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Abstract

Objective: Prevention of postoperative cognitive dysfunction (POCD) in patients of advanced
age remains unclear. Studies have shown that the cholinergic anti-inflammatory pathway contrib-
utes to a decreased risk of POCD and that nicotine stimulates the cholinergic anti-inflammatory
pathway. We investigated whether patients of advanced age with a preoperative smoking history
have a decreased risk of POCD.

Methods: In total, 382 patients (190 smokers, 192 nonsmokers) aged >60 years who underwent
major noncardiac surgery were enrolled. Cognitive function was assessed, and multivariate logis-
tic regression analyses were performed to identify risk factors.

Results: On postoperative days 5and 7, | I | (29.05%) and 90 (23.56%) patients exhibited POCD,
respectively. A preoperative smoking history was significantly correlated with a decreased risk of
POCD. A high serum tumor necrosis factor-o. (TNF-a1) level on the operative day was significantly
associated with an increased risk of POCD. Early POCD was significantly associated with the
sufentanil dosage, age, and education level. The hospital stay in patients with and without POCD
was 10.54 £2.03 and 8.33 & 1.58 days, respectively.
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Conclusion: A preoperative smoking history was associated with a decreased risk of early
POCD, and a high serum TNF-o. level was significantly associated with an increased risk of POCD.
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Introduction

Postoperative cognitive dysfunction
(POCD) refers to short-term or long-term
cognitive decline that can be detected
through a battery of neuropsychological
tests after surgery. POCD can be considered
a mild cognitive disorder characterized by
impaired memory, learning difficulties, and
a reduced ability to concentrate.! The
occurrence of cognitive dysfunction is asso-
ciated with multiple adverse effects, such as
a prolonged hospital stay, increased health-
care costs, and a high mortality rate.”
However, the mechanism of POCD remains
poorly understood and the prevention of
POCD remains a serious problem, particu-
larly in patients of advanced age.

Because increased cytokine secretion is
associated with surgical trauma or neurode-
generative disease, the high incidence of
delirium or cognitive dysfunction in
patients of advanced age is associated with
a central nervous system inflammatory
response.” In previous animal experiments
and clinical trials, the experimental subjects
exhibited an increase in the levels of inflam-
matory cytokines (tumor necrosis factor-o
(TNF-a), interleukin (IL)-1B, and IL-6) in
the circulatory system or central nervous
system, particularly in the hippocampus
and glial cells, when POCD occurred simul-
taneously.” However, some studies have
shown that augmentation of the cholinergic
anti-inflammatory pathway contributes to

a decreased risk of POCD via alleviation
of the inflammatory response in the
hippocampus.

According to Borovikova et al..* the ner-
vous system rapidly and significantly sup-
presses the production of TNF-o and
inflammatory cytokines through a process
mediated by the vagus nerve, which may
reduce the systemic inflammatory response;
this mechanism is called the cholinergic
anti-inflammatory pathway. The principle
vagal  neurotransmitter,  acetylcholine
(ACh), significantly attenuates the release
of cytokines (TNF-o, IL-1B, IL-6, and
IL-18).* Vagal outflow diverges in the
celiac ganglion, giving rise to the postgan-
glionic splenic nerve, which terminates in
the spleen. From there, it sends signals via
the a7 nicotinic ACh receptor (a7nAChR)
to reduce the synthesis of proinflammatory
cytokines by inhibiting nuclear factor-kB
(NF-kB) activity” ’ and stimulating the
o7nAChR in macrophages to inhibit
NF-«B activity. This process prevents post-
operative monocyte migration into the hip-
pocampus and consequent cognitive
dysfunction. Some studies have shown
that smoking is associated with the cholin-
ergic anti-inflammatory pathway and
proinflammatory cytokines. For example,
Gracia® reported that the nicotine in tobac-
co stimulates the cholinergic anti-
inflammatory pathway. Nicotine, a major
constituent  of  cigarettes, is  anti-
inflammatory  and  causes  immune
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suppression  through  the nAChR.’
Therefore, the purpose of the present
study was to determine the correlation
between smoking and POCD in patients
of advanced age undergoing noncardiac
surgery to further clarify the role of the cho-
linergic anti-inflammatory pathway in the
prevention of POCD.

Methods

This was a prospective cohort study. The
present investigation was approved by the
Ethics Committee of Shandong Provincial
Hospital Affiliated to Shandong University
(No. 2017-103). All patients provided writ-
ten informed consent for the publication of
any associated data and accompanying
images. This study was completed in a
manner consistent with the STROBE state-
ment. A completed STROBE checklist is
available on request. The datasets used
and/or analyzed during the current study
are available from the corresponding
author on reasonable request.

Patients

This study was performed from April 2017
to December 2017 at the Shandong
Provincial Hospital Affiliated to Shandong
University. Patients aged >60 years who
underwent general anesthesia for noncar-
diac surgery were enrolled. General anes-
thesia was administered by injection and
inhalation in all patients. Patients were
excluded if they met the following criteria:
underwent cardiac surgery or neurosurgery,
had stopped smoking for more than 1 year,
had a previous diagnosis of a mental or ner-
vous system disease, had a preoperative
Mini-Mental State Examination score con-
firming the existence of cognitive impair-
ment (illiteracy, <17 points; primary
school, <20 points; secondary school or
above, <24 points), were currently taking
antipsychotic or antidepressant medications,

were unable to communicate or experienced
difficultly in communicating with language,
had severe hypotension (mean arterial pres-
sure of <60 mmHg) or hypoxemia (blood
oxygen saturation of <94%) for more than
10 minutes during surgery, were sent to the
intensive care unit after surgery, and did not
agree to participate in this study.

For data collection, each patient’s cogni-
tive function was assessed by an indepen-
dent observer (resident in anesthesiology
with >3 years of experience) 1 day preoper-
atively and 5 and 7 days postoperatively
using the Mini-Mental State Examination,
Stroop Color-Word Interference Test, and
Concept Shifting Test. The following data
were also collected: patient education level,
age, weight, type of surgery, chronic dis-
eases, history of alcohol drinking, allergy
history, preoperative hematocrit and albu-
min level, history of general anesthesia for
surgery, anesthesia duration, sufentanil
dosage, intraoperative maximum lactate
concentration, requirement for blood trans-
fusion, duration of hospital stay, and
preoperative smoking history (duration
and amount).

Measurement of serum TNF-o
concentration

Blood samples were obtained 1 day preop-
eratively and 5 and 7 days postoperatively.
BD Vacutainer tubes (Becton, Dickinson
and Company, Franklin Lakes, NJ, USA)
were used for blood collection. Prior to the
assay, the whole blood samples were centri-
fuged at 3,000 rpm for 20 minutes and
stored at —20°C for no longer than
12 hours. The TNF-a concentration was
measured using enzyme-linked immunosor-
bent assay kits (Jingmei Biological
Engineering Co., Ltd., Jiangsu, China),
according to the manufacturer’s protocol.
The cytokine contents in the samples are
expressed as picograms of antigen per mil-
liliter of serum (pg/mL). The serum TNF-a
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concentration was divided into three levels
for addition to the logistic regression.

Anesthesia and postoperative care

Our anesthesia protocol was as follows:
penehyclidine (0.5 mg) was administered
before intravenous induction; dexmedeto-
midine (1 pg/kg) was administered by
pump for more than 10 minutes when
venous access was successful; and etomidate

(0.15-0.3mg/kg), sufentanil (15-25 pg),
cisatracurium  (20mg), and  esmolol
(10-40mg) were wused for induction.

According to the changes in the patients’
vital signs, we used propofol, sevoflurane,
and cisatracurium to sustain anesthesia
before suturing the skin, and we maintained
the blood oxygen saturation at 35 to
45mmHg. We monitored the electrocardio-
gram, blood oxygen saturation, invasive
blood pressure, and blood gas analysis
during anesthesia, and we used ephedrine,
atropine, norepinephrine, and nicardipine
as cardiovascular drugs to manage the
patients’ vital signs. When the surgery was
complete, the patients were sent to the post-
anesthesia care unit to regain conscious-
ness; they were then returned to their
ward. All patients received postoperative
analgesia through a patient-controlled anal-
gesia pump (8 mg of ondansetron, 100 mg
of flurbiprofen, 10 mg of butorphanol, and
100 mL of normal saline). Hospital dis-
charge was determined by the attend-
ing surgeon.

POCD assessment

The scores in the smoking and nonsmoking
groups were calculated. These were estimat-
ed using “Z scores,” which were established
by the International Study of Post-
Operative ~ Cognitive ~ Dysfunction 1
(ISPOCD 1)."° Step 1: We calculated two
differences in the scores for the non-
smokers: one was the difference between

the score recorded 1 day preoperatively
and the score recorded 5 days postopera-
tively, and the other was the difference
between the score recorded 1 day preoper-
atively and the score recorded 7 days post-
operatively. We then calculated the mean of
these differences, which was defined as the
learning effect. The learning effects were
defined as an estimate of pseudo-scores
that may be increased due to familiarity
with the questions by repeated testing with
the same questionnaire. Step 2: We calcu-
lated the difference between the preopera-
tive and postoperative scores for the
smokers, and the mean learning effect was
subtracted to obtain the true difference.
The defining Z score was equal to the true
difference between the score of one patient
in the smoking group divided by the stan-
dard deviation of the difference in the score
of the same questionnaire in nonsmokers.'”
The higher the Z score, the lower the post-
operative test score compared with the
score recorded before surgery. A patient
was classified as displaying abnormal cog-
nition if the Z score was >1.96.'° The study
personnel who assessed cognitive dysfunc-
tion were blinded to the treatment details
and smoking history.

Statistical analysis

Logistic regression requires adequate
sample content. Generally, the sample size
is 10 to 15 times the number of covariates."'
Sixteen covariates were included in this
study, and the required sample size was
16 x 15=240. However, a larger sample
size is more convincing. Hence, considering
the limited research funding, we decided to
collect data on 400 patients.

Smoking history was based on the smok-
ing index (number of cigarettes per day
multiplied by the years of smoking), and
the index was divided into three levels
(level 1: 0-500, level 2: 500-1000, and level
3: >1000). Measurement data are expressed
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as mean =+ standard deviation. Continuous
variables were analyzed using an
independent-samples t-test, and categorical
variables were analyzed using a chi-square
test or single-sample binomial test. We
checked the collinearity of continuous var-
iables to be added to the logistic regression
analysis. Initially, baseline and periopera-
tive variables were evaluated for univariate
associations with POCD. According to the
above-mentioned standard of abnormal
cognition, we converted the neuropsycho-
logical test scores into the binary outcome.
We modeled the binary outcome of scores
using a logistic regression analysis to deter-
mine which preoperative and demographic
factors were associated with cognitive
decline at 5 and 7 days postoperatively.
All factors that were statistically significant
(P <0.05) were included in the logistic
regression model. The chi-square test was
used to estimate significant differences in
the incidence of POCD among the three
smoking index levels. A P value of <0.05
was considered statistically significant. We
used IBM SPSS Statistics for Windows,
Version 19.0 (IBM Corp., Armonk, NY,
USA) for all analyses.

Results

In total, 400 patients who underwent sur-
gery by general anesthesia during the study
period were recruited, and 382 patients (190
smokers, 192 nonsmokers) matched the
selection criteria. All 382 patients provided
written informed consent and were enrolled
in this study (Figure 1). The demographic
characteristics and perioperative character-
istics of all enrolled patients are listed in
Tables 1 and 2.

According to the Z score, at 5 days post-
operatively, 111 patients (29.05%; 95%
confidence interval (CI), 25.11-35.57)
exhibited POCD, including 61 nonsmokers
and 50 smokers. At 7 days postoperatively,
90 patients (23.56%; 95% CI, 16.89-27.32)

Potential participants
assessed for ebigibility
(n=400)

excluded (n=18)
hypotension or

hypoxemia dunng
surgeries (n=10)

information not

completed (n=8)

Eligible patients (n=
38

Refused to

@l::::r-- participate (n = 0)

Consent to participate
(n=382)

Numbers
participating at final
data collection (n=
382)

Figure |. Flow chart of the present study.

exhibited POCD, including 51 nonsmokers
and 39 smokers. The neuropsychological
test results are shown in Table 3.

Variables that were statistically signifi-
cant in the univariate analyses are shown
in Table 4. After the multicollinearity test,
no variables were excluded from the subse-
quent logistic regression analysis. Thus, the
nine above-described variables were includ-
ed in the multivariate analysis. Because of
hospital discharge, we included the cogni-
tive status at 5 and 7 days postoperatively
in the multivariate analysis.

According to the logistic regression anal-
ysis, seven variables were identified as inde-
pendent predictors of cognitive dysfunction
5 days postoperatively, and five variables
were identified as independent predictors
of cognitive dysfunction 7 days postopera-
tively (Table 4). Compared with non-
smokers, a preoperative smoking history
(smoking index) was a protective factor
for a lower risk of cognitive dysfunction
at 5 days postoperatively (odds ratio
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Table |I. Demographic characteristics of the POCD and non-POCD groups.

POCD group Non-POCD
Variable (n=111I) group (n=271) P value
Smoking history 50 (45.0) 140 (51.6) 0.009
Male 56 (50.4) 133 (49.0) 0.062
Age, years 66.42+4.2 64.81 £3.9 0.001
Weight, kg 65.55+9.7 67.76 £9.0 0.748
Education level
llliteracy 25 (22.5) 53 (19.5) 0.039
Primary school |9 (17.1) 45 (16.6) 0.021
Junior high school 2 (28.8) 61 (22.5) 0.025
High school 0 (27.0) 79 (29.1) 0.306
College 5 4.5) 33 (12.1) 0.310
History of alcohol drinking 77 (69.3) 151 (55.7) 0.057
Chronic disease 0.102
Hypertension 26 (23.4) 84 (30.9)
Coronary heart disease 7 (6.3) 23 (84)
Diabetes 9 (8.1) 21 (7.7)
History of general anesthesia 20 (18.0) 33 (I12.1) 0.001
History of allergy 23 (20.7) 34 (12.5) 0.001

Data are presented as n (%) or mean =+ standard deviation.
POCD, postoperative cognitive dysfunction.

Table 2. Perioperative characteristics of the POCD and non-POCD groups.

POCD group Non-POCD group

(n=111) (n=271) P value
Preoperative Hct, % 4420438 40.83 +3.8 0.946
Preoperative albumin, g/L 4549 +5.0 43.51 +3.6 0512
Anesthesia time, h 3.64+23 326+ 1.0 0.001
Sufentanil dosage, g 58.18 = 14.9 46.18+7.8 0.026
IMLC, mmol/L 1.04+0.6 0.74+0.2 1.000
Blood transfusion 20 (18.0) 37 (13.6) 0.001

Data are presented as mean =+ standard deviation or n (%).
POCD, postoperative cognitive dysfunction; IMLC, intraoperative maximum lactate concentration; Hct, hematocrit.

Table 3. Neuropsychological test results at | day preoperatively and 5 and 7 days postoperatively.

| day 5 days 7 days

preoperatively postoperatively postoperatively
MMSE 24.36 +3.03 2433+ 1.64 25.78+1.45
Concept Shifting Test, part C, time in seconds 40.6 £ 15.7 41.0£ 16.1 404+173
Concept Shifting Test, part C, number of errors 06+1.0 09+1.6 07+£14
Stroop test, part 3, number of errors 2.6+39 22+3.1 1.7+3.5
Stroop test, part 3, time in seconds 52.5+15.2 5274128 5344132

Data are presented as mean =+ standard deviation.
MMSE: Mini-Mental State Examination.
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Table 4. Predictors of cognitive dysfunction at 5 and 7 days postoperatively.

Multivariate logistic

Multivariate logistic

Univariate  regression analysis regression analysis
analysis 5 days postoperatively 7 days postoperatively
Predictors P value OR (95% ClI) P value OR (95% ClI) P value
Smoking history 0.009 0.833 (0.497-0.911) 0.006 0.684 (0.583-0.952) 0.002
Dose of sufentanil 0.026 2901 (2.127-16.381)  0.007 1.073 (1.005-1.632) 0.036
Age 0.001 1.922 (1.057-2.132) 0.018 2.890 (1.583-9.581) 0.023
Lower education level  0.039 2512 (1.603-15.244)  0.034 3.800 (1.200-13.493)  0.040
Serum TNF-o 0.001 2.903 (1.572-4.484) 0.042 1.437 (1.206—1.680) 0.027
concentration
Anesthesia duration 0.001 1.783 (1.514-7.366) 0.047
History of general 0.001 3.674 (2.496—4.217) 0.044
anesthesia
History of allergy 0.001
Blood transfusion 0.001

OR, odds ratio; Cl, confidence interval; TNF-o, tumor necrosis factor-o.
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Figure 2. Relationship between the smoking index
level and incidence of early POCD. POCD, post-
operative cognitive dysfunction.

(OR), 0.833; 95% CI, 0.497-0911;
P=0.006; B=-2.312) and at 7 days post-
operatively (OR, 0.684; 95% CI, 0.583—
0.952; P=0.002; B=-0.949) (Table 4).
Patients with a high smoking index level
had a significantly lower incidence of early
POCD (Figure 2).

The TNF-a concentrations were signifi-
cantly higher in the POCD than non-POCD
group at 5 and 7 days postoperatively.
Compared with 1 day preoperatively, the
TNF-a concentrations in the POCD group
increased significantly at 5 and 7 days post-
operatively (P=0.042 and P=0.027,

respectively) (Table 4). There was no
significant difference between before and
after surgery in the non-POCD group
(Table 5).

The hospital stay for patients without
POCD was 8.33 +1.58 days, whereas that
of patients with POCD (5 and 7 days post-
operatively) was 10.54 + 2.03 days. Patients
with POCD exhibited a prolonged postop-
erative hospital stay compared with
patients without POCD.

Discussion

In the present study, a preoperative smok-
ing history was associated with a decreased
risk of early POCD in patients of advanced
age who underwent noncardiac surgery.
A high serum TNF-a level was significantly
associated with an increased risk of POCD.
Patients with a high smoking index level
had a significantly lower incidence of early
POCD. Other independent risk factors were
age, a history of general anesthesia, the
sufentanil dosage, a lower education level,
and the anesthesia duration. Moreover,
POCD prolonged the hospital stay.
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Table 5. Concentration of TNF-o. in POCD and non-POCD groups.

| day 5 days 7 days
Group Patients preoperatively postoperatively P value postoperatively P value
TNF-5, POCD 1 3223 +481°" 4161 £8.02*"2 0.042 37.67+673*  0.027
pg/mL  Non-POCD 27| 29.67 +£455  31.62+6.21 0.194  28.04+7.7I 0.077

Data are presented as mean = standard deviation.

POCD, postoperative cognitive decline; TNF-0, tumor necrosis factor-o.
Compared with | day preoperatively, P < 0.05; Compared with the non-POCD group, °P < 0.05, ®'P=0.003,

52p < 0.001.

In 2008, Monk et al.'> conducted a study
of 1064 patients and found that 36.6% of
young people (18-39 years old), 30.4% of
middle-aged people (40-59 years old), and
41.4% of advanced-age people (>60 years
old) exhibited POCD at discharge. In 1998,
Moller et al.'® performed the ISPOCD in
which they analyzed the occurrence of
POCD in 1218 patients of advanced age
who received general anesthesia during
noncardiac surgery and showed that the
incidence of POCD was 25.8% at 1 week
postoperatively and 9.9% after 3 months;
these values were obviously higher than
those recorded in normal people who did
not undergo surgery (the control group).
The reasons for this variation include dif-
ferences in the patient population (such as
age, severity of illness, and type of proce-
dure), the sensitivity of the screening instru-
ment, and local medical practice. In our
study, the incidence was less than that in
some previously reported studies, perhaps
because we administered dexmedetomidine
to every patient and used strict exclusion
criteria, which may have selected
healthier patients in our study than in
other studies.

Our understanding of the pathophysiol-
ogy of POCD is limited, and researchers
have not been able to determine whether it
is caused by anesthesia.'* Numerous studies
have been performed to identify the risk
factors for developing POCD, and substan-
tially different views have been reported.

Some studies indicate that the inflamma-
tory and stress response to the surgical pro-
cedure play a significant role in the
development of cognitive disorders. Mu
et al.? revealed that high serum cortisol
levels were associated with an increased
risk of postoperative delirium, and
Glumac et al.'* demonstrated that the pre-
operative use of dexamethasone reduced the
inflammatory response and decreased the
risk of early POCD after cardiac surgery.
These studies revealed that reducing inflam-
mation may help to prevent POCD. Many
researchers believe that augmentation of the
cholinergic  anti-inflammatory pathway
contributes to a decreased risk of POCD
via alleviation of the inflammatory response
in the hippocampus. Vagal outflow diverges
in the celiac ganglion, giving rise to the
postganglionic splenic nerve; this nerve ter-
minates in the spleen, where it sends signals
via the a7nAChR to reduce synthesis of
proinflammatory cytokines by inhibiting
nuclear NF-kB activity’>’ and stimulating
the a7nAChR in macrophages to inhibit
NF-kB activity. This prevents postoperative
monocyte migration into the hippocampus
and consequent cognitive dysfunction.

Increasing age is a universally identified
risk factor for POCD, ' suggesting that the
naturally aged brain might be the basis of
the occurrence of cognitive dysfunction.
A history of general anesthesia and a long
duration of anesthesia indicate a more com-
plex procedure and a higher likelihood of
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postoperative complications, and these fac-
tors are also associated with the occurrence
of POCD'">!¢ via the loss of neurons and
glucocorticoid receptors in the hippocam-
pal region."’

Chronic diseases have consistently been
shown to be associated with cognitive dys-
function. According to Reinprecht et al.,'®
high blood pressure, particularly high blood
pressure in late middle age, is associated
with a decline in cognitive function in
people of advanced age. Long-term hyper-
tension may cause cerecbral vasospasm,
cerebral ischemia, necrosis, and atrophy.
The loss of cognitive function may be accel-
erated by the effects of traumatic stimula-
tion by surgery and general anesthetics.'”
Research by Feinkohl et al.?® revealed a
higher risk of POCD in patients with than
without diabetes, and people with diabetes
who have poor blood glucose control have
a higher risk of POCD. Our study did not
reveal an association between a history of
chronic disease and early POCD; this lack
of association may have been due to the
small proportion or small sample size of
patients with chronic diseases.

In the present study, the sufentanil
dosage was an independent risk factor for
POCD. Previous studies of opioids, such as
morphine and sufentanil, have shown that
these drugs play an important role in the
inflammatory response. The immunosup-
pressive effect of morphine has been con-
firmed, and many studies have revealed a
similar effect of fentanyl.?! Sufentanil and
fentanyl are both opioids, but sufentanil
exerts a stronger analgesic effect. Leung
et al.** postulated that the administration
of high opioid doses increases the risk of
postoperative delirium in all patients.
However, Silbert et al.®> hypothesized that
a high dose of fentanyl is not correlated
with the incidence of POCD from 3 to 12
months after coronary bypass surgery. In
summary, the effect of high sufentanil
doses on POCD requires further study.

A lower education level was associated
with early cognitive decline, as previously
shown in the ISPOCDI."” As shown in
the study by Scarmeas and Stern,** a
larger cognitive reserve capacity protects
against the development of dementia in
patients of advanced age and is associated
with a better functional status after trau-
matic brain injury.” Our study is similar
to another investigation of a normal aging
population that showed protective effects of
a higher education level or better intellectu-
al capacity on the development of cogni-
tive decline.

Glumac et al.”” revealed that the stress
response to surgical procedures is unlikely
to represent an exclusive trigger for the
occurrence of POCD and that interdepend-
ent mechanisms, such as inflammatory and
stress responses, may be involved in the
pathogenesis of POCD through their inter-
action effects. In the present study, we eval-
uated different operations performed by
different surgeons. The surgeons had their
own characteristic operative techniques,
and the surgical trauma may not have
been the same among the patients.
Therefore, we used the anesthetic duration
and requirement for blood transfusion to
assess the effects of different surgi-
cal procedures.

This study mainly focused on the effect
of nicotine on POCD. Nicotine exerts mul-
tiple effects on health. Nicotine simulates
ACh signaling, which has a variety of func-
tions in the entire organism. Most of these
functions are unrelated or even antagonistic.
In this study, we found that a preoperative
smoking history might reduce the risk of
POCD in patients of advanced age, poten-
tially because of nicotine-mediated activa-
tion of the cholinergic anti-inflammatory
pathway and inhibition of central nervous
system inflammation or inflammatory fac-
tors (TNF-a, IL-1p, and IL-6).

The impulses of the vagus nerve induce
ACh release near the macrophages in the

1.26
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reticuloendothelial tissue, and ACh specifi-
cally binds to the «7nAChR; the o7 subunit
on immune cells inhibits the release of
inflammatory cytokines through the cholin-
ergic anti-inflammatory pathway.* Pelissier-
Rota et al.?’ found that nicotine-mediated
activation of the a7nAChR exerts a protec-
tive effect on epithelial morphology and
maintains barrier integrity; therefore, it
may be helpful for nerve cells. According
to Borovikova et al.,* the nervous system
rapidly and significantly suppresses the pro-
duction of inflammatory cytokines, such as
TNF-o, IL-1B, IL-6, and IL-18, through a
process mediated by the vagus nerve; this
may reduce the systemic inflammatory
response. A study by Chen et al.*® showed
that nicotine, the main active ingredient
in tobacco, can inhibit TNF-o secretion
by activating the cholinergic anti-
inflammatory pathway. Researchers have
also found that a cigarette extract or nico-
tine inhibited the production of IL-1, IL-2,
interferon-y, and TNF-o in humans
and mice.?°

Inflammatory cytokines and central ner-
vous system inflammatory reactions play
important roles in the occurrence of
POCD. In previous animal experiments or
clinical trials, the experimental subjects pre-
sented an increase in the levels of inflamma-
tory cytokines (TNF-o, IL-1B, and IL-6) in
the circulatory system or central nervous
system when POCD occurred simulta-
neously.” Wei et al.>' observed a neuropro-
tective effect of nicotine on adult rats, and
its anti-POCD neuroprotective mechanism
may involve activation of the brain-derived
neurotrophic  factor/tropomyosin-related
receptor kinase B signaling pathway
and inhibition of the NF-kB signal trans-
duction pathway. In the current study, we
found that the incidence of early POCD
decreased as the smoking index level
increased, which may be demonstrated by
nervous inflammatory reactions and the
cholinergic  anti-inflammatory  pathway

mentioned above. Thus, we may conclude
that a preoperative smoking history is asso-
ciated with a decreased risk of POCD
through activation of the cholinergic anti-
inflammatory pathway, which inhibits
inflammatory cytokine release, suppresses
central nervous inflammatory reactions,
and subsequently decreases the incidence
of POCD.

This study has several limitations. First,
we only performed neuropsychological tests
on the enrolled patients 1 day preoperative-
ly and 5 and 7 days postoperatively, and we
did not observe the effect of smoking on
the long-term prognosis of the patients.
Second, due to the limitations of the study
conditions, we failed to monitor and con-
trol the depth of anesthesia and to deter-
mine the cerebral oxygen saturation of
the patients enrolled in this study; thus,
we did not completely control for con-
founding factors. Third, smoking is an
independent risk factor for intracranial
arterial stenosis, and the prevalence of
intracranial arterial stenosis increases with
the number of years of smoking. Long-term
smokers do not exhibit a reduction of this
effect on intracranial artery stenosis even if
they stop smoking.*’ In smokers of
advanced age, POCD may also be related
to cerebrovascular disease caused by smok-
ing, which we were not able to exclude in
this study. Fourth, different surgeons have
their own characteristic operative techni-
ques, and the resulting surgical trauma
may not have been the same among the
patients. Thus, instead of using different
types of surgeries, we used the anesthesia
duration and requirement for blood trans-
fusion to assess the effect of different surgi-
cal  procedures.  Finally, in  this
observational study, we were unable to con-
firm that a preoperative smoking history
reduces the risk of POCD by activating
the cholinergic anti-inflammatory pathway
of the spleen; thus, further animal experi-
ments are necessary. Additional studies
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are needed to illuminate the mechanisms by
which a preoperative smoking history may
affect POCD.

Conclusions

On the basis of the results of our study, a
preoperative smoking history is associated
with a decreased risk of early POCD
by stimulating the cholinergic anti-
inflammatory pathway. A high serum
TNF-ao level was significantly associated
with an increased risk of POCD. Age, a his-
tory of general anesthesia, the sufentanil
dosage, a lower education level, and the
anesthesia duration are independent risk
factors for POCD. Finally, POCD prolongs
the hospital stay.
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