
O R I G I N A L  R E S E A R C H

The Electronic Frailty Index is Associated with 
Increased Infection and All-Cause Mortality 
Among Older Patients with Primary Lung Cancer: 
A Cohort Study

Yanjiao Shen1,* 
Yuting Wang2,* 
Qingyang Shi1 

Lisha Hou3 

Xiaoyan Chen4 

Birong Dong3 

Qiukui Hao3,5

1Department of Guideline and Rapid 
Recommendation, Cochrane China 
Centre, MAGIC China Centre, Chinese 
Evidence-Based Medicine Centre, West 
China Hospital, Sichuan University, 
Chengdu, Sichuan, People’s Republic of 
China; 2Department of Health Research 
Methods, Evidence and Impact, McMaster 
University, Hamilton, Canada; 3The 
Center of Gerontology and Geriatrics/ 
National Clinical Research Center of 
Geriatrics, West China Hospital, Sichuan 
University, Chengdu, Sichuan, People’s 
Republic of China; 4Zigong Mental Health 
Center, Zigong, Sichuan, People’s 
Republic of China; 5School of 
Rehabilitation Science, McMaster 
University, Hamilton, Ontario, Canada  

*These authors contributed equally to 
this work  

Introduction: To assess whether the electronic frailty index (eFI) is independently asso-
ciated with all-cause mortality and chemotherapy adverse reactions among older Chinese 
patients with lung cancer.
Methods: This is a retrospective, single-institution, chart review, and not a prospective 
cohort study. All patients ≥60 years with primary lung cancer in the West China Hospital 
from 2010 to 2017 were included in this cohort. The eFI was established using 35 frailty- 
related variables in the electronic medical record (EMR) system and was cut by a value of 
0.2 to classify the patients into frail (eFI ≥0.2) and robust/non-frail groups (eFI<0.2). The 
long-term outcome was all-cause mortality identified by government databases and telephone 
interviews. Short-term outcomes were any infection, bone suppression, chemotherapy dis-
continuation, impaired liver function, any gastrointestinal reactions and length of hospitali-
zation. An inverse probability weighting method was used to eliminate the potential 
confounders. An adjusted Kaplan–Meier estimator and a weighted Cox model were used 
to calculate the survival and hazard ratio. A weighted logistic model was used to calculate the 
odds of short-term outcomes.
Results: A total of 997 patients were included in this study with a median follow-up of 34 
months. Compared with non-frail patients, frail patients had an increased risk of mortality 
and shortened overall survival (hazard ratio [HR] of mortality, 1.29; 95% confidence interval 
[CI], 1.05 to 1.60; adjusted restricted mean survival time [aRMST] difference, −5.68 months; 
95% CI, −10.15 to −1.21 months). For short-term outcomes, frail patients had increased odds 
of infection compared to non-frail patients (odds ratio, 1.83; 95% CI, 1.09 to 3.06). No other 
outcome showed a significant result.
Conclusion: This study of older Chinese patients with primary lung cancer suggests that 
eFI-based frail patients had worse prognoses with increased risk of all-cause mortality and 
shortened survival times.
Keywords: electronic frailty index, all-cause mortality, lung cancer

Introduction
Lung cancer is one of the most common causes of cancer-related deaths1–3 and is 
frequently treated with chemotherapy. Currently, most of the pre-chemotherapy assess-
ments are based on clinicians’ empirical judgments. Both tumor-related factors such as 
clinical staging and host-related factors such as sarcopenia or overall health status are 
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known to influence lung cancer prognosis.3–5 A study of older 
patients with non-small cell lung cancer suggested that com-
prehensive geriatric assessment (CGA) could help improve the 
therapeutic management of older lung cancer patients.6

Frailty is a state of being most commonly observed that 
increases in prevalence with age in which the physiological 
reserves and stress responses of an individual’s body are 
severely diminished such that the affected individual is 
more vulnerable to harm.7 Frail individuals are at a higher 
risk of negative events such as falls, delirium, disability, 
admission to a long-term care facility, and death.7–11 

Approximately 11% of adults over the age of 65 and 25– 
50% of adults over 85 are considered to be frail in high- 
income countries.12 The frailty index (FI) is the ratio of 
health defects present in the older patients to all measured 
variables based on the deficits accumulation theory,13–17 

including symptoms, clinical findings, or laboratory test 
results.16 FI scores are generally defined by enumerating 
the number of deficits in a given individual and dividing by 
the total possible number to yield a score from 0–1, with 
higher scores corresponding to a greater degree of frailty.15,16 

FI scores based upon laboratory test results (FI-LAB) and 
electronic FI (eFI) scores have both been shown to be pre-
dictive of a number of long-term negative outcomes includ-
ing hospitalization, admission to a long-term care facility, 
and death.11,18–20 We strive for everyone to receive optimal 
quality of care, we strive to identify frailty to improve prog-
nostication and individualization of treatment strategy.7,21–23

Previous studies found that the eFI was associated with 
increased risk of adverse outcomes in community-dwelling 
older people19 and in patients with disease such as hip 
fractures24 or heart failure.25 Our team conducted a cohort 
study and found that the frailty index based on routine 
laboratory data can predict the risk of mortality and other 
adverse clinical events in patients with lung cancer.20 The 
role of the frailty index-based on electronic medical record in 
predicting mortality and chemotherapy-related adverse 
events in the older Chinese population is not well understood. 
We used a previous established cohort with a longer follow 
up to evaluate the relationship between eFI-based frailty 
determination and all-cause mortality and other adverse 
events in older Chinese patients with lung cancer.

Methods
Data Source and Study Population
The study was conducted using data from the electronic 
medical record (EMR) system in the West China Hospital 

from 2010 to 2017. The analysis is based on the same 
dataset of a paper published in this journal by the same 
research group.20 The data were extracted independently 
and cross-checked by two investigators. We included the 
patients if they 1) were diagnosed with primary lung 
cancer, 2) underwent chemotherapy, and 3) were aged 
≥60 years at the diagnosis of lung cancer. We excluded 
the patients if 1) the diagnosis date of lung cancer was 
unclear or missing, 2) the discharge diagnoses of adverse 
events of interest were unclear or missing, 3) the eFI- 
related variables were incomplete. The verbal informed 
consent was approved by the Ethics Review Committee 
of West China Hospital (No.2018-94), and that this study 
was conducted in accordance with the Declaration of 
Helsinki.

Electronic Frailty Index
The eFI values were calculated based upon an internation-
ally established cumulative deficit model that can be used 
to measure baseline frailty status in a given patient,16 we 
selected 35 health-related variables with 10 domains from 
the EMR, including cardiovascular diseases (3 variables), 
respiratory diseases (3 variables), digestive diseases (3 
variables), endocrine diseases (3 variables), urinary dis-
eases (2 variables), nervous diseases (1 variables), immune 
diseases (1 variable), osteoarthritis (1 variable), symptoms 
(11 variables), general information (6 variables) and signs 
(1 variable) (see details in Appendix Table 1).

Each variable was defined with the binary indicators 0 
and 1 for normal and abnormal or no and yes, respectively. 
The final eFI was defined as the sum of indicator 1 divided 
by the total number of eFI variables. For example, the 
number of indicator 1 variables was 10 and the number 
of total eFI was 35, the final eFI was calculated as 10/35 or 
0.29. The range of the eFI was 0 to 1, with higher eFI 
values indicating higher degrees of frailty. We followed 
previous studies in the classification of frail and non-frail 
/robust patients using a cutoff of 0.2.3,26

Time Zero and Follow-Up
Patient mortality information was initially obtained from 
a local government mortality database on 1 April 2018. 
From March 1, 2019 to March 7, 2019, three trained 
research assistants then conducted telephone-based follow- 
up (interviews) to assess patients’ survival status and got 
the time of death for all survivors identified in above- 
mentioned mortality database. Time zero of this cohort 
study was set as the date of lung cancer diagnosis. 
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Patients were followed from time zero to the administra-
tive end of follow-up (March 1, 2019) or death, whichever 
came first. All death-free patients that were not followed 
until the administrative end were labeled as censoring.

Outcomes
The primary outcome of interest was time to death (also 
referred to as survival time). We used hazard of death and 
restricted mean survival time to measure this outcome. The 
identification of death was assessed by three well-trained 
researchers via telephone interviews. The secondary out-
comes were all short-term outcomes, including infection 
(both bacterial and fungal infection), bone suppression (leu-
copenia (<3.5*109/L), neutropenia (<1.8*109/L), thrombo-
cytopenia (<100*109/L), decreased hemoglobin (≤110g/L), 
chemotherapy discontinuation, impaired liver function 
(abnormal transaminase, alanine aminotransferase [ALT ≥ 
50 IU/L], aspartate aminotransferase [AST ≥ 40 IU/L]), 
gastrointestinal reactions, and length of hospitalization.

Covariates
We identified a series of covariates that were potentially 
associated with both the frailty index and death or other 
outcomes. We sequentially adjusted the covariates by three 
models: 1) model 1 adjusted for age and sex. 2) model 2 
further adjusted for smoking, alcohol intake, and BMI, 
and 3) model 3 further adjusted for invasive examination, 
histology, clinical stage, metastasis, regimen of chemother-
apy, and radiotherapy.

Statistical Analyses
We described the study population using mean and stan-
dard deviation for normally distributed continuous vari-
ables or median and interquartile for non-normally 
distributed continuous variables, and number and percen-
tage for binary variables. The t-test, chi-square test, and 
Mann–Whitney U-tests were used, where appropriate, for 
analyzing between-group differences. We classified 
patients with eFI < 0.2 as non-frail patients and as the 
reference group.3,26 The effect of eFI was defined as the 
effect of frail patients compared with that of non-frail 
patients.

We used the inverse probability weighting (IPW) 
method for the confounders.27,28 Multinomial logistic 
regressions were used to generate the probability of pro-
pensity of the groups, and then distribution comparisons 
were used to check the balance of covariates between the 
groups. The entropy balance method was used to handle 

the IPW of continuous eFI. For all-cause mortality, we 
used the IPW Cox model and the IPW restricted mean 
survival time (RMST) difference to measure the effect. We 
used the adjusted Kaplan–Meier estimator and drew the 
survival curve. For short-term outcomes, we used logistic 
regression to model the odds and quantile regression to 
model the length of hospitalization, along with the IPW 
adjustment. In addition, we modeled the effect of per unit 
and per 1 SD eFI instead of the categorized eFI groups to 
test the robustness. All analyses were done using R 4.0.5. 
We used a threshold two-sided P value of 0.05 to define 
statistical significance.

Results
Baseline Characteristics
We identified a total of 1263 lung cancer patients ≥60 
years who had undergone chemotherapy between 2010 
and 2017. Among them, 165 cases were excluded because 
of incomplete medical records and 101 cases because the 
date of diagnosis of lung cancer was unknown or missing. 
We finally included 997 eligible patients with 196 
(19.66%) patients that were classified as frail (eFI ≥0.2). 
The study population had the following characteristics: the 
mean age and BMI were 66.07 years (SD, 4.9) and 
22.61 kg/m2 (SD, 3.0), respectively; 71.20% of patients 
were male; 58.80% and 38.60% of patients had no history 
of drinking or smoking, respectively. For between-group 
comparisons (frailty vs non-frailty), smoking, histology, 
metastasis, clinical stage, and radiotherapy suggested 
important differences with more than 0.25 standardized 
mean difference (SMD) (Table 1).

Frailty and All-Cause Mortality
A total of 681 patients died during the follow-up, with 
a median survival time of 30 months (IQR, 16.80 to 
45.33). After adjusting for several confounders, we found 
that frail patients had a higher risk of all-cause mortality 
compared with non-frail patients (hazard ratio [HR], 1.29; 
95% confidence interval [CI], 1.05 to 1.60). Similar results 
were found for the adjusted overall survival (aOS), 
namely, that frail patients survived 5.68 months less than 
non-frail patients (95% CI, 1.21 to 10.15 months) (Table 2 
and Figure 1). We provided a adjusted OS nomogram 
based on eFI score in Appendix Figure 1. The effects of 
per 0.1 and per 1 SD of eFI were consistent with that of 
dichotomous frailty (per 0.1: HR, 1.18; 95% CI, 1.06 to 
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Table 1 Characteristics of Study Population

Overall Non-Frailty Frailty P value† SMD†

Number of patients 997 801 196

Male (%) 710 (71.2) 559 (69.8) 151 (77.0) 0.055 0.165

Age (years; mean (SD)) 66.07 (4.90) 65.87 (4.84) 66.85 (5.06) 0.013 0.197

BMI (kg/m2; mean (SD)) 22.61 (3.00) 22.56 (2.77) 22.78 (3.81) 0.355 0.066

Marriage (%) 0.585 0.089

Divorced 8 (0.8) 7 (0.9) 1 (0.5)

Married 965 (96.8) 773 (96.5) 192 (98.0)

Widowed 24 (2.4) 21 (2.6) 3 (1.5)

Occupation (%) 0.792 0.103

Technician/worker 56 (5.6) 46 (5.7) 10 (5.1)

Civil Servants 76 (7.6) 62 (7.7) 14 (7.1)

Farmer 124 (12.4) 96 (12.0) 28 (14.3)

Retiree 234 (23.5) 184 (23.0) 50 (25.5)

Others 507 (50.9) 413 (51.6) 94 (48.0)

Alcohol (%) 0.603 0.079

Always 198 (19.9) 161 (20.1) 37 (18.9)

Never 586 (58.8) 474 (59.2) 112 (57.1)

Sometimes 213 (21.4) 166 (20.7) 47 (24.0)

Smoke index (median [IQR]) 20.00 [0.00, 40.00] 15.00 [0.00, 40.00] 25.00 [0.00, 45.75] <0.001 0.307

Smoke (%) 0.001 0.316

Non-smoker 385 (38.6) 332 (41.4) 53 (27.0)

Former smoker 299 (30.0) 234 (29.2) 65 (33.2)

Current smoker 313 (31.4) 235 (29.3) 78 (39.8)

Infection (%) 84 (8.4) 56 (7.0) 28 (14.3) 0.002 0.238

Gastrointestinal reactions (%) 56 (5.6) 46 (5.7) 10 (5.1) 0.86 0.028

Chemotherapy discontinuation (%) 22 (2.2) 14 (1.7) 8 (4.1) 0.085 0.139

Abnormal liver function (%) 67 (6.7) 52 (6.5) 15 (7.7) 0.672 0.045

Bone suppression (%) 174 (17.5) 130 (16.2) 44 (22.4) 0.051 0.158

Hospitalization (days; median 

[IQR])

13.00 [9.00, 19.00] 13.00 [9.00, 19.00] 15.00 [11.00, 

22.00]

0.003 0.231

Histology (%) <0.001 0.306

Adenocarcinoma 708 (71.0) 589 (73.5) 119 (60.7)

Squamous carcinoma 149 (14.9) 116 (14.5) 33 (16.8)

Small cell carcinoma 140 (14.0) 96 (12.0) 44 (22.4)

(Continued)
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1.32; per 1 SD: HR, 1.13; 95% CI, 1.04 to 1.22) 
(Appendix Table 2).

Frailty and Short-Term Outcomes
During hospitalization, a number of separate short-term 
outcomes were observed. These were infections (84 
patients), bone suppression (174 patients), discontinuation 
of chemotherapy (22 patients), impaired liver function (67 
patients), and gastrointestinal reactions (56 patients). After 

adjusting for all potential confounders, only “infection” 
was shown to have higher odds in frail patients (odds 
ratio [OR], 1.83; 95% CI, 1.09 to 3.06) (Table 2). The 
odds of bone suppression and chemotherapy discontinua-
tion were significantly higher in frail patients after adjust-
ment for age, sex, smoking, alcohol intake, and BMI (bone 
suppression: OR, 1.64; 95% CI, 1.09 to 2.46; chemother-
apy discontinuation: OR, 2.69; 95% CI, 1.10 to 6.61) but 
were non-significant after adjustment all confounders 

Table 1 (Continued). 

Overall Non-Frailty Frailty P value† SMD†

Chemotherapy regimen (%) 903 (90.6) 730 (91.1) 173 (88.3) 0.273 0.095

Metastasis (%) 866 (86.9) 683 (85.3) 183 (93.4) 0.004 0.264

Stage (%) 0.013 0.28

I 70 (7.0) 64 (8.0) 6 (3.1)

II 84 (8.4) 70 (8.7) 14 (7.1)

III 282 (28.3) 234 (29.2) 48 (24.5)

IV 561 (56.3) 433 (54.1) 128 (65.3)

Radiotherapy (%) 301 (30.2) 220 (27.5) 81 (41.3) <0.001 0.295

Invasive examination (%) 257 (25.8) 199 (24.8) 58 (29.6) 0.204 0.107

Notes: †P-value and standardized mean difference (SMD) are established for statistical difference of frailty and non-frailty. 
Abbreviations: BMI, body mass index; SD, standardized difference; IQR, interquartile range.

Table 2 Effects of Frailty vs Non-Frailty on All Outcomes

Outcome Frailty vs Non-Frailty#

Model 1† Model 2‡ Model 3¶

Long-term outcome

All-cause mortality (HR; 95% CI) 1.42 (1.18, 1.70) 1.45 (1.21, 1.75) 1.29 (1.05, 1.60)

Overall survival (Months) (aRMST; 95% CI) −7.55 (−11.49, −3.62) −8.02 (−12.02, −4.01) −5.68 (−10.15, −1.21)

Short-term outcome

Infection (OR; 95% CI) 2.20 (1.35, 3.59) 2.07 (1.25, 3.42) 1.83 (1.09, 3.06)

Bone suppression (OR; 95% CI) 1.65 (1.11, 2.44) 1.64 (1.09, 2.46) 1.54 (1.00, 2.38)

Chemotherapy discontinuation (OR; 95% CI) 2.67 (1.09, 6.56) 2.69 (1.10, 6.61) 1.93 (0.78, 4.82)

Impaired liver function (OR; 95% CI) 1.23 (0.67, 2.25) 1.02 (0.55, 1.90) 1.15 (0.58, 2.28)

Gastrointestinal reactions (OR; 95% CI) 0.95 (0.47, 1.92) 0.90 (0.44, 1.85) 1.24 (0.56, 2.77)

Length of hospitalization (Days) (Median difference; 95% CI) 2.00 (−5.23, 9.64) 2.00 (−6.82, 11.19) 1.00 (−4.71, 11.54)

Notes: #Frailty was defined using frailty index ≥0.2; †Model 1 was adjusted for age and sex; ‡Model 2 was further adjusted for smoke, alcohol and BMI; ¶Model 3 was further 
adjusted for histology, clinical stage, metastasis, regimen of chemotherapy, radiotherapy, invasive. 
Abbreviations: HR, hazard ratio; aRMST, adjusted restricted mean survival time; OR, odds ratio; CI, confidence interval.
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(Table 2). The median length of hospitalization was 13 
days (IQR, 9 to 19 days). There was no significant differ-
ence between frail and non-frail patients in the adjusted 
median length of hospitalization. Similar results were 
found in the effect of per 0.1 and per 1 SD of eFI 
(Appendix Table 2).

Discussion
In this cohort study consisting of 997 older patients with 
primary lung cancer, we investigated the relationship 
between eFI-based frailty and all-cause mortality in 
a median of 2.5 years follow-up, as well as chemotherapy- 
related short-term outcomes during hospitalization. To the 
best of our knowledge, we are the first to assess eFI-based 
frailty in the older Chinese population with lung cancer.

The results demonstrated that the eFI-defined frail 
patients had worse overall survival and a higher risk of 
mortality. The similar effects of per 0.1 and per 1 SD of eFI 
indicated the robustness of these results. This finding is 
consistent with a previous study in the same population.20 

That study used 44 laboratory variables to construct the 
frailty index (FI-LAB) and found that the FI-LAB-defined 
frail patients had a greater risk of mortality. Our study built 
on that study and further used statistical methods to estimate 
the adjusted overall survival to complement the relative 

effect which generally suffers from poor interpretability and 
to facilitate shared decision-making. Our findings also pro-
vide an improved understanding of the prognostic value of 
eFI-based frailty in this specific clinical scenario.

Besides the mortality, we investigated short-term out-
comes and found that eFI-based frailty was associated with 
an increased risk of infection. Chemotherapy often affect 
patients’ immune system function, so patients with lung 
cancer after chemotherapy are more likely to develop lung 
infections,29,30 and similarly, frail patients are at increased 
risk of infection.20 Our study suggests that frailty further 
increases the risk of infection even after adjusting the 
confounding factors such as chemotherapy regimens in 
patients with lung cancer, but we are unable to answer 
the question of its causality because of the present study is 
a retrospective cohort study we can not adjusted all con-
found factors. Our study found no statistically significant 
association between eFI and other outcome indicators 
including bone suppression, chemotherapy discontinua-
tion, impaired liver function, gastrointestinal reactions, 
longer length of hospitalization. This may be related to 
a lack of statistical power due to small sample size in this 
study. The associations between eFI and these outcomes 
need to be confirmed by prospective cohort studies idealy 
with multicentre and large sample size.

Figure 1 Kaplan–Meier curves displaying survival probability of all-cause mortality according to frail and non-frail patients.
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While eFI measures are commonly utilized, such EMR- 
based FI are not routinely available in international 
settings.31,32 There is increasing interest in developing such 
frailty measures, but the mechanisms whereby EMR data are 
recorded vary among international institutions. The eFI devel-
oped in this study exhibited properties consistent with other 
FIs, such as the FI-CSHA, which is defined based upon 38 
CSHA clinical evaluation items utilized in Comprehensive 
Geriatric Assessments.32–36 Many efforts to date have been 
made to improve awareness of frailty and associated patient 
well-being.37,38 A number of studies have detected associa-
tions between frailty, risk of death, and increased requirement 
for services.10,39–41 However, there are few validations for the 
Chinese population. Our study has filled this gap in a specific 
clinical setting, demonstrating the association between eFI- 
based frailty and the prognosis of lung cancer.

There are several limitations of this study. Firstly, there is 
an insufficiency of short-term outcome events, such as bone 
suppression and chemotherapy discontinuation, that lead to 
an underpowering of statistical inference and may result in 
false-negative errors. Secondly, in some patients, the differ-
ence between frail and non-frail may be the result of socio-
economic differences. However, this impact would be 
expected to underestimate the effect, producing 
a conservative result that would not alter the direction of the 
effect. Thirdly, although the eFI is well-established, it is still 
subject to measurement error which might affect the results.

Conclusion
In conclusion, the eFI-defined frail patients in the older 
Chinese population had worse lung cancer prognoses, 
including shortened overall survival and higher risk of 
mortality. Our findings indicate that the eFI-based frailty 
measure plays an important role in predicting lung cancer 
prognosis, and suggest further directions to uncover the 
relationship in other cancers.
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