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Abstract 

Objectives This study aimed to reveal the relationship between alcohol consumption and Postoperative delirium 
(POD) in the elderly.

Methods We selected 252 patients from the Perioperative Neurocognitive Disorder And Biomarker Lifestyle (PND-
ABLE ) study. Patients in the PNDABLE database have been measured for Alzheimer-related biomarkers in CSF (Aβ40, 
Aβ42, P-tau, and tau protein). Mini-Mental State Examination (MMSE) was used to assess the preoperative mental 
status of patients. POD was diagnosed using the Confusion Assessment Method (CAM) and assessed for severity using 
the Memorial Delirium Assessment Scale (MDAS). Logistic regression analysis was utilized to explore the association 
of alcohol consumption with POD. Linear regression analysis was used to study the relationship between alcohol 
consumption and CSF biomarkers. Mediation analyses with 10,000 bootstrapped iterations were used to explore the 
mediation effects. Finally, we constructed the receiver operating characteristic (ROC) curve and the nomogram model 
to evaluate the efficacy of alcohol consumption and CSF biomarkers in predicting POD.

Result The incidence of POD was 17.5%. Logistic regression showed that alcohol consumption (OR = 1.016, 95%CI 
1.009–1.024, P < 0.001) is a risk factor for POD. What’s more, Aβ42 is a protective factor for POD (OR = 0.993, 95%CI 
0.989–0.997, P < 0.05), and P-Tau was a risk factor for POD (OR = 1.093, 95%CI 1.022–1.168, P < 0.05). Linear regression 
analysis revealed that alcohol consumption was negatively associated with CSF Aβ42 (β = -0.638, P < 0.001) in POD 
patients. Mediation analyses showed that alcohol consumption is likely to partially mediate POD through Aβ42 (pro-
portion:14.21%). ROC curve showed that alcohol consumption (AUC = 0.904; P < 0.001) exhibited a relatively better 
discriminatory ability in POD prediction compared to Aβ42 (AUC = 0.798; P < 0.001). The calibration curve indicated a 
good nomogram prediction (P = 0.797).

Conclusion Alcohol consumption is a risk factor for POD (particularly for those with > 24 g a day on average) in the 
elderly, and contributes to POD through the mediation of Aβ42.
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Introduction
Postoperative delirium (POD) can be defined as an acute 
cerebral dysfunction or failure and fluctuating conscious-
ness, accompanied by obvious impairment of concen-
tration and cognitive function [1, 2]. It often occurs in 
the first week after surgery (or before discharge) with a 
higher incidence 1–3 days postoperatively [3]. POD may 
lead to higher health resource costs and mortality and 
longer hospitalization [4]. POD remains a common post-
operative clinical complication in the elderly. Previous 
studies have shown that the incidence of POD is about 
17.6%  [5] and its pathological mechanism has yet to be 
fully understood.

With the rapid growth of the Chinese economy, alco-
hol consumption in China is greatly rising [6]. According 
to epidemiological findings, alcohol consumption may 
increase the risk of cognitive impairment in the elderly 
[7]. Studies have also shown that alcohol consumption 
is considered to be an independent risk factor for cogni-
tive impairment [8]. Since POD is often accompanied by 
cognitive impairment [4], a possible correlation between 
alcohol consumption and POD can be inferred. Consid-
ering the current drinking status, actively exploring the 
relationship between alcohol consumption and POD is 
imperative to prevent the occurrence of POD in China.

Previous studies have shown that CSF Aβ40, Aβ42, T-tau 
and P-tau are associated with neurological abnormali-
ties [9–11]. These markers are usually associated with 
the pathogenesis of POD [10, 12, 13]. Aβ interfering with 
synaptic function by binding to different neuronal or 
non-neuronal plasma membrane components is the basis 
for clinical manifestations of cognitive decline [14]. After 
phosphorylation of the tau protein, it loses the function 
of stabilizing the microtubule cytoskeleton, leading to 
neurodegenerative diseases [15]. It was also found that 
patients with POD had a lower Aβ42/P-tau ratio and a 
lower CSF Aβ42 level [12, 16, 17]. Thus, the above conclu-
sions can be intertwined to conclude that CSF biomark-
ers and cognitive dysfunction are related.

There is little research on the relationship between 
alcohol consumption and POD in the elderly and their 
related mechanisms. This study was analyzed in the fol-
lowing three aspects to reveal their relationship. First, is 
alcohol consumption an independent influence on POD? 
Second, is there a correlation between CSF biomarkers 
and alcohol consumption? Second, is there a correla-
tion between CSF biomarkers and alcohol consumption? 
Third, if a correlation does exist, whether alcohol con-
sumption will lead to POD through CSF biomarkers. If 
the above conjecture were confirmed, the study would 
hopefully provide a preemptive strategy to decrease the 
incidence of POD in the elderly and reduce the burden 
on families and society.

Materials and methods
PNDABLE database
Volunteers were recruited from the PNDABLE study, 
which is an ongoing large-scale cohort study launched 
in 2018, and volunteers included in the database were 
between 40 and 90 years of age, concentrating on the risk 
factors and biomarkers of perioperative neurocognitive 
disorder (PND) in the Han population of northern China. 
The purpose of PNDABLE is to determine the genetic 
and environmental factors of PND biomarkers and the 
lifestyle factors that might change the risk of PND in the 
non-demented northern Chinese Han population so that 
the basis for disease prevention and early diagnosis can 
be formed. All participants were provided informed con-
sent, and they could stop participating anytime for any 
reason. Their CSF and blood samples could be used for 
research in the future.

Participants
At Qingdao Municipal Hospital, we selected patients 
who underwent knee/hip replacement surgery under 
Combined spinal-epidural anesthesia between June 2020 
and June 2021. The inclusion criteria of this study include 
(1) aged between 65 and 90; (2) Drinking frequency ≥ 1 
time per week and a history of drinking ≥ 1 year [18]. (3) 
American Society of Anesthesiologists (ASA)I~II; (4) 
preoperative cognitive status was intact with no language 
communication barrier. The exclusion criteria included: 
(1) central nervous system infection, head trauma, mul-
tiple sclerosis, neurodegenerative diseases (such as epi-
lepsy, Parkinson’s disease), or other notable neurological 
diseases; (2) severe visual and hearing impairment (3) 
non-drinkers, abstainers, or those who used to drink 
regularly but have not consumed alcohol in the past year; 
(4) preoperative Mini-Mental State Examination scale 
(MMSE) ≤ 23 points (5) drug abuse or psychotropic sub-
stance abuse, long-term use of steroids and hormonal 
drugs, (6) family history of genetic disorders (e.g., early-
onset familial AD, hereditary ataxia, hereditary spastic 
paraplegia, etc.).

Neuropsychological testing
All participants accepted careful clinical and neuropsy-
chological assessments and MMSE the day before the 
scheduled operation. Patients were followed up on post-
operative days 1–7 days or before being discharged from 
the hospital at 10 a.m. and 2 p.m. twice daily. At the same 
time, the presence or absence of POD was recorded. 
The presence of POD was defined according to Confu-
sion Assessment Scale (CAM), those with POD were 
classified as the POD group, and those with POD nega-
tive were classified as the non-POD group(NPOD). The 
severity of POD was defined according to the Memorial 
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Delirium Assessment Scale (MDAS) [19, 20]. All of the 
above assessments were performed by an anesthesiolo-
gist and a neurologist who did not know the patient’s 
perioperative management(The anesthetist and neurolo-
gist who visit preoperatively and postoperatively are dif-
ferent). The CAM and MDAS apply to patients with good 
credibility and utility [21, 22].

Anesthesia and surgery
All participants performed elective surgery under com-
bined spinal and epidural anesthesia. The participants 
did not receive preoperative medications and were 
instructed not to drink for 6 h or eat for 8 h before sur-
gery. After entering the operating room, we routinely 
monitored ECG, SpO2, and NBP and opened vein access. 
The anesthesia position was lateral decubitus, with the 
space between the spinous processes of lumbar 3–4 (L3-
L4) as the puncture site. After a successful puncture, 2ml 
of cerebrospinal fluid was extracted from the subarach-
noid space, followed by 2-2.5ml Ropivacaine (0.66%) 
injection for about 30  s. The patient’s anesthesia level 
was controlled below the thoracic 8 (T8). The patient’s 
oxygen saturation, pulse, blood pressure, electrolytes, 
etc., were checked regularly (every 3  min) during anes-
thesia and surgery. After the operation, the patient was 
sent to the anesthesia recovery room for observation 
for thirty minutes and returned to the ward if there was 
no abnormality. Postoperatively, the Numerical Rat-
ing Scale (NRS) was used to assess the pain. Patient-
controlled intravenous analgesia (PCIA) was used in 
postoperative pain management. (Butorphanol tartrate 
injection 10  mg + Toranisetron hydrochloride injection 
5  mg + 0.9% sodium chloride solution 89ml maintained 
NRS < 3 points).

CSF core biomarkers measurements and collection
2ml CSF was collected in a polypropylene centrifugal 
tube, then centrifuged at 2000 × g for 10  min at room 
temperature [23, 24] as well as separated and stored in an 
enzyme-free EP (Eppendorf ) tube (oxygen bottle, PCR-
02-C) at -80  °C for further use in the following steps of 
this study. These samples were subjected to at most two 
freeze-thaw cycles.

ELISA was used to detect the level of Aβ40, Aβ42, T-tau 
and P-tau, which were detected from 2ml CSF, using Aβ40 
(BioVendor, Ghent, Belgium Lot: No. 292–6230), Aβ42 
(BioVendor, Ghent, Belgium Lot: No. 296-64401), P-tau 
(BioVendor, Ghent, Belgium Lot: QY-PF9092), and tau 
(BioVendor, Ghent, Belgium Lot: No.EK-H12242) assay 
kit under the manufacturer’s instructions. Finally, using 
an enzyme marker (EnSpire, PerkinElmer, Waltham, 
MA, USA) [23, 24] to measure each hole’s optical den-
sity value (OD value) at the wavelength of 450  m. The 

same laboratory personnel measured all samples, and the 
group assignment blinded them.

Classification of alcohol intake
We traced the patient’s drinking history and calculated 
the average daily alcohol intake according to the formula: 
the amount of alcohol consumed (g) = amount of alcohol 
consumed (ml) × alcoholic concentration (%) × 0.8 (The 
density of alcohol is known to be 0.8 g/cm³). The patients’ 
drinking history was investigated and classified according 
to the following criteria: [25].

1. Average daily intake of alcohol < 12 g (mild).
2. Average daily intake of alcohol 12–23 g (moderate).
3. Average daily intake of alcohol > 24 g (heavy).

Sample size estimation
The preliminary test in this study explored that four 
covariates(alcohol consumption, Aβ40, Aβ42, and P-tau)
were included in the Logistic regression. According to 
the previous studies, the POD incidence was 17.6%5, 
and the loss of follow-up rate was assumed to be 20%. 
Thus, according to the logistic regression events per 
variable (EPV) sample size calculation method [26], 
EPV set to 10, the required sample size was 284 cases 
(4 × 10 ÷ 0.176 ÷ 0.8 = 284).

Statistical analysis
The Kolmogorov-Smirnov (KS) test was used to deter-
mine the normality of the samples. Data that con-
formed to the normal distribution were expressed as 
mean ± standard deviation (SD), and data that did not 
conform to the normal distribution were expressed as the 
median and 25–75 percentile (M,(Q25, Q75)) or number 
(%). The two independent samples t-test was used to test 
whether there was a significant difference in the levels of 
CSF biomarkers and alcohol consumption between the 
POD and NPOD groups. The difference was considered 
statistically significant at P < 0.05.

Binary logistic regression was used to discuss whether 
alcohol consumption independently influenced POD. 
Moreover, to investigate the range of alcohol intake that 
predisposes to POD, the average daily alcohol intake 
of participants was also categorized according to the 
above-average daily alcohol consumption and included 
sequentially in logistic regression for the study. Linear 
regression models examined the relationship between 
CSF biomarkers and alcohol consumption. The covari-
ates in the binary logistic regression include average 
daily alcohol intake, Aβ40, Aβ42, and P-Tau protein, 
because they were significantly correlated with POD 
in the univariate analysis (P < 0.05). Subsequently, to 
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improve the accuracy of the results, we further cor-
rected for the effect of confounding factors, including 
age, gender, years of education, cigarette use (yes or no), 
hypertension (yes or no), Coronary heart disease(yes 
or no), diabetes(yes or no) and MMSE, which showed 
that the results were barely changed in this analysis 
(OR = 1.016, 95%CI 1.009–1.024, P < 0.001); A two-way 
ANOVA was used to investigate the effects of gender 
and alcohol consumption on POD.

Moreover, linear regression models covering three 
equations were performed to examine whether the CSF 
biomarkers mediated the association between Alcohol 
consumption and POD. Mediation effects were estab-
lished if the following criteria were simultaneously 
reached:

1. Changes in alcohol consumption had a significant 
effect on CSF biomarkers.

2. Changes in CSF biomarkers were responsible for 
changes in POD.

3. Changes in Alcohol consumption were significantly 
or not significantly related to POD.

4. The association between Alcohol consumption and 
POD was attenuated when the CSF biomarkers were 
added to the regression model.

Furthermore, the attenuation or indirect effect was 
estimated, with the significance determined using 
10,000 bootstrapped iterations. The indirect effect (IE) 
was P < 0.05, considered significant.

The predictive value of Alcohol consumption and the 
CSF biomarkers was described with a receiver-operat-
ing characteristics (ROC) curve, and the area under the 
curve (AUC) reported the discriminatory ability. Nomo-
gram will be used to visualize the predicted results, and 
the calibration curve will be used to verify the predicted 
model.

The data were analyzed with R4.4.1 (R Foundation for 
Statistical Computing, Vienna, Austria), GraphPad Prism 
version 8.0 (GraphPad Software, Inc, LaJolla, CA, USA) 
and Stata MP16.0 (Solvusoft Corporation, Inc, Chicago, 
Illinois, USA).

Results
Participant characteristics
We eventually included 252 patients for statistical analy-
sis. (see Fig. 1, flow diagram).

Among the 252 patients included in the study, 44 sub-
jects experienced POD during the 1–7 day postoperative 
follow-up (positive rate of POD: 17.5%). The average age 
of participants was 69.38 (SD = 4.066). Specific informa-
tion for all participants was presented in Table 1.

Comparison between POD and NPOD groups
Participants were divided into two groups according to 
the occurrence of POD (POD and NPOD), and two inde-
pendent samples t-test was performed to compare the 
levels of CSF biomarkers and alcohol consumption. The 
results suggested a significant difference in the levels of 
CSF Aβ42 protein and alcohol consumption between the 

Fig. 1 The flow diagram showed the selection of eligible patients and the enrollment process
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POD and NPOD groups (P < 0.001). The NPOD group 
had higher Aβ42 levels, while the POD group had more 
alcohol consumption. However, there was no significant 
difference in Aβ40, T-tau, and P-tau. For the results of the 
study, please refer to Fig. 2.

Results of binary logistic regression and sensitivity analysis
Binary logistic regression showed that alcohol con-
sumption (OR = 1.016, 95%CI 1.009–1.024, P < 0.001) 
was a risk factor for POD, and the positive rate of POD 
would increase with the daily intake (please refer to 
Table 2A). Subsequently, alcohol intake was further clas-
sified according to the Classification of alcohol intake and 
sequentially included in logistic regression for the study. 
Results showed that an average daily alcohol intake > 24 g 
(heavy) was significantly associated with the incidence 
of POD ( OR = 1.014, 95%CI 1.008–1.021, P < 0.05 ) 
(please refer to Table 2B). What’s more, Aβ42 was a pro-
tective factor for POD (OR = 0.993, 95%CI 0.989–0.997, 

P < 0.05); P-Tau was a risk factor for POD (OR = 1.093, 
95%CI 1.022–1.168, P < 0.05).

To improve the reliability of the results, we performed 
a sensitivity analysis: adding more confounding fac-
tors, including age, gender, years of education, cigarette 
use (yes or no), hypertension (yes or no), coronary heart 
disease(yes or no), diabetes(yes or no) and MMSE. The 
conclusion was that the results were barely changed in 
this analysis (OR = 1.016, 95%CI 1.009–1.024, P < 0.001).

The relationship between alcohol consumption and CSF 
biomarkers
Linear regression analysis showed a significantly negative 
association between alcohol consumption and CSF Aβ42 
(β = -0.638, P < 0.001) in POD patients, while no such 
relationship was found in NPOD patients(P > 0.05). At the 
same time, the same relationship was not found for the 
other three CSF biomarkers(Aβ40, P-tau, T-tau P > 0.05), 

Table 1 Characteristics of participants

Categorical variables are reported as numbers and percentages; continuous variables are reported as means ± SD, whereas non-normal data are expressed as the 
M(Q25,  Q75); 

Abbreviations: POD Postoperative delirium, NPOD No postoperative delirium, MDAS Memorial Delirium Assessment Scale, NRS Numerical Rating Scale, CHD Coronary 
heart disease, kg kilogram, M Median, SD Standard deviation, Q Quartile, N Number, g gram;
a control group

POD Non-POD t-values/z/χ2 P-values

Gender (male/female) 0/44 18/190 2.900 0.089

Age (year),(mean ± SD) 70.20 ± 5.201 69.21 ± 3.776 -1.201 0.235

BMI(mean ± SD,Kg/m2) 25.02 ± 3.099 25.45 ± 3.10 0.911 0.363

Education (M,(Q25,Q75)) 9(6,12) 9(9,12) 2.197 0.029

ASA grade, (N(%)) -0.150 0.881

 I 10(22.7%) 57(27.4%)

 II 34(77.3%) 151(72.6%)

NRS, (M,(Q25,Q75)) 3(2,3) 2(2,3) -1.050 0.295

MMSE, (M,(Q25,Q75)) 27.5(26,29) 29(27,30) 2.838 0.005

MDAS, (M,(Q25,Q75)) 13(11,15.75) 3(0,5) -25.169 0.000

Cigarette use, yes (%)
No(%)a

28(63.6%)
16(36.4%)

129(62%)
79(38%)

0.040 0.841

Hypertension, yes (%)
No(%)a

19(43.2%)
25(56.8)

61(29.3%)
147(70.7%)

3.217 0.073

Diabetes mellitus, yes (%)
No(%)a

3(6.8%)
41(93.2%)

19(9.1%)
189(90.9%)

0.040 0.841

CHD, yes (%)
No(%)a

3(6.8%)
41(93.2%)

27(13%)
181(87%)

1.315 0.251

type of surgery (Knee arthroplasty/Hip 
arthroplasty)

33/11 155/53 1.000 0.943

Surgery time(M,(Q25,Q75)) 1.50(1.03,1.80) 1.40(1.10,1.70) 0.758 0.082

Anesthesia time(M,(Q25,Q75)) 1.95(1.50,2.30) 1.90(1.50,2.18) 0.371 0.064

mean daily alcohol intake(N,(%)) -8.321 0.000

 < 12 g 74(35.6%)

 12 ~ 23 g 3(6.8%) 61(29.3%)

 > 24 g 41(93.1%) 73(35.1%)
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regardless of the POD or NPOD group. Relevant graphs 
of the linear regression results are shown in Fig. 3.

The mediation analyses
Mediation analyses showed that alcohol consumption was 
likely to cause POD through Aβ42 (proportion:14.21%, 
P < 0.05). Relevant results are shown in Fig. 4.

Two-factor ANOVA
A two-factor ANOVA was used to explore the effects of 
gender and alcohol consumption on Aβ42. The results 
showed a significant interaction between gender and 
alcohol consumption (P < 0.05), and a simple effect anal-
ysis performed showed that the level of Aβ42 in CSF 
decreased with increasing alcohol intake when “gender” 
was fixed (please refer to Table  3A). When the amount 
of alcohol consumed was fixed, there was no significant 
effect of gender on the level of CSF Aβ42. However, when 
light alcohol consumption (average daily intake of alco-
hol < 12  g) was present, women had higher Aβ42 levels 
than men (please refer to Table 3B).

Predictive model
ROC curve showed that two factors were effective in 
predicting POD, alcohol consumption (AUC = 0.904; 
P < 0.001) exhibited a relatively better discriminatory abil-
ity in POD prediction compared to Aβ42 (AUC = 0.798; 
P < 0.001) (Fig. 5). The efficacy of each predictor is shown 
in the nomogram (Fig. 6). The calibration curve indicated 
good prediction of the nomogram (P = 0.797) (Fig. 7).

Discussion
The result showed that alcohol consumption is a risk fac-
tor for POD in the elderly and possibly mediated by Aβ42.

POD can be defined as an acute brain dysfunc-
tion [27], Which can present as hypoactive (decreased 
alertness, motor activity and anhedonia), hyperac-
tive (agitated and combative) or mixed forms [28, 29]. 
The presence of delirium increases the risk of develop-
ing dementia in later life [30]. Although it is usually a 
temporary illness with psychiatric symptoms, delirium 
leads to a reduced quality of life and a decreased ability 
to perform daily activities [31]. Moreover, POD is asso-
ciated with longer hospitalization, poorer functional 
recovery and higher healthcare costs. 72.4% of patients 
will die within five years [32–34]. Thus, identifying indi-
viduals with a high risk of POD and developing early 
prevention and intervention strategies are significant to 
the public.

There are many theories about the mechanism of POD 
[35–37]; Aβ40 and Aβ42 are major components of senile 
plaques in AD. Tau is a microtubule-associated protein 
in neurons and is critical for microtubule formation 
and stability [38]. Aβ and Tau are biomarkers of plaque 
pathology, neurodegeneration, and neurofibrillary tan-
gle pathology reflecting POD. Studies have demon-
strated that CSF Aβ42, Aβ40, T-tau, and P-tau in patients 
are associated with cognitive decline [39, 40]. The study 
yielded similar results to previous studies, with Aβ42 
being a protective factor for POD and P-tau being a risk 
factor for POD. This further validates the reliability of 

Table 2 Logistic regression analysis

Binary logistic regression was used to discuss whether the amount of alcohol intake was an independent influence on POD. Unadjusted: covariates including mean 
daily alcohol intake, Aβ40, Aβ42, P-tau, T-tau；Adjusted: through adding more covariates, including age, gender, years of education, BMI, which showed that the results 
were barely changed in this analysis

The average daily alcohol intake was transformed into a rank variable according to the above classification ; unadjusted ：Relationship between alcohol classification 
and POD of the same grade; Adjusted: through adding more covariates, including age, gender, years of education, cigarette use (yes or no), hypertension (yes or no), 
Coronary heart disease(yes or no), diabetes(yes or no) and MMSE, which showed that the results were barely changed in this analysis

Patients with a rank variable of 1 were not included in this regression analysis because POD did not occur in patients with an average daily alcohol intake of < 12 g.

Abbreviations: OR Odds ratio, CI Confidence interval; 

Unadjusted Adjusted
OR 95%CI P value OR 95%CI P value

A
 mean daily alcohol intake 1.016 1.009–1.023 P < 0.001 1.015 1.009–1.023 P < 0.001

 Aβ40(pg/ml) 1.000 0.999-1.00 P < 0.05 1.000 0.999-1.000 P < 0.05

 Aβ42(pg/ml) 0.992 0.988–0.997 P < 0.05 0.992 0.987–0.997 P < 0.05

 P-tau(pg/ml) 1.076 1.011–1.144 P < 0.05 1.073 1.008–1.142 P < 0.05

 T-tau(pg/ml) 1.005 0.997–1.013 P > 0.05 - - -

B
 < 12g -

 12-23g 0.746 0.482-1.155 P> 0.05 0.000 0.000-0.000 P> 0.05

 >24g 1.014 1.008-1.021 P< 0.05 1.011 1.003-1.019 P< 0.05
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CSF markers as predictors of POD occurrence based on 
the previous.

With the development of the economy, alco-
hol as a globally popular beverage was consumed 
more often, which makes the relationship between 

alcohol consumption and cognitive impairment more 
pronounced [6, 7]. The results of this study prove that 
alcohol consumption is a risk factor for POD. Alcohol 
consumption has also been associated with cognitive 
decline in previous studies [41]. Cognitive decline was 

Table 3 The simple effect analysis

The result of simple effect: Fixed gender ; 3B: I-J, the difference in Aβ42 between the same gender and different average daily alcohol intake. In this study, women 
drank within 23g of alcohol, so alcohol levels >24g are not listed in the table

The result of simple effect: Fixed alcohol consumption; 3A: I-J, the difference in Aβ42 between genders with the same average daily alcohol intake. In this study, those 
who drink > 24g are men, so they are not listed in the table

I J I-J P values 95%CI

Female < 12 g 12–23 152.701 0.038 8.822 296.580

A

12–23 g < 12 -152.701 0.038 -296.580 -8.822

male < 12 g 12–23 -19.629 0.858 -86.026 46.768

> 24 73.248 0.007 16.228 130.268

12–23 g < 12 19.629 0.858 -46.768 86.026

> 24 92.877 0.001 33.956 151.799

> 24 g < 12 -73.248 0.007 -130.268 -16.228

12–23 -92.877 0.001 -151.799 -33.956

B

< 12 g Female male 113.797 0.022 16.554 211.039

male Female -113.797 0.022 -211.039 -16.554

12-23 g Female male -58.534 0.334 -177.716 60.648

male Female 58.534 0.334 -60.648 177.716

Fig. 2 Expression of CSF biomarkers and alcohol consumption of POD patients and non-POD controls. The scatter plots showed the expression 
levels of Aβ40 (A), Aβ42 (B), P-tau (C), T-tau (D) and alcohol consumption (E). The colors of scatter maps are grouped according to different diagnostic 
groups. The P value was determined by the two independent samples t-test. The level of CSF Aβ42 and alcohol consumption in patients with POD 
(POD group) were significantly different than those in patients without POD (NPOD group) (P < 0.001)
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Fig. 3 Associations of average daily alcohol intake and CSF core biomarkers. Scatter plots represent the associations of average daily alcohol intake 
with CSF core biomarkers: Aβ40, Aβ42, T-tau, and P-tau in the different groups (whole cohort, POD, NPOD). The normalized regression coefficients (β) 
and P values computed by multiple linear regression after adjustment for age, years of education, BMI, and MMSE were shown

Fig. 4 Mediation analyses with 10,000 bootstrapped iterations were used to examine the mediation effects of Aβ, and T-Tau on POD
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Fig. 5 ROC curve for the probabilities from logistic modeling using alcohol, Aβ42, Aβ40, and P-tau. The results showed a high sensitivity and a low 
false positive rate for the use of average daily alcohol intake as a risk factor for the assessment of POD; X-axis: false positive rate, Y-axis: sensitivity

Fig. 6 Alcohol consumption is a risk factor for POD, and within a certain range, the risk of developing POD increases as alcohol intake increases; 
Aβ42 is a protective factor for POD, and the risk of developing POD increases as the level of Aβ42 decreases. The process of predictors selection: 
Alcohol, Aβ42, P-tau, etc., was statistically significant with POD in this study.; Light alcohol consumption (< 12 g) in women may increase Aβ42 levels, 
so gender was also included as a predictor in the nomogram model;. BMI [44], cigarettes [45], Hypertension [46] and diabetes [47] have also been 
shown to be associated with the development of cognitive dysfunction
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well documented in alcohol drinkers [18], which is con-
sistent with the conclusion of this trial, but the underly-
ing mechanisms need to be further discussed.

In this study, the relationship between alcohol con-
sumption, POD and CSF markers and the possible 
potential mechanisms were initially explored, providing 
a clinical reference value for predicting and preventing 
POD. Epidemiological studies have shown that excessive 
alcohol consumption increases the accumulation of Aβ 
and tau protein phosphorylation [42]. What’s more, CSF 
indicators of amyloid accumulation were higher for those 
with regular alcohol consumption rather than infrequent 
alcohol consumption [18]. A few years ago, a study also 
showed a decrease in Aβ42 in patients with POD [12]. 
Interestingly, the study reached similar conclusions that 
alcohol consumption was an independent risk factor for 
POD and patients in the POD group had lower levels of 
Aβ42 than the NPOD group.

We also came up with another surprising result, alcohol 
intake > 24 g (heavy) is more likely to cause POD, similar 
to the conclusion of Richards and Sabia [41, 43]. There is 
a negative correlation between alcohol consumption and 
Aβ42 in POD patients, and regular alcohol drinkers have 
increased pathological accumulation of Aβ42, leading to 
a decreased CSF Aβ42 concentration [18, 42]. Sensitivity 
analyses yielded consistent conclusions. Combining the 
findings, a hypothesis that alterations in CSF Aβ42 might 
be one of the mechanisms that alcohol consumption 
leads to POD was made. Therefore, a mediation analysis 

with 10,000 bootstrapped iterations was performed to 
explore the mediation effects. The results suggest that 
in the mechanism of alcohol-induced POD generation, 
it may be partially mediated through Aβ42 (14.21%). In 
addition, the prediction models constructed for the high-
risk factors of logistic regression analysis also indicated 
good sensitivity and predictability of the results of this 
study.

Two-way ANOVA shows a possible interaction 
between gender and alcohol consumption. Therefore, to 
exclude interactions, another simple effects analysis was 
performed. We found that the level of Aβ42 in CSF would 
decrease with increasing alcohol intake when “gender” 
was fixed. However, when the variable “daily alcohol 
intake” was the same, there would be no significant dif-
ference in the level of CSF Aβ42. Surprisingly, women had 
higher Aβ42 levels than men when the average daily alco-
hol intake was < 12  g (light alcohol consumption). This 
may suggest that light alcohol consumption in women 
may reduce the occurrence of POD by increasing Aβ42. 
This may be a new perspective for prevention; however, 
the exact mechanism needs to be verified by further 
studies.

The characteristic of this study is that it quantified daily 
drinking as alcohol intake, which increased the accuracy 
and reliability of the experimental results. In contrast, pre-
vious studies have only explored the current frequency 
of alcohol consumption but have not considered specific 
doses. However, this study has some limitations: firstly, it is 

Fig. 7 The calibration curve indicated good prediction of the nomogram (P = 0.797)
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a single-center trial, and a multicenter study is still needed. 
Secondly, the sample size of this study is small. Thirdly, this 
study focused only on the relationship between alcohol 
consumption and CSF biomarkers, and there may be other 
mechanisms. Finally, this study focused only on preopera-
tive factors, and postoperative recovery indicators should 
be studied as the next step.

Conclusion
In conclusion, alcohol consumption is a risk factor for POD 
in the elderly and will lead to POD through the mediation 
of Aβ42. Patients with an average daily alcohol intake of 
> 24 g will have an increased risk of POD. This study pro-
vides a new insight into the prevention of POD, which is 
expected to guide POD prevention by regulating or con-
trolling alcohol consumption.
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