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Abstract

Hip fractures are a major problem to elder population, but subsequent morbidity is unclear
about environmental factors and socioeconomic conditions. The study aims to investigate
the incidence of hip fractures treated by the surgery; to compare the sequelae and temporal
trends of hip fractures; to evaluate the seasonal effects in the subsequent short-term and
long-term morbidities after hip fractures. A cohort study design is conducted using national
health research datasets between 2000 and 2010. The ICD-9-CM diagnostic codes were
utilized to investigate the incidence of hip fractures and the corresponding treatments. Hier-
archical modeling was used to analyze the factors associated with various types of hip frac-
tures. The results indicated that females had a lower incidence in the 30—44 age group, but
a significantly higher incidence than males among those aged 60 years or older (adjusted
rates 232.1 vs. 100.3 per 100,000 persons, p<0.001). The incidence of hip fractures in the
low-income group showed no significant difference compared to that in the general popula-
tion. There was a temporal trend of a 8.6% increase in the incidence of all types of hip frac-
tures over the period of 2000—2010. A summer-winter variation is observed among the
elderly. Hip fractures and subsequent morbidity are increasing in Taiwan’s aging society.
Older age, female gender, and time periods were independent risk factors for subsequent
morbidities after surgical treatment. The result of this study is useful to the healthcare policy
makers and to raise the public awareness of hip fractures.
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Introduction

Hip fractures are a major threat to the survival of affected individuals associated with a high
mortality rate (14-36%) and morbidity [1, 2]. Fatalities are often not caused by the hip fracture
itself, but associated traumatic injuries [2]. It has been estimated that the mortality of the hip
fracture patients in thirty days is 19%. The mortality in one year after hip fracture surgery is
20% to 30% [3]. After hip-fracture surgery, only few patients regained their physical function
[4, 5]. Understanding traumatic injury and its subsequent adverse impacts are preventive
issues and public concerns.

Several risk factors associated to the hip fractures have been identified. Among these fac-
tors, the age is the most important one. A recent systematic review concluded that hip fractures
are more likely to be found in older individuals [6]. Some geographic variation in the incidence
of hip fractures among different regions has been documented in the last few decades. To the
best of our knowledge, the rate of hip fractures might be lower in Asian but it is increasing [7].
This variation in the distribution of hip fractures in different regions of the world shows that
etiological and environmental factors such as a north-south gradient seen in European studies
play a role in hip fractures [8]. It is important to explore the population-based data about hip
fractures and to identify related risk factors in Asia and worldwide. Patients with hip fractures
may need various clinical interventions and multi-disciplinary rehabilitation for up to two
years to enhance their physical function. Shyu et al. (2016) collected systematic review papers
and reported that health outcomes could be significantly improved after hip fractures by inter-
disciplinary care [9]. Prognostic factors for the outcome after hip fractures are important, but
can be obtained only by analyzing data from hospital stays.

The ageing of the population has raised issues in Asia. Hip fractures are a serious geriat-
ric issue in Taiwan [10], and lead to more medical demands and expenditure. There are few
studies about hip fractures in Asia, except from Japan [11, 12]. Therefore, there is an urgent
need to initiate epidemiological studies in Asia to assess potential changes in risk factors for
hip fractures in order to allow health administrators to plan policies for future care [12].
The majority of previous studies have focused only on the short-term consequences [7, 13].
There is still little knowledge about long-term health outcomes and the secondary preven-
tion after hip fractures, particularly among the total population of hip fractures in Asian
countries [7].

Aims
The aims of this study were: (1) to investigate the cumulative incidence and hospital course of
Taiwanese with hip fractures, (2) to compare the morbidity and temporal trends of patients

with different types of hip fractures, and (3) to evaluate the seasonal effects in the incidence of
various short-term and long-term morbidities in Taiwanese patients with hip fractures.

Methods
Study subjects

This longitudinal cohort study, an 11-year retrospective cohort is based on the National Health
Insurance (NHI) research datasets were randomly sampled from the entire population in Tai-
wan. Every claimant in the NHI Program was included in the national population. With the
use of a random number generator, one million beneficiaries were selected from NHI research
datasets. The datasets related to this million cohort used in this study were from 1 January
2000 to 31 December 2010. The inpatient expenditures by admission and prescription datasets
which include treatment codes were used for analysis. A total of 5084 patients who had
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received surgical treatment for hip fractures during the study period were identified by diagno-
sis and treatment codes. The subsequent morbidity was examined by diagnostic codes.

Data validity, reliability and ethical considerations

This study is based on nationwide data obtained from the NHI, universal national health
insurance program, which covers 99.62% of the total population of Taiwan and has been con-
sistently validated. Therefore, the rate of loss follow-up won’t affect or bias the result signifi-
cantly [14]. To ensure the protection of patients’ personal information, all datasets were passed
through a scrambling procedure before being analyzed. The overall demographic distribution
in this database is population-based, nationwide, and representative [15].

This study was approved by the research ethics committee. The permission to analyze data
was granted on March 2, 2014. This study was a secondary database (National Health Insur-
ance Research Data (NHIRD)) analysis and the protocol was evaluated by the government
research institute, National Health Research Institutes (NHRI), which gave their permission
for this analysis (Agreement Number: NHIRD-103-093). The data protection and permission
protocols were also approved (Approval Number: TYGH103006) by the Institutional Review
Board (IRB) of Taoyuan General Hospital, Ministry of Health & Welfare, which has been cer-
tificated by the Ministry of Health and Welfare, Taiwan.

Definition of variables

The study subjects needed to have matching codes for hip fracture diagnosis and treatment.
The diagnostic codes for hip fractures were those in the 820.0-820.1 series (trans-cervical
femur fracture), 820.2-820.3 series (per-trochanteric femur fracture), and 820.8-820.9 series
(unspecified part of femoral neck fracture), and the treatment codes for hip fractures were
joint replacement and open reduction of a femoral neck or shaft fracture. In order to investi-
gate the relationship with subsequent morbidity or associated injuries, nine groups of the
following diagnosis codes were evaluated when the morbidity following hip surgery: cerebro-
vascular accident (ICD-9-CM codes: 430-438), ischemia heart diseases (410-414), pneumonia
(480-486), upper gastrointestinal bleeding (578.9), peptic ulcer disease (531-534), renal insuf-
ficiency (580-589), new fracture of the trunk (805-809), upper limb fracture (810-819), and
lower limb fracture (820-829).

Statistical analysis

Descriptive statistics including the baseline characteristics in this study were numbers, per-
centages, crude annual incidence (Inc.), which was calculated by dividing the total number of
hip fractures with surgery in that specific age- and sex- group by the total number of person
years in that group. As differences in crude rates may be possible from the different age distri-
bution in the distinct countries, age-standardized adjusted rates (AR) and their 95% confi-
dence interval (CI) were estimated by the directly standardization method using the standard
age-structure of the world population in 2000, the formulae as follows [16, 17]:

AR. £ 1.96 x \/Inc. x (1= Inc.) x Worldpop.,/ Twpop., (1)

Where i = age stratum

We also estimated the change of temporal trends with equal weights over the entire time
series to the average annual percentage changes (AAPCs) by the Joinpoint Regression Program
Version 4.3.1.0 [18, 19]. Potential seasonal variation was compared using the chi-square test by
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the Statistical Package for Social Sciences for Windows (SPSS for Windows Version 22.0) and
the level of significance was set at p = .05.

Multilevel analysis with hierarchical logistic modeling (HLM 7.0 software) [20], which
allowed to evaluate the group-level and individual-level factors was used to investigate the fac-
tors associated with various types of hip fractures, the individual effects (i.e. gender, socio-eco-
nomic status (SES), Charleston Co-morbidity Index (CCI), age stratum) and the group effect
(period and region). A control group was selected from subjects without hip-fractures from
2000-2010 by one-to-four pair matching for gender, age (within 5 years) and Charleston Co-
morbidity Index (CCI). The hypotheses and formulae were:

Level 1 HLM Model

Y, = B, + B, x (gender) + f, x (age group 45 — 59.9) + B, x (age group 60 — 74.9) + B,

X (age group 75 or above) + 3, x (SES) +y (2)
Level 2 HLM Model
Bo = Yoo + Yo X (rural region) + 7., X (recent Syr period) + p (3)
Results

Incidence and characteristics of patients treated for hip fractures in Taiwan

The results indicated that the crude annual incidence (Inc.) of hip fractures undergoing sur-
gical treatment ranged from 3.48 to 13.51 per 1,000,000 inhabitants in Taiwan, and the
adjusted standard rate (AR) was 5.01 to 11.70 per million persons. Females had a lower inci-
dence in the 30-59 age group (1.07 to 1.45 per million persons), but a significantly higher
incidence than males among those aged 60 years or older (23.21 vs. 10.03, p<0.001).
Between 2000 and 2010, the incidence of hip fractures in the elderly was about two times
higher in women than in men. The age-specific incidence rates for hip fractures signifi-
cantly increased in both genders. The average annual increase rates were 9.5% and 7.6% in
males and females respectively. These trends in the incidence of hip fractures monotonically
increase over time (Table 1).

Fig 1 shows the effect of age across the time on the incidence of hip fractures among the
enrolled in-patients. According to this epidemiologic curve and Table 1, the adjusted inci-
dence rate (AR.) rose to 100 per 100,000 since 2005. Annual incidence (Inc.) increased dur-
ing the period 2000-2010. The majority of hip fractures occurred in the oldest age stratum
of 75 and above, followed by those 60-74, and the incidence rates for those younger than 45
were the lowest. The increasing trend is also most significant in the oldest age stratum of 75
and above.

Distributions of types of hip fractures and operative methods

According to the ICD-9-CM diagnostic coding principles, peri-trochanteric fractures are
coded as 820.2 or 820.3. Trans-cervical fractures or fractures of an unspecified part of the
femur neck are coded as 820.0, 820.1, 820.8, or 820.9. They should be treated by either joint
replacement or open reduction. Fig 2 shows that the distributions of two types of hip fractures
were similar across the age groups in the period 2000 to 2010. Most of the trochanteric frac-
tures received the same treatment which isthe open reduction fractures surgery. Fig 2B also
shows, different operative treatment approaches were used in young adults and the elderly
when their fracture types were the same. There was an obvious difference in the treatment
used in different age-stratums for different types of fractures: there were fewer joint replace-
ments for those below 60 years of age than for those older than 60.
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Table 1. The trends in the incidence of hip fractures undergoing surgical treatment stratified by gender and age stratum.

Young age (30-59.9 y/o) Oldage| (>60 y/o or above)
Year Crude Annual Adjusted Rates, |(95% CI) | Male Female Male Female
Incidence AR*
AR* | (95% CI) |AR* (95% CI) |AR* (95% CI) |AR* (95% CI)
2000 3.5 5.0 (4.5, 5.5) 14 | (11,1.7) L1 [(0.8,1.3) | 100 | (94,106) | 232 |(22.3,24.1)
2001 4.7 6.7 (6.2,7.2) 1.6 | (1.3,1.9) 1.1 (0.9, 1.3) 16.8 | (16.1, 29.5 |(28.5,30.4)
17.6)
2002 5.1 6.8 (6.3,7.3) 21 | (1.7,2.4) 14 [(11,17) | 136 | (13.0, 314 | (30.5,32.3)
14.3)
2003 6.3 8.0 (7.5, 8.5) 2.3 1 (1.9,2.6) 1.3 (1.1, 1.5) 19.3 | (18.6, 35.5 | (34.6,36.4)
20.0)
2004 7.5 9.0 (8.5,9.6) 2.2 | (1.9,2.5) 1.4 (1.2,1.7) 235 | (22.8, 39.7 |(38.8,40.6)
24.2)
2005 8.8 9.9 (94,105) | 2.6 |(2.2,3.0) 1.6 |(13,1.8) | 231 | (225, 459 | (45.0,46.8)
23.8)
2006 8.9 9.6 (9.1,10.1) 2.2 1 (1.9,2.5) 1.6 (1.3,1.6) 24.6 | (24.0, 42.7 | (41.9,43.6)
25.3)
2007 10.5 10.8 (10.2, 2.2 | (1.8,2.5) 1.5 (1.3,1.5) 26.1 | (25.5, 50.9 |(50.0,51.8)
11.3) 26.8)
2008 11.8 114 (10.9, 29 |(25,3.2) 15 | (13,15 | 277 | (27.1, 52.8 | (51.9,53.7)
12.0) 28.4)
2009 13.0 11.9 (11.3, 2.6 |(2.3,29) 1.5 (1.2,1.5) 30.2 | (29.5, 54.7 | (53.83,55.5)
12.4) 30.8)
2010 135 11.7 (11.2, 29 |(2.6,3.3) 15 (12,15 | 332 | (326, 49.6 | (48.86,50.4)
12.2) 33.9)
AAPC** (p- 15% 8.6% | (p<0.001) | 7.5% | (p<0.001) | 3.1% | (p<0.001) | 10.6% | (p<0.001) 8.2% | (p<0.001)
value)

Inc.: Crude Annual Incidence; * AR: Adjusted Rates by standardized age structure in a world population (pop.) unit: per 1,000,000 persons

AAPC**: average annual percentage changes; 95% CI: 95% confidence intervals

https://doi.org/10.1371/journal.pone.0192388.t001

Hierarchical modeling of predictors of different types of hip fracture

Table 2 shows the adjusted risk factors related to various types of hip fractures by hierarchical
logistic modeling. Females had a higher risk of all types of hip fractures than did males. The
oldest age stratum (aged 75 or more) has a significantly higher risk. Low-income populations
were more likely to live in suburban and rural areas; therefore, their incidence of hip fractures
was tested by hierarchical modeling adjusted for regional differences. No significant difference
was found between low income population and other populations in this study. This study also
found thatin the most recent 5-year period, there was a significant increase of 17% in the inci-
dence of hip fractures compared with the period of 2000-2004.

Seasonal effects on hip fractures and their short-term and long-term
morbidity

The incidence of subsequent short-term (one month after hip fractures surgery) and long-
term morbidity (one year after hip fractures surgery) stratified by follow-up period is shown in
Table 3. Seasonal effects on hip fractures and different types of subsequent morbidity differen-
tiated by time period and by age groups are shown in Fig 3A and 3B. Short-term morbidity
was identified within one month of follow-up for treatment of a hip fracture and long-term
morbidity was identified within one year of follow-up in the NHIRD system.

To investigate the incidence of subsequent short-term and long-term morbidity, the period
of the study was further divided into two sub-periods, 2000-2004 (period I) and 2005 to 2009
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Fig 1. The effects of age and time period on the incidence of hip fractures in Taiwan, 2000-2010.

https://doi.org/10.1371/journal.pone.0192388.9001

(period II). In long-term follow-up, the incidence of cerebrovascular accident (CVA) was
ranked first in both sub-periods ds (4.59% for period I; 7.63% for period II). Among nine
major categories of complicated morbidity associated with hip fractures, the incidence of five
long-term morbidities including CVA, acute coronary syndrome (ACS), pneumonia, peptic
ulcer and UGI bleeding was significantly higher in period II (2005-2009) than period I (2000-
2004) based on the comparison of their 95% CIs. The most common subsequent short-term
diagnoses were new fractures of the lower limbs (cumulative incidence 1.75%, 95% CI: 1.06-
2.44%), peptic ulcer disease (1.02%, 0.49-1.55%), and other chronic comorbidities including
CVA, ACS, and renal insufficiency (0.51%, 0.13-0.89%). The distribution of subsequent short-
term morbidity was consistent in both sub-periods.
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Fig 2. The distributions of different types of hip fractures in the period 2000 to 2010.
https://doi.org/10.1371/journal.pone.0192388.9002
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Table 2. Hierarchical linear modeling* of risk factors related to various types of hip fractures.

Risk factors All hip fracture cases Femoral neck fractured cases Per-trochanteric fractured cases
(n=5164) (n =2781) (n = 2402)
AOR (95% CI) AOR (95% CI) AOR (95% CI)

Gender'

Male (n = 2019) 1.00 1.00 1.00

Female (n = 3145) 1.08 (1.07, 1.09) 1.06 (1.05, 1.09) 1.01 (1.01, 1.02)
Age Stratum'

30-44.9 y/o (nl = 241) 1.00 1.00 1.00

45-59.9 y/o (n2 = 628) 1.02 (0.99, 1.04) 1.03 (1.05, 1.12) 0.99 (0.97, 1.01)

60-74.9 y/o (n3 = 1515) 1.02 (0.98, 1.03) 1.02 (1.00, 1.04) 0.99 (0.97, 1.01)

75 y/o or more (n4 = 2780) 1.03 (0.99, 1.06) 1.02 (0.99, 1.04) 1.02 (1.00, 1.04)
Socio-economic level

Normal population (n = 4950) 1.00 1.00 1.00

Low-income population(n = 214) 1.01 (0.98, 1.02) 1.01 (0.98, 1.04) 0.99 (0.98, 1.01)
Urbanlization®

Urban 1.00 1.00 1.00

Rural 1.01 (0.96, 1.21) 1.01 (0.79, 1.05) 1.01 (0.99, 1.02)
Period”

2000-2004 1.00 1.00 1.00

2005-2010 1.17 (1.16, 1.18) 1.10 (1.09, 1.10) 1.09 (1.08, 1.09)

* The control group was selected from the freely hip-fractured subjects by one-to-four pair matching for Charleston Co-morbidity Index (CCI).
AOR, adjusted odds ratio.
"Level 1: individual variables as lower level in HLM model

% Level 2: group variables as higher level clusters.

https://doi.org/10.1371/journal.pone.0192388.t1002

The seasonal variation in short-term complications in younger and older adults is shown
by age stratum in Fig 3A and 3B. The incidents in first and fourth seasons are slightly higher in
older age group by chi-square test (p = .05). The highest numbers of complications occurred
between September and January and the lowest between second and third seasons. When strat-
ified by age, the summer-winter variation was significant in the elderly for short-term compli-
cations. Younger adults had a higher proportion of new fractures of lower limbs than did the
elderly. The most common complications after hip fractures in the elderly were peptic ulcer
disease, lower limb fractures, and cerebrovascular accidents.

Discussion

Hip fractures are a major cause of disability and the most costly type of fracture for the health
care services [21], especially for an aging society. The deterioration controls and magnitude of
risk management to prevent long-term adverse effects after hip fracture surgery are urgently
public concerns. Based on nationwide data, our study documented the year trends of incidence
of hip fractures and subsequent morbidity in Taiwan between 2000 and 2010. This national
database was established by evidence-based records and doctor-recognized diagnoses which
are more reliable and accurate than self-reported diseases in a primary survey. This longitudi-
nal study has several strengths. Large data analysis has shown great potential in underlying
valuable insights. Few previous studies were conducted using this method with such a large
amount of medical data and providing clear information to their long-term impact to guide
clinical practitioners [22]. A complete understanding of prognostic information related to
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Table 3. The incidence of subsequent short-term and long-term morbidity stratified by follow-up period.

Period I: 2000-2004 (latest follow until 2005)

Period II: 2005-2009 (latest follow until 2010)

Short-term follow-up

Long-term follow-up

Short-term follow-up

Long-term follow-up

Inc., (95% CI)

Inc., (95% CI)

Inc., (95% CI)

Inc., (95% CI)

Cerebrovascular accident
(ICD codes:430-438)

0.51 (0.13, 0.89)

4.59 (3.48, 5.70)

1.02 (0.67, 1.38)

7.63 (6.69, 8.58)

Acute coronary syndrome
(ICD codes:410-414)

0.51 (0.13, 0.89)

3.21(2.27,4.14)

0.73 (0.42, 1.03)

6.01 (5.17, 6.86)

Pneumonia 0.36 (0.05, 0.68) 1.53(0.88,2.18) 0.66 (0.37, 0.95) 7.04 (6.13,7.95)
(ICD codes:480-486)

UGI bleeding 0.15 (0.00, 0.35) 0.51 (0.13, 0.89) 0.26(0.08, 0.45) 1.55(1.11, 1.99)
(ICD codes:578.9)

Peptic Ulcer disease
(ICD codes:531-534)

1.02 (0.49, 1.55)

3.50 (2.53, 4.47)

1.32(0.91,1.73)

7.63 (6.69, 8.58)

Renal Insufficiency
(ICD codes: 580-589)

0.51 (0.13, 0.89)

2.11 (1.35, 2.87)

0.56 (0.30, 0.83)

3.20 (2.58, 3.83)

New fracture(s) of trunks
(ICD codes:805-809)

0.22 (0.00, 0.47)

0.80 (0.33, 1.27)

0.26 (0.08, 0.45)

1.52 (1.08, 1.96)

New fracture(s) of upper limbs
(ICD codes:810-819)

0.29 (0.01, 0.58)

1.17 (0.60, 1.73)

0.30 (0.10, 0.49)

1.09 (0.72, 1.46)

New fracture(s) of lower limbs
(ICD codes: 820-829)

1.75 (1.06, 2.44)

5.03 (3.87, 6.19)

1.16 (0.78, 1.54)

4.59 (3.85, 5.34)

Inc., incidence; 95% CI: confidence intervals

https://doi.org/10.1371/journal.pone.0192388.t003

outcomes is required and incorporated in order to reduce the burden of hip fractures and to

plan strategies for care.

In northern Europe, the majority of hip fractures occurred in females in the oldest age stra-
tum. Among the elderly, unpredictable falls due tofatigue may cause a fatal fracture, especially
in elderly women. The lifetime risk of a hip fracture is 16%-18% in white women and 5%-6%
in white men. The result of our study is consistent with a 10-year, nationwide study of commu-
nity-dwelling elders in Switzerland which indicated that age at the time of hip fracture was
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(A) Monthly variation in younger group (<60 y/0) (B) Monthly variation in older group (>=60 y/o)
Fig 3. Seasonal effects on hip fractures differentiated by time period and by age group.
https://doi.org/10.1371/journal.pone.0192388.g003
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gender-specific. This result was also in-line with another secondary data analysis in Norway
[11].

According to one recent study, rural people had a higher rate of hospitalization but a lower
mortality rate after falls than did non-rural people [23]. The same aforementioned Switzerland
study also showed the effect of the area-level income. Those with the highest or medium
income had a lower incidence of hip fractures compared with those from the lowest income
category [24]. However, in our study, there was no socio-economic difference. This might be
related to nearly universal national insurance access and fewer economic barriers in Taiwan.

Hip-fractured patients undergoing surgery might have mobile limitation during a short
period after operated treatment. However, if they reject the operation, they may suffer paraple-
gic in the future and will have more related complications in the long run. According to our
study, most trochanteric fractures received the same treatment, i.e. open reduction.

The short-term complications in younger and older adults were shown to have different
seasonal variations. The most common subsequent comorbidities were pneumonia and new
upper-limb fractures in younger adults. In the elderly, the most common comorbidity was
pneumonia, followed by peptic ulcer and cerebrovascular accident. Hip and acetabular frac-
tures are high energy blunt injuries and most of the elderly patients sustaining hip fractures
were at high risk for associated thrombosis, which strongly influenced their outcome after
fractures.

Over time, the number of subsequent morbidities increases in trauma patients [25]. In the
United States, although the age-adjusted incidence of hip fracture and subsequent mortality in
persons 65 and older is steadily declining, all comorbidity in patients with hip fractures has
increased from 1995 to 2005 [25]. Risk factors should be well known in these specific target
epidemics in order to develop interventions to prevent fractures and subsequent complications
[26].

Another population-based study in Norway found no differences in the incidence of hip
fractures between urban and rural regions [11], but there was a significant seasonal variation
in hip fractures occurring in outdoor areas, especially in the winter [11, 19]. Although there
was no severe weather in Taiwan, we also found that the incidence of hip fractures and subse-
quent complications occurred with a seasonal difference. We observed the variance in differ-
ence season in both age groups. However, the difference is not statistically significant. This
result is not surprised as the season doesn’t vary significantly in Taiwan. However, we do
observe that the incident in first and fourth seasons are higher in older age group. This might
be explained by that the older people are more sensitive to the cold weather in these two
seasons.

In addition, several studies have emphasized the wide geographic variation in the causes of
hip fractures [27]. Compared to developing countries, industrialized countries such as those in
northern Europe and the US had a higher incidence of hip fractures [8]. The possible causes of
this geographic trend are the north-south gradient, latitude, and environmental factors [19,
27].

Furthermore, osteoporosis has been a major problem related to age-related fractures in the
population with age over 65 in Taiwan. Most of the age-related fracture were diagnosed and
treated without further investigating the underlying cause (osteoporosis) [28]. Therefore, the
number of osteoporosis shown in NHI database might be highly underestimated. As a result,
this could mislead the interpretation of osteoporosis leading to comorbidities. However, osteo-
porosis related fractures are a viable topic and will be investigated in the future study [16, 29].

In summary, hip fractures and subsequent morbidity are increasing in Taiwan’s aging soci-
ety. Older age, female gender, and time periods were independent risk factors for subsequent
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morbidities after surgery. A summer-winter variation in short-term and long-term morbidity
is observed among the elderly.

Acknowledgments

This study was partially supported by Ministry of Health & Welfare in Taiwan (Grant No:
DOH103-HO-1008 and 10501). The authors also thank the National Health Research Institute
for providing the data.

Author Contributions

Conceptualization: Kai-Biao Lin, Nan-Ping Yang, Nien-Tzu Chang.
Data curation: Chien-Lung Chan, Hou-Chuan Chen.

Formal analysis: Kai-Biao Lin, Chi-Hsu Wu, Nien-Tzu Chang.

Funding acquisition: Hou-Chuan Chen.

Investigation: Nien-Tzu Chang.

Methodology: Kai-Biao Lin.

Project administration: Kai-Biao Lin, Nan-Ping Yang, Chien-Lung Chan.
Resources: Yi-Hui Lee.

Software: Kai-Biao Lin.

Supervision: Chi-Hsu Wu.

Validation: Nan-Ping Yang, Chi-Hsu Wu.

Writing - original draft: Kai-Biao Lin, Chi-Hsu Wu, Nien-Tzu Chang.
Writing - review & editing: Yi-Hui Lee, Chi-Hsu Wu, Nien-Tzu Chang.

References

1. Mundi S, Pindiprolu B, Simunovic N, Bhandari M. Similar mortality rates in hip fracture patients over the
past 31 years. Acta Orthopaedica. 2014; 85: 54-59. https://doi.org/10.3109/17453674.2013.878831
PMID: 24397744

2. Mnif H, Koubaa M, Zrig M, Trabelsi R, Abid A. Elderly patient’s mortality and morbidity following trochan-
teric fracture. A prospective study of 100 cases. Orthopaedics & Traumatology, Surgery & Research
2009; 95: 505-510.

3. Moran CG, Wenn RT, Sikand M, Taylor AM. Early mortality after hip fracture: is delay before surgery
important? Journal of Bone & Joint Surgery American 2005; 87: 483—489.

4. HalbertJ, Crotty M, Whitehead C, Cameron |, Kurrle S, Graham S, et al. Multi-disciplinary rehabilitation
after hip fracture is associated with improved outcome: A systematic review. Journal of Rehabilitation
Medicine 2007; 39: 507-512. https://doi.org/10.2340/16501977-0102 PMID: 17724548

5. Hershkovitz A, Pulatov |, Brill S, Beloosesky Y. Can hip-fractured elderly patients maintain their rehabili-
tation achievements after 1 year? Disability and Rehabilitation 2012; 34: 304-310. https://doi.org/10.
3109/09638288.2011.606346 PMID: 22087601

6. Nazrun AS, Tzar MN, Mokhtar SA, Mohamed IN. A systematic review of the outcomes of osteoporotic
fracture patients after hospital discharge: morbidity, subsequent fractures, and mortality. Therapeutics
& Clinical Risk Management 2014; 10: 937-948.

7. Dhanwal DK, Cooper C, Dennison EM. Geographic variation in osteoporotic hip fracture incidence: the
growing importance of asian influences in coming decades. Journal of osteoporosis. 2010; 2010:
757102. https://doi.org/10.4061/2010/757102 PMID: 20981334

8. Dhanwal DK, Dennison EM, Harvey NC, Cooper C. Epidemiology of hip fracture: Worldwide geographic
variation. Indian journal of orthopaedics. 2011; 45(1):15—-22. https://doi.org/10.4103/0019-5413.73656
PMID: 21221218

PLOS ONE | https://doi.org/10.1371/journal.pone.0192388 February 15,2018 10/11


https://doi.org/10.3109/17453674.2013.878831
http://www.ncbi.nlm.nih.gov/pubmed/24397744
https://doi.org/10.2340/16501977-0102
http://www.ncbi.nlm.nih.gov/pubmed/17724548
https://doi.org/10.3109/09638288.2011.606346
https://doi.org/10.3109/09638288.2011.606346
http://www.ncbi.nlm.nih.gov/pubmed/22087601
https://doi.org/10.4061/2010/757102
http://www.ncbi.nlm.nih.gov/pubmed/20981334
https://doi.org/10.4103/0019-5413.73656
http://www.ncbi.nlm.nih.gov/pubmed/21221218
https://doi.org/10.1371/journal.pone.0192388

@° PLOS | ONE

The incidence and factors of hip fractures and subsequent morbidity in Taiwan

10.

11.

12

13.

14.
15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

Shyu YI, Liang J, Tseng MY, Li HJ, Wu CC, Cheng HS, et al. Enhanced interdisciplinary care improves
self-care ability and decreases emergency department visits for older Taiwanese patients over 2 years
after hip-fracture surgery: A randomised controlled trial. International Journal of Nursing Studies 2016;
56: 54—62. https://doi.org/10.1016/}.ijnurstu.2015.12.005 PMID: 26742606

Liou MJ, Tsai JS, Lin JD. Hip fractures: an increasing geriatric problem in Taiwan. Age and ageing.
2002; 31: 483—-485. PMID: 12446298

Diamantopoulos AP, Rohde G, Johnsrud I, Skoie IM, Johnsen V, Hochberg M, et al. Incidence rates of
fragility hip fracture in middle-aged and elderly men and women in southern Norway. Age and ageing.
2012; 41(1):86-92. https://doi.org/10.1093/ageing/afr114 PMID: 21896555

Committee for Osteoporosis Treatment of The Japanese Orthopaedic Association. Nationwide survey
of hip fractures in Japan. Journal of Orthopaedic Science 2004; 9: 1-5. https://doi.org/10.1007/s00776-
003-0741-8 PMID: 14767697

Williams MA, Oberst MT, Bjorklund BC. Early outcomes after hip fracture among women discharged
home and to nursing homes. Res Nurs Health. 1994; 17:175-83. PMID: 8184129

Dettori JR. Loss to follow-up. Evidence-Based Spine-Care Journal 2011; 2: 7-10.

National Health Insurance Administration Ministry of Health & Welfare, Taiwan. Taiwan NHI Information
for the public: essential data of ensured affair Taipei: Available at: http://www.nhi.gov.tw/webdata/
webdata.aspx?menu=17&menu_id=661&WD_ID=689&webdata_id=805.

Klop C, Welsing PM, Leufkens HG, Elders PJ, Overbeek JA, van den Bergh JP, et al. The Epidemiology
of Hip and Major Osteoporotic Fractures in a Dutch Population of Community-Dwelling Elderly: Implica-
tions for the Dutch FRAX(R) Algorithm. PLoS One. 2015; 10: e0143800. https://doi.org/10.1371/journal.
pone.0143800 PMID: 26633011

Cheng SY, Levy AR, Lefaivre KA, Guy P, Kuramoto L, Sobolev B. Geographic trends in incidence of hip
fractures: a comprehensive literature review. Osteoporosis International 2011; 22: 2575-2586. https://
doi.org/10.1007/s00198-011-1596-z PMID: 21484361

Clegg LX, Hankey BF, Tiwari R, Feuer EJ, Edwards BK. Estimating average annual per cent change in
trend analysis. Statistics in Medicine 2009; 28: 3670-3682. https://doi.org/10.1002/sim.3733 PMID:
19856324

Emaus N, Olsen LR, Ahmed LA, Balteskard L, Jacobsen BK, et al. (2011) Hip fractures in a city in North-
ern Norway over 15 years: time trends, seasonal variation and mortality: the Harstad Injury Prevention
Study. Osteoporosis International 22: 2603-2610. https://doi.org/10.1007/s00198-010-1485-x PMID:
21249333

Diez-Roux AV. Multilevel analysis in public health research. Annual Review of Public Health 2000; 21:
171-192. https://doi.org/10.1146/annurev.publhealth.21.1.171 PMID: 10884951

Hansen L, Mathiesen AS, Vestergaard P, Ehlers LH, Petersen KD (2013) A health economic analysis of
osteoporotic fractures: who carries the burden? Archives of Osteoporosis 8: 126. https://doi.org/10.
1007/s11657-013-0126-3 PMID: 23420317

Rosengren BE, Karlsson MK (2014) The annual number of hip fractures in Sweden will double from
year 2002 to 2050: Projections based on local and nationwide data. Acta Orthopaedica 85: 234. https:/
doi.org/10.3109/17453674.2014.916491 PMID: 24786906

Huang JW, Lin YY, Wu NY, Chen YC (2017) Rural older people had lower mortality after accidental falls
than non-rural older people. Clinical Interventions in Aging 12: 97-102. https://doi.org/10.2147/CIA.
S119186 PMID: 28123289

Guilley E, Herrmann F, Rapin CH, Hoffmeyer P, Rizzoli R, et al. (2011) Socioeconomic and living condi-
tions are determinants of hip fracture incidence and age occurrence among community-dwelling elderly.
Osteoporosis International 22: 647—653. https://doi.org/10.1007/s00198-010-1287-1 PMID: 20480143

Brauer CA, Coca-Perraillon M, Cutler DM, Rosen AB (2009) Incidence and mortality of hip fractures in
the United States. JAMA 302: 1573-1579. https://doi.org/10.1001/jama.2009.1462 PMID: 19826027

Kanis JA, Odén A (2012) A systematic review of hip fracture incidence and probability of fracture world-
wide. Osteoporosis International 23: 2239-2256. https://doi.org/10.1007/s00198-012-1964-3 PMID:
22419370

Ballane G, Cauley JA, Arabi A, Fuleihan EH (2013) Chapter 27—Geographic Variability in Hip and Ver-
tebral Fractures: Elsevier Inc. 623-644 p.

Yang NP, Deng CY, Chou YJ, Chen PQ, Lin CH, Chou P, et al. Estimated prevalence of osteoporosis
from a Nationwide Health Insurance database in Taiwan. Health Policy 2006; 75: 329-337. https://doi.
org/10.1016/j.healthpol.2005.04.009 PMID: 15946761

Cooper C, Cole ZA, Holroyd CR, Earl SC, Harvey NC, Dennison EM, et al. Secular trends in the inci-
dence of hip and other osteoporotic fractures. Osteoporosis international 2011; 22: 1277—-1288. https:/
doi.org/10.1007/s00198-011-1601-6 PMID: 21461721

PLOS ONE | https://doi.org/10.1371/journal.pone.0192388 February 15,2018 11/11


https://doi.org/10.1016/j.ijnurstu.2015.12.005
http://www.ncbi.nlm.nih.gov/pubmed/26742606
http://www.ncbi.nlm.nih.gov/pubmed/12446298
https://doi.org/10.1093/ageing/afr114
http://www.ncbi.nlm.nih.gov/pubmed/21896555
https://doi.org/10.1007/s00776-003-0741-8
https://doi.org/10.1007/s00776-003-0741-8
http://www.ncbi.nlm.nih.gov/pubmed/14767697
http://www.ncbi.nlm.nih.gov/pubmed/8184129
http://www.nhi.gov.tw/webdata/webdata.aspx?menu=17&menu_id=661&WD_ID=689&webdata_id=805
http://www.nhi.gov.tw/webdata/webdata.aspx?menu=17&menu_id=661&WD_ID=689&webdata_id=805
https://doi.org/10.1371/journal.pone.0143800
https://doi.org/10.1371/journal.pone.0143800
http://www.ncbi.nlm.nih.gov/pubmed/26633011
https://doi.org/10.1007/s00198-011-1596-z
https://doi.org/10.1007/s00198-011-1596-z
http://www.ncbi.nlm.nih.gov/pubmed/21484361
https://doi.org/10.1002/sim.3733
http://www.ncbi.nlm.nih.gov/pubmed/19856324
https://doi.org/10.1007/s00198-010-1485-x
http://www.ncbi.nlm.nih.gov/pubmed/21249333
https://doi.org/10.1146/annurev.publhealth.21.1.171
http://www.ncbi.nlm.nih.gov/pubmed/10884951
https://doi.org/10.1007/s11657-013-0126-3
https://doi.org/10.1007/s11657-013-0126-3
http://www.ncbi.nlm.nih.gov/pubmed/23420317
https://doi.org/10.3109/17453674.2014.916491
https://doi.org/10.3109/17453674.2014.916491
http://www.ncbi.nlm.nih.gov/pubmed/24786906
https://doi.org/10.2147/CIA.S119186
https://doi.org/10.2147/CIA.S119186
http://www.ncbi.nlm.nih.gov/pubmed/28123289
https://doi.org/10.1007/s00198-010-1287-1
http://www.ncbi.nlm.nih.gov/pubmed/20480143
https://doi.org/10.1001/jama.2009.1462
http://www.ncbi.nlm.nih.gov/pubmed/19826027
https://doi.org/10.1007/s00198-012-1964-3
http://www.ncbi.nlm.nih.gov/pubmed/22419370
https://doi.org/10.1016/j.healthpol.2005.04.009
https://doi.org/10.1016/j.healthpol.2005.04.009
http://www.ncbi.nlm.nih.gov/pubmed/15946761
https://doi.org/10.1007/s00198-011-1601-6
https://doi.org/10.1007/s00198-011-1601-6
http://www.ncbi.nlm.nih.gov/pubmed/21461721
https://doi.org/10.1371/journal.pone.0192388

