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Abstract

Introduction The mortality rate after hip fracture is high. However, the 1-year mortality rate after femoral
intertrochanteric fracture and femoral neck fracture differs (Gibson-Smith D, Klop C, Elders PJ, Welsing PM, van Schoor
N, Leufkens HG, et al., Osteoporos Int 25:2555-2563, 2014), although both are types of hip fracture. A previous real-
world single-center prospective cohort study showed that older age and high Charlson comorbidity index score
were risk factors for femoral intertrochanteric fracture. Additionally, therapy with zoledronic acid 5 mg (Aclasta) was

a protective factor (Li XP, Zhang P, Zhu SW, Yang MH, Wu XB, Jiang XY, J Orthop Surg Res. 16:727, 2021). We wished to
determine the risk factors for all-cause mortality in femoral neck fracture patients.

Aim To identify the risk factors for postoperative all-cause mortality in aged patients with femoral neck fracture.

Materials and methods We enrolled 307 aged patients with femoral neck fracture; 38 were lost to follow-up after
2-3 years. The patients'general characteristics, bone mineral density, and anti-osteoporosis treatment after operation
were recorded as potential risk factors. Kaplan—Meier curves and multivariate Cox proportional hazards models were
constructed to analyze the influence of each factor on all-cause mortality.

Results This was a real-world single-center prospective cohort study showing that (1) most of the patients who
died were male, older (mean age of the patients who died: 84.8 years vs. 77.9 years for survivors), and had more
comorbidities compared with surviving patients. Previous fracture history, body mass index, femoral neck T score,
hemoglobin and 25-hydroxy vitamin D levels did not differ significantly between patients who died vs. survived. (2)
Differing from patients with intertrochanteric fractures, older patients with femoral neck fracture experienced no
reduction in all-cause mortality with treatment with zoledronic acid.

Conclusion In Chinese patients with femoral neck fracture, physicians should pay careful attention to male patients,
older patients, and those with high numbers of comorbidities.
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Background

Hip fracture is associated with significantly high all-
cause mortality [1]; approximately 33% of men and 22%
of women suffering a hip fracture will die within 1 year
[2, 3]. Therefore, researchers have explored the risk fac-
tors for death to provide early interventions and decrease
mortality. Hip fracture includes two main fracture types:
femoral neck fracture and intertrochanteric fracture.
Although often studied together, the two fracture types
differ in anatomical location (femoral neck fracture is
an intra-capsular fracture, and femoral intertrochanteric
fracture is an extra-capsular fracture), surgical repair
methods (femoral neck fractures are often treated with
joint replacement or internal fixation, while intertrochan-
teric fractures are mainly treated with internal fixation),
healing process (less callus after femoral neck fracture
fixation and bone ingrowth in cementless femoral pros-
thesis and obvious callus in intertrochanteric fractures),
and post-fracture mortality (lower mortality with femo-
ral neck fractures compared with intertrochanteric frac-
tures)[4]. Previously, our research team examined the
risk factors for postoperative death in patients with inter-
trochanteric fractures, namely age, number of comorbid-
ities, and receiving zoledronic acid (ZOL) after surgery,
as anti-osteoporosis therapy. The purpose of this study
was to explore the risk factors for all-cause mortality in
patients with femoral neck fracture receiving the same
treatment and during the same time range of admission.

Patients and methods

Study Population

A pelvic X-ray was obtained as soon as possible after
admission to the emergency department. After a diag-
nosis of a femoral neck fracture, patients were admitted
to the geriatric trauma unit, which involves co-manage-
ment by geriatricians and orthopedic surgeons through-
out hospitalization. No surgery was performed on the
weekend. Fifty-five patients underwent cannulated
screw internal fixation, and 219 patients underwent joint
replacement.

All patients received osteoporosis health education.
Seventy-one patients agreed to therapy with ZOL, 5 mg
(Aclasta; Novartis Pharma, Basle, Switzerland), less than
3 days after surgery and supplementation with calcium
and vitamin D, as the treatment group. The remain-
ing 198 patients agreed to basic osteoporosis treatment
comprising calcium and vitamin D supplementation and
refused other anti-osteoporosis treatment.

Inclusion and exclusion criteria

The inclusion criteria in this study were: (1) patients with
acute, fragility femoral neck fractures (less than 3 weeks’
duration) and aged>65 years; (2) unilateral hip fracture;
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and (3) patients taking no anti-osteoporosis therapies
other than calcium and vitamin D supplementation.

The exclusion criteria were: (1) secondary osteoporosis;
(2) high-energy fractures and/or multiple fractures; (3)
pathological fracture caused by a malignant tumor; and
(4) contraindications to anti-osteoporosis drugs.

Follow-up Method and Endpoints

In this study, patients were followed-up in our outpatient
service and by telephone. The primary endpoint was all-
cause death, and the date of death or the date of the last
telephone call determined the end of the follow-up. For
the telephone follow-up, the patient’s name and opera-
tion time were recorded for identification, and the patient
or their agent at the time of operation were contacted to
provide information. The staff performing the follow-up
remained unchanged throughout the follow-up.

Potential confounders

Age, sex, body mass index (BMI), history of comorbidi-
ties (using the Charlson comorbidity index (CCI)), hip
neck T score (dual-energy X-ray absorptiometry), frac-
ture history, and 25-hydroxy vitamin D and hemoglobin
levels were determined at admission. Use of ZOL and
secondary fractures were recorded during the follow-
up. Confounders were included in the final model if they
changed the beta coefficient of the association by >5%.

Statistical analysis

Assuming a post-fracture all-cause mortality rate of 10%
(underestimated on the basis of previous studies [3-5]),
incidence of 45% (in accordance with the use rate of anti-
osteoporosis drugs in the pilot study), hazard ratio of the
risk factors of 0.3 (overestimated on the basis of a previ-
ous study [6]), two-sided a-value of 0.05, and a follow-up
loss rate of 20% (overestimated to avoid too few cases), an
estimated 275 cases were required to power 80% of the
COX regression module of PASS 15.0 software (NCSS,
LLC, Kaysville, UT, USA).

Cases with missing values were excluded from the anal-
ysis. The t-test was used to compare age, BMI, and CCI
between the two groups. The y* test was used to compare
gender, CCI>3, and the number of fractures before and
after the current hip fracture between the two groups.

Kaplan—Meier survival curves were created first, then
the statistically significant factors were analyzed using a
multivariate Cox proportional hazards model. Forward
and backward stepwise models were used to determine
the most appropriate model. All statistical analyses were
performed using SPSS version 19.0 (IBM Corp., Armonk,
NY, USA) software, and p<0.05 was considered statisti-
cally significant.
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Results

General patient information

We enrolled 307 patients aged=65 years with femoral
neck fracture in this study. All patients were admitted
from May 2015 to December 2017. Thirty-eight patients
were lost to follow-up, which lasted 22.3+5.6 months;
21 patients could not be contacted owing to a change in
their telephone number, and 17 patients did not answer
or refused to answer the telephone. There were 187
women and 82 men with an average age of 78.4+7.2
years; the oldest patient was 96 years old, and 13% of the
patients had more than three comorbidities.

The patients who died were more likely to be male,
older, and have a high number of comorbidities com-
pared with survivors. A previous history of fragility frac-
ture, BMI, total hip bone mineral density, hemoglobin
and 25-hydroxy vitamin D levels, and therapy with ZOL
did not differ significantly between the patients who died
and the survivors (Table 1).

All-cause mortality

Nineteen patients (14 men and 5 women) died dur-
ing the follow-up period. The cumulative mortality rate
was 7.1%. Of the 19 deaths, 4 deaths occurred within
3 months, 0 within 3-6 months, and 2 within 6-12
months. Acute cardiovascular events and pneumonia
were the most common causes of death.

Kaplan—-Meier survival curve analysis showed that
being male (P<0.001; Fig. 1 A), older (P<0.001; Fig. 1B),
and having a CCI score>3 (P <0.001; Fig. 1 C) were asso-
ciated with a high mortality risk, whereas therapy with
ZOL (P=0.955; Fig. 1D) was not a risk factor for postop-
erative death.

Age, gender, CCI score, and therapy with ZOL were
included in the multivariate Cox proportional hazards
model. The results showed that gender (p=0.001), age
(p=0.001), and CCI (p=0.016) were associated with all-
cause mortality; therapy with ZOL (p=0.880) was not
correlated (Table 2). Men had an 8.93-fold higher mortal-
ity risk than that for women; patients older than 85 years
of age had a 4.21-fold higher mortality risk than that of
younger patients; and patients with a CCI>3 had a 2.65-
fold higher mortality risk compared with those with a
CCI<3.

Discussion
This was a real-world single-center prospective cohort
study involving 307 patients; 38 patients were lost to fol-
low-up after 2—3 years. The all-cause mortality rate after
hip fracture surgery in this study was 7.1%, and the risk
factors for death were older age, male sex, and high num-
ber of comorbidities.

Compared with most studies of all-cause mortal-
ity in patients with hip fracture, the mortality rate of

Table 1 General Condition of the femoral neck fracture patients

Status

Zoledronic acid(%)

CCl=3

250HD
ng/ml

HGB
g/l

HipNeck-BMD

g/cm?

BMI

Re-fracture

M/F

Pre-fracture

M/F

Age

Case
M/F

n(%)

kg/cm?
225+34
215+38
224+34
0.220

years

65 (26)
6(32)

26 (10)

135+7.3

1

125.6+14.1

-25+038
-26+09
-25+08

0482

0/5
0/0
0/5

8/40
3/2

779472

250 (68/182)
19 (14/5)

Alive

10 (53)
36 (13)

1.3x6.1

121.0£15.1

84.8+4.2

Death
Total

71 (26)
0.624

123173
0.232

1252+14.1

11/42
0453

784+7.2

0.000

269 (82/187)

<0.001
M, male; F, female; BMI, body mass index; BMD, bone mineral density; HGB, hemoglobin; CCl, Charlson comorbidity index; #?the compare between alive and death; continuous variables are mean (SD), categorical variables

are numbers (percentage).

0.000

76

0.839

p-value#
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not (D)

Table 2 Multivariate Cox proportional Analysis of Risk Factors for
Mortality in femoral neck fracture patients

Type Variable HR(95% P
Cl) Value
Femoral Neck Fracture Gender,male/female 8.93 (2.55- 0.001
31.23)
Age,>85/75- 421 0.001
85/<75years (1.79-9.86)
CCl,=3/1-2/0 2.65 0016
(1.20-5.88)
Z0L,use/none 0.880

Cl, confidence interval; HR, hazard ration; CCl, Charlson comorbidity index;
ZOL ,Zoledronic acid; Blank cells indicate variables were not significant in the
multivariate Cox proportional hazards models.

the patients in this study was lower [1-3]. Even if all 17
patients who did not answer the follow-up call were con-
sidered as deaths, the all-cause mortality was still not
high. We believe that orthogeriatric care [5, 7] and rapid
operation models [8] are reasons for the low mortal-
ity rate in this study. We found that the risk factors for

mortality and/or the proportions of specific risk factors
changed under these models, such as the finding that
pre-operative anemia was not a risk factor for all-cause
mortality in our findings, and the Nottingham hip frac-
ture score was adopted over time [9].

On the basis of our previous findings [10] and those in
this study, age and the presence of comorbidities were
risk factors for all-cause mortality in femoral neck frac-
ture and intertrochanteric fracture; consistent with pre-
vious studies [11, 12]. These results suggest that more
attention should be paid to older patients and patients
with a high number of comorbidities.

Numerous studies [13, 14] have indicated that the mor-
tality rate in men with hip fractures is higher than that of
women; however, no explanation for this difference has
been identified. Some studies showed that men had more
comorbidities compared with women [15]. When there
was no difference in patient age or the number of comor-
bidities between men and women, studies such as that by
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Endo et al. [16] showed that men with hip fractures were
sicker compared with women, on the basis of the Ameri-
can Society of Anesthesiologists classification.

The Health Outcomes and Reduced Incidence with
Zoledronic Acid Once Yearly — Pivotal Fracture Trial
suggested that ZOL can reduce all-cause mortality in
patients with hip fracture [6]. Our previous study of fem-
oral intertrochanteric fracture confirmed this finding;
however, this finding was not confirmed in the current
study of patients with femoral neck fracture. The reasons
for this difference are as follows: (1) ZOL mainly binds to
hydroxyapatite crystals, especially at sites of active bone
metabolism [17], and this drug plays a role in inhibiting
the function of osteoclasts. However, femoral neck frac-
ture is an intra-capsular fracture, and callus formation is
significantly lower compared with femoral intertrochan-
teric fracture, which is an extra-capsular fracture. There-
fore, the total amount of ZOL deposited in the bones of
patients with femoral neck fracture is significantly lower
compared with patients with intertrochanteric fractures,
and the effectiveness of the drug’s intra- and extra-osse-
ous effects is also lower. (2) The patients in this study
received ZOL only once, and the survival curves (Fig. 1D)
showed that the curves for the two fracture types were
originally slightly separated and gradually overlapped
after more than 1 year, suggesting that ZOL therapy
should be continuous.

Limitations

There are limitations in our study, as follows: (1) This
was a real-world study, with no strict randomized group-
ing because it was not possible to perform a double-
blind trial. This was because ZOL has a clear benefit for
patients with osteoporosis, especially those with fragil-
ity fractures. (2) Many follow-up contacts were by tele-
phone; therefore, there are subjective factors to consider.
(3) As the family members of the patients who died were
unwilling to speak with us, loss to follow-up led to under-
estimating the mortality rate and false negative results in
the analysis of the risk factors for death.

Conclusion

Femoral neck fracture and intertrochanteric fracture
differ regarding the surgical methods for repair and the
mode of healing. Physicians should pay special attention
to male patients with femoral neck fractures who are over
85 years of age and who have a CCI>3. Improved com-
pliance with anti-osteoporosis drug therapy is needed.
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