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Background: Pulmonary infection is one of the most common postoperative complications 
after radical gastrectomy for gastric cancer (GC) and is associated with a poorer prognosis. 
This study aimed to investigate potential predictive factors for pulmonary infection in elderly 
GC patients.
Methods: This study retrospectively enrolled 346 elderly GC patients undergoing elective 
radical gastrectomy between January 2017 and December 2020. Pulmonary infection within 
postoperative 30 days was set as the primary observational endpoint. The baseline demo-
graphic, clinicopathological, and laboratory data were compared between patients with or 
without pulmonary infection. ROC curves were plotted to evaluate the cut-off and predictive 
values of factors. Binary univariate and multivariate logistic regression analyses were 
employed to determine risk factors for postoperative pulmonary infection.
Results: Of the enrolled 346 patients, pulmonary infection was observed in 51 patients 
within postoperative 30 days, with an incidence of 14.7%. mFI was a significant predictor for 
pulmonary infection by ROC curve analysis (AUC: 0.770, P < 0.001). Moreover, preopera-
tive mFI was the only independent risk factor for pulmonary infection (OR: 2.72, 95% CI: 
2.02–3.31, P = 0.011) by univariate and multivariate logistic regression analyses.
Conclusion: Our study indicates that mFI independently predicts pulmonary infection in 
elderly GC patients.
Keywords: gastric cancer, elderly, radical gastrectomy, postoperative pulmonary infection, 
modified frailty index

Introduction
The incidence of gastric cancer (GC) is gradually decreasing worldwide; however, 
it is relatively high in Asia.1 In China, the incidence and mortality of GC both rank 
third among all the malignancies.2 Until now, surgical resection is the mainstay 
treatment and only curative modality for GC.3 The high incidence of postoperative 
complications after radical resection is a major contributor to the poor prognosis,4 

with an estimated incidence ranging from 12.0%5 to 34.4%.6 Pulmonary infection is 
one of the most common postoperative complications after radical gastrectomy, and 
it is associated with a prolonged hospital stay, and increased morbidity and mor-
tality rates.7,8 Thus, it is essential to determine risk factors associated with pulmon-
ary infection in elderly GC patients.
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Frailty is widely recognized as an impaired physical 
response to stress and it is highly prevalent with increas-
ing age.9 Moreover, frailty is associated with increased 
vulnerability to adverse health outcomes after surgical 
conditions, including prolonged hospitalization and 
increased mortality.10 Until now, no consensus for the 
definition of frailty has been made. The definitions of 
frailty varied in different studies, as synonymous with 
advanced old age,11 comorbidity,12 or disability.13 

Increasingly, frailty is widely recognized as a biologic 
syndrome of cumulative declines of multiple physiologic 
systems, resulting in decreased energy reserve, cogni-
tion, physical ability, resistance to stressors, and 
increased vulnerability to adverse outcomes.14,15 As 
reported by previous studies, frailty is defined as 
a clinically state of increased vulnerability, which is 
induced by aging–associated decline in function and 
reserve across multiple physiologic systems.16 Fried 
et al defined frailty as a condition meeting 3 of the 5 
phenotypic criteria including unintentional weight loss, 
exhaustion, low physical activity, slowness, and 
weakness.10 However, the modified frailty index (mFI) 
containing 11 variables based on National Surgical 
Quality Improvement (NSQIP) is one of the most com-
monly used measurements.17 Recently, mFI has attracted 
a lot of attention due to the gradually increasing aging 
population. Previous studies have indicated mFI as 
a predictor for morbidity and mortality among various 
surgical cohorts.18 In addition, a recent study by 
McChesney et al identified that mFI could predict post-
operative outcomes in patients undergoing radical pelvic 
surgery.19 Moreover, mFI was also an effective predictor 
of mortality in patients with brain tumor20 and readmis-
sion after colorectal surgery for high-risk patients.21 

However, the correlation between pulmonary infection 
and mFI remains unknown. This study was designed to 
investigate the predictive value of mFI for pulmonary 
infection in elderly GC subjects undergoing radical gas-
trectomy. This study focused on the association between 
frailty and pulmonary infection. Our results highlighted 
mFI as an independent risk factor for pulmonary infec-
tion in elderly GC patients. A recent single-center pro-
spective cohort study by Aceto et al22 identified the 
predictive power of mFI for postoperative pulmonary 
complications in elderly subjects after major abdominal 
surgery, which was quite in accordance with our results. 
Collectively, our results provide a potential useful pre-
dictor for pulmonary infection in elderly.

Materials and Methods
Patients
This was a retrospective cohort study carried out at the 
Department of anesthesiology, Taizhou People’s Hospital 
with the approval of the ethics committee of our hospital. 
Elderly GC patients who were scheduled for elective radical 
gastrectomy were consecutively enrolled between 
January 2017 and December 2020. The inclusion criteria 
were as follows: 1) age between 65 and 85 years; 2) 
American Society of Anesthesiologists (ASA) grade II and 
III; 3) resectable GC with pathological support; 4) with 
a follow–up for at least postoperative 30 days; 5) with com-
plete clinicopathologic data. The exclusion criteria were as 
follows: 1) with other malignancies, or distant metastasis; 2) 
with preoperative chemoradiotherapy; 3) combined abdom-
inal and thoracic surgery; 4) underwent emergency surgeries 
due to complications; 5) lost to follow up. All the enrolled 
patients should provide signed informed consent.

Clinical Data Collection
All the enrolled patients underwent the same perioperative 
management by the same surgical and anesthetic group. 
Abdominal computed tomography (CT), gastroscope, X– 
ray or CT of the chest, and laboratory examination were 
routinely performed for patients prior to surgery. The 
gastrectomy and lymphadenectomy were performed 
based on the Japanese gastric cancer treatment 
guidelines.23 Enrolled patients received second- 
generation cephalosporin for 3–5 days as peri-operative 
prophylactic antibiotic treatment.

Data were collected as follows: 1) baseline demo-
graphic data, including age, gender, body mass index 
(BMI), American Society of Anaesthesiologists (ASA) 
physical status, smoking status; 2) clinicopathological 
data, including the extent of gastrectomy, surgical 
approach, the extent of lymph node dissection, duration 
of operation, estimated blood loss, histopathological 
grade, pathological stage, intra-operative blood transfu-
sion, intensive care unit (ICU) admission, neutrophil–lym-
phocyte ratio (NLR), controlling nutrition status 
(CONUT), and mFI; 3) laboratory data, including hemo-
globin, white blood cell, albumin, creatinine, urea, C– 
reactive protein (CRP), and tumor necrosis factor (TNF– 
α). The histopathological grade and pathological stage 
were defined according to the 7th edition of the 
International Union Against Cancer (UICC) TNM classi-
fication. Laboratory examinations were performed using 
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the obtained peripheral venous blood samples on the 
surgery day. As described by previous study,24 CONUT 
was calculated using serum albumin, lymphocyte, and 
total cholesterol level. In addition, the cut–off value of 
CONUT was set at 3 based on the previous report.24

Definitions and Outcomes
According to previous report,25 mFI was evaluated using 
11 preoperative items, including diabetes mellitus, conges-
tive heart failure, hypertension requiring medication, tran-
sient ischemic attack or cerebrovascular accident, 
Functional status 2 (not independent), myocardial infarc-
tion, peripheral vascular disease or rest pain, cerebrovas-
cular accident with neurological deficit, chronic 
obstructive pulmonary disease (COPD) or pneumonia, 
percutaneous coronary intervention (PCI), prior cardiac 
surgery, or angina, and impaired sensorium. One positive 
point was assigned for each of the 11 items (with the 
presence or history), and mFI was calculated by dividing 
positive points by 11. The primary observational endpoint 
was set as the development of pulmonary infection within 
postoperative 30 days. As described by previous reports, 
postoperative pulmonary infection was defined based on 
new or progressive radiographic infiltrate, bacterial spu-
tum cultures, plus two or more of the following: antibiotic 
treatment, temperature >38°C, leukocytosis (WBC > 12 
x109/L) or leucopenia (WBC count <4 x109/L), and/or 
purulent secretions.26,27 Enrolled patients were categorized 
into pulmonary infection and non–pulmonary infection 
groups, based on the presence of pulmonary infection 
within postoperative 30 days.

Statistical Analysis
The statistical analysis was conducted using SPSS 22.0 
(SPSS Inc., Chicago, IL, USA) and GraphPad Prism 8.0 
(GraphPad Inc., CA, USA). Continuous variables are 
expressed as mean with standard deviations (SD), while 
numerous variables as number (n) with percentage. Chi– 
square test, Fisher exact, Student’s t–test, and Mann 
Whitney U–test were used for data analyses as appropri-
ate. ROC curves were plotted to evaluate the cut–off and 
predictive values of factors. Binary univariate and multi-
variate logistic regression analyses were employed to 
determine risk factors for postoperative pulmonary infec-
tion using the “Enter” method. Multicollinearity analysis 
was performed among potential risk factors in the logistic 
regression model. A two–sided P value <0.05 was consid-
ered statistically significant.

Results
As showcased in Figures 1, 405 elderly GC patients were 
initially enrolled according to our inclusion criteria. 
Thereafter, 59 were excluded following exclusion criteria 
and a total of 346 patients were finally included in data 
analysis. The mean age of all the patients was calculated to 
be 73.7 years and the majority of patients were males 
(67.9%, 235/346). Of the enrolled 346 patients, pulmonary 
infection was observed in 51 patients within postoperative 
30 days, with an incidence of 14.7% (51/346). The demo-
graphics and clinical characteristics associated with pul-
monary infection are summarized in Table 1. No 
significant differences between patients with or without 
postoperative pulmonary infection were observed in 
terms of gender, BMI, type of operation, reconstruction 
method, oesophageal reflux, extent of lymph node dissec-
tion, estimated blood loss, histopathological grade, patho-
logical stage, and ICU admission (P > 0.05). Patients with 
an older age (P = 0.002), higher ASA physical status (P = 
0.017), longer duration of operation (P = 0.014), and 
higher CONUT score (P = 0.023) were more likely to 
develop pulmonary infection after surgery. Moreover, 
patients with the presence of current smoking habits (P = 
0.039), intra-operative blood transfusion (P = 0.020), and 
operation via laparotomy (P = 0.016) were significantly 
more susceptible to pulmonary infection. Besides, patients 
who developed pulmonary infection showed a significantly 
higher percentage of high mFI level (≥0.225) when com-
paring with those without pulmonary infection (P < 0.001). 
In addition, the most common positive items in mFI were 
diabetes mellitus and hypertension (see Figure 2).

Laboratory data associated with pulmonary infection 
are displayed in Table 2. Patients with higher preoperative 
CRP (P = 0.012) and lower albumin levels (P = 0.016) 
were also associated with increased risks of pulmonary 
infection. There was no significant difference between 
the two groups concerning hemoglobin, white blood cell, 
creatinine, urea, and TNF–α (P > 0.05).

To assess the predictive values of continuous variables 
for pulmonary infection, we generated ROC curves. As 
layout in Figure 3, age (AUC: 0.611, P = 0.0012), mFI 
(AUC: 0.770, P < 0.001), and CRP (AUC: 0.594, P = 
0.032) were three predictors for pulmonary infection. 
Based on the cut–off values calculated by ROC curves, 
the five continuous variables were categorized into high 
and low expression groups. Subsequently, potential risk 
factors (P < 0.05 in Tables 1 and 2) were enrolled into 
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the univariate logistic regression models. As shown by the 
forest plot in Figure 4, age (≥73.5 years), ASA grade III, 
current smoking habit, mFI (≥0.225), and CRP (≥8.0 mg/ 
L) were six potential risk factors for pulmonary infection. 
These five factors with P < 0.05 in univariate analysis 
were further included in the multivariate analysis. The 
results indicated that preoperative mFI (≥0.225) was the 
only independent risk factor for pulmonary infection (OR: 
2.72, 95% CI: 2.02–3.31, P = 0.011, see Figure 5).

Discussion
In this retrospective study including 346 elderly GC 
patients who underwent radical gastrectomy, the incidence 
of postoperative pulmonary infection was 14.7%, which 
was quite similar to the 13.4% by previously published 
report.28 Patients who suffered from pulmonary infection 
were associated with a higher rate of intensive care and 
mortality, and longer hospital stay than those without 
pulmonary infection. Considering the adverse impact of 

Figure 1 The flow chart. 
Abbreviation: GC, gastric cancer.
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Table 1 Demographics and Clinical Characteristics Associated with Pulmonary Infection in Elderly GC Patients After Radical 
Gastrectomy

Variables Pulmonary Infection P-value

Yes (n = 51) No (n = 295)

Age (year) 75.1±3.8 73.5±3.2 0.002*

Gender, n (%) – – 0.443

Male 37 (72.5) 198 (67.1) –

Female 14 (27.5) 97 (32.9) –

BMI (kg/m2) 22.2±2.1 21.9±2.0 0.327

ASA physical status, n (%) – – 0.017*

II 22 (43.1) 180 (61.0) –

III 29 (56.9) 115 (39.0) –

Current smoker, n (%) 17 (33.3) 60 (20.3) 0.039*

Type of operation, n (%) – – 0.891

Total gastrectomy 13 (25.5) 64 (21.7) –

Proximal gastrectomy 6(11.8) 38(12.9) –

Distal gastrectomy 26(51.0) 149(50.5) –

Pylorus–preserving gastrectomy 6(11.8) 44(14.9) –

Reconstruction method, n (%) – – 0.655

Billroth I 16(31.4) 93(31.5) –

Billroth II 6(11.8) 20(6.8) –

Roux–en–Y 17(33.3) 109(36.9) –

Gastroesophageal 12(23.5) 73(24.7) –

Surgical approach, n (%) – – 0.016*

Laparotomy 16 (31.4) 50 (16.9) –

Laparoscopic 35 (68.6) 245 (83.1) –

Extent of lymph node dissection, n (%) – – 0.469

≥D2 27 (52.9) 140 (47.5) –

<D2 24 (47.1) 155 (52.5) –

Duration of operation (min) 228.3±37.1 215.6±33.5 0.014*

Estimated blood loss (mL) 420.1±144.8 406.9±152.5 0.566

Histopathological grade, n (%) – – 0.793

G1–2 31 (60.8) 206 (69.8) –

G3–4 20 (39.2) 89 (30.2) –

Pathological stage, n (%) – – 0.597

I/II 30 (58.8) 185 (62.7) –

III/IV 21 (41.2) 110 (37.3) –

Intra–operative blood transfusion, n (%) – – 0.020*

Yes 11 (21.6) 30 (10.2) –

No 40 (78.4) 265 (89.8) –

Duration of prophylactic antibiotics (d) 3.6±0.4 3.5±0.4 0.100

ICU admission, n (%) – – 0.280

Yes 22 (43.1) 104 (35.3) –

No 29 (56.9) 191 (64.7) –

Oesophageal reflux, n (%) 7(13.7) 30(10.2) 0.448

NLR 2.57±0.48 2.46±0.51 0.152

CONUT score, n (%) – – 0.023*

< 4 43(84.3) 276(93.6) –

≥3 8(15.7) 19(6.4) –

mFI score, n (%) – – <0.001

≥0.225 20(39.2) 33(11.2) –

< 0.225 31(60.8) 262(88.8) –

Note: *P value <0.05 by Chi-square test, t-test or Mann Whitney U-test. 
Abbreviations: GC, gastric cancer; ASA, American Society of Anesthesiologists; BMI, body mass index; ICU, intensive care unit; NLR, neutrophil–lymphocyte ratio; 
CONUT, controlling nutrition status; mFI, modified frailty index.
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pulmonary infection on post-operative recovery, periopera-
tive management to decrease the incidence was strongly 
recommended. Although some previous studies have 
determined the incidence and risk factors for pulmonary 
infection, these findings were usually with limited patient 
sample sizes and variables, which may significantly affect 
the adequate accuracy. In our multivariate logistic analy-
sis, mFI was firstly identified as the independent risk factor 
for postoperative pulmonary infection in elderly GC 
patients undergoing radical gastrectomy.

Recently, it has been noted that mFI containing 11 
items is one of the most common tools to evaluate frailty 
and mFI can predict postoperative morbidity and 
mortality.17,25 Studies have indicated that those patients 
with higher mFI are accompanied by significantly 
increased postoperative complications and mortality.29 

Additionally, mFI containing 11 items can be used to 
predict postoperative complications and mortality in ICU 
patients after colectomy.30

Recently, a study by Osaki et al reveals that mFI can 
predict non-home discharge in elderly GC patients after 
gastrectomy.31 Until now, many studies have supported 

mFI as a predictor for postoperative short-term outcomes 
in patients who underwent vascular,32 abdominal,33 head 
and neck surgery.34 Nevertheless, mFI could be at least 
a useful adjunct to predict pulmonary infection in elderly 
GC patients undergoing radical gastrectomy. Without 
a doubt, major abdominal surgery is a great challenge for 
the physiological reserve of elderly patients21 and the 
result that higher mFI correlate with increased risk of 
pulmonary infection is not surprising. In recent years, the 
predictive role of mFI for postoperative complications has 
attracted a lot of attention.35 A recent study by Chen et al 
has revealed mFI as a promising predictor for both post-
operative delirium and delayed neurocognitive recovery in 
elderly subjects after elective total joint arthroplasty.36 

This present study also provided insight into the associa-
tion between mFI and postoperative complications in 
elderly GC patients, which was in agreement with other 

Figure 2 Percentage of positive items of mFI in total patients. 
Abbreviations: mFI, modified frailty index; COPD, chronic obstructive pulmonary 
disease; PCI, percutaneous coronary intervention.

Table 2 Preoperative Laboratory Variables Associated with 
Pulmonary Infection in Elderly GC Patients After Radical 
Gastrectomy

Variables Pulmonary Infection P-value

Yes  
(n = 51)

No  
(n = 295)

Hemoglobin (g/dL) – – 0.595

≥11.0 33 (64.7) 202 (68.5) –
<11.0 18 (35.3) 93 (31.5) –

White blood cell (×109/L) – – 0.230

4–10 40 (78.4) 251 (85.1) –
<4 or >10 11 (21.6) 44 (14.9) –

Albumin (mg/dL) – – 0.016*

≥35.0 39 (76.5) 262 (88.8) –
<35.0 12 (23.5) 33 (11.2) –

Creatinine (µmol/L) – – 0.418

<133.0 48 (94.1) 285 (96.6) –
≥133.0 3 (5.9) 10 (3.4) –

Urea (mmol/L) – – 0.599

<7.1 41 (80.4) 246 (83.4) –
≥7.1 10 (19.6) 49 (16.6) –

CRP (mg/L) – – 0.012*

<8.0 40 (78.4) 267 (90.5) –
≥8.0 11 (21.6) 28 (9.5) –

TNF–α (pg/mL) – – 0.395

<8.1 45 (88.2) 271 (91.9) –
≥8.1 6 (11.8) 24 (8.1) –

Note: *P value<0.05 by Chi-square test, or Fisher exact test. 
Abbreviations: GC, gastric cancer; CRP, C-reactive protein; TNF-α, tumor necro-
sis factor-α.
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prior studies.37 The frailty is associated with impaired 
organ functions of the body, decreased ability of the 
immune system to protect organism against infections.38 

In addition, diabetes mellitus is an important contributor to 

the 11–item mFI and it is clearly associated with the 
increased susceptibility to infection due to various physio-
pathologic mechanisms.39,40 These might be possible 
explanations for the predictive role of mFI for 

Figure 4 Forest plot of the univariate logistic regression analysis for pulmonary infection. 
Abbreviations: ASA, American Society of Anesthesiologists; NLR, neutrophil–lymphocyte ratio; CONUT, controlling nutrition status; mFI, modified frailty index; CRP, 
C-reactive protein; OR, odds ratio; CI, confidence interval.

Figure 3 Predictive values of factors for pulmonary infection in elderly GC patients by ROC curve analysis. (A) age; (B) duration of operation; (C) mFI; (D) albumin; and (E) 
CRP. 
Abbreviations: GC, gastric cancer; ROC, receiver operating characteristic; mFI, modified frailty index; AUC, area under the curve; CRP, C-reactive protein.
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postoperative pulmonary infection. The most common 
positive item of mFI in this study was diabetes mellitus. 
Diabetes is recognized as a well–established risk factor for 
infection in the general population,41 due to impaired 
immunity, antioxidant systems, and increased susceptibil-
ity to bacterial infections.39 In addition, another common 
item, preexisting COPD, was significantly associated with 
a greater risk of incident pneumonia in the elderly.42 These 
results also provided possible explanations for the role of 
mFI in postoperative pulmonary infection.

This study has some limitations to declare. First, this was 
a single-center study, and its retrospective nature was asso-
ciated with some bias. For example, the inclusion of patients 
with other age ranges or immunosuppressive status after pre-
operative chemoradiotherapy may possibly affect the results. 
Moreover, dividing the total patients into development and 
validation groups may minimize the adverse impact of retro-
spective study and improve the generalizability of the conclu-
sions. Second, the sample size was relatively small and a larger 
multi–center trial is required to verify our conclusion. It is also 
needed to use data from other centers to validate the conclu-
sion. Third, the underlying involved mechanisms remain 
unclear. Moreover, whether other tools for measuring frailty 
will lead to the same conclusions remain unclear.

In conclusion, our study indicated that mFI was an 
independent risk factor for pulmonary infection in elderly 
GC patients. Moreover, preoperative mFI assessment has 
the potential to stratify risks and prevent complications. 
Those patients with higher mFI levels deserved more 
attention including strict monitoring and timely interven-
tion strategies. In addition, preoperative aggressive con-
trols of some comorbidities (positive items of mFI) may 
possibly be helpful for pulmonary infection prevention.

Data Sharing Statement
Please contact the corresponding author for data requests.

Ethics Approval and Consent to 
Participate
This study was conducted in accordance with the 
Declaration of Helsinki. All patients included were 
required to offer written informed consent.

Funding
There is no funding to report.

Disclosure
The authors report no conflicts of interest in this work.

Figure 5 Forest plot of the multivariate logistic regression analysis for pulmonary infection. 
Abbreviations: ASA, American Society of Anesthesiologists; mFI, modified frailty index; CRP, C-reactive protein; OR, odds ratio; CI, confidence interval.
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