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Purpose: Femoral neck fracture usually occurs in the geriatric population. Postoperative
pneumonia (POP) is known to be devastated, and it is the most frequent complication among
patients receiving surgical treatment for femoral neck fractures. However, whether patients
who have hypoalbuminaemia are susceptible to the development of POP is a serious concern,
although it has not been investigated. We attempted to investigate the association between
newly developed POP and hypoalbuminaemia and to identify whether hypoalbuminaemia is
an independent risk factor for POP after femoral neck fracture in geriatric population.
Patients and methods: We retrospectively reviewed the records from the first 30 days
after surgery of patients who were >65 years of age and who had a femoral neck fracture
treated with surgery between January 2018 and December 2018 at the Honghui Hospital,
Xi’an Jiaotong University. Patients were divided into two groups based on whether they did
or did not experience POP, and their clinical characteristics were compared. Binomial logistic
regression was used to identify potential risk factors of POP by analysing demographic
factors, preoperative comorbidities, laboratory results, and surgical factors.

Results: A total of 720 patients were included in the analysis, and 54 patients experienced
POP. The incidence of POP after surgical treatment for a femoral neck fracture in this
geriatric population was 7.5%. In addition, patients with POP had significantly longer
hospital stays than patients without POP. The binary logistic regression analysis revealed
that preoperative hypoalbuminaemia [odds ratio =5.187, 95% confidence interval (CI):
2.561-10.506, P<0.0001], COPD (OR =3.819, 95% CI: 1.247-11.701, P=0.019), prior stroke
(OR =3.107, 95% CI: 1.470-6.568, P=0.003) and the time from injury to surgery (OR
=1.076, 95% CI: 1.034-1.119, P<0.0001) were predominant and independent risk factors
associated with POP after femoral neck fracture in this geriatric population.

Conclusion: The current study revealed that among a geriatric population admitted for
femoral neck fracture surgery, preoperative hypoalbuminaemia was a predictor of POP,
followed by COPD, prior stroke and the time from injury to surgery. Thus, patients who
undergo femoral neck fracture surgery and have preoperative hypoalbuminaemia should
receive additional monitoring and perioperative care.

Keywords: femoral neck fracture, nutrients, serum albumin, hypoalbuminaemia,

postoperative pneumonia, risk factor

Introduction
Femoral neck fractures usually occur following falls, which are very common in the
geriatric population, accounting for 48.22% of hip fractures and 3.13% of all frac-

tures in adults.! With ageing populations, an increase in the number of femoral neck
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fractures is inevitable; age-associated low bone mineral
density, malnutrition and accompanying vitamin depletion,
as well as the presence of other pre-existing risk factors,
makes the geriatric population especially susceptible to
fracture. There are a number of treatment options for frac-
tures of the femoral neck, including hemiarthroplasty (HA),
arthroplasty (THA), internal fixation and non-operative
treatment. Surgery to treat femoral neck fractures is con-
sidered the gold standard for elderly patients to restore the
normal range of motion in order to perform activities of
daily living.> The degree of mortality associated with a
femoral neck fracture is reported to be from 8.4% to 36%
1 year after surgical repair.’ Most deaths occur because
geriatric patients have underlying comorbidities and post-
operative complications. Among all the postoperative com-
plications, postoperative pneumonia (POP) is known to be
devastated, and it is the most frequent complication in the
femoral neck fracture population.*™ Specifically, authors
have shown that POP affects from 4% to 9% of all femoral
neck fracture patients.>>® In clinical practice, despite stan-
dard therapy and intensive monitoring, patients with POP
are associated with an increased surgical mortality rate,
increased in-hospital cost, and prolonged length of hospital
stay, and POP influences the recovery of patients’ func-
tional status. At one time, the 30-day mortality rate of
femoral neck fracture patients with POP was reported to
be as high as 14% compared to only 1.7% for those without
POP.° Many published studies have shown that POP is
usually related to the preoperative status of the patient.
Prior studies have identified numerous patient-related or
procedure-related risk factors for POP after femoral neck
fracture surgery. In most but not all studies, multiple vari-
ables, including older age, male sex, and the presence of
several key clinical comorbidities such as chronic obstruc-

7,8

tive pulmonary disease (COPD),” obesity,”* tobacco

smoking,9 prior stroke,® impaired preoperative pulmonary

1011 ¢ognitive and functional premorbid status'?

function,
and cardiovascular disease® have been identified as risk
factors for POP.

Preoperative malnutrition status has been identified as
another potential risk factor and prognostic predictor for
poor outcomes following hip fracture surgery.'® Serum
albumin level is the conventional indicator used as a
biomarker of malnutrition, and patients are considered to
have poor nutritional status when their serum albumin
level is <35 g/L,"* Several previous studies have indicated
that preoperative serum albumin indicates susceptibility to
the development of postoperative complications in patients

with malignancies, including periampullary tumours,'
colorectal cancer,'® and lung cancer.'” Likewise, in non-
cancer patients, the relationships between hypoalbuminae-
mia and poor postoperative outcomes have been studied.
For example, preoperative hypoalbuminaemia has been
identified as a risk factor for delayed wound healing and
surgical-site infection after total joint arthroplasty.'®
However, few report shave focused on preoperative albu-
min levels contributing to POP risk following femoral
neck fracture surgery.

We aimed to investigate the relationship between pre-
operative albumin levels and postoperative pneumonia and
to identify whether hypoalbuminaemia is an independent
risk factor for POP in geriatric population who underwent
surgical treatment for femoral neck fracture in our hospi-
tal. The results may help to stratify risk for patients and
provide guidance for clinicians to determine appropriate
therapeutic strategies.

Materials And Methods
Study Population

This was a retrospective evaluation of the clinical records
of all geriatric patients who were >65 years of age and had
received surgical treatment for acute femoral neck fracture
from recent falls at the Honghui Hospital (Xi’an Jiaotong
University, Shannxi, China), a tertiary-care teaching hos-
pital, between January 2018 and December 2018. We
reviewed 824 patients with inclusion and exclusion cri-
teria. Finally, a total of 720 patients were identified as
eligible for enrolment in the study; 54 subjects were diag-
nosed with POP (7.5%, 54 out of 720), and the remaining
666 subjects were placed in the non-POP group (Figure 1).
The inclusion criteria for this study were an age of 65
years or older and diagnosis and confirmation of a femoral
neck fracture using X-ray and/or computed tomography.
The exclusion criteria included patients who (1) did not
undergo the required surgical intervention, (2) had X-ray
and/or computed tomography-confirmed preoperative
pneumonia, (3) had multiple bone fractures, (4) had
incomplete data or their data could not be obtained, (5)
were lost to follow-up at one month, and (6) who had
pathological fractures. According to their clinical charac-
teristics, patients were divided into POP and non-POP
groups. The current study protocol was approved by the
Ethics Committee of Honghui Hospital, Xi’an Jiaotong
University (No. 201903004) and complied with the prin-
cipium plan in the Helsinki Declaration. The requirement
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Patients who were > 65 years of age with hospitalization for
femoral neck fracture from January 2018 to December 2018

at the Honghui Hospital, Xi'an Jiaotong University

1.19 patients did not undergo the required surgical intervention
6 patients with cancer
5 patients with severe autoimmune diseases
8 patients with severe cardiac-pulmonary dysfunction
2. 18 patients had pneumonia before surgery
3. 23 patients had multiple bone fractures
4. 19 patients had incomplete data, or data could not be obtained
5. 16 patients were lost to follow-up at one-month

6. 9 patients had pathological fractures

Exclusion criteria:

Hospitalizations included in analysis (n=720)

Figure | A flowchart shows the patient selection process.

for written informed consent was waived because this was
a retrospective analysis. The information from patient
records was anonymized. Highly trained nurses performed
the clinical reviews and then followed up with the patients
during the first 30 postoperative days to track the occur-
rence of postoperative adverse events.

Data Collection

For the present study, demographic features, preoperative
comorbidities, laboratory test results, and surgical factors
were all recorded. Demographic data included age, sex,
height, and weight. Major comorbidities included COPD,
type 2 diabetes, circulatory abnormalities (hypertension,
coronary heart disease, and arrhythmia), and prior stroke.
For a better description of the patients’ respiratory system
status, their history of smoking was also recorded. Routine
biochemical analyses of patients’ blood, in addition to

serum albumin concentration, other laboratory analyses,
including those for total bilirubin, haemoglobin, blood
urea nitrogen, creatinine, glutamic oxaloacetic transami-
nase (AST) and glutamic pyruvic transaminase (ALT),
were performed for each patient in the morning the next
day of admission to our hospital. At the time of admission,
all patients had chest X-rays performed before surgery.
The treatment details, including the surgical type, the
duration of the surgery, the intraoperative blood loss, and
the length of hospital stay, were also studied. Whether
pneumonia was a complication after surgery, the data
from the surgical operation and the patients’ clinical char-
acteristics were recorded in a database. Finally, patients
without preoperative serum albumin laboratory results or
patients with missing preoperative data of interest were
excluded. For the purposes of the outcome analyses and

consistent with previous studies, serum albumin levels
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were stratified as follows: hypoalbuminaemia (albumin
<35 g/L) and normal albumin (albumin >3.5 g/L); clinical
data were collected for the entire 30-day postoperative
period.

Diagnosis Of Postoperative Pneumonia
(POP)

The primary outcome for this study was the incidence of POP
occurring within the first 30 days postoperatively. Patients
with POP were defined as those who did not have preopera-
tive pneumonia and who had new or increasing lung infiltra-
tions on postoperative chest X-ray and/or computed
tomography images. Patients were considered to present
without POP until one or more of the following criteria
were met: (1) presence of new and/or progressive and steady
respiratory symptoms, including purulent secretions and
coughing; (2) presence of fever (fever with a body tempera-
ture of > 38°C) or hypothermia (body temperature< 36.0°C);
(3) physical examination with signs of lung consolidation
and/or moist rale; (4) lab test indicated leucocytosis (a white
cell count of greater than 10 x 10°/L) or leukopenia (a white
cell count of less than 4 x 10°/L); and (5) microbiological
culture of sputum samples or blood samples indicating
POP>"

Statistical Analysis

Patients were divided into two groups: a POP group and a
non-POP group. A statistical analysis of the descriptive
characteristics of the entire cohort was performed before
subsequent analysis. Continuous, normally distributed
quantitative data are reported as the mean + standard
deviation (SD), and non-normal quantitative variables are
reported as medians with interquartile ranges (IQRs) (25th
and 75th percentiles). Clinical features were compared
between the two groups. Normally distributed continuous
variables were analysed via the Student’s t-test, and the
non-normal data were tested with the Mann—Whitney
U-test. To study the categorical variables, the number of
patients in each category was counted and recorded as a
count (percentage), and the between-groups differences
were compared using univariate analysis by Fisher’s
exact tests or Pearson chi-square tests (x° test) of indepen-
dence. Binomial logistic regression analysis with the for-
ward stepwise conditional method was conducted to
identify potential risk factors for POP and to determine
the associations between serum albumin level and POP in
the femoral neck fracture population. First, univariate

analysis was utilized to assess potential risk factors for
POP, and then variables with P values <0.1 were used in
the adjusted multivariable analysis. The outcomes of the
regression analysis were recorded as odds ratios (ORs) and
95% confidence intervals (95% CI). All tests were two-
sided, and the level of significance was set at p < 0.05. All
statistical analyses were conducted using SPSS (IBM
SPSS Statistics, version 19.0).

Results
The Clinical Characteristics Of The POP
And Non-POP Groups

The demographic, comorbidity, and laboratory characteristics
of the 720 patients who underwent surgical treatment for
femoral neck fracture and who were identified as eligible for
participation in this study are shown in Table 1. A total of 54
subjects were diagnosed with POP (7.5%, 54 out of 720
patients), and the remaining 666 patients were placed in the
non-POP group. A total of 125 patients (17.36%, 125 in 720)
with a preoperative albumin level less than 35 g/L were
identified as having hypoalbuminaemia. On preoperative eva-
luation, the average albumin concentration of the POP group
was significantly lower than that of the non-POP group (33.9
+4.7 vs 38.7+3.7, P<0.0001), and more patients had hypoal-
buminaemia in the POP group than in the non-POP group [32
(59.25%) vs 139 (20.87%), P<0.0001]. Admission haemoglo-
bin was lower in the POP group than in the non-POP group
(112+13 vs 121£21, P =0.001). Serum creatinine values were
higher in the POP group than in the non-POP group (81£35 vs
67121, P<0.0001). Unexpectedly, BUN, ALT, AST, and TBIL
were not associated with the occurrence of POP. Compared
with the non-POP patients, patients with POP were signifi-
cantly older (77.548.5 vs 82.348.1, P<0.0001). Unexpectedly,
sex and BMI were not associated with the occurrence of POP.
Patients in the POP group tended to have a higher rate of
comorbidities, including history of smoking [15 (27.8%) vs 89
(13.3%), P =0.004], COPD [14 (25.9%) vs 33 (4.9%),
P <0.0001] and prior stroke[17 (31.4%) vs 112 (16.8%),
P =0.007], than patients in the non-POP group. There was no
difference regarding circulatory comorbidities (hypertension,
coronary heart disease and arrhythmia), diabetes history, or
surgical parameters. Furthermore, patients with POP had a
longer time from injury to surgery than those without POP
(13.448.9 vs 6.8+5.4, P <0.0001), and the length of hospital
stay in the group with POP was longer than that in the group
without POP (15.1 £13.1 vs 9.3+£3.4, P <0.0001). The selec-
tion of surgical approaches (hemiarthroplasty, arthroplasty, or
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Table 1 Comparison Of The Clinical Characteristics Of The POP And Non-POP Groups

Items POP (N =54) Non-POP (N= 666) x> Or t-value P value
Age (years) 82.3+8.1 77.5+85 3.97 <0.0001
Sex, men/women 20/34 273/393 0.324 0.569
BMI (kg/m?) 22.1+2.3 22.3x1.9 1.23 0.219
History of smoking (%) 15 (27.8%) 89 (13.3%) 8.397 0.004
COPD (%) 14 (25.9%) 33 (4.9%) 48.18 <0.0001
Type 2 diabetes (%) 16 (29.6%) 132 (19.8%) 2.94 0.086
Circulatory diseases

Arrhythmia (%) 20 (37%) 189 (28.4%) 1.818 0.178

Coronary artery disease (%) 26 (48.1%) 294 (44.1%) 0.324 0.569

Hypertension (%) 29 (53.7%) 311 (46.7%) 0.32 0.571
Prior stroke (%) 17 (31.4%) 112 (16.8%) 7.304 0.007
Hypoalbuminaemia (%) 32 (59.25%) 93 (13.96%) 7143 <0.0001
Alb (g/L) 33.9+4.7 38.7+3.7 8.72 <0.0001
Hb (g/L) 112£13 12121 3.355 0.001
Cr (umol/L) 8135 67+21 4.4 <0.0001
BUN (mmol/L) 6.5+2.5 6.2+2.8 0.67 0.49
ALT (U/L) 21.5+24.5 18.1£20.3 I.115 0.249
AST (U/L) 18.24+8.2 20.4£17.6 0.931 0.352
TBIL (umol/L) 16.8£11.2 18.2£11.5 0.867 0.386
Surgical duration (mins) 77.6x27.1 81.9+26.3 1.171 0.242
Blood loss (mL) 219.3%114.1 222.3%123.1 0.179 0.858
Time from injury to surgery (d) 13.4£8.9 6.8+5.4 8.124 <0.0001
Length of hospital stay (d) I5.1£13.1 9.3134 8.295 <0.0001
Surgical approaches 3.324 0.190

Total hip arthroplasty (%) 6 (11.1%) 143 (21.4%)

Intramedullary fixation (%) 8 (14.8%) 94 (14.1%)

Half hip replacement (%) 40 (74.1%) 429 (64.5%)

Notes: The data are presented as percentage (N) for categorical variables, mean * SD for continuous variables (normal distribution), median (IQR) for continuous variables

(non-normal distribution).

Abbreviations: POP, postoperative pneumonia; BMI, body mass index; COPD, chronic obstructive pulmonary disease; Alb, albumin; Hb, haemoglobin; Cr, creatinine; BUN,
blood urea nitrogen; AST, glutamic oxaloacetic transaminase; ALT, glutamic pyruvic transaminase; TBIL, total bilirubin; d, days.

internal fixation), the intraoperative blood loss and the dura-
tion of surgery did not influence the incidence of POP.

Association Between Serum Albumin And

Perioperative Parameters

The demographic differences between patients with serum
albumin >35 g/L and patients with serum albumin<35 g/L
(hypoalbuminaemia) are summarized in Table 2. The pre-
vious data showed that 125 patients were diagnosed with
hypoalbuminaemia (17.36%, 125 out of 720 patients), and
the remaining 595 patients were placed in the normal serum
albumin group. In terms of demographics, compared with
patients with serum albumin>35 g/L, patients with serum
albumin<35 g/ were older (76.948.16 vs 82.7+6.7,
P <0.0001). Unexpectedly, sex and BMI showed no signifi-
cant differences between the two groups. Patients in the

preoperative hypoalbuminaemia group tended to have higher
rates of POP [32 (25.6%) vs 22 (3.69%), P <0.0001] and
higher rates of comorbidities, including arrhythmia
[54 (43.0%) vs 155 (26.0%), P <0.0001] and COPD
[17 (13.6%) vs 30 (5.1%), P <0.0001], than patients in the
normal serum albumin group. Upon admission, patients in
the preoperative hypoalbuminaemia group had lower haemo-
globin (113.1£17.9 vs 122.8+£17.25, P <0.0001), but higher
BUN (7.02+2.96 vs 6.16+2.81, P =0.002) and serum creati-
nine levels (72.9430.6 vs 67.57+20.84, P =0.018) and a
longer time from injury to surgery (11.3+£8.6 vs 6.5+4.8,
P <0.0001) than patients in the normal serum albumin
group. There was no difference in baseline characteristics,
including the presence of coronary artery disease, hyperten-
sion, or prior stroke, smoking history, and serum ALT, AST,
and TBIL levels, or in surgical parameters, including the
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Table 2 Association Between Serum Albumin And Perioperative Parameters

Variable Albumin >35 g/L N=595 Albumin <35 g/L N=125 x> Or t-value p value
Age (years) 76.9£8.6 82.7+6.7 5.759 <0.0001
Sex, men/women 233/362 60/65 3.345 0.067
BMI (kg/m?) 22.32+1.97 22.45%1.76 0.712 0.476
POP (%) 22 (3.69%) 32 (25.6%) 71.43 <0.0001
History of smoking (%) 83 (13.9%) 21 (16.8%) 0.679 0.41
COPD (%) 30 (5.1%) 17 (13.6%) 12.39 <0.0001
Type 2 diabetes (%) 125 (21.0%) 23 (18.4%) 0.43 0.512
Circulatory diseases

Arrhythmia (%) 155 (26.0%) 54 (43.0%) 14.74 <0.0001

Coronary artery disease (%) 262 (44.0%) 58 (46.4%) 0.234 0.628

Hypertension (%) 275 (46.2%) 65 (0.52%) 1.385 0.239
Prior stroke (%) 109 (18.3%) 20 (16%) 0.378 0.539
Hb (g/L) 122.8+17.25 113.1£17.9 5.655 <0.0001
Cr (umol/L) 67.57+20.84 72.9+30.6 2.370 0.018
BUN (mmol/L) 6.16+2.81 7.02+2.96 3.054 0.002
ALT (U/L) 18.92+21.63 15.47£15.62 1.689 0.092
AST (U/L) 20.89+18.43 17.57+6.97 1.983 0.052
TBIL (umol/L) 18.0+£10.84 18.84£13.96 0.748 0.455
Surgical duration (min) 81.9+26.6 80.3+24.7 0.661 0.508
Blood loss (mL) 225+123.66 204+114.86 1.804 0.072
Time from injury to surgery (d) 6.5+4.8 11.318.6 8.674 <0.0001
Length of hospital stay (d) 9.5+5.2 10.5+£3.8 1.951 0.051
Procedure 4.608 0.100

Total hip arthroplasty(%) 137 (23.0%) 18 (14.4%)

Intramedullary fixation (%) 77 (12.9%) 19 (15.2%)

Half hip replacement (%) 381 (64.1%) 88 (70.4%)

Notes: The data are presented as percentage (N) for categorical variables, mean * SD for continuous variables (normal distribution), median (IQR) for continuous variables

(non-normal distribution).

Abbreviations: BMI, body mass index; POP, postoperative pneumonia; COPD, chronic obstructive pulmonary disease; Hb, haemoglobin; Cr, creatinine; BUN, blood urea
nitrogen; AST, glutamic oxaloacetic transaminase; ALT, glutamic pyruvic transaminase; TBIL, total bilirubin.

length of hospital stay, surgical approaches, intraoperative
blood loss and duration of surgery, between the hypoalbumi-
naemia group and the normal serum albumin group (Table 2).

Predictive Factors For POP Using

Univariate And Multivariable Analyses

The results of univariate and multivariate analyses of preopera-
tive and intraoperative potential risk factors are summarized in
Table 3. From the univariate analysis, preoperative hypoalbu-
minaemia (OR =8.962, 95% CI:4.991-16.093, P<0.0001), age
(OR =1.094, 95% CI: 1.049-1.140, P<0.0001), COPD (OR
=6.714,95% CI: 3.327-13.548, P<0.0001), history of smoking
(OR =2.240, 95% CI: 1.172-4.282, P=0.015), prior stroke (OR
=2.5,95% CI: 1.370-4.562, P=0.003), admission haemoglobin
(OR=0.979, 95% CI: 0.967-0.991, P=0.001), serum creatinine
(OR =1.020, 95% CI: 1.011-1.030, P<0.0001) and time from
injury to surgery (OR =1.109, 95% CI: 1.073-1.147,

P<0.0001) were found to be significantly associated with
POP. Then, a multivariate analysis model was implemented
to determine the independent predictive factors for POP.
Preoperative hypoalbuminaemia (OR =5.187, 95% CIL:
2.561-10.506, P<0.0001), COPD (OR =3.819, 95% CI:
1.247-11.701, P=0.019), prior stroke (OR =3.107, 95%
CI: 1.470-6.568, P=0.003) and time from injury to surgery
(OR =1.076, 95% CI: 1.034-1.119, P<0.0001) were main-
tained in the model after adjustment, indicating that they
were independent risk factors for POP. Patients with preopera-
tive hypoalbuminaemia were at 5.187 times greater risk of
POP than patients with normal preoperative albumin levels
(Table 3).

Discussion
In the current study, the incidence of POP after femoral
neck fracture surgery in the geriatric population was 7.5%.
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Table 3 Predictive Factors For POP Using Univariate And Multivariable Analyses
Variables Univariate Multivariable
OR (95% CI) P OR (95% CI) P
Age (years) 1.094(1.049-1.140) <0.0001 1.030(0.974-1.089) 0.304
Sex (female) 1.159(0.653-2.057) 0.614
BMI (kg/m?) 0.917(0.800-1.052) 0.217
History of smoking 2.240(1.172-4.282) 0.015 1.133(0.409-3.141) 0.810
COPD 6.714(3.327-13.548) <0.0001 3.819(1.247-11.701) 0.019
Type 2 diabetes 1.703(0.921-3.3149) 0.089 2.046(0.984—4.258) 0.055
Arrhythmia 1.485(0.833-2.645) 0.180
Coronary artery disease 1.175(0.674-2.047) 0.569
Hypertension 1.222(0.701-2.129) 0.479
Prior stroke 2.5(1.370-4.562) 0.003 3.107(1.470-6.568) 0.003
Hypoalbuminaemia 8.962(4.991-16.093) <0.0001 5.187(2.561-10.506) <0.0001
Hb 0.979(0.967-0.991) 0.001 0.989(0.972—1.005) 0.175
Cr 1.020(1.011-1.030) <0.0001 1.016(0.998-1.003) 0.075
BUN 1.030(0.946-1.112) 0.499
ALT 1.006(0.996—1.0016) 0.261
AST 0.984(0.953-1.017) 0.339
TBIL 0.988(0.961-1.016) 0.386
Surgical duration time 0.993(0.981-1.005) 0.240
Blood loss 1.000(0.997-1.002) 0.858
Time from injury to surgery 1.109(1.073—1.147) <0.0001 1.076(1.034-1.119) <0.0001
Surgical approaches 1.399(0.576-3.398) 0.347

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; Alb, albumin; Hb, haemoglobin; Cr, creatinine; BUN, blood urea nitrogen; AST,
glutamic oxaloacetic transaminase; ALT, glutamic pyruvic transaminase; TBIL, total bilirubin.

The rates of POP were significantly higher in the hypoal-
buminaemia group than in the normal serum albumin
group. In addition, patients with POP had significantly
longer hospital stays than patients without POP group.
The binary logistic regression analysis revealed that pre-
operative hypoalbuminaemia was independently asso-
ciated with a 5.187-fold increase in the rate of POP after
femoral neck fracture in the geriatric population. The pre-
sent study also demonstrated that COPD, prior stroke and
time from injury to surgery were predominant and inde-
pendent risk factors for POP after femoral neck fracture in
the geriatric population.

Our results showed that hypoalbuminaemia was an inde-
pendent risk factor for predicting POP after femoral neck
fracture surgery in the geriatric population. In this cohort,
hypoalbuminaemia was present in 17.36% of patients with
femoral neck fracture on admission to the hospital. The
incidence of hypoalbuminaemia observed in our cohort of
patients is similar to what Kamath A, et al*® reported in their
study. They examined 4551 consecutive patients admitted for
revision total knee arthroplasty and found hypoalbuminae-
mia in 16.1% of patients. Perioperative nutritional status is an
important factor correlated with postoperative outcomes,

and hypoalbuminaemia is a predictor of postoperative
morbidity.>! Previous studies have shown that nutritional
status plays an important role in inpatient recovery from
surgery and may be responsible for the incidence of perio-
perative morbidity after surgery.”> The serum albumin level
indicates nutritional status, is regarded as a negative acute-
phase protein and is produced in the liver at a level of 12-25
g/d; it is the most abundant blood plasma protein and has a
half-life of 20 days. The serum albumin concentration is
affected by multiple factors, including nutritional status,
liver failure, malignancy, surgical trauma, bacterial infection,
inflammation, acute and chronic comorbidities (e.g., dia-
betes) and other conditions."® In the present study, all our
patients experienced trauma. It is known that the stress
response to injury is a factor that contributes to low preo-
perative serum levels.”>** These low serum levels may
impair the ability of the immune system to fight infection.*

Our results are consistent with several previous studies that
researched the relationship between preoperative hypoalbumi-
naemia and POP. In the present study, the rates of POP were
much higher in the hypoalbuminaemia group than in the
normal serum albumin group. Several studies have indicated
that preoperative hypoalbuminaemia is a well-documented
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risk factor for postoperative complications in various types of
surgery.”’25 Kamath A et al* reported that hypoalbuminae-
mia was independently associated with an increased risk of
developing deep organ surgical-site infections, surgical-site
infections, urinary traction infections, pneumonia and sepsis
after revision total knee arthroplasty. Rungsakulkij N et al'>
reported that perioperative albumin was an important factor
associated with serious complications following pancreatico-
duodenectomy, include POP. This evidence was also sup-

ported by Munteanu A et al,*

who reported that serum
albumin levels, checked both before and after surgery, were
of great value in helping predict a series of postoperative
complications in gastric cancer surgery. Though their studies
were not focused on femoral neck fracture patients, their
results were quite similar to ours regarding preoperative
hypoalbuminaemia in predicting postoperative complications.

Measuring the level of serum albumin is still a simple
and standard method to assess protein energy malnutrition
in patients with hip fractures.?” Such information provides
significant prognostic information and can help identify
those who may benefit from nutritional supplements.?’
An increase in protein and energy intake prior to surgery
can prevent malnutrition, improve recovery from surgery,
reduce postoperative complications, shorten hospitaliza-
tion and decrease the incidence of postoperative morbidity

in patients after surgery.”® Espauella et al*’

reported in a
randomized, double-blinded placebo-controlled trial that
patients with hip fractures who had hypoalbuminaemia
and received nutritional supplementation had lower rates
of postoperative complications compared to the control

group. Similarly, Bohl D et al*°

reported that among
patients admitted for abdominal surgery in a multicentre
prospective cohort study, the total complication rate was
lower in the group that received nutritional supplementa-
tion than in the control group.

Hypoalbuminaemia has also been found to be an inde-
pendent predictor of prolonged hospital length of stay in
hip fracture patients.”” However, in our study, we did not
find a relationship between hypoalbuminaemia and the
length of hospital stay, which is not consistent with other
studies. This could be explained by the fact that malnutri-
tion is associated with lower immune responses, older age,
muscle wasting, poor cardiac-pulmonary function, and
cognitive and functional premorbid status. These comor-
bidities may further compound the effects of nutritional
status and postoperative outcomes. On the other hand, our
study is a small sample study, and if we expand the sample
size in future studies, we may have different results.

Despite this inconsistency, patients who were diagnosed
with POP had a longer hospital stays than patients without
POP. This increase in the length of stay is of momentous
clinical and economic importance, and this result is con-
sistent with two other studies of hip fracture and total joint
arthroplasty patients.'>** Older populations usually have
severe comorbidities, and they may be high-risk surgical
candidates.'® Consistent with previous reports, our study
also found that patients with POP had more comorbidities.
COPD and prior stroke were independent prognostic indi-
cators for POP in elderly patients with femoral neck frac-
tures. Previous studies have shown the advantage of
surgery within 48 hrs of injury, supporting the observation
that hip fracture surgeries within 48 hrs of admission have
better outcomes.>' Researchers have suggested that a pro-
longed time from injury to surgery is associated with an
increased incidence of pneumonia and other complications
after surgery for a femoral neck fracture.>? Similarly, our
study demonstrated a higher incidence of POP among
patients with femoral neck fractures who had longer
times from injury to surgery. The incidence of POP in
patients with longer times from injury to surgery was
1.076 times that of POP in patients with shorter times
from injury to surgery.

There are some limitations to our study. First, it was
conducted retrospectively at a single institution, which
may limit its applicability. Causality between clinical pre-
operative hypoalbuminaemia and POP risk cannot be
determined. Nonetheless, our analysis identified preopera-
tive hypoalbuminaemia as an indicator of high risk for
POP. Second, in the current study, the main endpoint was
the occurrence of POP, and other perioperative or post-
operative morbidities were not explored. Additionally,
there may be other risk factors affecting the development
of POP that we did not take into account during this
retrospective study. For example, this study lacks assess-
ment of patient cognitive and functional status, which also
affects the occurrence of POP. In addition, information
was collected only from the 30th postoperative day, poten-
tially missing cases of pneumonia that occurred after this
period. Third, we did not examine other markers of mal-
nutrition, such as total lymphocyte count, vitamin D
levels, prealbumin levels, or transferrin levels. Therefore,
malnutrition was only based on hypoalbuminaemia, which
could mean that the real prevalence of malnutrition was
underestimated in this study. In contrast, we focused on
only preoperative albumin levels, and we did not study
postoperative or dynamic changes in serum albumin
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during the perioperative period and their relationship with
POP. These factors should also be considered in future
research. Further, the number of patients included in the
current study was not large enough. Therefore, the present
findings require further validation by large scale, prospec-
tive, randomized, multicentre parallel control trials.

Conclusions

In conclusion, the current study revealed that among a
geriatric population admitted for femoral neck fracture sur-
gery, preoperative hypoalbuminaemia was the leading pre-
dictor of POP, followed by COPD, prior stroke and the time
from injury to surgery. In addition, patients with POP had
significantly longer hospital stays than patients without
POP. Thus, patients who undergo femoral neck fracture
surgery should have their serum albumin levels measured
routinely on admission, and individuals with preoperative
hypoalbuminaemia should receive increased monitoring
and intensive perioperative care. Further studies are needed
to assess whether nutritional support can decrease the risk
of POP in patients with hypoalbuminaemia.
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