Journal of Anesthesia (2025) 39:282-291
https://doi.org/10.1007/s00540-025-03460-7

ORIGINAL ARTICLE q

Check for
updates

The effect of delirium on the association between frailty
and postoperative major complications in elderly patients:
a mediation analysis

Ya-Fei Liu’ - Fan Cui' - Xian Su’ - Ya-Wei Li' - Yan Zhang? - Chun-Jing Li" - Dong-Liang Mu'® - Dong-Xin Wang'

Received: 2 December 2024 / Accepted: 27 January 2025 / Published online: 25 February 2025
© The Author(s) under exclusive licence to Japanese Society of Anesthesiologists 2025

Abstract

Purpose Both preoperative frailty and postoperative delirium (POD) are associated with higher risk of postoperative com-
plications. But it is unclear if the effect of preoperative frailty on postoperative complications was mediated by POD.
Methods This study was a mediation analysis of a pooled database. Patients aged > 60 years who underwent elective
non-cardiac surgery were enrolled. Preoperative frailty was defined as the modified frailty index (mFI) >0.27. POD was
assessed twice daily within the first 3 days using the Confusion Assessment Method (CAM) for patients without intubation
and the CAM for intensive care unit (CAM-ICU) for intubated patients. Major complications within postoperative 30 days
were screened. Mediation analysis was employed to explore the relationships between frailty, POD, and postoperative
complications.

Results A total of 4684 patients were included. The prevalence of frailty was 10.4% (489/4684). In comparison with non-frail
patients, frail patients had a higher incidence of POD (12.7% [62/489] vs 6.5% [271/4195], RR=2.102, 95% CI 1.568-2.819,
P <0.001) and more postoperative complications (21.5% [105/489] vs 16.7% [701/4195], RR=1.363, 95% CI 1.082-1.716,
P =0.008). The adjusted total and direct associations between frailty and postoperative complications were 5.8% (adjusted
B, 95% CI, 1.8-9.5%; P <0.001) and 5.0% (adjusted 8, 95% CI, 1.1-8.7%; P =0.004), respectively. A significant indirect
association via POD was observed (adjusted p=0.8%; 95% CI, 0.3-1.4%; P <0.001), accounting for 13.8% of the total effect.
Conclusion Preoperative frailty is associated with an increased risk of postoperative complications, mediated in part by
early POD, in elderly patients following non-cardiac surgery. Given the modest effect size, further research is warranted to
confirm these findings.
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Introduction

Aging population is being great challenge to global health in

the forthcoming decades. Frailty, the decrement in physical
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and should be considered as co-corresponding authors. cially in those with chronic diseases. In community-dwelling

adults, its prevalence ranges from 3.5% to 27% [1]. But up

to 50% of surgical patients may suffer preoperative frailty
[2-4].

Frailty is highly associated with an increased risk of

postoperative complications and may worsen postoperative
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complications such as respiratory, renal, vascular, neuro-
logical complications and mortality [5-7].

Postoperative delirium (POD) is an acute onset neurocog-
nitive disorder in elder patients after surgery. It is character-
ized by inattention, consciousness disturbance, and cognitive
dysfunction [8]. The pooled incidence of POD was about
19% after elective surgeries and up to 32% after emer-
gency surgeries [8]. Previous studies reported that delirious
patients were at increased risk of postoperative complica-
tions and mortality [9].

Frailty is a predisposing risk of POD [10, 11]. Recent tri-
als found that frail patients who suffered POD experienced
poorer recovery and had a higher risk of mortality than those
only having frailty [12]. One mediation analysis showed
that the effect of frailty on postoperative 180-day mortality
was partially mediated by POD [13]. Most delirious events
occurred in postoperative first 3 days which was earlier than
the onset time of the other complications. Considering the
temporal association between POD and postoperative major
complications, we proposed that the effect of frailty on post-
operative major complications might be mediated by POD.

This study was designed to analyze the mediation effect
of POD between frailty and postoperative major complica-
tions in elder patients undergoing non-cardiac major surgery.

Methods

This retrospective cohort study was approved by the Bio-
medical Research Ethic Committee of Peking University
First Hospital (No. 2021-377). Considering that the study
was a secondary analysis of a pooled database, informed
consents were waived because of no intervention on patients
[14-19].

Participants

A pooled database was established with six published stud-
ies focusing on POD [14-19]. The primary protocols of
them are summarized in Supplemental file 1.

Patients (aged 60 years or above) undergoing elective
non-cardiac major surgery were enrolled. In present study,
we excluded patients if they met with any of the following
criteria: (1) no assessment of preoperative frailty ; (2) no
record of POD; (3) no record of postoperative major com-
plications; (4) the occurrence time of postoperative compli-
cation was earlier than the first episode of delirious event.

Perioperative management
All patients received standard monitoring in the operating

room including electrocardiogram, cuff blood pressure,
pulse oxygen saturation, and urine output.

Anesthesia was administrated in line with routine prac-
tice according to surgery types [14—19]. For example, spinal
anesthesia with 2-3 ml 0.5% bupivacaine was performed
for lower-limb surgery; general anesthesia was provided for
patients receiving thoracic, abdominal, or spinal surgeries;
and peripheral nerve block could be used at the discretion
of anesthesiologist.

Patient-controlled intravenous or epidural analgesia was
provided if necessary. The aim was to keep numeric rating
score (NRS, a 0-10 score with higher score for worse pain
intensity) < 3.

Data collection

Baseline data included demographics, surgical diagnosis,
comorbidities, smoking, drinking, and ASA classification.

Frailty was assessed using modified frailty index (mFI).
The mFI comprises 11 comorbidities with a binary score
for each item. The risk of frailty is stratified into three lev-
els according to the ratio of cumulative score divided by
11(no-frailty, O; prefrailty, 0 < mFI < 0.27; and frailty,
mFI>0.27) [20].

Intraoperative data included the duration of anesthesia
and operation, anesthesia type, site of surgery, intraoperative
medications, as well as input and output volumes.

Postoperative data included delirium, postoperative major
complications, and length of in-hospital stay after surgery.

POD was defined as delirium that occurred during post-
operative first 3 days. Patients were assessed twice daily
(0600-0800 and 1800-2000) using the Confusion Assess-
ment Method (CAM) for patients without intubation or
the CAM for intensive care unit (CAM-ICU) for intubated
patients [14-19]. Investigators who performed postopera-
tive follow-up and delirium assessment had been trained by
psychiatrists before the original studies. If necessary, the
training session was repeated at 6—12 months in some stud-
ies [15, 18, 19].

Major complications within postoperative 30 days were
screened. Considering the temporal association, we merely
included postoperative major complications which occurred
after the first episode of delirious event. For non-delirious
patients, occurrence of postoperative major complications
was recorded without time limitation.

Postoperative major complications were defined as new-
onset events that had adverse effect on patient’s clinical out-
come and needed medical treatment (i.e., Clavien—Dindo
classification grade II or above) [21]. The definitions of
major complications are listed in Supplemental file 2. Post-
operative major complications included the following items:
central nervous system (stroke), cardiovascular system (myo-
cardial infarction, new-onset arrhythmia, cardiac failure,
deep vein thrombosis and pulmonary embolism), respira-
tory system (pneumonia, respiratory failure and atelectasis),
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acute kidney injury, surgery-related complications (intestinal
obstruction, anastomotic fistula, gastrointestinal bleeding,
unplanned secondary operation), infection (sepsis, surgical
related infection), and death.

Primary outcome

Primary outcome was designed to investigate the mediation
association between preoperative frailty, POD, and postop-
erative major complications.

Statistical analysis

Continuous data with normal distribution were presented as
mean (standard deviation, SD) and compared by independ-
ent sample ¢ test; otherwise, data were presented as median
(interquartile range, IQR) and compared using Wilcoxon
test. Dichotomous data were presented as number (percent-
age) and compared using Chi-square test or Fisher’s exact
test. Time-related variables (such the cumulative risk of
POD and postoperative major complications) were analyzed
using Kaplan—Meier estimator with Log-rank test and Cox
proportional hazards model with hazards ratio (HR) and 95%
CL

Patients were divided into two groups according to
mFI>0.27 or not. Univariate analysis was used to screen
potential risk factors of postoperative complications. Vari-
ables with P <0.20 in univariate analyses were entered
into multivariable logistic regression model. Model 1 and
Model 2 were independently established to examine the
preoperative frailty-postoperative major complication and

POD-postoperative major complications associations.
In model 3, patients were divided into three groups: frail
patients with POD, patients without frailty and POD, and
patients with either frailty or POD. This model was used to
examine if frail patients with POD were at higher risk than
others.

The model for mediation analysis was constructed in
accordance with the method described Baron and Kenny
[22]. The study was primarily designed to investigate how
the causal effect of frailty on postoperative complications
could be apportioned into an indirect effect (path a and b,
mediated by POD) and a direct effect (path c, Fig. 1). We
defined indirect effect as the change in expected incidence
of postoperative complications when frailty was fixed, but
POD changed as if the status of frailty was changed. We
defined direct effect as the change in expected incidence of
postoperative complications when frailty changed, but POD
was artificially fixed. We modeled POD (the mediator) using
a logistic regression, with frailty as an independent variable.
We modeled the incidence of postoperative complications
(the outcome) using a logistic regression with frailty and
POD as independent variables. Total, indirect, and direct
effects were quantified using the ‘mediation’ package. The
coefficients of indirect effect estimated the strength of the
mediated effect of frailty on postoperative complications,
which was how much of the increase in complications that
occurred as a result of preoperative frailty was attributable to
POD. The coefficient of direct effect estimated the strength
of frailty on postoperative complications, which was any
effect of frailty on complications that was not mediated by
POD. The coefficient of total effect was the sum of the direct

Indirect effect (Path a*b): Adjusted B 0.8% (95% CI 0.3-1.4%)

Postoperative delirium

Path a

Path b

Proportion= Indirect effect/Total effect *100%=13.8%

Preoperative frailty (mFI > 0.27)

Direct effect (Path ¢)
Adjusted B 5.0% (95% CI 1.1%-8.7%)

Postoperative complications

Total effect= Path a*b + Path ¢

Adjusted B 5.8% (95% CI 1.8%-9.5%)

Fig. 1 Mediation analysis. The direct effect of preoperative frailty on
postoperative major complications is represented by path c. The effect
of the preoperative frailty on the postoperative delirium (POD) is rep-
resented by path a; the effect of POD on postoperative major compli-
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relationship between preoperative frailty and postoperative
complications and the mediated effect through early POD.
Bootstrapping (500 iterations) was used to estimate confi-
dence intervals. The procedure was repeated after adjust-
ment for confounders in above multivariable analysis.

Statistical power

The sample size of present study was 4684 patients. We
employed the Monte Carlo method to evaluate the sta-
tistical power with the R package ‘mediation’ [23]. With
a=0.05, the regression coefficient of frailty (the predictor)
on POD (the mediator) =0.689, stand error (SE)=0.15, the
regression coefficient of POD on postoperative complica-
tions (the outcome)=0.812, SE=0.13, number of simula-
tions = 10,000, present study yielded a power of 0.956. We
further employed the same method to investigate the media-
tion effects of POD in different subtypes of postoperative
complications.

Two-sided P <0.05 was considered statistically signifi-
cant. All analyses were performed using SPSS 27.0 and
R 4.4.2 (R Foundation for Statistical Computing, Vienna,
Austria, 2024).

Study 2
A randomized trial
(n=620)
Effect of
intraoperative
dexmedetomidine on
POD

Study 1 Study 3

A prospective cohort
study (n=175)
Association between
cerebral desaturation
and POD

(n=700)
Effect of
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POD in ICU

134 patients with 614 patients with

complete data

complete data

A randomized trial

postoperative
dexmedetomidine on

695 patients with
complete data

Results
Patients

Among the pooled database of 4832 patients, 4684 of
them were included for analysis (Fig. 2). Median age of the
enrolled patients was 70 (65, 75) years with mFI of 0.09
(0.00, 0.18). The incidence of frailty was about 10.4%
(489/4684).

Compared with control group, frail patients had
higher age (P <0.001), less male (P=0.004), higher BMI
(P <0.001), higher proportion of comorbidities (such as
stroke, hypertension, coronary heart disease, and arrhyth-
mia), less alcohol drinkers (P <0.001), and higher New
York Heart Association (NYHA) functional classification
(P<0.001) and ASA physical status (P <0.001) (Table 1).

Patients with frailty experienced shorter duration of
anesthesia (P <0.001), received more general or regional
anesthesia (P <0.001), underwent less thoracic/ abdomi-
nal surgery (P <0.001), Table 2. They were given less
sevoflurane (P <0.001) and dexmedetomidine (P =0.003)
(Table 2). They were taken less fluid input (P=0.001), but
with a higher proportion of autologous blood transfusion
(P=0.040) (Table 2).

Delirium

The overall incidence of delirium was 7.1% (333/4864).
Frail patients suffered higher incidence of POD than those

Study 4
A prospective cohort
study (n=915)
Association between
emergency delirium
and POD

Study 5
A randomized trial
(n=620)
Effect of parecoxib
supplemented
analgesia on POD

Study 6
A randomized trial
(n=1802)
Effect of 2
anesthesia type on
POD
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914 patients with
complete data

617 patients with
complete data

1710 patients with
complete data

Included

4684 patients included in analysis

Fig.2 Flow diagram of the mediation analysis. POD, postoperative delirium
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Table 1 Baseline variables

Variables All patients (n=4684) Control group (n=4195) Frailty group (n=489) P value
Age, year 70 (65,75) 69 (65,75) 73 (68, 78) <0.001
Male, n (%) 2684 (57.3) 2434(58.0) 250 (51.1) 0.004
Body mass index, kg/m? 24.11+3.52 24.01+£3.49 25.04+£3.58 <0.001
Education level, n (%)
Elementary school and illiterate 1325 (28.3) 1180 (28.1) 145 (29.7) 0.060
Middle school 1312 (28.0) 1161 (27.7) 151 (30.9)
High school 988 (21.1) 887 (21.1) 101 (20.7)
College 887 (18.9) 810 (19.3) 77 (15.7)
Graduate school 172 (3.7) 157 (3.7) 15 @3.1)
ASA classification, n (%)
I 229 (4.9) 229 (5.5) 0(0.0) <0.001
I 3667 (78.3) 3407 (81.22) 260 (53.17)
I 788 (16.8) 559 (13.33) 228 (46.6)
v 1 (0.0) 0(0.0) 1(0.2)
NYHA, n (%)
1 3504 (74.8) 3267 (77.9) 237 (48.5) <0.001
I 1131 (2.6) 899 (21.4) 232 (47.4)
1 49 (1.0) 29 (0.7) 20 (4.1)
Preoperative Comorbidities, n (%)
Stroke 431 (9.2) 226 (5.4) 205 (41.9) <0.001
Hypertension 2234 (47.7) 1763 (42.0) 471 (96.3) <0.001
Coronary artery disease 679 (14.5) 361 (8.6) 318 (65.0) <0.001
Arrhythmia® 332 (7.1) 279 (6.7) 53 (10.8) 0.001
COPD 160 (3.4) 113 (2.7) 47 (9.6) <0.001
CKD 106 (2.3) 90 (2.1) 16 (3.3) 0.113
Diabetes 968 (20.7) 621 (14.8) 347 (71.0) <0.001
Chronic smoking® 939 (20.0) 842 (20.1) 97 (19.8) 0.902
Drinking® 802 (17.1) 748 (17.8) 54 (11.0) <0.001
Modified frailty index, ratio 0.09 (0.00, 0.18) 0.09 (0.00, 0.09) 0.27 (0.27,0.27) <0.001

P-values < 0.05 were bolded to highlight statistically significant results

Data were presented as mean =+ standard deviation, median (interquartile range), or number (percentage). ASA American Society of Anesthesi-
ologist, NYHA New York Heart Association, COPD chronic obstructive pulmonary disease, CKD chronic kidney disease

*Including premature ventricular complexes, premature atrial contraction, and I atrioventricular block

bReferring to smoking half a pack of cigarettes per day for at least 2 years

‘Referring to two drinks or more daily, or weekly consumption of the equivalent of 150 mL of alcohol

in control group (12.7% [62/489] vs 6.5% [271/4195],
RR=2.102, 95% CI 1.568-2.819, P <0.001) (Table 2 and
Supplemental file 3). Kaplan—Meier analysis showed that
the cumulative risk of POD was higher in frail patients than
control group (Log-rank test P <0.001; Cox risk model HR
1.987, 95% CI 1.501-2.618, P<0.001) (Supplemental file
3). There was no significant difference in the duration of
delirium (P=0.146; Table 2).

Postoperative major complications

The overall incidence of postoperative major complications
was 17.2% (806/ 4864). Frail patients had higher incidence

@ Springer

of postoperative major complications than those in control
group (21.5% [105/489] vs 16.7% [701/4195], RR =1.363,
95% CI 1.082-1.716, P=0.008) (Table 2, Supplemental files
2 and4). Kaplan—Meier analysis showed that the cumula-
tive risk of postoperative major complications was higher
in frail patient than control group (Log-rank test P =0.004;
Cox risk model HR 1.347,95% CI 1.097-1.654, P=0.004)
(Supplemental file 4).

Risk factors of postoperative major complications

In univariate analysis, 34 variables were analyzed and 24
of them were potentially associated with postoperative
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Table 2 Perioperative variables
Variables All patients (n=4684)  Control group (n=4195)  Frailty group (n=489) P value
Anesthesia type, n (%)
General anesthesia (GA) 2603 (55.6) 2307 (55.0) 296 (60.5) <0.001
Regional anesthesia * 617 (13.2) 519 (12.4) 98 (20.0)
GA +nerve block 1464(31.3) 1369 (32.6) 95 (19.4)
Duration of anesthesia, hour 4.52 (3.40, 5.93) 4.57 (3.48,5.95) 4.10 (3.00, 5.63) <0.001
Site of surgery, n (%)
Thoracic surgery 961 (20.5) 884 (21.1) 77 (15.7) <0.001
Abdominal surgery 2733 (58.3) 2477 (59.0) 256 (52.4)
Orthopedic surgery 900 (19.2) 763 (18.2) 137 (28.0)
Superficial surgery 90 (1.9) 71 (1.7) 19 (3.9)
Duration of surgery, hour 3.20 (2.33,4.43) 3.23(2.37,4.48) 2.87 (2.10, 4.15) <0.001
Intraoperative medications
Morphine milligram equivalent dose, mg b 93.3 (45.0, 166.0) 95.0 (47.0, 170.0) 85.0 (40.0, 147.8 0.002
Use of sevoflurane, n (%) 3487 (74.4) 3156 (75.2) 331 (67.7) <0.001
Use of dexmedetomidine, n (%) 738 (15.8) 684 (16.3) 54 (11.0) 0.003
Dexmedetomidine, ug 52(35, 110) 55 (35, 110) 48 (25, 116) 0.163
Total fluid input, mL 2200 (1600, 3100) 2250 (1600, 3100) 2100 (1600, 2850) 0.001
Estimated blood loss, mL 100 (50, 300) 100 (50, 300) 100 (50, 300) 0.383
Urine output, mL 500 (300, 500) 500 (300, 500) 500 (250, 550) 0.001
Blood transfusion, n (%)* 943 (20.1) 831 (19.8) 112 (22.9) 0.106
Autologous blood transfusion, n (%) 470 (10.0) 408 (9.7) 62 (12.7) 0.040
Allogeneic blood transfusion, n (%) 561 (12.0) 498 (11.9) 63(12.9) 0.514
Postoperative delirium, n (%) 333 (7.1) 271 (6.5) 62 (12.7) <0.001
Postoperative first day 233 (5.0) 201 (4.8) 32 (6.5) 0.092
Postoperative Second day 145 (3.1) 109 (2.6) 36 (7.4) <0.001
Postoperative third day 85 (1.8) 62 (1.5) 23 (4.7) <0.001
First onset of delirium, day? 2.858 (2.842,2.874) 2.867 (2.851,2.883) 2.778 (2.721, 2.835) <0.001
Duration of delirium, day® 1.0 (0.5, 1.0) 1.0 (0.5, 1.0) 1.0 (0.5, 1.5) 0.146
Postoperative non-delirium complications, n (%)f 806 (17.2) 701 (16.7) 105 (21.5) 0.008
Length of in-hospital stay after surgery, day 7 (6,10) 7 (6,10) 7 (6,11) 0.469

P-values < 0.05 were bolded to highlight statistically significant results

Data were presented as number (percentage), median (interquartile range) or median (95% confidence interval)

#Including spinal anesthesia, epidural anesthesia or combined

bMorphine (i.v.) 10 mg =remifentanil (i.v.) 100 ug=sufentanil (i.v.) 10 ug

“Including autologous, allogeneic blood transfusion or both

dReferring to first occurrence time of delirium after surgery

€Referring to the cumulative duration from first episode to last episode of delirious episode

fReferring to the patients suffered postoperative major complications that occurring after postoperative delirium

major complications including frailty (OR 1.363, 95%
CI 1.082-1.716, P=0.008) and POD (OR 2.474, 95% CI
1.938-3.157, P <0.001), (Supplemental file 5). After adjust-
ment of confounders (variables with P <0.20 in univariate
analysis), both preoperative frailty (model 1) and POD
(model 2) were independent risk factors of postoperative
major complications, respectively. Model 3 showed that frail
patients with delirium had the highest risk of postoperative
complications in comparison with those without frailty and
POD (Table 3).

Mediation analysis

The total and direct associations between frailty and
postoperative complications were 5.8% (adjusted B, 95%
CI, 1.8-9.5%; P <0.001) and 5.0% (adjusted B, 95% ClI,
1.1-8.7%, P=0.004), respectively (Fig. 1 and Table 4).
The mediation effect of POD on the association between
frailty and postoperative major complications was 0.8%
(95% CI 0.3-1.4%, P <0.001), accounting for 13.8% of
the total effect (Fig. 1 and Table 4).This indicated that
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Table 3 Risk factors of postoperative major complications by multivariable logistic regression analysis

Variables Model 1 for frailty Model 2 for delirium Model 3 for frailty with
delirium

Odds Ratio (95% CI) P value Odds ratio (95% CI) P value Odds ratio (95% CI) P value
Age (per year increase) 1.014 (1.002-1.026) 0.027 - - - -
History of coronary heart disease (yes) - - 1.259 (1.021-1.553) 0.031 - -
History of chronic kidney disease (yes) 2.069 (1.347-3.177)  0.001 1.973 (1.281-3.038) 0.002 2.023 (1.315-3.113) 0.001
General anesthesia (vs other anesthesia #) 1.299 (1.105-1.526) 0.001 1.278 (1.086-1.503) 0.003 1.293 (1.099-1.521) 0.002
Anesthesia time (per hour increase) 1.161 (1.118-1.205) <0.001 1.150 (1.108-1.195) <0.001 1.154 (1.111-1.198) <0.001
Thoracic or abdominal surgery (vs other 1.243(0.992-1.558)  0.059 1.259 (1.004-1.580) 0.046 1.301 (1.036-1.635) 0.024

surgery P)

Allogeneic blood transfusion (yes) 1.597 (1.288-1.981) <0.001 1.564 (1.258-1.943) <0.001 1.588 (1.279-1.972) <0.001
Preoperative frailty (yes) ¢ 1.417 (1.115-1.800) 0.004 NA NA - -
Postoperative delirium (yes) NA NA 2.287 (1.776-2.944) <0.001 - -
Patients without frailty and delirium ¢ NA NA NA NA Ref Ref
vs. patients with frailty or delirium NA NA NA NA 1.617 (1.321-1.979) <0.001
vs. frail patients with delirium NA NA NA NA 4.022 (2.355-6.869) <0.001

P-values < 0.05 were bolded to highlight statistically significant results
Ref reference, NA not available

*Including regional anesthesia (spinal anesthesia, epidural anesthesia or combined) or general anesthesia combined with nerve block /epidural
anesthesia

PIncluding orthopedic surgery or superficial surgery
“Defined as mFI>0.27

dpatients were divided into three groups including patients without frailty and delirium, patients with frailty or delirium, and frail patients with
delirium

Table4 Total, direct, and indirect association of preoperative frailty with postoperative complications mediated via POD

Model Total effect Direct effect Indirect effect Propor-
tion medi-
ated

B (95%CI) P value B (95%CT) P value B (95%CI) P value %

Unadjusted 4.7% (1.1-8.9%) 0.020 3.7%(0.2-7.6%) 0.048 1.0% (0.4-1.6%) <0.001 21.3

Adjusted® 5.8% (1.8-9.5%) <0.001 5.0% (1.1-8.7%) 0.004 0.8% (0.3-1.4%) <0.001 13.8

P-values < 0.05 were bolded to highlight statistically significant results
POD postoperative delirium

#Adjusted for preoperative chronic kidney disease, anesthesia time, anesthesia type, surgery site and allogeneic blood transfusion

the incidence of postoperative major complication was
increased by 0.8% in frail patients who experienced POD.

The first three complications were cardiovascular com-
plications (4.5%), infection complications (3.7%), and pul-
monary complications (3.6%). In different subgroups of
postoperative major complications, the mediation effects
of POD on the frailty-postoperative complications were
observed in cardiovascular complications (adjusted B
0.5%, 95% CI, 0.2-1.0%; P <0.001) and infection com-
plications (adjusted p 0.2%, 95% CI, 0.1-0.5%; P <0.001)
(Supplemental file 6).

Discussion

Our study showed that both preoperative frailty and POD
were associated with an increased risk of postoperative
major complications, and only a small percentage of the
frailty-complications association was mediated by POD.
The incidence of frailty ranges from 0.5% to 67.2% in
different surgical populations [24-27]. Compared with
non-oncologic patients, cancer patients have a higher rate
of frailty, especially in the older patients [28, 29]. In our
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study, up to 70% patients received cancer surgery and the
incidence of frailty was about 10.4% which was in line
with previous report [25].

Frailty is multi-dimensional decrement in functional res-
ervation such as poor activity capacity, malnutrition, and
sarcopenia. There were more than 40 definitions of frailty
in literatures [30]. The 11 items of mFI mainly included
comorbidities such as history of ischemic heart disease and
diabetics [31]. These items had long been considered as risk
factors of postoperative major complications [32]. The pre-
diction performance of mFI on postoperative complications
had been validated by former studies [20, 33]. Thus, this
instrument was selected for frailty assessment in this study.
Other instruments such as Fried phenotype and Clinical
Frailty Scale were also used in perioperative settings, but
they mainly focused on functional capacity and nutrition
[34, 35]. Indeed, the incidence of frailty might vary greatly
in terms of different definitions [34, 35]. Further studies are
needed to address the inconsistence of frailty diagnosis.

The pooled incidence of POD in this study was compara-
ble with previous studies [36, 37]. Our study re-confirmed
that frailty increased the risk of POD in elder patients.
Meanwhile, the duration of POD had no statistical difference
between patients with frailty or not. This might be attributed
to the shorter duration of POD (about 1 day) in up to 78.7%
(262/333) of delirious patients.

To investigate the temporal association, we only included
postoperative major complications after the first episode of
delirious event. This method had been adopted in previous
studies [38]. The first three postoperative major complica-
tions were cardiovascular complications, infection complica-
tions, and pulmonary complications.

Both frailty and POD had been validated to increase the
risk of postoperative complications [9, 39, 40]. We noted
that the effect of frailty on postoperative major complica-
tions mainly depended on the direct effect. Frail patients
were at poor status of functional reservation and they were
“vulnerable” to perioperative stress response [27]. The asso-
ciation between POD and postoperative major complications
had been reported in many studies and the underlying mech-
anism might include systematic inflammatory response and
organ injury [8].

Our study found that POD partially mediated the effect of
frailty on postoperative major complications. Several stud-
ies had reported that POD might exacerbate the negative
effect of frailty on postoperative complications [12, 13, 41].
However, the casual associations between frailty, POD, and
postoperative complications were unclear. Using media-
tion analysis, our study quantified the effect of POD in the
frailty-complications association. To be noted, only a small
proportion of the association was mediated by POD. This
result indicated that a bundle of strategies to improve frailty
(i.e., prehabilitation and nutrition supplement) and prevent

delirium (such as dexmedetomidine and multiple modal
analgesia) should be considered for perioperative manage-
ment. A multidiscipline protocol may be more efficient to
reduce the risk of postoperative major complications.

Specific mediation effects were observed in frailty-car-
diovascular complications and frailty-infection complica-
tions. One reason could be attributed to the higher incidence
of these complications which yielded sufficient statistical
power (i.e., power >0.8) in mediation analysis. Meanwhile,
previous studies had reported that delirium was associated
with increased risk of cardiovascular and infection compli-
cations [42, 43]. The clinical significance of these findings
requires further investigation.

This study had several limitations. Firstly, this study
based on a pooled database of six published studies.
Although these studies were primarily designed to focus on
POD, the discrepancy of inclusion/exclusion criteria might
increase the potential bias in participants. We employed
univariate and multivariable analyses to adjust potential
confounders such as age, comorbidities, and type of sur-
gery and anesthesia. Secondly, a composite of postoperative
major complications was used. This was useful to increase
the statistical power with a fixed sample size. But we were
unable to analyze the mediation analysis for each complica-
tion because of their relatively low incidences. Lastly, the
scope of this study was confined to the elective non-cardiac
surgery population which limited the generalizability of the
findings.

Conclusion

This study found that the association between preoperative
frailty and postoperative major complications was mediated
by POD in elder patients after non-cardiac major surgery.
Considering the limited effect size, further investigation is
needed to verify the finding.
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