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Background: Several studies have shown that ATP-binding cassette transporter A7 (ABCA7) gene variation is associated with
cognitive impairment. This study was aimed to investigate the relationship between ABCA7 rs3764650 polymorphism and periopera-
tive neurocognitive disorder (pNCD).
Methods: A total of 132 elderly patients aged 65 and over who underwent elective non-cardiac surgery were enrolled in the study,
while 28 healthy volunteers matching age and sex were recruited as the control group. A battery of neuropsychological tests was
conducted 1 day before, 7 days, and 3 months after surgeries. Delayed neurocognitive recovery (dNCR) and postoperative mild or
major neurocognitive disorder (POCD) were determined using the Z value method. The venous blood sample of the surgical patients
was taken before the operation. Genotyping of rs3764650 was performed using polymerase chain reaction amplification and restriction
fragment length polymorphism analysis.
Results: The incidences of dNCR and POCD were 29.7% and 16.8% at 7 days and 3 months after surgery, respectively. The G allele
frequency and GG frequency of dNCR patients were significantly higher than that of non-dNCR patients (43.3% vs 28.2%, P=0.035;
23.3% vs 4.2%, P=0.013, respectively) at 7 days following surgery. No significant differences in ABCA7 alleles between POCD and
non-POCD patients were observed 3 months postoperatively.
Conclusion: ABCA7 rs3764650 gene polymorphism is associated with dNCR and GG genotype might be a predisposing factor for
postoperative cognitive impairment in Chinese Han elderly populations.
Keywords: ATP-binding cassette transporter, rs3764650, polymorphism, postoperative neurocognitive disorders

Introduction
Recently, the trend of aging population has become increasingly apparent due to improvement in general living standards,
health care, nutrition, and education. A growing number of elderly are requiring surgical interventions and procedures
with the development of medical and health technologies. Concern has been growing over the last decade pertaining to
postoperative neuropsychiatric complications, including postoperative delirium and postoperative cognitive dysfunction
(POCD). POCD is a common neurological complication characterized by impaired memory and learning ability, loss of
attention, and declined information processing speed.1 The incidence of POCD varies enormously from 10%-80%,2–4

depending on the cognitive performance tests, time of postoperative assessment, and the limitations of specificity and
sensitivity of the current cognitive tests. Patients over the age of 65 years who underwent non-cardiac surgery had a 26%
prevalence of POCD one weeks after surgery which decreased to 10% 3 months postoperatively.5 POCD is reversible in
most patients, but a permanent cognitive impairment can sometimes ensue. Prolonged POCD increases the risk of
dementia,6 which detrimentally affects the quality of life, and aggravates the burden on the family and society.

In 2018, new recommendations for the nomenclature of cognitive change associated with anesthesia and surgery
facilitated the transition of the former research diagnosis POCD as a clinical diagnosis based on DSM-5 criteria.7 The
concept of perioperative neurocognitive disorders (pNCD) was therefore proposed and included special nomenclatures
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depending on timing and magnitude (delayed neurocognitive recovery(dNCR), within the 30 days recovery period;
postoperative mild or major neurocognitive disorder(POCD), from expected recovery 30 days to 12 months, respec-
tively). The novel definition facilitates interdisciplinary communication and makes clinical diagnosis more standardized,
although it does not clarify the specific neuropsychological tests. Despite extensive research on postoperative cognitive
function, the pathogenesis of pNCD remains elusive and there is not any specific clinical predictor for its early detection.

ATP-binding cassette (ABC) transporters constitute a superfamily of highly conserved proteins involved in the
membrane transport of a variety of substrates such as ions, amino acids, lipids, and sterols.8 Absolute ABC transporters
contain a pair of conserved cytoplasmic domains termed ATP-binding cassettes(ABC)or nucleotide-binding domains-
(NBDs) as well as two transmembrane domains(TMDs) bundles each composed of six membrane-spanning helices. The
NBDs hydrolyze ATP and drive conformational changes in the TMDs, thus allowing substrates to cross the lipid bilayer
of the membrane and either be imported into or exported out of the cytoplasm.9 ATP-binding cassette transporter A7
(ABCA7) is a member of the subfamily of ABC transporters that predominantly function in distributing lipids and other
lipophilic molecules across membranes.10 ABCA7, mainly expressed in the brain on microglia and neurons, is capable of
fluxing phospholipids as well as enhancing phagocytosis of apoptotic cells,11 and ABCA7 deficiency affects brain lipid
homeostasis, disturbs cognitive functions, and accelerates amyloid-β Aβproductionis.12 It has been reported that ABCA7
may play a role in the development of diverse neurodegenerative diseases, such as schizophrenia and Alzheimer’s disease
(AD).13,14

The ABCA7 gene is located on chromosome 19p3.3, with 47 exons covering ~32 kb length.15 GWAS revealed
several AD-related ABCA7 single-nucleotide polymorphisms(SNP), including rs3764650, rs3752246, and rs115550680.16

The ABCA7 SNP rs3764650 has been implicated in influencing ABCA7 expression levels in the brain and corresponds to
10%–20% increased risk of AD in Caucasians.17 This ABCA7 variant is associated with a later age of onset and shorter
disease process, exacerbating cognitive decline in subjects diagnosed with mild cognitive impairment or AD.18 Furthermore,
the risk allele for rs3764650 (G) is related to increased hippocampal atrophy,19 whereas aerobic fitness is linked to increased
neurogenesis in the hippocampus.

Based on the above-mentioned findings, we hypothesized that rs3764650 polymorphism is associated with post-
operative cognitive impairment, then the primary objective of the study was to explore the relationship between
rs3764650 SNP and perioperative neurocognitive disorder(pNCD).

Materials and Methods
Study Design
This study was approved by the ethics committee of Affiliated Yixing Hospital of Jiangsu University (approval number
IRB2019S036) and performed consistent with the principles of the Helsinki Declaration on Human Experimentation. All
participants provided written informed consents.

From June 2018 to March 2019, consecutive patients scheduled for elective surgery under general anesthesia were
invited to the trial. The inclusion criteria were the age of 65 and over, American Society of Anesthesiologists (ASA)
classification of I-II, Han nationality, and non-cardiac surgery. The subjects meeting any of the exclusion criteria listed
below were excluded: pre-existing neurological or clinically evident neurovascular disease, communication impairments,
achromatopsia or hypochromatopsia, alcohol/drug abuse, preoperative mini-mental state examination (MMSE) scores less
than 24, anxiety or depression (score >8 using Hospital Anxiety and Depression Scale (HADS) in a Chinese version),
duration of surgery less than 2 hours, postoperative infection or severe complications, decline to participate. As repeated
neuropsychological testing can produce practice effect and result in misinterpretation of outcomes,20 age- and gender-
matched healthy volunteers from a nearby community were recruited as control group using the same exclusion criteria.

Anesthesia Protocols
Anesthesia protocols were standardized, and no anticholinergic agents were used as premedication. On arrival, all patients
received standard monitoring, including electrocardiogram, blood pressure, oxygen saturation by pulse oximeter, end-tidal
carbon dioxide, temperature, and bispectral index. Midazolam (0.04 mg/kg), Propofol (1.5–2 mg/kg), Fentanyl (4–6 ug/kg),
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and Cis-atracurium (0.2 mg/kg) were intravenously injected for anesthesia induction. Approximately 3 minutes after drug
delivery, patients were intubated and ventilated to maintain a end-tidal carbon dioxide of 35 ± 5 mm Hg. Anesthesia was
maintained either by intravenous infusion or by inhalation, keeping BIS value between 40 and 60. Upon completion of the
surgery, neostigmine was used to reverse neuromuscular blockade. Subjects were transferred to the postoperative care unit
after extubation. All aspects of clinical care were documented in each patient’s electronic medical record.

Neuropsychological Testing and Diagnosis of pNCD
All patients received a standard battery of neuropsychological tests 1 day before surgery, at 7 day, and 3 months after
surgery, while the control volunteers underwent testing in a corresponding time interval. We used the test battery on basis
of recommendations of ISPOCD group,21 which consisted of Visual Verbal Learning, Concept Shifting Task, Stroop
Color Word Test, Memory Scanning Task, Letter-Digit Coding, and Reaction time testing with the Four Boxes Test. An
independent experienced psychiatrist blinded to the trial conducted all neuropsychological tests.

In each test, a Z value was calculated through the difference between the postoperative score and the preoperative
baseline score minus the mean change of the control group and then divided by the standard deviation of the change
score of the control group. If the Z value exceeded 1.96, the test was considered as positive.

Peri-operative NCD was defined here according to 2018 recommendations for the nomenclature of cognitive change
associated with anesthesia and surgery by the nomenclature consensus working group. The case was determined dNCR if
two and more tests were positive 7 days after surgery, while POCD 3 months postoperatively.

Sequencing and Genotyping
Peripheral venous blood samples (5 mL) were collected before surgery and stored at −20 °C for genomic DNA and SNP
analysis. Primers to detect rs3764650 loci polymorphism were designed and synthesized by Tianhao Company in
Shanghai. They were then blasted in NCBI database to exclude any unspecific bindings. The sequences of primers are
as follows (from 5’ to 3’): TCGTGTACCTGCAAGACCTG (forward); CATCTGGCACGACTGGTTC (reverse).
Sequencing results were extracted from ABI3130 sequencing device and interpreted by Chroma2.3.1 software.
Genotype of each blood sample was recognized by sequencing maps and peaks. Figure 1 shows how wild type,
heterozygote, and mutant rs3764650 look like.

Statistical Analysis
All the statistical analyses were performed with SPSS, version 25.0. Data with normal distribution were interpreted as
mean±SEM (standard error). Continuous variables and categorical variables are described as means ± standard deviation
and numbers or percentages appropriately. Categorical variables were analyzed by the chi-square (χ2)-test, and the
continuous variables was analyzed by independent t test. The association between the genotypes and risk of pNCD was
assessed by calculating values of odds ratios (ORs) and 95% confidence intervals (95% CIs). All analysis were two-sided
and we considered P values <0.05 statistically significant.

Results
Study Population
A study flow diagram is shown in Figure 2. In total, 132 patients and 28 volunteers were initially included in the study.
Of the 132 patients, 31 participants were excluded due to surgical duration less than 2 hours (8), postoperative death
within 3 months (1), severe complications (11), reoperations (2), and loss to follow-up (9). 101 patients and 28 volunteers
were finally analyzed. The demographic data between surgical patients and healthy volunteers were compatible (Table 1).

Cognitive Outcomes
Table 2 summarized the neuropsychological test results. According to the diagnostic criteria above, 30 patients (29.7%)
were diagnosed as dNCR 7 days after surgeries, while 17 (18.2%) were diagnosed as POCD 3 months following
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surgeries. There is no significant difference in term of the demographic and clinical characteristics between pNCD and
non-pNCD patients (Table 3).

Genotypes
The G allele frequency of dNCR patients was significantly higher than that in non-dNCR group (43.3% vs 28.2%,
P=0.035). Additionally, the frequency of rs3764650 GG was higher in dNCR patients than in non-dNCR group (23.3% vs
4.2%, P=0.013), and recessive model of rs3775430 (GG vs AG+AA) also exhibited significant difference between the
two groups (P=0.008). However, we did not observe the difference between POCD and No-POCD patients (Table 4).

Discussion
Previous studies have investigated the relationship between gene polymorphisms and postoperative cognitive decline,
including APOE-ε4, P-selectin, CRP, and BDNF,22–24 however, there was no reliable genetic indicators for pNCD suscept-
ibility. In our study, we firstly explored the correlations between ABCA7 rs3764650 polymorphism and pNCD. We revealed
that the frequency of G allele and GG genotype in dNCR patients was significantly higher than that of non-dNCR patients, and

Figure 1 DNA sequencing map of ABCA7 rs3764650 wild type, heterozygotes, and mutant.
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no significant difference at 3 months postoperatively was observed. The patients carrying a G allele and GG genotype at the
rs3764650 locus have a higher risk for dNCR than an A allele and AA or AG carriers on postoperative 7 days. These results
indicated that ABCA7 rs3764650 polymorphisms is associated with early postoperative cognitive impairment and GG
genotype might be an independent risk factor for risk of dNCR in Chinese Han populations.

Several potential mechanisms of ABCA7 relevant to cognitive impairment have been proposed. Numerous studies
have demonstrated that abnormal lipid metabolism are known to be closely related to cognitive impairment.25,26 As
ABCA7 is 54% homologous in amino acid residue sequence to ABCA1 which regulates the generation of high-density
lipoprotein (HDL) and the translocation of lipids,15,27 the major function of ABCA7 is likely to regulate the release of
cellular lipids including cholesterol and phospholipids.28,29 In-vitro studies indicated that ABCA7 could promote the
outflow of apolipoprotein-mediated phospholipid in HEK293 cells.11 In ABCA7 knock-out mice, serum cholesterol and
HDL levels significantly decreased.28 ABCA7 contributes to lipid metabolism in the brain, which might affect diverse
brain functions.30 Furthermore, aberrant lipid metabolism results in microvascular dysfunction, which is associated with
worse cognitive performance.31

Figure 2 Flowchart showing the enrollment of participants.

Table 1 Baseline Characteristics of Surgical Patients and Volunteers

Variables Surgical (n=101) Control (n=28) P value

Gender (Male/Female) 56/45 18/10 0.403

Age (years old) 70.5±4.7 72.1±5.2 0.123
BMI 22.6±3.8 23.8±4.1 0.139

Smoking 43(42.6%) 9(32.1%) 0.319

Drinking 37(36.6%) 8(28.6%) 0.428
Years of education 5.3±2.9 5.3±2.8 0.981

Hypertension 48(47.5%) 12(42. %9) 0.661

Diabetes 12(11.9%) 3(10.7%) 0.865
Hyperlipidemia 36(35.6%) 6(21.4%) 0.156

Hypercholesterolemia 14(13.9%) 5(17.9%) 0.598
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The accumulation and deposition of Aβ peptides in the brain is a central event of AD and also recognized as one of the
potential mechanisms of pNCD pathogenesis.32 Clinical evidence showed that Aβ level significantly elevated both in
peripheral blood and in cerebrospinal fluid of pNCD patients.33 In a recent study of lipidomic analysis in the brains of the

Table 3 Comparison of Baseline and Clinical Characteristics in pNCD and Non-pNCD Patients

Variables 7 Days After Surgeries 3 Months After Surgeries

dNCR (n=30) Non-dNCR (n=71) P value POCD (n=17) Non-POCD (n=84) P value

Gender (Male/Female) 18/12 38/33 0.549 10/7 46/38 0.759

Age (years old) 71.8±4.5 70.0±4.7 0.065 72.4±4.4 70.1±4.7 0.067
Body mass index 22.7±3.6 22.6±3.9 0.918 21.9±3.4 22.7±3.9 0.426

Smoking 14(46.7%) 29(40.8%) 0.589 8(47.1%) 35(41.7%) 0.682

Drinking 11(36.7%) 26(36.6%) 0.996 6(35.3%) 31(36.9%) 0.900
Years of education 5.0±2.9 5.5±2.9 0.442 5.4±3.1 5.3±2.8 0.943

Hypertension 16(53.3%) 32(45.1%) 0.447 9(52.9%) 39(46.4%) 0.624

Diabetes 4(13.3) 8(11.3) 0.769 3(17.6%) 9(10.7%) 0.420
Hyperlipidemia 11(36.7%) 25(35.2) 0.889 5(29.4%) 31(36.9%) 0.556

Hypercholesterolemia 4(13.3%) 10(14.1%) 0.920 3(17.6%) 11(13.1%) 0.620

Surgical sites (cases) 0.945 0.275
Abdomen 16 40 10 46

Thorax 7 18 4 21

Bones 4 8 2 10
Others 3 5 1 7

Anesthetic methods 0.683 0.750
Propofol 16(53.3%) 41 9 48

Sevoflurane 14(46.7%) 30 8 36

Surgical duration (min) 164.3±25.0 159.4±30.0 0.439 160.5±25.5 160.9±29.3 0.951
Intraoperative cardiovascular events 12(40.0%) 19(26.8%) 0.187 6(35.3%) 25(29.8%) 0.652

Blood loss (mL) 292.7±74.0 300.9±64.1 0.577 288.2±73.2 300.5±65.9 0.494

Awakening time (min) 50.3±28.6 53.4±28.3 0.623 47.1±28.0 53.6±28.4 0.390
Postoperative delirium 2(6.7%) 5(7.0%) 0.946 1(5.9%) 6(7.1%) 0.852

Postoperative nausea/vomitting 14(46.7%) 42(59.2%) 0.249 8(47.1%) 48(57.1%) 0.446

Postoperative pain rating score 2.3±1.1 2.2±1.1 0.492 2.5±0.9 2.2±1.1 0.198
Length of stay (days) 12.9±3.6 11.9±4.4 0.285 13.0±3.6 12.1±4.3 0.397

Table 4 Comparison of Genotype Frequency of Rs3764650 in pNCD and Non-pNCD Patients

dNCR No-dNCR P value OR 95% CI POCD No-POCD P value OR 95% CI

G 43.5% 28.2% 0.035 1.576 1.038–2.392 41.2% 58.8% 0.247 1.442 0.779–2.672

T 56.5% 71.8% Ref 31.0% 69.0% Ref

GG 23.3% 4.2% 0.011 7.212 1.587–32.77 23.5% 7.1% 0.093 3.619 0.807–16.22
TG 40.0% 47.9% 0.857 1.091 0.424–2.810 35.3% 47.6% 0.732 0.814 0.251–2.643

TT 36.7% 47.9% Ref 41.2% 45.2% Ref

GG 23.3% 4.2% 0.008 6.899 0.646–28.91 23.5% 7.1% 0.051 4.000 0.992–16.14
TT+ TG 76.7% 95.8% Ref 76.5% 92.9% Ref

Table 2 Neuropsychological Test Results

LDT SCWT VVL MST CST FBT pNCD

7 days 18 19 23 17 15 14 30
3 months 12 13 17 9 13 11 17
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control and ABCA7 knock-out mice, ABCA7 deficiency modified PE and SM lipid subspecies, which are also major
components of lipid rafts. The modification of lipid raft function/components due to ABCA7 deficiency may facilitate the
interaction between APP and BACE1, resulting in accelerating Aβ production in the brains.30 ABCA7 promotes degrada-
tion of amyloid precursor protein (APP) and inhibits secretion of Aβ by transporting low-density lipoprotein receptor-
related proteins (LRP) to plasma membrane. Moreover, ABCA7 can potentiate intake of Aβ by macrophages via C1q
complement pathway.34 Overexpression of ABCA7 could also promote cellular viability and decrease endoplasma
reticulum (ER) stress, significantly alleviate the neurotoxicity of Aβ, and hence improve cognitive conditions of AD
mice.35 Furthermore, in an in vitroModel of the Blood-Brain Barrier, a decrease in ABCA7 expression at the BBB provokes
a reduction in ABCA1 and APOE secretion, leading to a decrease of cholesterol exchange across the BBB and Aβ peptide
basolateral-to-apical transport.36 Hughes and colleagues37 confirmed a considerable association between ABCA7
rs3764650 polymorphism and Aβ amyloid plaque formation via PET imaging. The studies above all indicate the potential
role of rs3764650 polymorphism in neurocognitive impairments via intracerebral aggregation of Aβ.

Substantial evidence suggests that cerebral atrophy serves as a predictor of pNCD in elderly patients.38 Large
amounts of evidence have proven that rs3764650 polymorphism is associated with posterior cortical atrophy (PCA)39

and hippocampal atrophy,19 which further indicates that rs3764650 polymorphism might promote pathogenesis of pNCD
via aggravating cerebral atrophy.

It is widely believed that risk factors for non-cardiac surgical patients developing POCD include advanced age,
education, hypertension, aortic plaque, carotid artery stenosis, cerebrovascular disease, anesthesia time, length of
surgery, blood oxygen saturation in brain surgery and systemic inflammation.40 However, we found no significant
differences between NCD and no-NCD patients on these factors. This may be due to an insufficient sample size.
Given the exploratory nature of the study, we did not calculate the sample size. So further validation study is
required.

Another limitation of the study was the effects of the potential differences among different types of surgeries on
pNCD. We ignored it due to the small sample size in each surgical subgroup. Moreover, we did not detect the
concentration of ABCA7 in plasma or cerebrospinal fluid, which could partially reflect different expression level of
ABCA7 due to rs3764650 polymorphism.

In conclusion, ABCA7 rs3764650 gene polymorphism is associated with early postoperative cognitive decline, and
GG genotype might be a susceptibility factor for dNCR in Chinese Han populations.
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