head, which leads to subchondral
insufficiency fracture of the femoral head, necessitating hip
replacement.!'>™'31 This posterior tilt of the pelvis results in
decreased apparent femoral head coverage by creating a more
articular surface of the acetabulum. Tsuchie et al. reported a case
of non-traumatic anterior subluxation of bilateral femurs in a
patient with severe compensatory posterior pelvic tilt. This

anterior uncovering of the anterosuperior aspect of the femoral
head by the acetabulum may create a dysplastic hip and could
potentially be an etiological factor in the development of
osteoarthritis of the hip, which is a potential risk factor of
THR. VP performed after TLCF may not improve the kyphosis
significantly, but it prevents the progression of kyphosis
compared to the conservative treatment. This reduces the
complications due to kyphosis."'®! Thus, TLCF causing sagittal
plane imbalance could lead hip degeneration and may necessitate
hip replacement.

Patients with TLCF have gait patterns that significantly deviate
from normal gait patterns after 6 months of conservative
treatment, potentially increasing their risk of falls.'”! Further-
more, a good spinal sagittal alignment reduces the risk of falling,
and positive sagittal balance is a radiographic parameter that is
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Demographic characteristics and comorbidities in TLCF patients who did or did not receive VP in 3 mo after 14 yr follow-up.

4
Variables Total Yes No P-value
N(%) 87,725 17,545 (20.00) 70,180 (80.00)
Gender .999
Male 28,275 (32.23) 5,655 (32.23) 22,620 (32.23)
Female 59,450 (67.77) 11,890 (67.77) 47,560 (67.77)
Age, yr .011
18-44 9,728 (11.09) 1,871 (10.66) 7,857 (11.20)
45-64 18,577 (21.18) 3,693 (21.05) 14,884 (21.21)
265 59,420 (67.73) 11,981 (68.29) 47,439 (67.60)
Hip Replacement 2894 (3.30) 429 (2.45) 2,465 (3.51) <.001
Comorbidity
DM 15,341 (17.49) 3,180 (18.12) 12,161 (17.33) 013
Hypertension 19,402 (22.12) 4,750 (27.07) 14652 (20.88) <.001
Depression 858 (0.98) 222 (1.27) 636 (0.91) <.001
Renal disease 4,800 (5.47) 648 (3.69) 4,152 (5.92) <.001
Hyperlipidemia 1,429 (1.63) 292 (1.66) 1,137 (1.62) .691
Pneumonia 9,729 (11.09) 1,357 (7.73) 8,372 (11.93) <.001
Injury 20,167 (22.99) 3,173 (18.08) 16,994 (24.21) <.001
Tumor 7,274 (8.29) 1,238 (7.06) 6,036 (8.60) <.001
Osteoporosis 7,870 (8.97) 2,591 (14.77) 5,279 (7.52) <.001
IHD 6,593 (7.52) 1,180 (6.73) 5413 (7.71) <.001
Stroke 6,549 (7.47) 993 (5.66) 5,556 (7.92) <.001
CCI_R 0.17+047 0.14+0.44 0.18+0.47 <.001
Season <.001
Spring (March-May) 20,004 (22.80) 3,859 (21.99) 16,145 (23.01)
Summer (June-August) 21,976 (25.05) 4,391 (25.03) 17,585 (25.06)
Autumn (September-November) 24,670 (28.12) 5,211 (29.70) 19,459 (27.73)
Winter (December-February) 21,075 (24.02) 4,084 (23.28) 16,991 (24.21)
Location <.001
Northern Taiwan 31,761 (36.21) 6,719 (38.30) 25,042 (35.68)
Middle Taiwan 28,814 (32.85) 6,221 (35.46) 22,593 (32.19)
Southern Taiwan 21,400 (24.39) 3,529 (20.11) 17,871 (25.46)
Eastern Taiwan 5,338 (6.08) 1,012 (5.77) 4,326 (6.16)
Outlets islands 412 (0.47) 64 (0.36) 348 (0.50)
Urbanization level <.001
1 (The highest) 24,741 (28.20) 5,090 (29.01) 19,651 (28.00)
2 38,165 (43.51) 8,025 (45.74) 30,140 (42.95)
3 7,353 (8.38) 1,353 (7.71) 6,000 (8.55)
4 (The lowest) 17,466 (19.91) 3,077 (17.54) 14,389 (20.50)
Level of care <.001
Hospital center 23,457 (26.74) 5,437 (30.99) 18,020 (25.68)
Regional hospital 39,517 (45.05) 8,290 (47.25) 31,227 (44.50)
Local hospital 24,751 (28.21) 3,818 (21.76) 20,933 (29.83)

P-value = Chi-square/Fisher exact test for gender, age, hip replacement, comorbiditiy, season, location, urbanization level, and level of care; t-test for CCI_R.

CCl = Charlson comorbidity index, DM = diabetes mellitus, IHD = ischemic heart disease.

most highly correlated with adverse health outcomes."®! Poor
spinal sagittal alignment is related to body imbalance and altered
vision field. When the body trunk bends forward, the direction of
the vision line goes downward, impairing the ability to quickly
grasp circumstances and possibly causing loss of balance, leading
to falls.l'”! Falls that result in fractures reduce the quality of life.
Elderly people (aged 65 years and older) in USA and Japan fall
approximately 30% and 20% each year, respectively.!*%! Spinal
deformity, which limits the activities of daily living and impairs
the quality of life, is also considered an the important cause of
falls. that a loss of lumbar lordosis, an increase in spinal
inclination, and a postural imbalance were significantly higher in
subjects with falls than in those without falls.*'! Similar to many
previous studies, our report revealed that osteoporosis is a

significant risk factor for TLCF. Additionally, osteoporotic hip
fractures typically occur in the elderly population and result from
low energy trauma injuries such as a fall from standing. Thus,
early VP may restore the spinal alignment to avoid progression to
spinal deformity, thereby reducing the risk of fall that may cause
hip fractures.

Although osteoporosis is prevalent in subjects with vertebral
fracture and hip fracture, sarcopenia is another key point. People
with sarcopenia have a 3-fold increased risk for a fall®*! and
patients with TLCF also often develop sarcopenia, which is a
condition characterized by loss of skeletal muscle mass and
strength, along with physical dysfunction and a risk of death.
Takahashi, K., et al reported that patients with TLCF have
significantly decreased muscle mass, and the prevalence of
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Risk of the hip replacement at the end of follow-up by using Cox regression.
Variables Crude HR 95% ClI P-value Adjusted HR 95% ClI P-value
VP

Without Reference Reference

With 0.820 0.733-0.915 <.001 0.669 0.527-0.719 <.001
Gender

Male 0.609 0.557-0.667 <.001 0.907 0.827-0.996 .041

Female Reference Reference
Age, years

18-44 Reference Reference

45-64 2.480 1.891-3.254 <.001 2.023 1.540-2.656 <.001

265 6.916 5.436-8.799 <.001 6.649 5.196-8.508 <.001
DM

Without Reference Reference

With 1.110 1.016-1.212 1.073 0.980-1.176 126
HTN

Without Reference Reference

With 1.482 1.371-1.601 <.001 1.035 0.954-1.122 490
Depression

Without Reference Reference

With 1.086 0.771-1.531 637 1.069 0.749-1.525 710
Renal disease

Without Reference Reference

With 1.433 1.359-1.548 <.001 0.862 0.696-1.067 172
Hyperlipidemia

Without Reference Reference

With 0.141 0.073-0.271 <.001 0.297 0.154-0.573 <.001
Pneumonia

Without Reference Reference

With 0.141 0.090-0.195 <.001 0.335 0.259-0.435 <.001
Injury

Without Reference Reference

With 26.604 24.030-29.454 <.001 22.392 20.138-24.899 <.001
Tumor

Without Reference Reference

With 0.309 0.255-0.452 <.001 0.506 0.393-0.651 <.001
Osteoporosis

Without Reference Reference

With 5114 4.710-5.617 <.001 2.622 2.394-2.871 <.001
IHD

Without Reference Reference

With 0.628 0.542-0.729 <.001 0.836 0.720-0.972 .019
Stroke

Without Reference Reference

With 0.565 0.484-0.661 <.001 0.866 0.739-1.015 075
CCI_R 0.675 0.614-0.742 <.001 0.949 0.863-1.043 274

Adjusted HR = Adjusted for VP, gender, age, comorbidity, season, location, urbanization level, and level of care, Cl=confidence interval, CCl = Charlson comorbidity index, DM = diabetes mellitus, HR = hazard

ratio, HTN = hypertension, IHD = ischemic heart disease.

sarcopenia in these patients is 22.7% to 43.7%, which is higher
than the prevalence of other orthopedic disorders.*>! The
prevalence of hip fracture is higher in the elderly people with
reduced muscle mass index and sarcopenia. Many studies have
observed the effect of sarcopenia on hip fracture. Sarcopenia
usually affects older people because they consume lower
concentrations of proteins owing to the catabolic condition of
inflammatory diseases that they develop and low appetite. The
risk factor of muscle weakness associated with a hip fracture in
elderly is determined by the decrease in total body muscle mass
and the rate of muscle loss.”?* According to the study of the Asian
Working Group for Sarcopenia, patients has described a
prevalence of 73.6% in men and 67.7% in women with hip

fracture in Hong Kong.**! Studies have shown the important role
of sarcopenia in the incidence of hip fractures among elderly
people, even if osteoporosis is not observed. One of the main
treatment strategy of sarcopenia is exercise activity with muscle
resistance training. Hence, early VP reduces pain, improves
mobility, and reduces the risk of fall, which may decrease the risk
of sarcopenia-related hip fracture.

This study had several limitations. First, the etiology of TLCF
may be osteoporosis, cancer, and trauma of infection. The health
insurance data we utilized did not classify the etiology of TLCF in
order to analyze them. Second, the surgical interventions of TLCF
may be VP or kyphoplasty. Kyphoplasty may correct the local
kyphotic angle more than VP did. However, the influence of the



Li et al. Medicine (2020) 99:27

www.md-journal.com

Risk of the hip replacement at the end of follow-up stratified by using Cox regression.

VP Non-VP (Reference)

Variables Event PYs Rate Event PYs Rate Ratio Adjusted HR (95%(Cl) P-value
Total 429 118,623.46 361.65 2,465 462,205.97 533.31 0.678 0.669 (0.527-0.719) <.001
Gender

Male 95 38,487.17 246.84 505 137,082.43 368.39 0.670 0.661 (0.521-0.710) <.001

Female 334 80,136.29 416.79 1,960 325,123.54 602.85 0.691 0.682 (0.537-0.733) <.001
Age, yr

18-44 15 20,201.15 74.25 53 25,167.02 210.59 0.353 0.348 (0.274-0.374) <.001

45-64 51 22,119.16 230.57 173 29,119.16 594.11 0.388 0.383 (0.302-0.411) <.001

265 363 76,303.15 475.73 2,239 407,919.80 548.88 0.867 0.855 (0.674-0.919) .035
DM

Without 337 95,990.73 351.08 1,933 369,733.21 522.81 0.672 0.662 (0.522-0.712) <.001

With 92 22,632.73 406.49 532 92,472.76 575.30 0.707 0.697 (0.549-0.749) <.001
HTN

Without 285 86,414.62 329.81 1,647 347,439.72 474.04 0.696 0.686 (0.541-0.738) <.001

With 144 32,208.84 447.08 818 114,766.25 712.75 0.627 0.619 (0.487-0.665) <.001
Depression

Without 419 116,854.66 358.57 2,435 457,720.24 531.98 0.674 0.665 (0.524-0.715) <.001

With 10 1,768.80 565.36 30 4,485.73 668.79 0.845 0.834 (0.657-0.896) 013
Renal disease

Without 417 113,063.20 368.82 2,388 429,643.86 555.81 0.664 0.655 (0.516-0.704) <.001

With 12 5,560.26 215.82 7 32,562.11 236.47 0.913 0.900 (0.709-0.968) 135
Hyperlipidemia

Without 429 116,089.44 369.54 2,456 452,135.42 543.20 0.680 0.671 (0.529-0.721) <.001

With 0 2,534.02 0.00 9 10,070.55 89.37 0.000 0.000 930
Pneumonia

Without 413 85,058.31 485.55 2,421 390,607.89 619.80 0.783 0.773 (0.609-0.831) <.001

With 16 33,565.15 47.67 44 71,598.08 61.45 0.776 0.765 (0.603-0.822) <.001
Injury

Without 78 96,723.24 80.64 859 382,489.31 224.58 0.359 0.354 (0.279-0.381) <.001

With 351 21,900.22 1,602.72 1,606 79,716.66 2,014.64 0.796 0.785 (0.618-0.844) .001
Tumor

Without 415 107,727.10 385.23 2,415 414,217.37 583.03 0.661 0.652 (0.513-0.701) <.001

With 14 10,896.36 128.48 50 47,988.60 104.19 1.233 1.217 (0.958-1.307) 304
Osteoporosis

Without 324 105,343.89 307.56 1,933 443,377.86 435,97 0.705 0.696 (0.548-0.748) <.001

With 105 13,279.57 790.69 532 18,828.11 2,825.56 0.280 0.276 (0.217-0.297) <.001
IHD

Without 410 107,900.19 379.98 2,298 415,968.27 552.45 0.688 0.679 (0.535-0.729) <.001

With 19 10,723.26 17718 167 46,237.70 361.18 0.491 0.484 (0.381-0.520) <.001
Stroke

Without 407 109,731.40 370.91 2,320 415,020.56 559.01 0.664 0.655 (0.516-0.704) <.001

With 22 8,892.06 247.41 145 47,185.41 307.30 0.805 0.794 (0.626-0.854) <.001

Adjusted HR =adjusted Hazard ratio, adjusted for VP, gender, age, comorbidity, season, location, urbanization level, and level of care, Cl=confidence interval, CCl = Charlson comorbidity index, DM = diabetes
mellitus, HTN = hypertension, IHD = ischemic heart disease, PYs=Person-years, Rate=per 100,000 PYs, Ratio=rate of VP/Rate of Non-VP.
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Figure 2. Kaplan-Meier for cumulative risk of hip replacement among aged 18
and over stratified by repair of vertebral fracture (VP) with log-rank test.

spinal sagittal alignment is controversial. Our study could not
conclude the results of the different types of surgical inter-
ventions. And the last, although osteoporosis is a crucial risk
factor for vertebral fracture and hip fracture, we do not discuss
the correlation between the use of anti-osteoporotic medication
and the risk of hip replacement. Further studies are required for
this issue.

5. Conclusions

Vertebral compression fracture and hip fracture are major
public health issues, with an increasing incidence owing to the
increase in the elderly population. Hip fractures can lead to poor
quality of life, and increased mobility and mortality, which
increases medical and care costs. Thus, methods to prevent hip
fracture are an important issue. In our population-based cohort
study, we found that patients with TLCF who received VP within
3 months had a lower risk of hip replacement than those with
TLCF who did not receive VP within 3 months. We concluded
that early VP in patients with TLCF may reduce the risk of hip
fracture.
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Figure 3. Increasing pelvis incidence with progressive kyphosis.
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