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Abstract

Purpose Hip fractures are a common cause of mortality in elderly patients. This study aimed to determine the predictive
factors affecting mortality among patients over the age of 80 who underwent surgical treatment for hip fractures.

Methods We searched the Turkish Ministry of Health’s e-health database to identify patients over 80 years old who had
undergone surgery for proximal femoral fractures from 2016 to 2022. This process yielded 53,495 patients. Demographic
data as well as comorbidities, blood transfusions, postoperative 90 days medical complications, and mortality was inves-
tigated. Multivariate logistic regression analysis was performed to identify risk factors for one year mortality in patients
undergoing surgical treatment for proximal hip fractures.

Results The mortality rate was 37.2% in the first year. The mean Charlson comorbidity index(CCI) was 6.8 (range: 4-22).
In the postoperative period, 68.6% of the patients received blood transfusions. Logistic regression analysis identified signifi-
cant predictors of one-year mortality in surgical patients, including male gender, increased age, higher CCI scores, AKI, PE,
pneumonia, electrolyte imbalance, gastrointestinal bleeding, blood transfusion, and increased mortality risks with hemiar-
throplasty and internal fixation compared to total hip arthroplasty. (p<0.001 for all).

Conclusions This large cohort study demonstrated that the mortality rate is high and that the type of surgery, male gender,
older age, blood transfusion requirements, and high CCI score are associated with mortality in patients over 80 years of age
who have undergone surgery for hip fractures. Preoperative optimization and postoperative care are critical for these vulner-
able elderly patients.
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Introduction were 65 years old or older in 2010, accounting for 8% of
the global population. This figure is anticipated to increase

Hip fractures are an important cause of morbidity and  to roughly 1.5 billion by 2050, accounting for 16% of the

mortality in the geriatric age group. Geriatric hip fractures
usually develop after minor traumas due to the facilitating
effect of osteoporosis [1]. Advancing technology and new
treatment modalities have increased life expectancy and
the population over the age of 65 has grown, particularly
in developed and developing countries, and it is expected
to grow much more in the future. According to the World
Health Organization, approximately 500 million people
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world’s population [2].

The incidence of hip fractures worldwide is predicted to
increase from 1.66 million in the early 1990s to approxi-
mately 6.26 million by 2050 [3]. Hip fractures have a
high mortality rate among older adults, especially those
aged>80 years [4]. The presence of hip fractures in these
patients increases mortality by approximately three times
compared to the normal population [5]. Treatment options

@ Springer


http://orcid.org/0000-0002-3695-9884
http://orcid.org/0000-0002-6268-9910
http://orcid.org/0000-0003-1448-2656
http://orcid.org/0000-0002-3085-8820
http://orcid.org/0000-0003-0097-3905
http://orcid.org/0000-0001-8436-8934
http://orcid.org/0000-0001-6947-2821
http://orcid.org/0000-0003-0825-1851
http://orcid.org/0000-0001-8104-6198
http://orcid.org/0000-0002-0385-4840
http://orcid.org/0000-0003-4796-0642
http://orcid.org/0000-0003-0926-3029
http://crossmark.crossref.org/dialog/?doi=10.1007/s00264-025-06412-8&domain=pdf&date_stamp=2025-2-3

730

International Orthopaedics (2025) 49:729-736

for hip fractures are internal fixation (IF), hemiarthroplasty
(HA), or total hip arthroplasty (THA) [6, 7]. The incidence
of postoperative complications is relatively high in patients
undergoing surgery for hip fractures, and the mortality rate
within one year after surgery ranges from 14 to 36% [8].

Previous studies have identified predictive factors affect-
ing mortality after hip fractures, such as age, type of surgery,
time to surgery, blood transfusion requirements, gender,
underlying diseases, use of anticoagulants, and hospitaliza-
tion time [9, 10]. Although many factors that increase the
risk of mortality have been identified, there is no consensus
in the literature on these factors. A better understanding of
risk factors for mortality may allow for comprehensive opti-
mization before surgery and meticulous perioperative care
to reduce mortality among these highly vulnerable elderly
patients.

This study aimed to analyse the e-health database of the
Turkish Ministry of Health and determine the predictive
factors for mortality among patients over the age of 80 who
underwent surgical treatment for proximal hip fractures.

Materials and methods
Study setting

The health records of every citizen in Tiirkiye are gathered
via a digital health platform, namely the e-Nabiz e-health
database, which is affiliated with the Turkish Ministry of
Health. This comprehensive database contains data collected
from all public, private, and university healthcare institutions
across Tirkiye [11]. The study was conducted according
to the Declaration of Helsinki and received approval from
the Turkish Ministry of Health, with a waiver of informed
consent for retrospective data analysis and the health infor-
mation privacy law (ID: 95741342-020/27112019). The
research protocol also received approval from the Turkish
Ministry of Health, which granted a waiver of informed
consent for the retrospective analysis of data. No direct con-
tact with participants and data were collected anonymously
and retrospectively.

Data collection and study population

To create the study population, patients with proximal femur
fractures were initially identified using the International
Classification of Diseases Tenth Revision (ICD-10) codes
of S72.0 (femoral neck fracture), S72.1 (intertrochanteric
femur fracture). Patients aged >80 years who underwent IF,
HA, or THA from 2016 to 2022 were then identified using
operation-specific procedure codes (https://skrs.saglik.gov.t
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r/) Patients under 80 years of age, those who received con-
servative treatment and patients with subtrochanteric femur
fracture were not included to the study. All of the outcome
variables were extracted and collected from patient medical
records stored in the e-Nabiz database of the Turkish Min-
istry of Health.

Outcome Measures.

Descriptive variables

Patient-related variables included age at the time of the
operation, gender, body mass index (BMI; kg/m?), and
preoperative comorbidities. Comorbidities were classi-
fied according to the Charlson comorbidity index (CCI)
described by Charlson et al. [12]. Surgery-related variables
were also documented, including the type of operation (IF,
HA, or THA). Postoperative 90 days medical complications
were classified according to ICD-10 codes.

Mortality-related variables

Postoperative mortality rates after primary surgery at one
week, at three months, at one year, and overall from 2016 to
2022 were estimated for the entire study population. Overall
mortality was defined as cases of mortality occurring from
the day of the patient’s surgery until the survey was con-
ducted on 01 January 2024.

Statistical analysis

Data were analysed using IBM SPSS Statistics 25.0 (IBM
Corp., Armonk, NY, USA). The normality of the data was
evaluated using skewness and kurtosis values. These sta-
tistical measures provided insight into the symmetry of the
data distribution, allowing for the determination of whether
data conformed to normal distribution. Quantitative vari-
ables were expressed as mean+standard deviation. Qualita-
tive variables were expressed as numbers (n), frequencies,
or ratios. Categorical variables were compared using the
Pearson chi-square test. Parametric variables were com-
pared using the independent sample t-test.

A logistic regression model was employed to ascertain
the variables influencing the likelihood of mortality within
a one year timeframe. To identify factors influencing mor-
tality over the course of one year, we initially performed
univariate analysis using logistic regression. Subsequently,
multivariate logistic regression analysis was conducted,
incorporating the factors that exhibited statistical signifi-
cance in the univariate analysis.

Values of p<0.05 were considered to indicate statisti-
cal significance. The Bonferroni correction is applied when
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Table 1 Types of fractures and Surgical Procedure Table 3 Mortality rates according to Age groups

Surgical Procedure Femoral neck  Intertro-  Total Age P value

fracture chanteric 80-89 90<
— fracture Mortality in 10 days, n (%) 1017 (2.4%) 488 (4.1%) <0.0001

Internal Fixation 9531(23) 6788 16,319(30.5%) Mortality at 3 month, n (%) 8105 (19.3) 3574 (30.5) <0.0001
(% within etiology) (56.7) Mortality at 1 year,n (%) 14,214 (34) 5698 <0.0001
Hemiarthroplasty 30,517 (73.5) 4945 35,462 (48.7%)

o g o

(% within etiology) (41.3) (66.3%) Overall mortality, n (%) 27,200 9170 (78.5) <0.0001
THA 1466 (3.5) 248 (2.1) 1714 (3.2%) (65.1)

o)

(% within etiology) Significance is determined in bold if P<0.05
Total 41,514(100%) 11,981 53,495 (100%)

(100%)

HA: Hemiarthroplasty; THA: Total Hip Arthroplasty

multiple comparisons are conducted to reduce the risk of
Type I errors (false positives).

Results

We retrospectively analysed 53,495 patients (67% female)
over 80 years of age who were operated on for hip frac-
tures between 2016 and 2022. The mean age was 86 (range:
80—-114) years, and 77.6% (n=41,514) of the patients had a
femoral neck fracture, 22.4% (n=11,981) had a pertrochan-
teric fracture. HA was performed for 66.3% (n=35,462) of
the patients, IF was performed for 30.5% (n=16,319), and
THA was performed for 3.2% (n=1,714). (Table 1)
Postoperative complications in 90 days after surgery
are summarized in Table 2. The mean LOS was 7.4 (range:
0-21) days. The mean age-adjusted CCI score was 6.8
(range: 4-22). The rate of perioperative blood transfusion
was found to be 68.6% (n=36,699 patients).The mor-
tality rate was 2.8% (n=1,505) in the first week, 21.8%
(n=11,679) in the first three month, and 37.2.% (n=19,912)
in the first year. Furthermore, we observed an increase in
mortality as age advanced (Table 3). The mean time to post-
operative mortality was 513.6 (range: 0-2903) days. Among
patients aged 80-90 years, the mean time to death was 546

days (range: 0-2.864 days), while for those over 90 years
old, the mean time was 417 days (range: 0-2,903days), with
a statistically significant difference (P<0.001). One-year
mortality rates are significantly higher in males (n=7889,
44.7%) compared to females (n=12023, 33.5%) with a P
value<0.001.

The logistic regression analyses identified several signifi-
cant predictors of one-year mortality in patients undergo-
ing surgery. Males had a higher mortality risk compared to
females (OR: 1.66,95% CI: 1.60—1.73, P=0.001). Increased
age (OR: 1.93, 95% CI: 1.85-2.01, P=0.001) and higher
CCI scores (OR: 1.38, 95% CI: 1.30-1.43, P=0.001) were
also associated with higher mortality. Complications such
as AKI (OR: 3.10, 95% CI: 2.87-3.36, P=0.001), PE (A
OR: 2.05, 95% CI: 1.85-2.27, P=0.001), pneumonia (OR:
2.33,95% CI: 2.16-2.51, P=0.001), electrolyte imbalance
(OR:2.42,95% CI: 2.20-2.68, P=0.001), and gastrointesti-
nal bleeding (OR: 2.93, 95% CI: 2.55-3.38, P=0.001) were
significant predictors. Blood transfusion (OR: 1.21, 95%
CI: 1.16-1.26, P=0.001) showed a slight increase in mor-
tality risk, while UTI did not significantly affect mortality
(OR: 0.97, 95% CI: 0.89—1.05, P=0.5). Compared to THA,
hemiarthroplasty and internal fixation were associated
with increased mortality risk (OR for HA: 1.22, 95% CI:
1.01-1.37, P=0.001; OR for IF: 1.30, 95% CI: 1.16-1.45,
P=0.001). (Table 4)

Table 2 Mortality rates ?.rld 90 Internal Fixation ~ Hemiarthroplasty =~ Total Hip Arthroplasty P Value
days gledlf}?l :omphfcatlons 7 (%) (%) 1 (%)
regardin (§] € Ol surge:
gardng the byp Eety Blood Transfusion® 10,590 (64.9) 24,938 (703%) 1171 (68.3) 0.001
AKI 1015 (6.2) 2374 (6.7%) 97 (5.7) 0.043
venous thromboembolism, PE 564 (3.5) 1157 (3.3) 57(3.3) 0.52
PE: pulmonary embolism, MI: MI 167 (1) 403 (1.1) 30 (1.8) 0.22
my})car(l,lallln[f}ﬁflo‘?; GL:gas-  ppeumonia 1044 (6.4) 2466 (7) 145 (8.5) 0.002
f;‘;‘e‘zﬁna » Ul urinary tract = gy 4 olyte Tmbalance 586 (3.6) 1375 3.9) 74 (4.3) 0.15
ot ve and in post GI Bleeding 275 (1.7) 2692 (2) 26 (1.5) 0.07
ntraoperative and in post- UTI 888 (5.4) 1997 (5.6) 92 (5.4) 0.68
operative 10 days o
Bonf X i lied Mortality in one week 369 (2.3) 1101 (3.1) 1679 (3.5) <0.001
nierroni 1T 10N aj 1€d. . .
OneTron: correction app 1> Mortality in three months 3398 (20.8) 7964 (22.5) 317 (18.5) <0.001
Significance is determined in e
bold. if P<0.016 Mortality in one year 5911 (36,2) 13,457 (37.9) 544 (31.7) <0.001
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Table 4 Univariate and Multivariate Logistic regression analyses for
defining predictors of one-year mortality in patients undergoing sur-
gery for hip fractures

Univariate logistic

Multivariate logistic

regression regression
Odds P Adjusted Odds P
Ratio(OR)(95% value ratio (OR) (95% value
CI) CI)
Sex(Reference: 1.6 (1.54-1.66) 0.001 1,66 (1.6-1,73)  0.001
Female)
Age 1.85 0.001 1.93(1.85-2.01) 0.001
(1.77-1.92)
CCI 1.37 0.001 1.38(1.3-1.43) 0.001
(1.31-1.42)
AKI 4(3.8-4.4) 0.001 3.1(2.87-3.36) 0.001
PE 2.63(2.4-2.9) 0.001 2.05(1.85-2.27) 0.001
Pneumonia 3(2.8-3.25) 0.001 2.33(2.16-2.51) 0.001
Electrolyte 351(3.24.2) 0.001 2.42(2.2-2.68) 0.001
imbalance
GI bleeding 3.67(3.2-4.2) 0.001 2.93(2.55-3.38) 0.001
UTI 1.26 0.001 0.97 (0.89-1.05) 0,5
(1.17-1.35)
Blood 1.25(1.2-1.3)  0.001 1.21(1.16-1.26) 0.001
Transfusion
Surgery Type 1
(reference:
THA)
HA 1.22 (1.1-36)  0.001 1.22(1.01-1.37) 0.001
IF 1.31 0.001 1.3(1.67-1.45) 0.001
(1.19-1.46)

Bonferroni correction is applied. Significance is determined in bold,
if P<0.004

When the relationship between type of surgery and mor-
tality was investigated, it was found that mortality was sta-
tistically significantly highest among patients undergoing
hemiarthroplasty, followed by IF, and lowest among patients
with total hip replacements (P=0.001). (Table 2) However,
type of fracture didn’t have a significant effect on one year
mortality in univariate logistic regression (p=0,512). There-
fore it’s not included in the multivariate logistic regression.

Discussion

This large national database study demonstrated that male
gender, blood transfusion requirements, older age, and high
CCI score and having complications within 90 days fol-
lowing surgery are predictors for mortality in patients who
are over 80 years old and undergoing surgical treatment for
proximal hip fractures. Mortality rates in this patient popu-
lation tend to be higher when IF or HA is applied compared
to THA.

Hip fracture is a major cause of morbidity and mortality in
the elderly population. Several studies reported high mortal-
ity rates (8.4-58%) at one year of follow-up among patients
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over 80 years old [9, 13, 14]. Mortality rates increased by
nearly three times when compared to the patient group below
the age of 80 [5, 15]. In the present study, we found a one
year mortality rate of 37.2% in the Turkish patient popula-
tion above 80 years. However, among above 90 years old-
ers, the mortality rate was approximately 1.5 times higher
compared to octogenarians (48.7% and 34%, respectively)
(Table 3). The increase in age-related comorbid factors and
decreased body resistance may account for this difference.
The choice of surgery after hip fracture for patients over
80 years of age is a crucial decision that can impact patient
outcomes, including mortality rates. HA and THA provide
the advantage of early mobility, but they require larger
exposure. On the other hand, intramedullary nailing may be
performed with minimally invasive techniques, which leads
to several advantages such as less blood loss and shorter
operation time [16, 17]. However, the time to full weight-
bearing may be prolonged. High failure rates are another
concern for IF [18]. The relationship between different
treatment options and mortality has been studied before, and
several systematic reviews emphasize that there is no asso-
ciation between type of surgery and one year mortality [19,
20]. A meta-analysis examining randomized controlled tri-
als concluded that IF techniques such as dynamic hip screws
and proximal femoral nailing had a higher risk of failure
compared to HA. However, the mortality rate was found
to be higher among HA patients [21]. On the other hand,
there are many studies that suggest lower mortality rates
among patients undergoing IF compared to those under-
going arthroplasty [7, 9, 22, 23]. In our cohort, the lowest
mortality rate at the first year was observed for THA, which
was followed by IF and HA, respectively, at 31.7%, 36.2%,
and 37.9%. It is important to remember that the relationship
between surgical technique and mortality in hip fractures
is multifactorial. The higher mortality rate in the HA group
may be explained by older patients receiving HA and the
greater need for blood transfusions in that group of patients.
The low mortality rate with THA may be attributed to the
utilization of THA for relatively healthy and active patients.
Gender is another factor that has been studied as a prog-
nostic indicator for hip fractures in elderly patients. Male
gender was previously found to be associated with a higher
mortality rate in elderly patients with hip fractures at respec-
tive rates of 27.8% versus 20.1% for patients between 80
and 84 years and 34.7% versus 25% for patients older than
85 years [24]. However, there have been other studies with
conflicting results. A Spanish cohort of 26,000 hip fracture
patients older than 75 years found that female gender was
associated with mortality in hip fractures [25]. On the other
hand, there are also reports stating that gender has no effect
on mortality [9]. In our study, although the majority of hip
fracture patients were female, we observed a higher mortality
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rate among male patients (44.7% vs. 33.5%). Higher CCI
scores among men may explain the higher mortality rates.
Further studies are needed to clarify the role of gender as a
prognostic factor for hip fractures in elderly patients. It is
known that men generally have lower rates of osteoporosis
and better bone quality than women in the same age group
[26]. Based on this, we believe that when hip fractures occur
in men, they may be associated with an underlying, more
serious medical condition or a higher degree of trauma,
which could potentially influence mortality.

Among patients undergoing hip surgery following a
fracture, blood transfusion rates have been reported to
range between 28% and 75% [7, 27, 28]. However, postop-
erative blood transfusions following geriatric hip fractures
are closely associated with postoperative complications
and mortality. Additionally, higher rates of mortality were
reported in patients who needed two or more blood transfu-
sions [9]. Furthermore, transfusion rates differ among sur-
gical procedures. IF is known as an advantageous surgical
method in the treatment of hip fractures due to its short sur-
gical time and minimal blood loss [1]. Parker et al. revealed
higher needs for transfusion among HA patients compared
to IF patients [7]. In our study, 68.6% of the patients received
blood transfusions. Additionally, consistent with the lit-
erature, the fewest blood transfusions were administered
to the patients who underwent IF (64.9%). Many factors,
such as preoperative anaemia, gender, fracture type, type of
surgery, and operation time, can affect the need for blood
transfusions. Our blood transfusion rate is high compared
to previous studies and there are several possible reasons
for this. Adequate preoperative optimization is not always
possible for patients with hip fractures due to accompanying
anaemia, chronic renal failure, or hepatic diseases. Preop-
erative anaemia is the main reason for reaching the blood
transfusion threshold. Furthermore, most patients (70%) in
our cohort underwent HA or THA, which may increase the
requirements for blood transfusion. Elderly patients have
many comorbidities that may increase the risk of bleeding.
Using potent anticoagulants before the fracture and after
the surgery for venous thromboembolism prophylaxis may
increase the bleeding. Finally, the low threshold for blood
transfusion in elderly patients may be another reason for the
high transfusion rate.

The CCl is a widely used tool for assessing the burden of
patients’ comorbidities. It quantifies the presence and sever-
ity of various comorbid conditions and provides an overall
score that predicts the risk of mortality and other adverse
outcomes. A higher preoperative CCI score is associated
with higher postoperative mortality [12]. Although there is
no consensus on a cut-off value for the CCI, there are stud-
ies reporting that CCI values of <3 are associated with a
better prognosis [1, 5, 29]. In our study, similar to previous

studies in the literature, we observed high mortality rates
among patients with high CCI scores.

Postoperative complications are among the significant
factors that increase mortality following hip fractures. Stud-
ies have shown that the development of urinary system
issues, respiratory and cardiovascular system problems, and
electrolyte imbalances in the postoperative period contrib-
utes to increased mortality [8, 14, 19, 29, 30]. Many of these
complications, especially those that elevate mortality and
length of hospital stay, are critical risk factors [19, 31]. Sim-
ilarly, our study found that the occurrence of acute kidney
injury, pulmonary embolism, pneumonia, electrolyte imbal-
ances, and gastrointestinal bleeding increased mortality by
two to three times. These results underscore the importance
of preventing complications and emphasizing perioperative
patient care to reduce mortality.

The main strengths of the present study are the large
number of patients included and the ability to obtain data
on all deaths, both in-hospital and out-of-hospital, such as
those occurring at home, for a large cohort of nearly 55,000
patients. This study contains one of the largest cohorts to
date, revealing the predictive factors for mortality after hip
fractures in patients over 80 years of age. However, there
are also some limitations. The main limitation is informa-
tion bias since the research was based on data retrospec-
tively obtained from a national database. The influence of
confounding variables and selection bias cannot be ruled
out in studies with larger patient populations. Furthermore,
this study did not include laboratory values or physiological
variables, such as the use of anticoagulants. ICD-10 codes
were used to obtain information on complications, and no
detailed records on disease severity were reviewed; there-
fore, misclassification and missing data may be an issue.
Additionally, there was no clear indication for treatment
choice (THA, IF, HA), so variations in the surgeon’s knowl-
edge and experience could have influenced the outcomes.
Mortality was not stratified according to the surgeons’ vol-
ume and experience. We could not identify specific causes
of death, and functional results were not evaluated. These
are important considerations, as knowing the cause of death
can help explain the mechanism of mortality. Due to the
legal regulations in our country, although mortality data
is highly reliable (yes/no/time of death), we are unable to
obtain information on whether the deaths occurred at home,
during a later admission to another hospital, or in a nursing
home.

This study demonstrated that the one year mortality rate
of patients aged over 80 and undergoing surgery after hip
fractures is high (34.9%). The type of surgery, male gender,
older age, blood transfusion requirements, and high CCI
scores were associated with mortality. The elevated risk of
mortality after hip fracture in the elderly population should
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be recognized. Patients should be optimized regarding all
modifiable risk factors. Patients and their families should
be counselled accordingly. Team management including
the participation of a geriatrician may be beneficial. Future
research should entail prospective studies with compre-
hensive evaluation, optimization, and management of this
patient group to reduce the risk of mortality and further elu-
cidate the complex relationships between these factors and
mortality in cases of hip fractures.
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