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Abstract

Objective To investigate the risk factors influencing 1-year mortality after intramedullary nail fixation for fragile
intertrochanteric fracture in elderly individuals.

Methods The medical records of 622 consecutive elderly patients (aged > 65 years) with fragile intertrochanteric
fractures treated with proximal femoral nail anti-rotation (PFNA) and followed-up were retrospectively analyzed. The
patients were divided into death and survival groups according to their survival status within 1 year after surgery,
and the differences in age, sex, region of residence, tobacco use, alcohol use, body mass index (BMI), comorbidities
(hypertension, diabetes mellitus, coronary heart disease, stroke, dementia, chronic obstructive pulmonary disease,
pneumonia), preoperative hemoglobin, preoperative albumin, deep vein thrombosis, fracture type (AO classification),
injury-to-surgery time, American Society of Anesthesiologists (ASA) score, anesthesia modality, duration of surgery,
intraoperative blood loss, and blood transfusion were compared. The Kaplan-Meier method was used for univariate
analysis to screen for statistically significant differences between the two groups, and the data were entered into
the Cox proportional hazards model for multivariate analysis to determine independent risk factors affecting 1-year
postoperative mortality. For subgroup analysis, we explored the varying effects of hypoproteinemia and being
underweight in patients of different genders, as well as the effects of different age ranges, different injury-to-surgery
times, and different blood transfusion volumes on 1-year postoperative mortality.

Results The mortality rates at 1, 3, and 6 months, and 1 year after surgery were 3.9%, 7.2%, 10.1%, and 15.3%,
respectively. Univariate analysis showed that advanced age, male sex, tobacco use, underweight (BMI< 18.5), coronary
heart disease, stroke, dementia, pneumonia, number of comorbidities > 3, hypoproteinemia and injury-to-surgery
time <2 days were associated with the 1-year postoperative survival status (P<0.1). Multivariate analysis revealed

that advanced age, male sex, dementia, number of comorbidities > 3, hypoalbuminemia, and being underweight
were independent risk factors for 1-year postoperative mortality. Subgroup analysis showed that being underweight
was associated with 1-year postoperative mortality only in male patients but not in female patients, whereas
hypoproteinemia was associated with 1-year postoperative mortality in both male and female patients. Furthermore,
an injury-to-surgery time of less than 2 days improved patient survival, and patients more than 80 years old showed
an elevated risk of postoperative mortality.
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Conclusions Preoperative health status is a critical predictor of postoperative outcomes in elderly patients with
fragile intertrochanteric fractures. Priority care should be given to the patients who are elderly, male, have dementia,
have comorbidities, or are malnourished. Prompt nutritional reinforcement should be provided to patients with
intertrochanteric fractures with comorbid hypoproteinemia and underweight. Furthermore, surgery should be
performed as early as possible in patients with fewer comorbidities.
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Introduction

As the global population ages, the societal burden of hip
fractures will continue to increase, with the total number
of hip fractures occurring annually by 2050 projected to
reach 1.9 times the number in 2018 [1]. The incidence
of hip fractures increases significantly with age, with
87-96% of hip fracture patients reported to be 65 years
of age or older [2]. The mortality rate is increased in the
elderly due to the decline in physical function, which is
often associated with more underlying diseases, the need
for prolonged bed rest after injury, and exposure to a
variety of factors, such as trauma reactions and fracture-
related complications. The all-cause mortality rate at 1
year after hip fracture ranges from 14.4 to 28.3% across
countries [1]. Although many studies have examined fac-
tors associated with postoperative mortality after hip
fracture, most combined intertrochanteric and femoral
neck fractures, which do not eliminate the interference
of different fracture sites and surgical approaches on
patient prognosis. Intertrochanteric and femoral neck
fractures have different etiologies [3], surgical strategies
[4], and prognoses. The short- [5] and long-term mortal-
ity rates [6, 7] are better for femoral neck fractures than
intertrochanteric fractures. In addition, hip arthroplasty
is associated with a higher mortality rate than inter-
nal fixation [8]. As a mainstream procedure for inter-
trochanteric fractures, intramedullary nail surgery has
excellent biomechanical properties and is particularly
suitable for elderly patients with osteoporosis [4, 9, 10].
This approach can facilitate early functional exercise and
downward mobility of the patients, reduce the compli-
cations caused by prolonged bed rest, and improve the
postoperative quality of life. Therefore, the aim of this
study was to investigate the risk factors affecting 1-year
mortality after PFNA fixation in elderly patients with
fragile intertrochanteric fractures.

Methods

Study design and participants

This retrospective case-control study was conducted
in the trauma center of the Affiliated Hospital of Jining
Medical University. We collected medical data on all con-
secutive patients with intertrochanteric fractures who
were treated with proximal femoral nail anti-rotation
(PENA, 135, Kanghui Medical, China) at our trauma
center from January 2015 to December 2022, including

medical records, laboratory tests, and imaging exami-
nations. The inclusion criteria were as follows: age>65
years; low-energy injury; unilateral intertrochanteric
fracture; surgical treatment with PFNA; and patients with
at least 1 year of follow-up or who died within 1 year. The
exclusion criteria were as follows: pathological fracture;
high-energy injury; combination of fractures at other
sites; previous or current malignancy; previous treatment
with hip surgery; and refusal of follow-up. All surgeries
were performed by nine experienced trauma orthopedic
surgeons. Two trauma orthopedic surgeons classified the
fractures according to the AO criteria by reviewing the
patients’ X-rays and computed tomography (CT) scans
without knowing their clinical characteristics. Cognitive
status was assessed using the Mini-mental State Exami-
nation (MMSE), and dementia was diagnosed according
to the patient’s educational level. Dementia was classi-
fied according to the following criteria: illiteracy level <17
points, elementary school level<20 points, secondary
school level (including technical secondary school)<22
points, and university level (including tertiary
school)<23 points [11]. Postoperative follow-up visits
were conducted in the outpatient clinic or by telephone,
mainly to determine the survival status of patients.

The study was conducted in accordance with the Dec-
laration of Helsinki and was approved by our institutional
ethics committee. Informed consent was not required
because the study was retrospective and anonymous.

Data collection

We collected data on the patients’ demographic char-
acteristics, comorbidities, preoperative test results, and
surgical characteristics. Demographic characteristics
included age, sex, region of residence, tobacco use, alco-
hol use, and BMI; comorbidities, including hypertension,
diabetes mellitus, coronary heart disease, stroke, demen-
tia, COPD, and pneumonia; preoperative investigations,
including preoperative hemoglobin, albumin, and deep
vein thrombosis; and surgical characteristics, including
fracture type, injury-to-surgery time, ASA score, anes-
thesia modality, duration of surgery, intraoperative blood
loss, and blood transfusion.

Statistical analysis
Patients were categorized into death and survival
groups based on their 1-year survival status. Continuous
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variables were grouped using the values given in previ-
ous studies or the median as the cutoff value, and count
variables were expressed as frequencies (percentages).
The Kaplan—Meier method was used to calculate the
postoperative mortality rate, and comparisons between
the death and survival groups were made using the log-
rank test to determine the relationship between each
factor and the 1-year postoperative mortality rate. Sig-
nificant variables in the univariate analysis were entered
into the Cox proportional hazards model for multivari-
ate analysis to explore independent risk factors for 1-year
postoperative mortality. To further investigate the effects
of hypoproteinemia and being underweight on 1-year
postoperative mortality in patients of different sexes, we
performed subgroup analyses of male and female patients
using the Kaplan—Meier method and log-rank test,
respectively. Meanwhile, to further investigate the effects
of age, injury-to-surgery time, and blood transfusion vol-
ume on l-year postoperative mortality, we conducted
subgroup analyses stratified by age ranges, injury-to-
surgery intervals, and blood transfusion volumes using
the Kaplan-Meier method and the log-rank test. P-val-
ues<0.05 were considered statistically significant. All
statistical data were analyzed using SPSS 26.0 software
(SPSS Inc., IBM, Chicago, IL, USA).

Results

Baseline characteristics

From January 2015 to December 2022, 875 patients with
intertrochanteric fractures were admitted to our insti-
tution. After screening, 622 cases (406 women and 216
men) were ultimately included in this study (Fig. 1),
of which 95 patients died within 1 year after surgery
and no intraoperative deaths were recorded. The age of
patients ranged from 65 to 100 years, with an average
age of 79.00%7.39 years. Among the included cases, 169
cases were type A, 342 cases were type B, and 111 cases
were type C. Preoperative comorbidities mainly included
hypertension in 254 cases (40.84%), diabetes mellitus in
111 cases (17.85%), coronary heart disease in 180 cases
(28.94%), stroke in 138 cases (22.19%), dementia in 76
cases (12.22%), COPD in 38 cases (6.11%), and pneu-
monia in 86 cases (13.83%). Three or more comorbidi-
ties were present in 121 patients (19.45%). Intravertebral
anesthesia was used in 302 patients (48.55%), and general
anesthesia was used in 320 patients (51.45%). The average
length of hospitalization was 15.31+£8.67 days.

Postoperative mortality and risk factors

The postoperative mortality rates of elderly patients with
fragile intertrochanteric fractures at 1, 3, and 6 months,
and 1 year were 3.86% (24 cases), 7.23% (45 cases), 10.13%
(63 cases), and 15.27% (95 cases), respectively. Univari-
ate analysis showed that advanced age, male sex, tobacco
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use, BMI<18.5, coronary heart disease, stroke, dementia,
pneumonia, number of comorbidities>3, hypoprotein-
emia and injury-to-surgery time<2 days were associ-
ated with mortality at 1-year follow-up (P<0.1, Table 1).
Multivariate analysis revealed that advanced age (2.047-
fold increase, 95% CI: 1.341-3.125), male sex (1.514-fold
increase, 95% CI: 1.005-2.281), dementia (2.374-fold
increase, 95% CI: 1.490-3.783), number of comorbidi-
ties>3 (2.119-fold increase, 95% CI: 1.357-3.309), hypo-
albuminemia (1.615-fold increase, 95% CI: 1.058-2.466),
and being underweight (1.686-fold increase, 95% CI:
1.034-2.749) were independent risk factors for 1-year
postoperative mortality in elderly patients with fragile
intertrochanteric fractures (P<0.05, Table 2).

Subgroup analysis

Subgroup analysis showed that being underweight was
associated with 1-year postoperative mortality only in
male patients but not in female patients (Fig. 2a and b),
whereas hypoproteinemia was associated with 1-year
postoperative mortality in both male and female patients
(Fig. 3a and b).

Although no statistically significant difference was
present in the postoperative 1-year survival rates among
the three groups of injury-to-surgery time<2 days, > 2
days and <5 days, and >5 days, in a two-by-two compari-
son between the groups, the injury-to-surgery time<2
days group had a higher postoperative 1-year survival
rate than the >2 days and <5 days and >5 days groups
(Fig. 4).

The postoperative 1-year survival rates of patients in
the age>65 years and <70 years group, age>70 years
and <80 years group, and age=>80 years group gradually
decreased with statistical differences. In the two-by-two
comparisons between groups, the postoperative 1-year
survival rates of patients in the age>65 and <70 years
group and age>70 and <80 years group were better than
those in the age >80 years group (Fig. 5).

There was no significant difference in postoperative
1-year survival among the no-transfusion group, the
blood transfusion volume<2u group, the blood transfu-
sion volume>2u and <4u group, and the blood trans-
fusion volume>4u group. The same remained true for
two-by-two comparisons between groups. Although the
1-year postoperative survival rate was lower in patients
with blood transfusion volume >4u, there was no statisti-
cal difference (Fig. 6).

Discussion

In this study, 95 (15.3%) of 622 elderly patients with inter-
trochanteric fractures who received PFNA died within
1 year of surgery. Multivariate analysis showed that
advanced age, male sex, dementia, number of comorbidi-
ties>3, hypoalbuminemia, and being underweight were
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Patients admitted to our institution due to
intertrochanteric fractures from January
2015 to December 2022 (n=875)
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——————————— -»|Patients without surgical treatment (n=53)

Patients with intertrochanteric
Fractures underwent PFNA (n=822)

Age < 65 years (n=106)

High-energy injury (n=11)

Bilateral intertrochanteric fracture (n=5)
——————————— —»Pathological fracture (n=2)

Combination of fractures at other sites (n=12)
Previous or current malignancy (n=7)
Previous treatment with hip surgery (n=8)

Included patients (n=671)
All subjects were followed up in the
outpatient clinic or by telephone

——————————— —»{Loss of follow-up (n=49)

A

622 of whom were ultimately
included in this study

Fig. 1 Flowchart of recruited patients according to the inclusion and exclusion criteria

independent risk factors for 1-year postoperative mor-
tality. These findings help us screen high-risk patients
for intertrochanteric fractures preoperatively to assess
anesthetic and surgical risks, and thus to predict whether
these individuals will benefit from the procedure.

Age
The effect of age on postoperative survival in patients
with hip fracture is controversial. Although different

clinical studies have selected slightly different age cut-
offs, most of them tend to favor a worse survival prog-
nosis for advanced-age hip fracture patients than
for non-advanced-age patients [12-15]. However,
some scholars believe that there is no direct correla-
tion between age and postoperative mortality in hip
fracture patients [16, 17]. With the increase in age,
the elderly have a higher postoperative mortality rate
due to the aging of systemic organs, deterioration of
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Table 1 Univariate analysis of factors associated with 1-year mortality after PENA of intertrochanteric fractures

Characteristics (assignment) Overall Death group (95) Survival group (527) X P-value

Age (y) 12.271 <0.001
<80(0) 331(53.22%) 35 (36.84%) 296 (56.17%)
>80 (1) 291 (46.78%) 60 (63.16%) 231 (43.83%)

Sex 4.507 0.034
Female (0) 406 (65.27%) 53 (55.79%) 353 (66.98%)
Male (1) 216 (34.73%) 42 (44.21%) 174 (33.02%)

Region of residence 1.763 0.184
Urban (0) 398 (63.99%) 55 (57.89%) 343 (65.09%)
Rural (1) 224 (36.01%) 40 (42.11%) 184 (34.91%)

Tobacco use 3.275 0.070
Yes (1) 77 (12.38%) 17 (17.89%) 60 (11.39%)
No (0) 545 (87.62%) 78 (82.11%) 467 (88.61%)

Alcohol use 0.024 0.876
Yes (1) 50 (8.04%) 8 (8.42%) 42 (7.97%)
No (0) 572 (91.96%) 87 (91.58%) 485 (92.03%)

BMI 6.702 0.010
<185(0) 91 (14.63%) 22 (23.16%) 69 (13.09%)
>185(1) 531 (85.37%) 73 (76.84%) 458 (86.91%)

Hypertension 0.182 0.670
Yes (1) 254 (40.84%) 37 (38.95%) 217 (41.18%)
No (0) 368 (59.16%) 58 (61.05%) 310 (58.82%)

Diabetes mellitus 0.361 0.548
Yes (1) 111 (17.85%) 19 (20%) 92 (17.46%)
No (0) 511 (82.15%) 76 (80%) 435 (82.54%)

Coronary heart disease 4934 0.026
Yes (1) 180 (28.94%) 36 (37.89%) 144 (27.32%)
No (0) 442 (71.06%) 59 (62.11%) 383 (72.68%)

Stroke 3336 0.068
Yes (1) 138 (22.19%) 28 (29.47%) 110 (20.87%)
No (0) 484 (77.81%) 67 (70.53%) 417 (79.13%)

Dementia 26.017 <0.001
Yes (1) 76 (12.22%) 26 (27.37%) 50 (9.49%)
No (0) 546 (87.78%) 69 (72.63%) 477 (90.51%)

COPD 2376 0.123
Yes (1) 38 (6.11%) 9 (9.47%) 29 (5.50%)
No (0) 584 (93.89%) 86 (90.53%) 498 (94.50%)

Pneumonia 5.339 0.021
Yes (1) 86 (13.83%) 20 (21.05%) 66 (12.52%)
No (0) 536 (86.17%) 75 (78.95%) 461 (87.48%)

Number of comorbidities 11.181 0.001
<3(0) 501 (80.55%) 65 (68.42%) 436 (82.73%)
>3(1) 121 (19.45%) 30 (31.58%) 91 (17.27%)

Anemia 0.409 0.522
Yes (1) 421 (67.68%) 67 (70.53%) 354 (67.17%)
No (0) 201 (32.32%) 28 (29.47%) 173 (32.83%)

Preoperative ALB (g/L) 13.602 <0.001
<35(1) 259 (41.64%) 56 (58.95%) 203 (38.52%)
>35(0) 363 (58.36%) 39 (41.05%) 324 (61.48%)

Deep venous thrombosis 0.901 0.342
Yes (1) 71 (11.41%) 8 (8.42%) 63 (11.95%)
No (0) 551 (88.59%) 87 (91.58%) 464 (88.05%)

AO classification 1.271 0.530

A1(0) 169 (27.17%) 30 (31.58%) 139 (26.38%)
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Table 1 (continued)

Characteristics (assignment) Overall Death group (95) Survival group (527) X P-value
A2 (1) 342 (54.98%) 47 (49.47%) 295 (55.98%)
A3 (2) 111 (17.85%) 18 (18.95%) 93 (17.65%)

Injury-to-surgery time (d) 4344 0.037
<2(0) 64 (10.29%) 4(4.21%) 60 (11.39%)
>2(1) 558 (89.71%) 91 (95.79%) 467 (88.61%)

ASA score 1.990 0.158
1,2(0) 230 (36.98%) 29 (30.53%) 201 (38.14%)
3,40 392 (63.02%) 66 (69.47%) 326 (61.86%)

Anesthesia modality 1.263 0.261
Intravertebral anesthesia (0) 302 (48.55%) 51 (53.68%) 251 (47.63%)
General anesthesia (1) 320 (51.45%) 44 (46.32%) 276 (52.37%)

Duration of surgery (min) 0.009 0.924
<70(0) 369 (59.32%) 57 (60%) 312 (59.20%)
>70(1) 253 (40.68%) 38 (40%) 215 (40.80%)

Intraoperative blood loss (mL) 0.984 0321
<90 (0) 241 (38.75%) 41 (43.16%) 200 (37.95%)
>90 (1) 381 (61.25%) 54 (56.84%) 327 (62.05%)

Blood transfusion 2.023 0.155
Yes (1) 197 (31.67%) 36 (37.89%) 161 (30.55%)
No (0) 425 (68.33%) 59 (62.11%) 366 (69.45%)

Abbreviations BMI, body mass index; COPD, chronic obstructive pulmonary disease; ALB, serum albumin; AO: Arbeitsgemeinschaftfiir Osteosynthesefragen; ASA:

American Society of Anesthesiologists

Table 2 Multivariate analysis of factors associated with 1-year mortality after PFNA of intertrochanteric fractures

Characteristics B Standard error Wald Odds ratio 95% Confidence interval P-value
Lower Upper
Age (y) >80 0.716 0216 11.011 2.047 1.341 3.125 0.001
Sex (Male) 0415 0.209 3.935 1514 1.005 2.281 0.047
Dementia 0.865 0.238 13.228 2374 1.490 3.783 <0.001
No. of comorbidities >3 0.751 0.227 10918 2.119 1.357 3.309 0.001
Hypoproteinemia 0.480 0.216 4939 1.615 1.058 2466 0.026
BMI<185 0.523 0.249 4.390 1.686 1.034 2749 0.036

Abbreviations BMI, body mass index

cardiopulmonary reserve, low immunity, and poor stress
capacity following trauma, anesthesia, and surgery [15].
Our study similarly showed that the 1-year postopera-
tive mortality rate was significantly higher in patients
aged >80 years than in those aged <80 years. Multivari-
ate analysis confirmed advanced age as an independent
risk factor for 1-year postoperative mortality. Similarly,
subgroup analyses showed an increasing trend in 1-year
postoperative mortality in patients with intertrochanteric
fractures with increasing age.

Sex

In the present study, female patients constituted 65.3%
(406 patients) of the study population, indicating that
elderly women are more prone to fragility intertrochan-
teric fractures than men. The mean age at which fragil-
ity fractures occurred in elderly men was 77.6+7.3 years
compared with 79.8+7.4 years in women (P<0.001).
Among the patients who died, the mean age was

79.8%6.7 years for men and 83.0+7.2 years for women
(P=0.026). Multivariate analysis showed that male sex
was an independent risk factor for 1-year postopera-
tive mortality, which is similar to previous findings [13,
15, 18]. Some studies have shown that mortality rates at
1, 3, and 12 months after surgery are higher in elderly
male hip fracture patients than in elderly female patients
[14]. This suggests that although the incidence and age at
onset of intertrochanteric fractures in elderly women are
greater than those in elderly men, the prognosis is bet-
ter than that in male patients. Some scholars believe that
this is related to the fact that male patients have poor
living habits and are often combined with hypertension,
coronary heart disease, COPD, and other underlying dis-
eases [19]. In our subgroup analysis, a strong correlation
between underweight and 1-year postoperative mortal-
ity was observed only in male patients. We speculate that
the relatively high postoperative mortality rate in male
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Fig. 2 The Kaplan-Meier curve for the cumulative incidence of subsequent fragile intertrochanteric fractures after surgery based on body mass index
(BMI) group (< 18.5 or > 18.5). a Female patients (x° = 1.942, P=0.163). b Male patients (* = 5.571, P=0.018)

patients may be somehow correlated with a low BMI, it does not appear to be a factor that leads to serious con-

although the specific cause requires further exploration. sequences; however, cognitive impairment has an adverse
effect on the prognosis of patients after hip fracture sur-
Dementia gery [20]. A systematic review and meta-analysis showed

For patients with hip fracture, cognitive impairment is  that the 1-month, 3-month, and 1-year mortality rates
often a factor that is easily overlooked by medical staff,as  for hip fracture patients with and without dementia were
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Fig. 3 The Kaplan-Meier curve for the cumulative incidence of subsequent fragile intertrochanteric fractures after surgery based on serum albumin (ALB)
group (<35 g/L or =35 g/L). a Female patients (x° = 4.870, P=0.027). b Male patients (x° = 7.249, P=0.007)

7.40% vs. 5.17%, 9.43% vs. 6.64%, and 34.78% vs. 20.76%,
respectively [21]. Similarly, a large cohort study that
included 6626 cases showed that hip fracture patients
with dementia had a 1-month and 1-year postoperative
risk of death that was 1.73 and 1.45 times higher than that

of patients without dementia, respectively [14]. Lower
cognitive function has a negative impact on physical
activity and recovery of physical function after surgery in
elderly hip fracture patients [22, 23]. Whether due to the
dementia itself or the dementia-induced delirium, these
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Fig. 4 The Kaplan-Meier curve for the cumulative incidence of subsequent fragile intertrochanteric fractures after surgery based on injury-to-surgery
time group (<2 days, > 2 days and <5 days, > 5 days). (1) Comparison of three groups, x° = 4.179, P=0.124. (2) Two-by-two comparisons between groups.
Time <2 days vs. Time >2 days and <5 days, X’ = 4002, P=0.045. Time <2 days vs. Time > 5 days, x* = 4007, P=0.045. Time > 2 days and <5 days vs.

Time >5 days, > = 0.001, P=0.975

cognitively impaired patients are often unable to follow
their physician’s instructions for routine and necessary
post-surgical functional recovery training [24]. Prolonged
postoperative bed rest will not only aggravate muscle
atrophy in the lower limbs of patients with hip fracture,
leading to a decrease in muscle strength [25], but also
lead to more serious postoperative complications, such as
infections of the surgical site, lung, and urinary tract [26].
Special nursing interventions are necessary for hip frac-
ture patients with dementia [14, 27].

Comorbidity

In our study, none of the preoperative comorbidities (e.g.,
hypertension, coronary heart disease, stroke, COPD,
pneumonia) were independent risk factors for 1-year
postoperative mortality, except for dementia. However,
patients with >3 comorbidities had a 2.119-fold increased
risk of death. A large data study showed that elderly hip
fracture patients with >2 comorbidities had a 1.53- and
1.72-fold increased risk of death at 3 months and 1 year
after surgery, respectively [14]. It has been shown that
the main causes of perioperative death in elderly patients
with intertrochanteric fractures are cardiovascular and
cerebrovascular accidents, pulmonary infections, and
multiorgan failure, and that perioperative mortality is

closely related to the presence of chronic diseases in
major organs (heart, brain, and lung) [28]. The results of
an 11-year long-term follow-up study revealed that post-
operative mortality in hip fracture patients is associated
with hypertension, diabetes, and stroke [29]. A Danish
study showed that comorbidity was an important risk
factor for infection within 1 year of hip fracture surgery
[30]. This highlights not only the importance of monitor-
ing the respiratory and cardiocerebral vascular systems
in various aspects, especially for patients with combined
chronic diseases of major organs, but also the need to
work with relevant internal medicine departments to
adequately assess the patient’s tolerance of anesthesia
and surgery and to actively treat the primary disease to
reduce the incidence of perioperative complications and
thus improve the patient’s prognosis.

Hypoalbuminemia

As one of the most accepted and widely used markers
of nutritional status, a serum albumin concentration of
<3.5 g/dL is considered to indicate malnutrition, and up
to 45.9% of hip fracture patients have combined hypoal-
buminemia [31]. In our study, 259 patients (41.6%) with
intertrochanteric fractures had combined hypoprotein-
emia, and the postoperative mortality rate of patients
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Fig. 5 The Kaplan-Meier curve for the cumulative incidence of subsequent fragile intertrochanteric fractures after surgery based on age group (=65
years and < 70 years, > 70 years and < 80 years, > 80 years). (1) Comparison of three groups, x> =13.896, P=0.001. (2) Two-by-two comparisons between
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with combined hypoproteinemia was significantly higher
than that of healthy patients of both sexes. Previous stud-
ies have found that hypoproteinemia was strongly asso-
ciated with an increased risk of death at 1 month and 1
year after hip fracture [32]. Several studies have demon-
strated that hypoproteinemia is an independent risk fac-
tor for short- [17] and long-term mortality [15, 16] after
hip fracture. Another showed that every 1 g/dL increase
in preoperative serum albumin concentration in hip frac-
ture patients was associated with a 0.59-fold reduction
in the risk of death [31]. Previous studies demonstrated
a strong correlation between preoperative hypoalbu-
minemia and the development of postoperative pneu-
monia in elderly hip fractures [33, 34]. Moreover, the
30-day all-cause mortality rate was significantly higher
in patients with postoperative pneumonia (27.1%) than
in those without postoperative pneumonia (1.1%) [35].
Oral supplementation with amino acids can effectively
improve perioperative hypoproteinemia. A randomized
controlled trial showed that oral supplementation with
essential amino acids in hip fracture patients was effec-
tive in promoting improvement in more than two-thirds
of cases of hypoproteinemia and more than one-third of
cases of anemia [36].

BMI

The positive relationship between high BMI and sur-
vival in elderly patients or those with chronic disease
is known as the “obesity paradox,” which also applies to
patients with hip fracture [37]. Overweight or obese hip
fracture patients have a higher survival rate than patients
of a healthy weight, whereas underweight patients have
a worse survival rate than patients of a healthy weight
[37-39]. The mechanism of the “obesity paradox” is cur-
rently unclear. One hypothesis is that after hip fracture,
the body experiences a series of stress reactions, meta-
bolic disorders, and a prolonged catabolic state [40],
and excess body fat in overweight or obese patients acts
as a metabolic reserve [37]. Thus, overweight or obese
patients may be better able to tolerate the intra- and
extra-organic irritations that accompany traumatic injury
and critical illnesses [41]. This suggests that the periop-
erative management of patients with intertrochanteric or
hip fractures should focus on malnourished and under-
weight patients rather than overweight or obese patients
[37]. Oral nutritional supplements (ONS) and enteral
nutrition administered during the perioperative period
can markedly improve the patient’s overall nutritional
status, reduce postoperative complications, shorten
hospital stays, and enhance the quality of life for elderly
patients suffering from hip fractures [42]. If ONS and
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Fig. 6 The Kaplan—Meier curve for the cumulative incidence of subsequent fragile intertrochanteric fractures after surgery based on blood transfusion
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enteral nutrition do not fulfill the patient’s needs, concur-
rent initiation of partial parenteral nutrition is advisable
[43].

Timing of surgery

For hip fractures in elderly patients, the prevailing view
is to recommend early surgical treatment, preferably
within 48 h of admission [43]. A systematic review and
meta-analysis that included 191,873 patients with hip
fractures showed that early surgical treatment after
admission was an effective measure to reduce postop-
erative mortality and complications [44]. In our study,
although an injury-to-surgery time of more than 2 days
was not an independent risk factor for 1-year postop-
erative mortality in patients with intertrochanteric frac-
ture, subgroup analyses showed that patients with an
injury-to-surgery time<2 days had a significantly better
prognosis than those with a time of more than 2 days.
Unfortunately, injury-to-surgery time<2 days accounted
for only 10.29% (64 cases) of the total number of patients
in our study. This phenomenon can be attributed to the
fact that a majority of the patients included in our study
were referred from lower-tier hospitals, coupled with
their advanced age and living in rural areas, where there
is a notable lack of awareness regarding hip fractures,

leading to delayed presentation for medical care. Cer-
tain patients remain bedridden at home for 1-2 days or
even longer before seeking medical attention, as their hip
pain persists without relief. However, some scholars have
drawn the opposite conclusion. Vidal et al. demonstrated
that the interval between admission and surgery was not
associated with 1-year postoperative mortality [45], while
Kim et al. indicated that delayed surgical intervention
does not affect the incidence of postoperative compli-
cations related to hip fractures [46]. In light of this, it is
advisable to implement an individualized treatment pro-
tocol in which early surgery is recommended for patients
with few comorbidities [47]. Conversely, for older
patients with multiple underlying conditions requiring
various medical interventions, early surgery does not
improve prognosis; therefore, aggressive management of
the underlying diseases should be prioritized [47].

Blood transfusion

Anemia is prevalent among patients with hip fractures
[48]. Moreover, it is a modifiable factor, and the indica-
tion for blood transfusion in patients with asymptomatic
postoperative hip fractures is a hemoglobin level of less
than 8 g/dL [43]. A previous study has concluded that
erythrocyte blood transfusions do not directly increase
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postoperative mortality in patients with hip fractures
[49]. However, Jang et al. have demonstrated that blood
transfusion adversely affects 1-year postoperative sur-
vival in patients with hip fractures [48]. Our study
revealed that blood transfusion and diverse transfusion
volumes did not have a direct effect on 1-year postop-
erative mortality in elderly patients with intertrochan-
teric fractures. Although we observed a trend toward
increased mortality when transfusions were >4u, it was
not statistically significant. Further studies are needed to
confirm whether massive blood transfusions adversely
affect patients’ postoperative survival.

Limitations

Only elderly patients with fragile intertrochanteric frac-
tures who underwent PFNA were included in this study
to minimize the heterogeneity associated with different
fracture sites and surgical approaches. However, there
are still some limitations. First, this was a single-center,
retrospective study, which may also lead to selection bias,
and multicenter prospective studies are still needed to
further confirm the findings. Second, we did not trace
and analyze the specific cause of death of the deceased
patient. Third, although we included and analyzed many
variables, some risk factors affecting mortality may have
been overlooked.

Conclusion

Postoperative mortality in elderly patients with fragile
intertrochanteric fractures is the result of the interac-
tion of multiple factors. Therefore, priority care should
be given to patients with chronic diseases of major
organs and poor nutritional status, especially older male
patients. In underweight patients and those with hypo-
proteinemia, perioperative nutritional status should be
improved in a timely manner, thereby reducing postop-
erative mortality. In patients with fewer comorbidities,
surgery should be initiated as soon as possible.
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