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Abstract

Summary We used statistical approaches to calculate 1-year mortality rates and reveal the relationship between age and the 1-
year mortality rate after hip fracture based on data from mainland China between the years 2000 and 2018.

Introduction Data on the 1-year mortality rates after hip fracture in mainland China remain limited and localized. We aimed to
analyze the 1-year mortality rates and reveal the variations in 1-year mortality by age after hip fracture based on data from
mainland China.

Methods We searched PubMed, EMBASE, Cochrane Library, CNKI, Wanfang, and CBM-SinoMed for all relevant articles in
English or Chinese to estimate the 1-year mortality rates after hip fracture in mainland China. A random-effects meta-analysis
model was fitted to pool the overall 1-year mortality rates. A multilevel mixed-effects meta-regression model was developed.
Based on the final model, the age-specific 1-year mortality rates after hip fracture in mainland China were generated.

Results The pooled estimate of the 1-year mortality rate was 13.96% after hip fracture (95% CI 12.26 to 15.86%), 17.47% after
femoral intertrochanteric fracture (95% CI 14.29 to 21.20%), and 9.83% after femoral neck fracture (95% CI 6.96 to 13.72%)
between the years 2000 and 2018. We found that the 1-year mortality rates ranged from 2.65% (95% CI 1.76 to 3.99%) in those
aged 50~54 years t0 28.91% (95% CI 24.23 to 34.30%) in those aged 95~99 years after hip fracture; ranged from 1.73% (95% CI
0.58 to 4.99%) in those aged 50~54 years to 50.11% (95% CI 46.03% to 53.97%) in those aged 95~99 years after femoral
intertrochanteric fracture; and ranged from 1.66% (95% CI 1.31 to 2.11%) in those aged 60~64 years to 37.71% (95% CI127.92 to
48.63%) in those aged 95~99 years after femoral neck fracture.

Conclusion In this systematic review and meta-analysis, we calculated the 1-year mortality rate after hip fracture in mainland
China and found that this rate was lower than that in most countries. We also estimated the age-specific mortality rates for
different age groups after hip fracture. These findings will be beneficial for the prevention and treatment of hip fracture in
mainland China.
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Introduction

Hip fracture is one of the most devastating consequences of
osteoporosis [ 1, 2] and is becoming one of the most important
public health problems in the world [3]. Femoral
intertrochanteric fracture and femoral neck fracture are the
two main types. Hip fracture is regarded as a result of demo-
graphic aging, and age is the major risk factor for mortality in
patients with hip fractures [4, 5]. Hip fractures can exact a
terrible toll on the elderly and lead to severe complications
and high mortality due to their severity and high economic
cost [6, 7]. Therefore, many researchers have been paying
increasing attention to mortality from hip fracture in the past
two decades [8].

Data about the mortality risk and rates of hip fractures are
available abroad and have contributed to the efforts and atten-
tion that national and local policymakers have devoted to im-
proving patients’ healthcare quality and safety [9]. However,
data about mortality rate after hip fracture in mainland China
remain limited and localized. To our best knowledge,
population-based studies on a national basis have never been
conducted due to the difficulty of comprehensive inclusion of
populations in a country of 1.3 billion people with different
regional, racial, and ethnic groups, and the lack of these stud-
ies has hindered our understanding of the disease and adverse-
ly affected healthcare quality and safety. Fortunately, a grow-
ing number of population-based studies about the 1-year mor-
tality rates after hip fracture were conducted in local areas in
mainland China during the years 2000 and 2018. These stud-
ies were restricted to specific geographic and demographic
features and could not represent the overall Chinese popula-
tion. However, it is feasible to conduct a systematic synthesis
of the data from population-based studies and explore the 1-
year mortality rates after hip fracture from an epidemiological
modeling approach.

In this study, we undertook a comprehensive systematic
review and meta-analysis to analyze the 1-year mortality rates
after hip fracture, femoral intertrochanteric fracture, and fem-
oral neck fracture between years 2000 and 2018. We also
aimed to develop epidemiological models to reveal the varia-
tions in 1-year mortality rate by age for hip fracture, femoral
intertrochanteric fracture, and femoral neck fracture based on
these data from mainland China.

Methods
Systematic review and meta-analysis
Search strategy

This systematic review and meta-analysis followed the guide-
lines of the Meta-analysis of Observational Studies in
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Epidemiology (MOOSE) [10]. We performed a systematic
literature search for all relevant articles in English or
Chinese in PubMed, EMBASE, Cochrane Library, China
National Knowledge Infrastructure (CNKI), Wanfang, and
Chinese Biomedicine Literature Database (CBM-SinoMed).
We used Boolean operators to link Medical Subject Heading
terms including hip fracture, mortality, and China. Specific
search strategies were made that were adapted to fit features
of the different bibliographic databases (see Table S1 in the
Supplementary Material). We limited the publication years
from 2000 to 2018. Additional search approaches were also
used. We manually searched the unpublished conference re-
ports and papers in the Peking University Health Science
Library. The search occurred from December 1 to 31 in
2018, and the last search time was March 15, 2019. The search
was conducted by two investigators in parallel; disagreements
were discussed with a third investigator, who made the final
decision.

Selection criteria

To be included in the systematic review and meta-analysis,
studies needed to be population-based primary studies,
reporting the 1-year mortality rates after hip fracture, femoral
intertrochanteric fracture, or femoral neck fracture in popula-
tions with a defined age structure living in nursing homes or
communities in mainland China. The diagnosis should be
clearly stated. We only included studies with recruitment years
ranging from 2000 to 2018. The data needed to be available
and in a form that allowed for the calculation of 1-year mor-
tality rates and reported the main characteristics of the study
subjects. We excluded trials, cross-sectional studies, reviews,
research letters, studies with less than 1-year of follow-up,
studies with inconsistent results, and studies conducted in
Taiwan, Hong Kong, Macao, or Chinese populations in other
countries around the world. Duplicate articles were identified
if they reported duplicate or overlapping results from the same
study. We excluded the duplicate articles with the same results
or included only the one with the most representative results.
Pathological hip fracture was also excluded.

Quality assessment and data extraction

Two investigators used the Newcastle—Ottawa Scale (NOS)
[11], which contains eight items, with one or two scores for
each item, to assess the quality of the cohort studies. The
studies with zero to three points were excluded because they
were considered to have a high risk of bias. We read the arti-
cles that met the selection criteria in detail and extracted cus-
tomized data information from the included studies. For the
purpose of this study, hip fracture was classified into two main
types: femoral intertrochanteric fracture and femoral neck
fracture. Subtrochanteric fractures were not included because
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of the limited data availability. Relevant data on hip fracture
and the two subtypes were separately extracted from the stud-
ies. The study regions were classified into six geographic re-
gions according to the definitions of the National Bureau of
Statistics: East China, North China, Northeast China,
Northwest China, South Central China, and Southwest
China. The data extraction included the study’s main charac-
teristics (first author’s name, the publication date, the survey
year, the follow-up time, the study types, the settings and the
geographic regions of the study area, etc.), the age (mean or
median age, or midpoint of the age range) of the populations,
1-year mortality cases and sample numbers by the fracture
types, age groups, and geographic locations. The extraction
process was also completed by two investigators
independently.

Statistical analysis and epidemiological model
construction

In this study, we used random-effects models (the
DerSimonian and Laird method) to calculate the overall
1-year mortality rates and 95% confidence intervals (Cls)
for the populations with hip fracture, femoral
intertrochanteric fracture, and neck fracture between the
years 2000 and 2018, because significant heterogeneity
was found across studies. Statistical heterogeneity was
quantified with Cochrane’s Q statistic and /* metrics. The
P value lies between 0 and 100%. A value of 0% indicates
no observed heterogeneity and larger values show increas-
ing heterogeneity. A p value <0.05 of the Cochrane’s O
statistic indicates statistically significant between-study
heterogeneity. We drew funnel plots to address publication
bias visually and conducted Egger’s linear correlation test
to identify any publication bias. We also used the trim and
fill method to provide a summary effect adjusted for pub-
lication bias. Additionally, leave-one-out sensitivity analy-
sis was performed to assess the stability of the pooled
results.

Moreover, we used multilevel meta-regression to model
the 1-year mortality of disease in the population, which has
been used widely in assessing the prevalence of diseases
[12, 13] but has never been used for mortality. The logit
transformation of the mortality data was adopted in the
regression. We developed three meta-regression models
about 1-year mortality rates for hip fracture, femoral
intertrochanteric fracture, and neck fracture. The three
models were based on 114 data points from 54 studies;
75 data points for hip fracture, 27 data points for femoral
intertrochanteric fracture, and 12 data points for femoral
neck fracture. We used a multilevel mixed-effects meta-
regression model for hip fracture, femoral intertrochanteric
fracture, and femoral neck fracture because the same study
often offered different data points in the analysis.

The association of the mortality rate and all of the
individual variables, such as age, setting (urban, rural,
and mixed), geographic region (north, northeast, east,
south central, southwest, northwest), study type (prospec-
tive or retrospective cohort study), and survey year, was
explored with univariable meta-regression for hip fracture,
femoral intertrochanteric fracture, and neck fracture, re-
spectively. Age was found to be the only factor that was
significantly associated with the 1-year mortality rate after
the fractures (Table S2 in the Supplementary Material).
The final meta-regression was constructed by taking the
variation of age. We used the binomial distribution to
model mortality and took into account the sample size
of the studies. Given that

I—yearmortalitycases
numbero fthetotalpatients

I—yearmortalityrate = P =
then we used the logit transformation:

. P
logit(P) = In F) = o+ B Xy + BytXy + ..

age is considered as the only factor associated with the
fractures

In <%> = o + B*(age)
thus,
i — X +B*(age)
1-P
and

I—yearmortalityrate = P =

Therefore, we estimated the age-specific mortality
rates for the median year of every S-year age group fol-
lowing the model above. The midpoint of the age range
was adopted as the age variable for analysis. The age
ranged from 50 to 100 years for hip fracture and
intertrochanteric fracture, and from 60 to 100 years for
femoral neck fracture because no data points were avail-
able to construct the regression model for femoral neck
fracture when the age was younger than 60 years. For
studies with censoring age groups, e.g., older than
90 years, the missing age band was taken as the same
width as other age groups in the same paper. All of the
statistical analyses were performed using R software,
version 3.5.1 (R Foundation for Statistical Computing,
Vienna, Austria). A two-tailed value of P<0.05 was
considered statistically significant.
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Results
Literature characteristics

We initially retrieved 4090 records from the primary
searches and obtained additional three records from
searching the references of the reviewed articles. A total
of 305 records were from PubMed, EMBASE, and the
Cochrane Library, and 3782 publications were from the
CNKI, Wanfang, and CBM-SinoMed. After scanning the
titles and abstracts, we reviewed 1012 papers in full and 54
studies ultimately met the selection criteria. A full list of
the included studies is shown in Table S3 in the
Supplementary Material. The selection process and the rea-
sons are described in detail in the flowchart in Fig. 1. The
54 studies included in this meta-analysis involved 22,817
Chinese individuals in 13 provinces, 3 municipalities, and
1 autonomous region, covering all of the six regions in
mainland China (Fig. 2). There were 49 retrospective co-
hort studies and 5 prospective cohort studies, and 54

[ North China
_ Northeast China
I East China
[ ] South Central China
[ Southwest China
[ Northwest China
[ Nodata g

Fig. 2 A map of study locations included in the systematic review in
mainland China. Dots indicate the study locations

305 records identified through
searching English databases
Pubmed (N=256)
Embase (N=49)

The Cochrane Library (N=0)

3782 records identified through
searching Chinese databases
CNKI (N=42)
Wanfang (N=3053)
SinoMed (N=687)

3 additional records identified
through searching the references of

the reviewed articles

Records identified through primary searching
(N=4090)

Records screened through titles and abstracts
(N=4090)

Duplicate records removed (N=1298),

irrelevant records removed (N=1780)

Full-text articles screened for

eligibility

(N=1012) Full-text articles excluded with reasons (N=958):

not cohort studies (N=458),

studies with incomplete data (N=391),

multiple publications of the same study (N=33),

Studies not designed in mainland China (N=65),

Articles met the
(N=54)

inclusion criteria

NOS scores (0-3) (N=11)

l

|

54 provided data of hip

fracture

19 provided data of
intertrochanteric fracture

10 provided data of
femoral neck fracture

Fig. 1 Flowchart of selection of cohort studies of 1-year mortality after hip fracture in mainland China following the MOOSE guideline
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Table 1 The main characteristics of 54 studies included in this
systematic review

Numbers of
studies (%)

Characteristics of studies

Initial time of the study

2000-2009 30 (55.6)
2010-2018 24 (44.4)
Setting
Urban 36 (66.7)
Rural 2(3.7)
Mixed 16 (29.6)
Sample size
<500 44 (81.5)
500-1000 4(7.5)
1000-1500 3(5.5)
> 1500 3(5.5)
Geographic regions
North China 14 (25.9)
Northeast China 1(1.9)
East China 24 (44.4)
South Central China 7 (13.0)
Southwest China 6(11.1)
Northwest China 2(3.7)
Fracture types
Femoral intertrochanteric fracture 19 (35.2)
Femoral neck fracture 10 (18.5)
Hip fracture 54 (100.0)
Study types
Prospective cohort study 50.3)
Retrospective cohort study 49 (90.7)

studies focused on hip fractures, 19 studies reported on
femoral intertrochanteric fractures, and 10 were about fem-
oral neck fractures. The majority of the studies (66.7%,
N =36) were conducted in urban areas. The main and de-
tailed characteristics of the studies are listed in Table 1 and
Table S4 in the Supplementary Material. The recruitment
time of the 54 cohort studies covered from 2000 to 2015,
and the publication time was from 2007 to 2018. The mean
ages of the subjects ranged from 70 to 93.7, and the 1-year
mortality rates after hip fracture ranged from 1.53 to
33.86%.

Methodological quality

We used the NOS scores to evaluate the methodological
quality of the 54 studies. NOS scores of the studies ranged
from 4 to 7, and the average was 5.07. Eight studies were
scored 7, which was considered high quality. The NOS
scores of each study are shown in Table S5 in the
Supplementary Material.

Meta-analysis and meta-regression of the 1-year
mortality rates

Meta-analysis of the reported 1-year mortality revealed signif-
icantly high heterogeneity among studies of hip fracture (/* =
93%, p<0.01), femoral intertrochanteric fracture (I2 =90%,
p<0.01), and femoral neck fracture (P =76%, p<0.01). A
random-effects model was used. The pooled estimates of the
1-year mortality rate were 13.96% after hip fracture (95% CI
12.26 to 15.86%, Fig. S1 in the Supplementary Material),
17.47% after femoral intertrochanteric fracture (95% CI
14.29 to 21.20%, Fig. S2 in the Supplementary Material),
and 9.83% after femoral neck fracture (95% CI 6.96 to
13.72%, Fig. S3 in the Supplementary Material).

Only age was revealed as a significant factor for the 1-year
mortality rate after hip fracture, femoral intertrochanteric frac-
ture, and femoral neck fracture in the univariable meta-
regression analyses. The final meta-regression was construct-
ed by taking the variation of age, and the results are shown in
Table S2 in the Supplementary Material.

Publication bias and sensitivity analysis

We used a funnel plot and Egger’s test to identify the publi-
cation bias in the results. For intertrochanteric fracture and
neck fracture, Egger’s test (Fig. S4 and Fig. S5 in the
Supplementary Material) indicated that there was no signifi-
cant publication bias (p =0.077 and p =0.331, respectively).
However, we observed publication bias in hip fracture accord-
ing to the funnel plot and Egger’s test (p < 0.05) (Fig. S6 in the
Supplementary Material). Then, we performed a trim and fill
method to address the problem of publication bias (Fig. S6 in
the Supplementary Material). We found the result changed a
little after applying the trim and fill method.

For the sensitivity analysis, we used leave-one-out sensi-
tivity analysis to remove one single study from the overall
pooled analysis each time to expose the influence the removed
data had on the overall results. We found that no single study
significantly influenced the reliability and stability of the 1-
year mortality rates (Fig. S7-S9 and Table S6-S8 in the
Supplementary Material).

Age-specific mortality rates after hip fracture,
intertrochanteric fracture, or neck fracture

We constructed the relationship between ages and 1-year mor-
tality rates based on the substantial number of data points from
the included studies (Fig. 3). The age range was set as from 50
to 100 years for hip fracture and intertrochanteric fracture and
from 60 to 100 years for femoral neck fracture, because no
data points were available at younger ages (50~60 years old)
for femoral neck fracture. The estimated age-specific 1-year
mortality rates after hip fracture, femoral intertrochanteric

@ Springer
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Fig. 3 Age-specific 1-year mortality after hip fracture, femoral
intertrochanteric fracture, and femoral neck fracture based on the data
points from the included studies, with 95% confidence intervals. Note:
The size of each bubble is proportional to the sample size. Regression
lines are based on only or very few data points at younger (< 70 years) and

fracture, and femoral neck fracture are shown in Table 2. An
advanced age was revealed as the significant risk factor for the
mortality rate and was more pronounced for femoral
intertrochanteric fracture (Fig. 4). The 1-year mortality rates
after the hip fracture ranged from 2.65% (95% CI 1.76 to
3.99%) in people aged 50~54 years to 28.91% (95% CI
24.23 to 34.30%) in people aged 95~99 years. The 1-year
mortality rates after the femoral intertrochanteric fracture
ranged from 1.73% (95% CI 0.58 to 4.99%) in people aged
50~54 years to 50.11% (95% CI 46.03 to 53.97%) in people
aged 95~99 years. The 1-year mortality rates after the femoral
neck fracture ranged from 1.66% (95% CI 1.31 to 2.11%) in
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older (> 90 years) ages. Overall, there were 75 data points for constructing
the relationship between age and 1-year mortality after hip fracture, 27
data points for femoral intertrochanteric fracture, and 12 data points for
femoral neck fracture

people aged 60~64 years to 37.71% (95% CI 27.92 to
48.63%) in people aged 95~99 years.

Discussion

It is widely known that hip fracture is one of the most relevant
fractures in terms of its high mortality [7]. It has been reported
that having a hip fracture can cause excess mortality and that
there is a greater mortality risk for patients with hip fracture
than for those without hip fracture [6, 14]. There have been
different results reported for the 1-year mortality rates after hip
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Table2  Estimated age-specific 1-year mortality rates after hip fracture,

femoral intertrochanteric fracture, and femoral neck fracture

Age  One-year One-year mortality rate  One-year mortality

(years) mortality rate after femoral rate after femoral
after hip fracture intertrochanteric neck fracture (95%
(95% Cls) fracture (95% Cls) Cls)

50~54 0.0265 0.0173 -
0.0176~0.0399  0.0058~0.0499 -

55~59 0.0354 0.0268 -
0.0240~0.0523  0.0100~0.0691 -

60~64 0.0473 0.0414 0.0166
0.0328~0.0681  0.0174~0.0948 0.0131~0.0211

65~69 0.0628 0.0634 0.0274
0.0446~0.0882  0.0299~0.1289 0.0211~0.0356

70~74 0.0830 0.0960 0.0449
0.0605~0.1135  0.0508~0.1728 0.0337~0.0597

75~79 0.1089 0.1427 0.0727
0.0815~0.1450  0.0852~0.2278 0.0534~0.0983

80~84 0.1417 0.2069 0.1156
0.1089~0.1835  0.1395~0.2940 0.0837~0.1576

85~89 0.1823 0.2902 0.1789
0.1441~0.2293  0.2199~0.3703 0.1288~0.2431

90~94 0.2314 0.3906 0.2665
0.1883~0.2827  0.3290~0.4536 0.1931~0.3554

95~99 0.2891 0.5011 0.3771
0.2423~0.3430  0.4603~0.5397 0.2792~0.4863

— data was not available, CIs confidence intervals

The results are estimated predictions and are outside the range of the
original data for hip fracture at the ages 50~54 years and 95~99 years,
for femoral intertrochanteric fracture at the ages 50~54 years and
95~99 years, for femoral neck fracture at the ages 60~64 years,
65~69 years and 95~99 years

fracture. Haleem et al. [15] reported that the 1-year mortality
rates were 22 to 29% from 1996 to 1998, while one single
center survey [16] noted a 1-year mortality rate of 40% in
American nursing home residents between 1999 and 2006.
Abrahamsen [17] and Hu [18] performed meta-analyses and
found that the mortality rates at 1 year were 5.9~59% and
24.5%, respectively. The 1-year mortality rate after hip frac-
ture in Canadian nursing home residents was reported at ap-
proximately 45% in 2008 and 2009 [19]. In Asian popula-
tions, the 1-year mortality rates were also different: 17.8% in
Korean women [20], 18.65% in Hong Kong [21], and 13.5%
in Taiwanese women [22]. In mainland China, the local sur-
vey rate [23] regarding 1-year mortality in Beijing was ap-
proximately 23.44% in total. However, the result in Beijing
could not represent the overall mortality in mainland China
due to the unbalanced health care services between areas.
We performed this meta-analysis and systematic review
based on the rigorous reviews of existing evidence on hip
fracture mortality in mainland China. We calculated the 1-

year mortality rates after hip fracture, femoral intertrochanteric
fracture, and neck fracture in general Chinese populations
between the years 2000 and 2018 and explored the variations
with the age factors. The 1-year mortality rate after
intertrochanteric fractures was higher than the femoral neck
fracture (17.47% vs 9.83%), and the overall 1-year mortality
rate after hip fracture was 13.96% in mainland China. Our
study also estimated the age-specific mortality rates for the
median year of every 5-year age group and revealed that ad-
vanced age was a significant risk factor for mortality. The 1-
year mortality rate after hip fracture was the highest at 28.91%
in the age group 95 to 99 years old and the lowest at 2.65% in
the age group 50 to 54 years old. The strong association be-
tween the mortality rate and the age was consistent with other
studies [6, 14]. Keene et al. [24] proposed that 1-year mortality
would increase by 1% with a 1-year increase in age.

We also found that the 1-year mortality rate was higher
after femoral intertrochanteric fracture than femoral neck frac-
ture in every 5-year age group when the age was over 60 years
old. The relationship between fracture type and mortality re-
mains controversial, with some investigators [25] reporting
that the fracture type did not affect the mortality while some
survival studies [26, 27] revealed the mortality rates of
intertrochanteric fracture patients were higher than femoral
neck fracture patients. However, patients with
intertrochanteric fractures were older than those with a femo-
ral neck fracture in the previous studies. Whether the excess
mortality in these studies reflects differences in age or the
fracture types remains to be clarified. In our study, we com-
pared the 1-year mortality rates between the femoral
intertrochanteric fracture and neck fracture in the same age
groups and found that the mortality rates were higher in those
with intertrochanteric fracture, which suggested that fracture
type might be one predictor of mortality in hip fracture pa-
tients. However, we did not compare the differences of the

—— Femoral Intertrochanteric Fracture

Femoral Neck Fracture

One-year mortality rate
o
=

o
)

60 70 80 % 100
Age (Years)
Fig. 4 Comparison of estimated age-specific 1-year mortality rates be-
tween femoral intertrochanteric fracture and femoral neck fracture, with
95% confidence intervals
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sex, comorbidities, anesthesia type, or other factors between
the two fracture types in the same age group. These factors can
also contribute to mortality after a hip fracture [14, 44].

The 1-year mortality rates in mainland China were lower
than that in Canada, the USA, and most other regions in Asia
mentioned above [19-22]. Different countries and races have
different nutritional habits [23] and different physical exercise
habits [28], which could cause differences in mortality. In
addition, we should also take ethnic genetic variations into
consideration. Some studies [29, 30] have demonstrated a re-
lationship between bone mass and ethnic genes, showing that
on average blacks have greater bone mass than whites and that
Asians have the lowest bone mass among these races. Walker
and colleagues [31] also indicated genetic differences in osse-
ous microarchitecture in Chinese—American patients.
However, there are few studies about the influence of special
ethnicity on prognosis differences after hip fracture [32].
Although some studies [33, 34] have shown that black pa-
tients are at greater risk for mortality, others [35] did not reach
the same conclusions. Therefore, it remains unclear whether
the genetic variations between Chinese populations and others
could affect the mortality rate after hip fracture.

In addition to the ethnic genetic variations, we should pay
more attention to the impact of cultural and economic differ-
ences between different ethnic groups on mortality after hip
fracture. The fact that Chinese cultural attitudes regarding hip
fracture is different from others is manifested in several re-
spects. On the one hand, the attitude towards the disease re-
flects cultural differences. Attitudes towards hip fracture
might prolong the wait time for surgery, which has been dem-
onstrated to be associated with a poor prognosis after hip
fracture [36]. The delayed phenomenon is common in main-
land China due to geographic and economic factors and may
play an important role in mortality rates. On the other hand,
we hypothesize that the reason the mortality rates were lower
in mainland China than in the USA results from the higher
mortality rates in nursing home residents [37, 38]. Elderly
Chinese people are unwilling to separate from their children
and to live in nursing homes because of their traditional cul-
tural attitudes and the low quality of care in nursing homes.
Consequently, community dwellers make up a large part of the
elderly Chinese people, whose fracture rates are lower than
that of nursing home residents [37, 38]. Therefore, different
proportions of nursing home residents would lead to different
mortality rates in different races and nations.

The economy undoubtedly has an important impact on the
prognosis of diseases. Economic pressure poses challenges for
China and other low-income countries in improving the med-
ical resources and care quality [39]. It has been proposed that
patients from economically disadvantaged areas are
predisposed to delayed surgery for hip fracture, which would
increase the mortality rates [37]. China has been undergoing
rapid economic development in the past two decades [39]. The
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annual disposable income in urban and rural areas in 2008 was
3.0 and 2.2 times higher than that in 1998, respectively [39,
40], which results in a decrease in the morbidity and mortality
of diseases. Nevertheless, it is still under debate whether so-
cioeconomic status has an impact on mortality after hip frac-
ture. Studies from the UK noted that lower socioeconomic
status was relevant to higher mortality risk after hip fracture
[41, 42], while investigators in the USA disagreed with these
viewpoints [43].

To our knowledge, this is the first review to provide com-
plete data regarding hip fracture mortality rates in mainland
China. We conducted a comprehensive literature search and
used a strict approach to include studies in order to reasonably
cover the Chinese population in mainland China. The infor-
mation bias due to selection and methodological heterogeneity
was reduced to the minimum. The estimated results were rep-
resentative for mainland China with a wide geographical
scope covering all six geographic regions of China. We also
constructed the epidemiological model to reveal the relation-
ship between the age and mortality. This is the first time any-
one has applied this epidemiological model to assessing the
mortality of diseases. We found that age was a significant risk
factor for the mortality rate, and we found that the mortality
rates after femoral intertrochanteric fracture were higher than
femoral neck fracture when the age group was the same. From
a public health management perspective, these data can help
to identify the prognosis after hip fracture in mainland China
and help policy makers to allocate medical resources appro-
priately for hip fracture.

Our study is still subject to some potential limitations. First,
heterogeneity was significant among the included studies al-
though we used a rigorous selection approach. To explain the
significant heterogeneity, we conducted meta-regression to
examine the group-level variables, age, setting (urban, rural,
and mixed), geographic region, study type (prospective or
retrospective cohort study), and survey year, but could not
explore the impact of individual-level variables because of
the lack of information, for example, in regard to the sex
[14], comorbid conditions [44], wait time for surgery [36],
postsurgery complications [37, 45], advanced cognitive im-
pairment [45], and increased baseline ADL (activities of daily
living) [45]. The varied quality of the studies involved could
also contribute to the heterogeneity. Second, publication bias
was observed when analyzing the studies about hip fracture
although the estimated results changed only a little after ap-
plying the trim and fill method. On the one hand, the publica-
tion bias might derive from the significant heterogeneity be-
tween the included studies. On the other hand, we could not
avoid the absence of unpublished studies, which might lead to
bias in the final estimates. Third, although 22,817 Chinese
individuals were involved in our study, this number might
be inadequate for one country with a population of 1.3 billion
people. We did not include certain provinces, municipalities
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and autonomous regions such as Qinghai Province and the
Inner Mongolia autonomous region. The mortality in these
regions might have an impact on the results. Fourth, as men-
tioned above, there is a difference in mortality between nurs-
ing home residents and community dwellers. However, the
studies included in the meta-analysis did not differentiate be-
tween nursing home residents and community dwellers,
which could overestimate the mortality rates for community
dwellers. Fifth, the studies included were based on patients
admitted to the hospital, which would lead to missing those
who were not admitted to hospitals with hip fracture and
would result in selection bias.

Conclusion

The 1-year mortality rate after hip fracture in mainland China
between the years 2000 and 2018 was 13.96%, while for
intertrochanteric fractures, it was 17.47%, and for femoral
neck fracture, it was 9.83%. We also estimated the age-
specific mortality rates for the median year of every 5-year
age group and found that advanced age was a significant risk
for the 1-year mortality rate after hip fracture, femoral
intertrochanteric fracture, and femoral neck fracture. These
findings will be beneficial for the prevention and treatment
of hip fracture in mainland China. We also hope more elabo-
rate studies will be conducted in future to analyze the mortal-
ity rates after hip fracture in mainland China.
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