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Abstract
Aim: The association between modified Glasgow prognostic score (mGPS) and prognosis in patients undergoing hip fracture surgery 
(HFS) has not been studied. Therefore, we aimed to evaluate the predictive value of mGPS in outcomes of patients undergoing HFS..
Material and Methods: A total of 301 adult patients aged ≥ 65 years, undergoing HFS were included in this retrospective study. The 
mGPS was scored according to C-reactive protein (CRP) and albumin levels at enrolment. Patients with both elevated CRP (>1 mg/dL) 
and hypoalbuminemia (<3.5 g/dL) are given mGPS of 2, patients with serum CRP ≤ 1 g/dL with or without hypoalbuminemia received 
scores of 0. Patients with only elevated CRP levels received mGPS of 1. Primary outcome of the study was major perioperative 
adverse medical events defined as cardiovascular and noncardiovascular complications.
Results: A total of 38 patients (12.6%) experienced perioperative adverse medical events. Compared to patients without perioperative 
complications, patients with adverse events were more likely to have higher mGPS levels prior to surgert. Multivariate analysis showed 
that higher mGPS at presentation was an independent predictor of perioperative adverse medical events in patients undergoing HFS. 
Conclusion: This is the first study which demonstrates that mGPS is a predictor of adverse events in patients with undergoing HFS.
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INTRODUCTION
There has been substantial growth in the number hip 
fracture surgeries (HFS) performed in the world over 
the last decades (1). Most of the patients undergoing 
HFS are elderly people who have various comorbidities 
resulting in several medical and surgical complications 
(2). Cardiopulmonary adverse events, pulmonary 
complications, gastrointestinal bleeding, and neurological 
alterations are the most common medical complications 
(3,4). These complications negatively impact outcomes, 
increase the length of stay and increase costs in HFS 
patients (3,4). Preoperative risk assessment has gained 
importance in recent years in patients undergoing HFS 
due to aging society. However, clinical and laboratory 
preoperative risk assessment of hip fracture patients is 
often complicated.

Since patients with hip fracture are older and have a 
high co-morbidity burden, malnutrition, inflammation, 
and immune dysfunction are expected to be common 
problems in these patients (5,6). Although malnutrition 
is associated with adverse outcomes in HFS patients, the 
significance of biomarkers of malnutrition or inflammation 
have not been well studied in HFS patients (7). The body 
mass index and serum albumin levels are often used as 
markers of malnutrition but previous data showed that 
they can be affected by many factors (8,9). To overcome 
these limitations, several objective nutritional indexes 
have been developed. The modified Glasgow prognostic 
score (mGPS) is based on serum albumin and C-reactive 
protein (CRP) concentrations which are measured as 
routine preoperative screening tests before HFS (10). 
Although Glasgow prognostic score was originally 
proposed to assess the risk in cancer patients undergoing 
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surgery, it has been used for predicting the outcome in 
other diseases like idiopathic pulmonary fibrosis, systemic 
lupus erythematosus, and inflammatory bowel diseases 
in recent years (11-14).

However, the importance of the assessment of 
immunonutritional status using mGPS in HFS patients 
remains unclear. Therefore, we aimed to evaluate the 
predictive value of mGPS for perioperative medical 
adverse events in patients with hip fracture.

MATERIAL and METHODS
This is a single center, retrospective, and observational 
study included all patients aged 65 years or older who 
underwent HFS (hemiarthroplasty, total hip arthroplasty, 
hip screw or femoral nail) between January 2017, and May 
2019 in our tertiary university hospital were eligible for the 
study.

Patients who had a hip fracture due to high-energy 
trauma such as traffic accident were excluded and only 
hip fracture patients due to low-energy trauma were 
included. Patients who were treated conservatively and 
patients with an American Society of Anesthesiologists 
(ASA) classification of 5 were not included in this study. 
Patients with chronic inflammatory diseases which may 
influence the status of mGPS were also excluded from the 
study. 

Data collection 
Patient demographic and clinical characteristics were 
obtained from patient medical records. Blood samples 
were obtained at admission to the hospital. Patients were 
classified into three groups according to mGPS; patients 
with both elevated CRP (>1 mg/dL) and hypoalbuminemia 
(<3.5 g/dL) were allocated a score of 2; patients with only 
CRP >1 mg/dL were allocated a score of 1; and patients 
with neither of these abnormalities were allocated a 
score of 0 (Table 1). The study was approved by local 
institutional review board. 

Table 1. Definition of modified Glasgow Prognostic Score

Description mGPS score

CRP ≤ 1g/dL and albumin ≥ 3.5 g/dL 0

CRP > 1g/dL (regardless of albumin level) 1

CRP > 1g/dL and albumin < 3.5 g/dL 2

Abbreviations: CRP; C-reactive protein, mGPS; modified Glasgow 
Prognostic Score
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Table 2. Comparison of patients who reached and did not reach the primary outcome

Without events (n = 263) With events (n = 38) p value

Gender (female) 195 (74.1) 28 (73.6) 0.356
Age, years 81.2±9.0 84.0±11.2 0.001
Body mass index, kg/m2 27 ±9.5 28 ±9.4 0.136
Smoking 52 (19.8) 11 (28.9) 0.081
Comorbidities
 Hypertension 190 (72.2) 28 (73.7) 0.653
 Diabetes mellitus 66 (25.1) 10 (26.3) 0.487
 Chronic kidney disease 22 (8.4) 2 (5.3) 0.432
 Coronary artery disease 60 (22.8) 8 (21.1) 0.165
 Cerebrovascular disease 16 (6.1) 2 (5.2) 0.365
 Chronic obstructive pulmonary disease 30 (11.4) 10 (26.3) 0.035
 Atrial fibrillation 70 (26.7) 18 (47.3) 0.001
Laboratory data
 Fasting blood glucose, mg/dl 99 (90 – 155) 98 (92 – 152) 0.165
 Serum creatinine, mg/dl 0.82 (0.7 – 1.0) 0.81 (0.7 – 1.1) 0.378
 Hemoglobin, g/dl 12.2 (12.2 – 14.3) 12. 7 (11.7 – 14.4) 0.652
 Albumin, g/dl 3.6±0.64 3.2±0.52 0.032
 C-reactive protein, mg/dL 2.2±3.1 4.5±5.4 0.004
ASA physical status 3.2±0.6 3.6±0.8 0.001
Modified Glasgow prognostic score 0.54 ± 0.63 1.12 ± 0.68 <0.001
Length of stay (days) 8.4 ± 9.3 11.4 ± 9.5 0.003

Abbreviation: ASA, American Society of Anesthesiologists.
Data are presented as median with the first and third quartile (Q1 – Q3), number (%) or mean±SD



Study Outcomes
Primary outcome of the study was in-hospital major 
perioperative adverse medical events including 
cardiovascular and noncardiovascular complications, 
and secondary outcome was length of postoperative 
stay in hospital. Cardiovascular complications were 
defined as acute heart failure, death due to cardiac 
reasons, cardiac arrest, pulmonary embolism, severe 
arrhythmias, acute coronary syndrome, and ischemic 
stroke. Noncardiovascular complications were defined as 
pneumonia, respiratory failure, acute kidney injury, wound 
infection, bacteremia, and bleeding. 

Statistical analysis
All analyses were performed using SPSS software ver. 
22.0 (IBM, Armonk, NY, USA). Multivariable analyses 
were performed to determine independent predictors 
of perioperative medical adverse events in patients 
undergoing HFS. The effectiveness of mGPS for predicting 
outcome was assessed by area under the receiver 
operating characteristic curves.

RESULTS
A total of 360 patients underwent HFS in our institution 
during the study period. Preoperative CRP and/or albumin 
measurements were missing in 23 patients and these 
patients were excluded. Twenty patients were excluded 
because they were younger than 65 years of age, 11 
patients were excluded due to concomitant diseases or 
use of immunosuppressive drugs, and 5 patients were 
excluded due to scored an ASA physical status 5 (Figure 
1). Therefore, the final study population consisted of 301 
patients (mean age 83.4±9.8 years, 74.1% female).

Figure 1. Flow chart of patients including exclusion criteria

A total of 38 patients (12.6%) experienced perioperative 
complications. Demographic, clinical, and laboratory 
characteristics of patients on admission who reached 
the endpoint relative to the rest of the cohort are shown 
in Table 2. Patients with perioperative complications were 
older, were more likely to be current smokers, had higher 
preoperative ASA scores, and had higher prevalence 

of chronic obstructive pulmonary disease and atrial 
fibrillation at presentation compared to patients without 
perioperative complications. Patients with events had 
lower albumin, but higher CRP levels than those without 
events. 

Postoperative length of stay was prolonged in patients 
who experienced perioperative complications (11.4 ± 9.5 
vs 8.4 ± 9.3 d, p = 0.003). Patients with higher mGPS were 
more likely to experience complications than the patients 
with lower mGPS levels (1.12 ± 0.68 vs. 0.54 ± 0.63, 
respectively; p< 0.001). 

Table 3. Multivariate analysis for the prediction of primary composite 
endpoint

Odds Ratio 95% Cl P

Age (per 1 y) 2.65 1.21-4.55 <0.01

ASA physical status 1.79 0.99-2.64 0.003

Modified Glasgow Prognostic Score 2.51 1.19-5.46 0.005

0 1 

1 2.32 1.25–4.87 0.01

2 3.76 2.11–5.55 <0.01

Abbreviation: ASA, American Society of Anesthesiologists

Predicting clinical outcome 
On univariate analyses, older age, higher ASA scores, 
presence of atrial fibrillation, higher CRP and mGPS but 
lower albumin levels at admission were significantly 
associated with perioperative adverse events. However, 
multivariate analyses showed that only age (OR: 2.65, 95% 
CI 1.21-4.55, p<0.01), ASA physical status (OR: 1.79; 95% CI, 
0.99 to 2.64; p= 0.03), mGPS 1 (OR: 2.32, 95% CI 1.25-4.87, 
p=0.01), mGPS 2 (OR: 3.76, 95% CI 2.11-5.55, p<0.01) were 
independently associated with adverse events (Table 3).

Figure 2. Receiver operating characteristic curves for mGPS in 
the prediction of perioperative medical complications following 
HFS. The area under the receiver operating characteristic curve 
(AUC) for mGPS was 0.719.
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After adjustment for other co-variables, mGPS remained 
a significant prognostic factor (p<0.001). The receiver 
operating characteristic curve analysis revealed that area 
under the curve of mGPS in prediction of postoperative 
complications was 0.719 (Figure 2).

DISCUSSION
To our knowledge, this is the first study to evaluate the 
predictive value of mGPS in HFS patients. Our study 
demonstrated that 12.6% of elderly patients who 
underwent HFS experienced perioperative medical 
adverse events and mGPS was an independent predictor 
of these complications. Patients with higher preoperative 
mGPS were at higher in-hospital risk of complications. 

Several studies have reported the utility of prognostic risk 
scores, biomarkers, and nutritional indices for predicting 
prognosis following HFS (15-17). Objective tools and 
indices assessing the immunonutritional condition such 
as mGPS, prognostic nutritional index (PNI), and geriatric 
nutritional risk index (GNRI) have been developed and 
used to predict outcome in patients with various diseases 
(18,19).

However, prevalence of malnutrition and prognostic 
value of immunonutritional indices have not been well 
investigated in patients undergoing HFS. Malafarina et 
al. reviewed 44 studies including 26,281 patients (20). 
The prevalence of malnutrition was renged from 18.7% to 
45.7% according to the different nutritional assessment 
tools (20). The authors found that whatever the method 
used for the diagnosis of malnutrition, it was associated 
with an increased mortality (20).

Approximately one-third of the patients with hip fracture 
experience an infective complication during their hospital 
stay (21). Since age-related immune dysfunction is 
one of the most important reasons of these infections, 
preoperative analysis of immunological status before 
HFS is crucial. In a recent prospective study, Ren and 
colleagues examined the relationship between the CRP/ 
PNI ratio and 1-year mortality in 80 elderly patients 
undergoing HFS (22). They showed that CRP/PNI was an 
important predictor of one-year mortality in HFS patients 
(22).

Glasgow Prognostic Score and mGPS have been used 
for predicting outcome of patients undergoing surgery 
for various tumors (23,24). However, the associations 
between mGPS and prognosis in HFS patients have 
never been studied. Since the mGPS reflects both the 
inflammatory and the nutritional status, it is assumed to 
be a predictor of outcomes in HFS in our study. Our results 
suggest that the addition of mGPS provided incremental 
prognostic value, and patients who had concomitant 
elevations of preoperative ASA physical status and mGPS 
were at high risk for complications. These results suggest 
that, mGPS could act as a tool to offer early identification 
of adverse events in patients following HFS. 

Study limitations
This study was performed at single center. The mGPS was 
measured at a single time point and the changes in mGPS 
were not examined. The current study examined in-hospital 
perioperative complications and the relationship between 
mGPS and long-term outcome was not investigated.

CONCLUSION
In this pilot study, we provide first evidence that mGPS 
may become a novel biomarker for the risk stratification 
of HFS patients. Screening of immunonutritional status 
using mGPS may be helpful for the risk stratification of 
HFS patients. Larger prospective studies are needed to 
confirm these preliminary results.
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