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Background: POCD is a common postoperative complication associated with anesthesia and surgery. Its occurrence reduces the
quality of life after surgery and increases the risk of death and disability. Related studies demonstrated that hyperlipidemia could affect
the occurrence and development of patients’ cognitive dysfunction. However, the association between hyperlipidemia and POCD has
not been well examined.

Methods: A total of 98 patients were divided into hyperlipidemia group and normal lipid group based on blood lipid level. Minimum
Mental State Examination was used to evaluate the preoperative cognitive status. The patients were assessed with the Montreal
Cognitive Assessment 1 day before operation and 7 days after operation. The Telephone Interview for Cognitive Status-Modified was
applied to evaluate the cognitive ability 1 and 3 months after surgery. We analyzed the incidence of POCD and its potential risk factors
according to the scores on each scale after operation.

Results: A total of 98 patients including 52 patients in the hyperlipidemia group and 46 patients in the normal blood lipid group
completed all postoperative follow-up. POCD occurred in 27 patients 7 days after surgery, including 19 patients (36.54%) in the
hyperlipidemia group and 8 patients (17.39%) in the normal group. One month after surgery, 23 patients experienced POCD, with 17
(32.69%) in the hyperlipidemia group and 6 (13.04%) in the normal group. And three months after surgery, 20 patients experienced
POCD, including 14 (26.92%) in the hyperlipidemia group and 6 (13.04%) in the normal group. Through univariate and multivariate
regression analysis, we found that age and total cholesterol level were significantly associated with the occurrence of POCD.
Conclusion: Preoperative hyperlipidemia was associated with the occurrence of POCD 7 days and 1 month after laparoscopic
gynecologic tumor surgery. Age and preoperative hypercholesterolemia were considered independent risk factors for POCD
development.
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Introduction
Perioperative neurocognitive disorder (PND) is a type of cognitive dysfunction that occurs both before and after surgery. It
includes conditions such as postoperative delirium (POD), postoperative cognitive dysfunction (POCD), and other related
manifestations. According to the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5), the
diagnostic criteria for PND include preoperative cognitive decline, postoperative delirium, delayed neurocognitive
recovery, and postoperative cognitive dysfunction.'~

Postoperative delirium (POD) is a temporary condition marked by acute cognitive impairment. It is characterized by
reduced awareness of the environment, varying symptoms throughout the day, and difficulty in focusing, maintaining, or

shifting attention. The symptoms of postoperative delirium can vary. Patients may exhibit hyperactive, hypoactive, or
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mixed cognitive and motor states. In contrast, hypoactive patients often appear calm but may show inattention, reduced
mobility, and difficulty answering simple orientation questions.’

Postoperative cognitive dysfunction (POCD) is a common postoperative complication, especially in elderly patients.
POCD typically manifests as a decline in cognitive functions, such as the decline of learning and memory ability,
inattention, and executive dysfunction.! Assessment of POCD typically relies on standardized neuropsychological tests
that are administered before and after surgery in order to compare changes in cognitive function in patients. Preoperative
tests should not be performed on the day of surgery because the results can be affected by pain, anxiety, and perioperative
medications. Postoperative evaluation should also be performed only after the acute effects of surgery and anesthesia
have completely dissipated. Postoperative examinations should be performed at 1 week and 3 months after surgery,
depending on the clinical situation.*

Studies indicate that lipid metabolism is closely linked to several physiological processes, including hormone
synthesis, vitamin absorption, and nervous system function. In the nervous system, lipids like phospholipids and
cholesterol are essential for the growth, repair, and maintenance of neurons.” However, abnormal blood lipid levels
can lead to various diseases, including cardiovascular disease, metabolic syndrome, and neurodegenerative diseases.
Therefore, maintaining normal lipid levels is crucial for overall health and neurocognitive function.

In recent years, an increasing number of studies have focused on the relationship between dyslipidemia and
perioperative neurocognitive disorders (PND). Numerous studies considered hypertension, diabetes, hyperlipidemia,
cerebrovascular disease, and microthrombosis as independent risk factors affecting cognitive function.'' Related
studies have proved that high levels of low-density lipoprotein cholesterol (LDL-C) and triglyceride are considered to
be potential factors that increase the risk of POD and POCD.'? Furthermore, studies involving elderly surgical patients
with metabolic syndrome indicate that lower levels of HDL-C are significantly associated with POD. Higher preoperative
BMI is also identified as a risk factor for developing POCD."? Clinical studies have demonstrated that monitoring lipid
levels before and after surgery can help identify high-risk patients and support personalized perioperative management.
Additionally, more researches have shown that dyslipidemia may worsen the decline in perioperative cognitive function
by promoting neuroinflammation and oxidative stress.'*

In conclusion, we propose an association between hyperlipidemia and POCD. Therefore, this article mainly explores
whether preoperative hyperlipidemia is related to the occurrence and development of POCD, and explores the risk factors
of POCD. By analyzing the potential causes, precipitating factors, and risk factors of POCD, we aim to provide effective
prevention and treatment strategies, improve prognosis, and enhance the quality of life for patients after anesthesia.

Methods

The study was approved by the Ethics Committee of Guangxi Medical University Cancer Hospital (approval number:
KY2021002), complied with the Declaration of Helsinki, and strictly adhered to local data confidentiality and safety
regulations. The current research was registered with the China Clinical Trial Center prior to the commencement of the
trial (registration number: ChiCTR2100044287 https://www.chictr.org.cn/showproj.html?proj=123276, Principal investi-
gator: Yao Xiong, Date of registration: 2021-03-14), and a registration number was obtained to ensure the accuracy,

authenticity and integrity of the trial. Informed consent was provided to the subjects by the investigators and all subjects
and their authorized persons were given sufficient time to consider whether or not to participate and those who consented
signed the written informed consent form.

Protocol

A total of 145 patients were included in the study, with 98 patients of them had completion of all postoperative follow-up.
Patients who underwent secondary surgery, lost follow-up, and refused to participate were excluded. According to the
preoperative blood test results and diagnostic criteria, all the patients were divided into hyperlipemia and normolipemia
groups. And two complete cognitive ability evaluations were performed before and 7 days after surgery. According to the
plasma lipoprotein profile, hyperlipidemia can be divided into four types, namely, hypercholesterolemia (TC >5.2 mmol/
1), hypertriglyceridemia (TG >1.7 mmol/L), mixed hyperlipidemia (TC >5.2 mmol/l, TG >1.7 mmol/l), and low high-
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density lipoprotein cholesterol (HDL-C <1.0 mmol/L)."*> Those who met one of the above criteria were diagnosed with
hyperlipidemia and therefore included in the hyperlipidemia group.

Inclusion Criteria and Exclusion Criteria

Inclusion criteria: 1. The age of the subjects was older than or equal to 18 years old and younger than 80 years old;
2. Patients who had the ability to read and communicate effectively; 3. No history of serious heart, brain, liver, or
kidney-related system diseases; 4. ASA grades I-II; 5. General anesthesia was used for elective or limited
laparoscopic gynecological tumor resection; 6. Anesthesia time was 120 minutes or more.

Exclusion criteria: 1. A history of mental illness (such as dementia, depression, or delirium), cerebral infarction, or other
neurological diseases; 2. Subjects who were unable to communicate effectively; 3. Subjects with significantly impaired
cognitive function were excluded by MMSE score; 4. Subjects who refused to participate in this study.

Date Collection

Baseline data, including demographic data, comorbidities, and the main results of examinations, were collected
preoperatively. The demographic data included age, body mass index (BMI), and education level. The main results of
the examinations included TC, TG, HDL-C, LDL-C, etc. The patients’ overall status was systematically assessed using
the American Society of Anesthesiologists (ASA) classification. Cognitive function was evaluated with the MMSE and
the MoCA. Based on educational attainment, individuals were classified as having cognitive impairment if they scored
below the following thresholds on the MMSE: illiterates scored less than 17 points, primary school graduates scored less
than 20 points, junior high and technical secondary school graduates scored less than 24 points, and high school
graduates and above scored less than 27 points.'® We used MoCA to score various cognitive functions in patients,
including visuospatial ability, executive function, vocabulary abstraction ability, calculation and attention ability, delayed
recall ability, language ability, and spatio-temporal localization ability; the maximum score is 30, with scores of 26 or
higher indicating normal cognitive function, and participants with 12 years of education or less receiving an additional
point."” The self-rating depression scale (SDS) was used to determine if the subjects had depression and the severity of
depression. The duration of anesthesia, type and dose of anesthetic and additional medicines, fluid balance during
anesthesia, and blood pressure were all recorded intraoperatively. Following the operation, the extubation time and VAS
score were recorded. MoCA and QoR-15 were used to analyze the incidence of POCD 7 days after surgery, and TICS-M
was used to assess POCD incidence 1 and 3 months after surgery.

Anesthesia

A routine preoperative diet was fasted, and no anticholinergic drugs were used. Anesthesia induction protocol consisted
of intravenous bolus injections of 0.04 mg/kg Midazolam, 1~1.5 mg/kg Propofol, 0.3~0.5 ug/kg Sufentanil in sequence,
and a bolus injection of 0.6 mg/kg Rocuronium bromide after a patient lost consciousness. Anesthesia maintenance using
4~12mg/ (kg- h) Propofol + 0. 2~0. 4ug/(kg- h) Sufentanil + 1~2ug/ (kg- min) Cisatracurium besilate was pumped
continuously to maintain the anesthesia, and the muscle relaxant was terminated 30 minutes before the end of surgery.
Hemodynamic stability can be maintained by supplementing effective blood volume or using vasoactive drugs during
anesthesia when necessary. Infusions were performed according to the clinical practice of the 4-2—1 rule to ensure
hemodynamic stability and normal urine output during surgery. Specifically, the fluctuation of heart rate and mean arterial
pressure did not exceed the patient’s baseline level by more than 20%, and urine output should not be fewer than 1mL/kg
per hour. All the patients were resuscitated in the postanesthsia care unit (PACU) and were routinely monitored.
Flurbiprofen axetil was given to assist analgesia, and Roxatidine was given to protect the gastric mucosa. When the
patients were awake, the tracheal tube was removed after assessing the conditions for extubation. Then aerosol treatment
was performed, and the postoperative intravenous patient-controlled analgesia pump was connected. After 30 minutes of
observation, the patient was sent back to the ward if there was no obvious adverse reaction, the vital signs were stable,
and the Steward score reached 6 or above. For the first 2 days after the operation, all the patients received continuous
pain relief by using a patient-controlled analgesia pump.
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Statistical Analysis

At present, there is no clear diagnostic criteria for POCD in the world. As this study did not set up a healthy control
group, the Z-score method'® was therefore not used to determine POCD, and the standard deviation method recom-
mended by ISPOCD that mainly uses the variability of an individual before and after in the population to reflect changes
in cognitive function was applied. The specific method was as follows: The total scores of each MOCA subtest for each
subject one day before surgery were calculated, and these scores were compared with the postoperative scores to obtain
the difference. The occurrence of POCD was defined as a difference of at least one standard deviation. Cognitive function
was assessed by the TICS-M score at 1 month and 3 months after surgery. If the TICS-M score was lower than 33,
a patient was considered to have POCD.'"%!

By reviewing the literature and previous studies,* **

we hypothesized that the incidence of POCD was about 35% in
patients with hyperlipidemia and about 10% in patients with normal lipids. We set a (the probability of class I error) =
0.05, 1-B (test efficacy) = 0.9 to obtain z;.g s = 1.64 (one-sided) and z,.3 = 1.28, respectively. It was assumed that the

number of cases in the two groups was the same and substituted the above values with the formula
n= (217,1/2 —|—zl_ﬁ)2[p1(l —pl)/k+p2(1 —p2)]/(p1 —p2)2. The estimated sample size of both groups was 43 cases,
that is, when the sample size of the two groups was no fewer than 43 cases, and we can detect a statistical significance
level of 0.05 at 0.90 test efficacy.

SPSS 25.0 software was employed for statistical analysis, with numerical variables presented as the mean (SD) or
median (IQR) depending on distribution. 7-test using two independent samples was used to determine the difference
between groups if it conformed to the normal distribution, while if it was skewed, the nonparametric rank sum test was
used. Categorical variables were shown as counts (%) and analyzed by ” test.

Univariate statistical analysis was performed to explore the relationship between variables and the occurrence of
POCD. To identify risk factors potentially associated with POCD, multiple-regression models were generated by
combining potential confounders with exposure factors. Therefore, factors with p < 0.2 were subjected to the logistic
regression model for exploring the relationship between exposure factors and POCD while controlling for confounding
bias. In the analytical model, odds ratios (ORs) were calculated to determine which preoperative and intraoperative
factors might be risk factors for POCD. If p < 0.05, the difference was considered as statistically significant.

Results

Among the 145 patients, 111 patients met the inclusion criteria, of whom 1 underwent reoperation, 5 were lost to follow-
up, and 7 withdrew from the study. Finally, a total of 98 patients were included in the study, and the patients were divided
into hyperlipidemia group (n = 52) and normal lipid group (n = 46) (Figure 1). Preoperative data including age, ASA
grade, years of education, preoperative hemoglobin, homocysteine, albumin, GFP, fasting blood glucose, operative
history, preoperative complications, MMSE score, MOCA score, and preoperative chemotherapy were analyzed. We
did not detect significant difference between the hyperlipidaemia group and the normal blood lipid group (Table 1).

The results of statistical analysis of the intraoperative data on the length of surgery, duration of anesthesia, use of
anesthetic drugs, amount of input and output as well as post-operative data such as the depression score, extubation time,
VAS rating, QoR-15 score, and durations of hospitalization showed no statistical differences between the two groups
(Table 1).

Seven days after surgery, 19 patients (36.54% of 52 cases) in the hyperlipidemia group and 8 patients (17.39% of 46
cases) in the normal blood lipid group developed POCD. 1 month after surgery, 17 patients (32.69% of 52 cases) in the
hyperlipidemia group and 6 patients (13.04% of 46 cases) in the normal blood lipid group developed POCD. 3 months
after surgery, 14 patients (26.92% of 52 cases) in the hyperlipidemia group and 6 patients (13.04% of 46 cases) in the
normal blood lipid group developed POCD. After operation, the incidence of POCD in the hyperlipidemia group was
significantly higher than that in the control group at 7 days (p = 0.034) and 1 month (p = 0.022), without significant
difference between the two groups at 3 months postoperatively (Table 2).

We conducted binary logistic regression analysis on the results and the factors. The results showed that age (p <
0.001, OR: 1.165, 95% CI: 1.087-1.248), years of education (p < 0.001, OR: 0.548, 95% CI: 0.402-0.748), total
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1. Clinical Trial Center Registration

2. Approved by the Ethics Committee

l

| A total of 145 patients were included |

| 111 patients included |

Exclusions:

21 did not meet the
inclusion criteria

13 refused to articipate

Hyperlipidemia group

n=57 cases Preoperative MMSE Screening

Preoperative MoCA cognitive assessment

SDS Depression Self-Assessment

Normal blood lipid group

n=54 cases

Laparoscopic surgery

Laparoscopic surgery

MoCA cognitive assessment, pain score,

QoR-15 quality of life recovery score 7 days after surgery

Hyperlipidemia group(n=52cases)
Lost to follow-up(n=2cases)

Exit(n=3cases)

Normal blood lipid group(n=46cases)
Reoperation(n=1cases)

Lost to follow-up(n=3cases)
Exit(n=4cases)

Telephone assessment of cognitive function with TICS-M scale
at 1 month and 3 months after surgery

Figure | Flowchart for enrolling patients in the samples.

Statistical Analysis

cholesterol (p < 0.001, OR: 3.804, 95% CI: 1.973-7.334), low-density lipoprotein level (p = 0.001, OR: 2.914, 95% CI:
1.582-5.367) were significantly associated with POCD 7 days after surgery (Figure 2A). Age (p <0.001, OR: 1.112, 95%
CI: 1.050-1.178), years of education (p = 0.001, OR: 0.635, 95% CI: 0.481-0.837), total cholesterol (p < 0.001, OR:

Table | Comparison of the Perioperative Data of Hyperlipidemia and Normal Lipid Group

Hyperlipidemia Normal p value
n=52 n=46
Age (y) 54.50(10.17398) 50.5435(11.20458) 0.070°
BMI (kg/m2) 24.70(5.11) 23.695(3.86) 0.034°
ASA physical status
| 2(3.84) 4(9.52) 0.564°
I 50(96.16) 42(90.48)
Education (y) 9.0(2.0) 10.0(3.0) 0.069°
Examination results
TC (mmol/L) 5.090(1.55) 5.035(1.21) 0.017°
TG (mmol L) 1.685(1.60) 0.910(0.35) 0.000°
HDL-C (mmol/L) 1.035(0.49) 1.500(0.33) 0.000°
LDL-C (mmol/L) 3.3394(1.03864) 2.9809(0.66315) 0.042°
Hb (g/l) 126.50(21.50) 122.50(16.25) 0.703°
(Continued)
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Table | (Continued).

Hyperlipidemia Normal p value
n=52 n=46

HCY (umol/l) 9.4654(2.43422) 8.8913(1.95923) 0.062*

ALB (g/l) 40.2327(2.91909) 40.5891(2.75707) 0.537%

GFR (mL/min) 91.4942(16.29819) 97.8739(17.07712) 0.062*

GLUO (mmol/l) 4.65(0.83) 4.625(0.69) 0.631°
History of surgery

Y 1(1.96) 0(0) 0.347°

N 51(98.04) 46(100)
Preoperative complications*

Y 16(30.77) 7(15.22) 0.071°

N 36(69.23) 39(84.78)
Preoperative chemotherapy

Y 2(3.85) 2(4.35) 0.901°

N 50(96.15) 44(95.65)
Duration of surgery (min) 182.50(112.75) 188.50(91.5) 0.679*
Duration of anesthesia (min) 244.1538(64.51915) 240.2609(67.42549) 0.771°
Dosage of propofol (mg) 1518.8462(471.91996) 1396.7391(396.62495) 0.172°
Dosage of sufentanil (ug) 90.00(20.00) 90.00(21.25) 0.627*
Urine output (mL) 300.00(200.00) 275.00(262.50) 0.559*
Bleeding volume (mL) 100.00(150.00) 100.00(50.00) 0.378*
Total infusion volume (mL) 2000.00(675.00) 1950.00(925.00) 0.652*
Minimum systolic blood Pressure (mmHg) 101.00(15.75) 99.50(13.00) 0.339°
Use of vasoactive drugs

Yes 25(48.08) 27(58.70) 0.293¢

No 27(51.92) 19(41.30)
SDS 32.00(10.75) 32.00(11.00) 0.906°
MMSE score before operation 26.00(1.00) 27.00(1.25) 0.149
Preoperative MoCA score 25.00(1.00) 26.00(1.00) 0.162
Extubation time (min) 39.9808(8.07439) 38.4565(9.18624) 0.384*
VAS pain score 4.00(1.00) 3.00(2.25) 0.425°
QoR-15 score 115.00(14.00) 118.00(8.25) 0.067°
Length of stay (days) 13.50(5.75) 15.00(10.25) 0.299°
MoCA score 7 days after surgery 24.00(2.00) 25(2.00) 0.068°
TICS-M score at | month after surgery 34(4.00) 35(2.25) 0.075°
TICS-M score at 3 months after surgery 34(4.75) 35(3.00) 0.126°

Notes: *Preoperative complications included hypertension and diabetes. Quantitative variables are expressed as mean (SD) or
median (IQR) depending on the type of distribution. Categorical variables are expressed as count (%). *Independent sample
T test; "Nonparametric rank sum test; “Yates correction for continuity test; “Pearson Chi-square test. A P value <0.05 indicates
an association of the risk factor with POCD.

Abbreviations: BMI, body mass index; ASA, American society of anesthesiologists; TC, total cholesterol; TG, triglyceride;
HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; Hb, hemoglobin; HCY, homocysteine;
ALB, albumin; GFR, glomerular filtration rate; GLU, blood glucose; SDS, self-rating depression scale; MMSE, mini mental state
examination; MoCA, Montreal cognitive assessment; VAS, visual analogue scale; QoR-15, quality of recovery score-15; TICS-M,
Telephone Interview for Cognitive Status Modified.

7.539, 95% CI: 3.009-18.888), low-density lipoprotein level (p < 0.001, OR: 6.122, 95% CI: 2.614-14.336) were
significantly associated with POCD 1 month after operation (Figure 2B).

In multivariate analysis, age (p = 0.001, B = 0.397, OR: 1.487, 95% CI: 1.167—1.895), total cholesterol (p = 0.003,
B =2.623, OR: 13.772, 95% CI: 2.457-77.205) were found to be the independent risk factors for POCD 7 days after
surgery (Figure 3A). And age (p = 0.014, B = 0.263, OR: 1.301, 95% CI: 1.054—1.607), total cholesterol (p = 0.005, B =
2.755, OR: 15.732, 95% CI: 2.306-107.222) were found to be the independent risk factors for POCD 1 month after
surgery (Figure 3B).
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Table 2 Comparison of Incidence Rates of POCD Between the Two Groups

7 Days After Operation I Month After Operation | 3 Months After Operation
Hyperlipidemia | Normal | Hyperlipidemia | Normal | Hyperlipidemia | Normal
n=52 n=46 n=52 n=46 n=52 n=46
POCD
Yes 19(36.54) 8(17.39) 17(32.69) 6(13.04) 14(26.92) 6(13.04)
No 33(63.46) 38(82.61) 35(67.31) 40(86.96) 38(73.08) 40(86.96)
b value 0.034 0.022 0.089

Notes: Categorical variables were presented as count (%). Univariate comparisons used Fisher exact test or 2 test as
appropriate. A P value of less than 0.05 was considered statistically significant.

Discussions
The current results showed a significant difference in the incidence of POCD between the hyperlipidemia group and the
control group 7 days and 1 month after the operation. Multivariate analysis demonstrated that age and preoperative serum
total cholesterol were the independent risk factors for developing POCD at 7 days and 1 month postoperatively.
Abnormal lipid metabolism due to hyperlipidemia is closely related to neuroinflammation. Studies indicate that
dysregulated lipid metabolism affects systemic metabolism and triggers an inflammatory response in the central nervous
system. For instance, lipid metabolism disorders can activate microglia. Activated microglia release various proinflam-
matory cytokines, including tumor necrosis factor-a (TNF-a) and interleukin-13 (IL-1B), which are significant in
neurodegenerative diseases like Alzheimer’s disease.””> Additionally, abnormal lipid metabolism may alter the composi-
tion of cell membranes, affecting neuron function and survival, which can further exacerbate neuroinflammation. On the
other hand, hyperlipidemia increases the permeability of the blood-brain barrier (BBB), allowing inflammatory factors
and harmful substances to enter the central nervous system, leading to neuroinflammation and neuronal damage.*
A study on blood-brain barrier damage and hyperlipidemia found that lipid metabolism disorders, especially increased
cholesterol and triglyceride levels, negatively impact the expression and function of tight junction proteins. This
deterioration compromises the integrity of the BBB.>” And the inflammatory response can lead to neuronal damage
and promote neurodegenerative changes, creating a vicious cycle. Therefore, modulation of lipid metabolism may be an

important strategy to alleviate neuroinflammation and improve cognitive function.

A B

Risk factors OR (95%CT) P Risk factors OR (95%CI) P
Ag 1s) . 1.165(1.087-1.248) <0.001 Age (years) 1.112(1.050-1.178) <0.001
Years of education (years) el 0.548(0.402-0.748) 0.001 Years of education (years) . 0.635(0.481-0.837) 0.001
BMI( Kg/m2) . 0.954(0.823-1.107) 0.537 BMI( Kg/m2) 0.973(0.834-1.135) 0.726
HB (g/L) 1.016(0.989-1.045) 0244 HB (¢/L) 1.019(0.989-1.049) 022
TC (mmol/L) —_— 3.804(1.973-7.334) <0.001 TC (mmol/L) — 7.539(3.009-18.888) <0.001
TG (mmol/L) e 1.258(0.881-1.798) 0.207 TG (mmol/L) > 1.239(0.859-1.789) 0.251
HDL-C (mmol/L) == J 1.762(0.489-6.345) 0386 HDL-C (mmol/L) = g 2.428(0.611-9.652) 0.208
LDL-C (mmol/L) - + 2914(1.5 67) 0.001 LDL-C (mmol/L) e + 6.122(2.614-14.336) 0.001
ALB (g/L) g 0.999(0.854-1.169) 0.987 ALB (g/L) 1.084(0.915-1.284) 035
GFR (ml/min) 0.977(0.950-1.005) 0.107 GFR (ml/min) 0.983(0.955-1.012) 0.248
HCY (umol/L) - 1.185(0.970-1.448) 0.097 HCY (umol/L) 1.108(0.901-1.362) 0332
GLUO (mmol/l) - 1.357(0.896-2.055) 0.149 GLUO (mmol/l) » 1.229(0.812-1.860) 0.329
Complications (yes/no) e 1.203(0.432-3.353) 0.724 Complications (yes/no) tel 0.880(0.286-2.706) 0.823
Chemotherapy (yes or no) * 4 0.872(0.087-8.764) 0.907 Chemotherapy (yes or no) e + 3.478(0.462-26.183) 0.227
Urine output (ml) 1.000(0.998-1.002) 0.89 Urine output (ml) 1.000(0.998-1.002) 0.894
Bleeding volume (ml) 0.999(0.994-1.004) 0.704 Bleeding volume (ml) 1.000(0.994-1.005) 0917
Total infusion volume (mi) 1.000(0.999-1.001) 0.936 Total infusion volume (ml) 1.000(0.999-1.001) 0.715
Duration of surgery (min) 1.001(0.994-1.009) 0.765 Duration of (min) 0.999(0.991-1.007) 0.843
Duration of anesthesia (min) 1.002(0.995-1.008) 0.642 Duration of sia (min) 0.999(0.992-1.006) 0.783
Dosage of propofol (mg) 1.000(0.999-1.001) 0.988 Dosage of propofol (mg) 1.000(0.999-1.001) 0.809
2 1.007(0.976-1.038) 0.661 Dosage of sufentanil (ug) 1.003(0.971-1.037) 0.84
. 0.935(0.385-2.271) 0.882 acti es/No) " 0.955(0.375-2.433) 0.922
1.018(0.969-1.070) 0475 Depression score ( 1.003(0.951-1.057) 0.925
ha 1.157(0.782-1.712) 0.466 VAS pain score » 1.036(0.686-1.562) 0.867

Figure 2 Univariate analysis results for POCD.

Notes: (A) Univariate analysis results for POCD of 7 days; (B) Univariate analysis results for POCD of | month; Indicators with a P value less than 0.05 were statistically
identified as independent risk factors for POCD.

Abbreviations: Cl, confidence interval; OR, odds ratio.
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A
Risk factors OR (95%CI) P
Age (years) * 1.487(1.167-1.895) 0.001
Years of education (years) b« 1.605(0.723-3.560) 0.245
TC (mmol/L) e 13.772(2.457-77.205)  0.003
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GFR (ml/min) * 1.036(0.982-1.094) 0.198
HCY (umol/L) . 1.142(0.757-1.724) 0.527
GLUO (mmol/l) 0 0.902(0.433-1.879) 0.782
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B
Risk factors OR (95%CI) P
Age (years) 4 1.301(1.054-1.607) 0.014
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TC (mmol/L) . 15.723(2.306-107.222)  0.005
LDL-C (mmol/L) w 1.559(0.431-5.641) 0.499
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Figure 3 Multivariate analysis results for POCD.

Notes: (A) Multivariate analysis results for POCD of 7 days; (B) Multivariate analysis results for POCD of | month. Indicators with a P value less than 0.05 were statistically
identified as independent risk factors for POCD.

Abbreviations: Cl, confidence interval; OR, odds ratio.

Cholesterol is essential for the nervous system, and if its metabolism is disrupted, it can cause various neurological
dysfunctions. Cholesterol is a vital component of cell membranes and also plays a role in releasing neurotransmitters and
forming synapses.”® High cholesterol levels disrupt neuronal membrane fluidity and signaling, negatively affecting
neuronal survival and function.?” Research indicates that too much cholesterol can increase neuroinflammation, which
is closely linked to the development of POCD.?’ Additionally, alterations in cholesterol metabolism can influence the
expression of non-coding RNAs, further regulating the neuroinflammation and cell death processes related to POCD.*
The exploration of these mechanisms provides a basis for the development of intervention strategies against POCD
caused by hypercholesterolemia.

Clinical studies found that elderly patients with hyperlipidemia experienced a significantly higher incidence of
postoperative cognitive dysfunction compared to those without hyperlipidemia after surgery.®' In addition, POCD in
patients with hyperlipidemia is positively correlated with lipid levels, especially the increase of low-density lipoprotein
(LDL) and triglyceride levels, which are closely related to cognitive decline.'? This view is also confirmed in our study.
This implies that hyperlipidemia may contribute to cognitive decline by promoting atherosclerosis and microangiopathy,
which in turn affects cerebral blood flow and neuronal function. Therefore, interventions targeting hyperlipidemia may
help to reduce the risk of postoperative cognitive dysfunction in elderly patients.

Animal experiments have demonstrated the effect of hyperlipidemia on cognitive function. Mice on a high-fat diet show
significant deficits in spatial learning and memory tests. These studies revealed neuronal damage and increased inflammation
in the hippocampus, further supporting the link between hyperlipidemia and cognitive dysfunction.’® Additionally, studies
have shown that high cholesterol levels cause neuronal dysfunction and are linked to neuroinflammation and apoptosis.*?
And dysregulated cholesterol metabolism increases neurons’ sensitivity to oxidative stress, accelerating their degeneration.**
Furthermore, cholesterol oxidation products, like 27-hydroxycholesterol, have been shown to induce neuronal damage and
apoptosis, possibly serving as a significant mechanism of POCD caused by hypercholesterolemia.®> These findings under-
score the essential role of cholesterol metabolism in maintaining neuronal health and cognitive function.

In recent years, research on biomarkers for hyperlipidemia and postoperative cognitive dysfunction has grown.
Researchers discovered that specific serum biomarkers, including cholesterol and triglycerides, along with inflammatory
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markers like C-reactive protein, are strongly linked to changes in cognitive function. These biomarkers not only reflect
the severity of hyperlipidemia but also act as potential indicators for predicting postoperative cognitive dysfunction.36
Studies indicate that lower levels of brain-derived neurotrophic factor (BDNF) are linked to cognitive decline in
hyperlipidemic patients, suggesting BDNF’s significant role in cognitive impairment. Therefore, future studies should
concentrate on the clinical application of these biomarkers to improve assessment and prediction of cognitive function
changes in elderly patients’ post-surgery. Moreover, large-scale clinical trials are essential to establish the causal link
between hyperlipidemia and postoperative cognitive dysfunction. Most current studies are small observational ones that
do not have enough sample size to support the generalizability of their conclusions.?” The collaborative multidisciplinary
research approach is crucial for investigating the link between hyperlipidemia and postoperative cognitive dysfunction in
elderly patients. Since this field encompasses various disciplines, including internal medicine, surgery, neuroscience, and
nutrition, interdisciplinary collaboration can enhance knowledge sharing and spur innovation.*®

Our study has certain limitations. Firstly, the sample size included was small, implying a potential presence of hetero-
geneity. Secondly, the follow-up period was short, and there were no studies on the long-term incidence of POCD. Thirdly,
MOCA and TICS-M were employed to evaluate the diagnosis of POCD in this study, and the cognitive range of the assessment
was not as wide as that of using multiple tests. Moreover, there could be some learning effects that caused assessment errors.
Finally, all the subjects in this study were females. Previous studies also found that the occurrence of POCD in postmenopausal
women may be associated with decreased estrogen levels, which may affect the analysis of risk factors for POCD.

Conclusion

Preoperative hyperlipidemia was related to the occurrence of POCD 7 days and 1 month after surgery but was not closely
related to the incidence of POCD at the third month postoperatively. Age and preoperative hypercholesterolemia were
confirmed as the independent risk factors for the development of POCD.
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