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Abstract

Purpose To identify whether the presence of preoperative
depression in patients with diabetes mellitus is a risk factor
for postoperative cognitive dysfunction after coronary
artery bypass graft (CABG) surgery.

Methods Data from 90 patients with diabetes mellitus
undergoing elective CABG were analyzed. Hemodynamic
data (arterial and jugular venous blood gas values) were
measured during cardiopulmonary bypass. Preoperatively,
all patients were given the 21-item Beck depression
inventory to identify the presence of depression. In addi-
tion, all patients underwent a battery of neurological and
neuropsychological tests the day before surgery, 7 days
after surgery, and 6 months after surgery.

Results The rate of cognitive dysfunction was 50% at
7 days and 23% at 6 months after surgery. Age, hyper-
tension, presence of depression, duration of SjvO, < 50%,
ascending aorta atherosclerosis, diabetic retinopathy, and
insulin therapy were independent predictors of short-term
cognitive dysfunction, whereas HbAlc, diabetic retinopa-
thy, insulin therapy, and presence of depression were
independent predictors of long-term cognitive dysfunction.
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Conclusions We found that the presence of depression
preoperatively is associated with short-term and long-term
postoperative cognitive dysfunction in patients with dia-
betes mellitus.
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Introduction

Central nervous system complications are a major cause of
morbidity and mortality after cardiac surgery [1, 2]. In fact,
neuropsychological dysfunction after cardiopulmonary
bypass (CPB) has been reported in as many as 79% of
patients during the early postoperative period [1-5].

However, it remains controversial as to whether the
presence of preoperative depression is a risk factor for stroke
and cognitive dysfunction after surgery [6—13]. Connerney
et al. [11] reported that depression was an important inde-
pendent risk factor for cardiac events after coronary artery
bypass graft (CABG) surgery. Rymaszewska et al. [7]
showed that high preoperative depression could be a pre-
dictor of postoperative psychological outcomes. In contrast,
Monk et al. [9] showed no relationship between preoperative
depression and postoperative cognitive decline after non-
cardiac surgery. Because the prevalence of depression
before CABG surgery is approximately 20-25%, it is clin-
ically important to examine whether preoperative depres-
sion is related to postoperative cognitive decline after
CABG surgery.

Over the past 20-30 years, the prevalence of diabetes
mellitus has been rapidly rising throughout the world, the
prediction being that it will increase by 200% over the next
several decades. Inevitably, physicians will be confronted
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with an increasing number of patients with diabetes mel-
litus undergoing CABG surgery. It is widely known that
diabetes mellitus is a risk factor for stroke and cognitive
dysfunction after cardiac surgery [1, 3, 4]. We hypothe-
sized that the presence of depression in patients with dia-
betes mellitus may be an independent risk factor for
postoperative cognitive dysfunction after cardiac surgery.
However, until now, no study has evaluated the relation-
ship between preoperative depression and postoperative
cognitive decline after CABG surgery in patients with
diabetes mellitus.

The purpose of this study, therefore, was to identify
whether preoperative depression is associated with the risk
of postoperative cognitive dysfunction after CABG surgery
in patients with diabetes mellitus.

Methods
Study population

Between May 1995 and May 2002, a total of 543 patients
were scheduled for elective CABG at our institution. Of
these, 103 patients were identified as having diabetes
mellitus and 100 agreed to participate in this study. All
procedures used in this study were approved by the Ethics
Committee of our institution, and written informed consent
was obtained from all patients.

A pre-existing diagnosis of diabetes mellitus was deter-
mined by chart-diagnosis of type-2 diabetes, and current
hyperglycemic therapy, including diet, oral medications, or
insulin therapy, was noted. Duration of disease was based
on the time of initiation of medical therapy. Renal failure
was defined by a creatinine concentration >2.0 mg/dL.
Prior stroke was determined by a history of ischemic
cerebrovascular disease with symptomatic neurological
disorders and confirmed by preoperative brain computed
tomography and magnetic resonance imaging (MRI).
Presence of moderate to severe atherosclerotic lesions in
the ascending aorta and carotid artery stenosis were diag-
nosed by preoperative ultrasonography and MRI.

Operative procedure

All patients received diazepam (10 mg orally) 1 h before
anesthesia. Anesthesia was induced with 0.2 mg/kg
midazolam, 20 pg/kg fentanyl, and 0.2 mg/kg vecuronium,
and was followed by tracheal intubation. After induction
of anesthesia, a pulmonary arterial catheter (Vigilance®,
Swan-Ganz CCO Thermodilution Catheter; Baxter, Irvine,
CA, USA) was inserted through the right internal jugular
vein. For continuous monitoring of jugular venous oxygen
saturation (Sjv0O,), a 4-Fr fiberoptic oximetry catheter

(Dual-lumen oximetry catheterR; Baxter) was inserted into
the right jugular bulb using a modified Seldinger technique.
This catheter was connected to an analysis system
(Explorer™ system; Baxter) and calibrated in vivo by
aspirating blood through the catheter. The position of the
jugular bulb catheter was verified by standard radiography,
and the catheter was repositioned until correctly situated
(catheter tip cranial to the line extending from the atlanto-
occipital joint space and caudal to the lower margin of the
orbit). SjvO, data were obtained and processed in a mon-
itor-computer interface and displayed and stored every 5 s
with an Apple computer (Apple Computer, Cupertino, CA,
USA) [14].

The partial pressures of arterial and jugular venous
blood gases were analyzed using Stat Profile Ultima®
(Nova Biomedical, Boston, MA, USA) and CO-oximeter
(OSM3, HemoximeterR, Radiometer, Copenhagen, Den-
mark). All patients were ventilated with oxygen (50%) and
nitrogen (50%). End-tidal CO, was monitored (Ultima®;
Datex, Helsinki, Finland) and maintained between 35 and
40 mmHg. After anesthesia induction, 5-10 mg/kg/h pro-
pofol was infused using a syringe pump, this being con-
tinued until the patients arrived in the intensive-care unit.
Muscular relaxation was achieved by intermittent admin-
istration of vecuronium. No volatile anesthetic was
administered. The tympanic temperature was continuously
monitored by Mon-a-Therm® (Mallinckrodt, St Louis, MO,
USA). PaO, was maintained at 150-250 mmHg during the
study.

The CPB was primed with a crystalloid, non-glucose-
containing solution, and a nonpulsatile pump flow rate of
2.2-2.5 L/min/m* was maintained. A membrane oxygena-
tor and a 40-pm arterial line filter were used, and PaCO,,
uncorrected for temperature, was adjusted to normocapnic
levels (35-40 mmHg) by varying fresh gas flow to the
membrane oxygenator (alpha-stat regulation). Target tym-
panic temperatures were 34.5-36.0°C. The limit of maxi-
mum inflow temperature was set at 37.5°C. Hematocrit
during CPB was maintained at >20% using blood trans-
fusions as necessary. Phenylephrine infusions were used
during CPB to maintain mean arterial pressure at
50-80 mmHg. Insulin infusions were used during CPB to
maintain blood sugar between 100 and 200 mg/dL. Distal
and proximal coronary anastomoses were performed during
a single aortic cross-clamp.

Hemodynamic data and arterial and jugular venous
blood gases were measured at different times, as previously
described in detail [14, 15]. The presence or absence of
carotid artery stenosis, defined as narrowing >50% [4],
was confirmed by preoperative ultrasonography and MRI.
The presence of atherosclerotic lesions in the ascending
aorta, defined as atherosclerotic lesions >3.0 mm thick
with diffuse irregularities, large, mobile or protruding
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atheromata, ulcerated plaques, and/or thrombi [4], was
confirmed by intraoperative epiaortic ultrasonography.

Assessment of depression

Preoperatively, all patients were given the 21-item Beck
depression inventory (BDI) to identify the presence of
depression. This test was performed by trained specialists
in the division of psychiatry of our institute. Patients with a
score of 10 or greater on the inventory were identified as
having symptoms of depression. Patients who were on
antidepressant medication preoperatively continued their
treatment postoperatively. Physicians ordered psychiatric
consultations if they were deemed necessary.

Neurological and neuropsychological assessments

All patients underwent a battery of neurological and neu-
ropsychological tests on the day before the operation, and
these were repeated at 7 days and at 6 months after the
surgery. These tests were administered by trained special-
ists and intra and interobserver validity was ensured. The
neuropsychological portion of the study design followed
the consensus statements on the assessment of central
nervous system disorders after cardiac surgery [16]. Cog-
nitive function was assessed using the following tests:

mini-mental state examination;
Rey auditory verbal learning test;
trail-making test (part A);
trail-making test (part B);

digit span forward; and

grooved pegboard.
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Statistical analysis

All data are expressed as mean £ SD. To obtain an indi-
cation of overall outcome, significant impairment was
defined as a decline from preoperative testing of more than
1 SD on more than 20% of test measures (at least 2 of 6).
Univariate comparisons between subjects with and without
cognitive impairment were performed using the unpaired
t test or the chi-squared test for dichotomous variables and
ANOVA for ordered categorical and continuous variables.
The latter analyses were performed nonparametrically
when regression residuals suggested that the model fit was
poor. Stepwise logistic regression was used to choose a
best set of independent predictors of both short-term and
long-term cognitive impairment. Variables entered into the
initial logistic models were those with a univariate proba-
bility value of P < 0.2. The final model included all vari-
ables with an independent significance level of P < 0.1.
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The quality of the fit of the logistic model was tested with
the Hosmer and Lemeshow goodness-of-fit test.

Statistical significance was set at P < 0.05. All calcu-
lations were performed on Stat View 5.0 software packages
(Abacus Concepts, Berkeley, CA, USA).

Results

We were unable to perform neuropsychological assess-
ments for 3 patients 6 months after the surgery, because
these patients died within 6 months of the operation. Three
patients (excluding patients with major neurological
defects) had incomplete cognitive data, and one patient
with diabetes mellitus refused follow-up. Major neurolog-
ical defects (defined as clinical evidence of focal cerebral
infarction including hemiparesis, visual or gait distur-
bances, mental changes (confusion, agitation, inability to
make contact with other people), or a combination of these)
were observed in 3 patients after the operation. We thus
performed neuropsychological assessments on 90 patients
with diabetes mellitus. The demographic data of these
patients are shown in Table 1.

Twenty-eight patients were diagnosed with depression
in the pre-operative period. All patients received anti-
depressants, for example selective serotonin reuptake
inhibitors (SSRI), serotonin noradrenalin reuptake inhibi-
tors (SNRI), and tricyclic or tetracyclic antidepressants.
Other mental diseases, for example schizophrenia, were not
found in the 28 depressed patients. None of the depressed
patients were under specific psychiatric care.

The raw neurocognitive test scores at baseline, 7 days,
and 6 months after the surgery are shown in Table 2. There
were no significant differences in mini-mental examina-
tion, trail-making test (part A) scores, or digit span forward
between the four groups at baseline, 7 days, or 6 months
after surgery. Trail-making test (part B) scores and grooved
pegboard test scores at 7 days were longer compared with
baseline, although these values returned to normal at
6 months after the surgery. Immediate and delayed recall
test scores at 7 days were also prolonged compared with
baseline, and these prolongations persisted for 6 months
postoperatively.

The rate of cognitive dysfunction at 7 days and 6 months
after surgery is shown in Table 3. The rate of cognitive
dysfunction was 50% at 7 days and 23.3% at 6 months after
surgery.

The characteristics of patients with diabetes mellitus
with and without cognitive dysfunction at 7 days and
6 months postoperatively are shown in Table 4. There
were significant differences in duration of SjvO, < 50%,
presence of ascending aorta atherosclerosis, presence of
diabetic retinopathy, HbAlc values, and presence of
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Table 1 Demographic data of the diabetic patients

Number 90

Age (years) 65+9
Weight (kg) 58 £ 10
Height (cm) 163 £ 9
LV ejection fraction (%) 55 +£8

Hypertension (No.) 48/90 (53%)

ACE inhibitor 21
Beta-blocker 61

Ca channel blocker 28
Male/Female ratio 68/22
FBS (mg/dL) 134 £ 22
HbAlc (%) 6.5 + 2.1
Duration of disease (years) 7+5
Pre-operative Hb (g/dL) 132+ 1.5
Dietary therapy (No.) 23

Oral anti-diabetic agents (No.) 39
Insulin therapy (No.) 28

Ascending aorta atherosclerosis (No.) 21/90 (23%)
10/90 (11%)

20/90 (22%)

Carotid artery stenosis (No.)

Diabetic retinopathy (No.)

Pre-operative Hb (g/dL) 132 £ 1.5
Aortic clamping time (min) 130 + 39
Total CPB time (min) 104 £ 32
PE dosage (mg) 59+£1.6
SjvO2 50% time (min) 21.8 £ 7.7
IAU MAP (min) 19 £ 10
Presence of depression 28/90 (31%)
BDI scores 73 +48

Data are expressed as means + SD

LV left ventricular, FBS fasting blood sugar level, CPB cardiopul-
monary bypass, JAU MAP integrated area under mean arterial pres-
sure <50 mmHg during surgery, SjvO, 50% time, duration SjvO, was
<50%, PE phenylephrine, HbAlc glycosylated hemoglobin, BDI
Beck depression inventory

depression between patients with and without cognitive
dysfunction at 7 days after surgery. There were significant
differences in the presence of ascending aorta atheroscle-
rosis and diabetic retinopathy, and HbAlc values and the
presence of depression between patients with and without
cognitive dysfunction at 6 months after the surgery.

The independent predictors of cognitive dysfunction at
7 days and 6 months after cardiac surgery are shown in
Table 5. Age, hypertension, presence of depression, duration
of SjvO, < 50%, ascending aorta atherosclerosis, diabetic
retinopathy, and insulin therapy were independent predictors
of short-term cognitive dysfunction, and HbAlc, diabetic
retinopathy, insulin therapy, and presence of depression
were independent predictors of long-term cognitive dys-
function. HbA1c, diabetic retinopathy, insulin therapy, and

Table 2 Raw neurocognitive test scores at baseline, 7 days, and
6 months after CABG

Test Baseline 7 days 6 months

Mini-mental state 46.6 £ 4.1 425 +39 449 £ 4.0
examination

Trail-making test 462+ 69 539+100 513+£92
(part A)

Trail-making test 153.6 £ 27.7 204.7 & 35.7* 176.7 £ 259
(part B)

Digit span forward 9.8 £2.1 11.0 £ 3.6 103 £2.0

Grooved pegboard 241 £55 330£5.1*% 27.0+43

Immediate recall 416 =84 556 £9.0%* 50.1 £ 6.6*

Delayed recall 244 +£40 359 +£3.0% 331 % 3.8*

Values are expressed as means = SD. Immediate and delayed recall
scores were derived from the Rey Auditory Verbal Learning Test

* P < 0.05 versus baseline

Table 3 Rate of cognitive dysfunction at 7 days and 6 months
postoperatively in diabetic patients

Rate
7 days 45/90 (50%)
6 months 21/90 (23.3%)

presence of depression were, therefore, associated with both
short-term and long-term cognitive dysfunction in patients
with diabetes mellitus.

Discussion

This study showed that preoperative depression was asso-
ciated with both short-term and long-term postoperative
cognitive dysfunction in patients with diabetes mellitus.

With the rapid increase in the prevalence of diabetes
mellitus throughout the world, physicians are likely to be
confronted with an increasing population of patients with
diabetes mellitus undergoing CABG surgery. Many studies
have shown that diabetes is one of the key factors associ-
ated with postoperative cognitive dysfunction in patients
undergoing cardiac surgery [1-5]. In fact, Hogue et al. [17]
and Newman et al. [3] showed that diabetes is an inde-
pendent predictor of postoperative neurological complica-
tions. Hence, it is clinically important to be aware of
factors related to postoperative neurological complications
in patients with diabetes mellitus.

The prevalence of preoperative depression is approxi-
mately 20-25% before cardiac surgery [7]. In this study, the
prevalence of cognitive dysfunction was 50% at 7 days and
23.3% at 6 months after surgery. Newman et al. [2] exam-
ined the incidence of neurocognitive decline preoperatively,
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Table 4 Characteristics of
diabetic patients with and

No cognitive dysfunction Cognitive dysfunction P value

without cognitive dysfunction at

7 days
7 days and 6 months
postoperatively Number
Age (years)
Weight (kg)
Height (cm)

Hypertension (No.)

Female (No.)

Preoperative LVEF (%)

Total CPB time (min)

IAU MAP

SjvO; less than 50% time (min)

Ascending aorta atherosclerosis (No.)

Carotid artery stenosis (No.)
Diabetic retinopathy (No.)
HbAlc (%)

Duration of diabetes (years)
Fasting blood sugar (mg/dL)

Presence of depression

Peak perioperative glucose level (mg/dL)

BDI scores

6 months
Number
Age (years)
Weight (kg)
Height (cm)
Hypertension (No.)
Female (No.)
Preoperative LVEF (%)
Total CPB time (min)
IAU MAP
SjvO; less than 50% time (min)

Ascending aorta atherosclerosis (No.)

Carotid artery stenosis (No.)
Diabetic retinopathy (No.)
HbAlc (%)

Duration of diabetes (years)
Fasting blood sugar (mg/dL)

Presence of depression

Peak perioperative glucose level (mg/dL)

BDI scores

45 45

63.7 £ 49 653+ 5.5 0.42
579 £ 5.7 59.0 + 4.9 0.37
164.1 + 8.4 162.5 £ 9.9 0.68
20/45 (44%) 28/45 (62%) 0.09
10/45 (22%) 12/45 (26%) 0.62
56 + 7 5448 0.44
102.4 £+ 19.7 99.2 + 16.9 0.57
16+9 17 £ 11 0.73
11.9 + 6.4 248 £ 69 <0.01
4/45 (8%) 17/45 (37%) 0.01
4/45 (8%) 6/45 (13%) 0.50
5/45 (11%) 15/45 (33%) 0.01
6.3 + 0.6 8.0+ 1.0 <0.01
590+28 6.3 +£3.9 0.22
159 £ 39 170 £ 55 0.38
6/45 (13%) 22/45 (48%) <0.01
202 + 30 199 + 36 0.87
64438 14.4 + 4.1 0.04
69 21

62.9 £ 6.0 64.8 £ 6.1 0.54
573 +£79 592 £ 9.0 0.47
161.7 £ 7.2 163.4 &+ 7.0 0.45
36/69 (52%) 12/21 (57%) 0.68
17/69 (24%) 5/21 (23%) 0.93
53.9 £ 5.9 54.8 £ 6.7 0.56
98.2 + 23.7 108.1 & 25.9 0.21
154 & 8.4 179 £ 838 0.51
169 £ 7.9 179 £ 6.8 0.31
12/69 (17%) 9/21 (42%) 0.01
7169 (10%) 3/21 (14%) 0.59
7/69 (10%) 13/21 (61%) <0.01
62409 8.1+ 1.1 <0.01
73+22 6.9+ 15 0.56
141 £ 44 160 =+ 40 0.18
17/69 (24%) 11/21 (52%) 0.01
207 + 38 195 + 33 0.56
6.0 + 3.0 13.9 + 35 0.01

before discharge, and 6 weeks, 6 months, and 5 years after
CABG surgery in 261 patients who underwent CABG, and
found that the incidence of cognitive decline was 53% at
discharge, 36% at 6 weeks, 24% at 6 months, and 42% at
5 years, findings which are similar to our results. Some
reports showed that depression could be associated with
postoperative cardiac events. Connerney et al. [11] reported
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that major depressive disorders (risk ratio 2.3 (95% CI
1.17-4.56)) are associated with adverse cardiac events. Tully
et al. [18] demonstrated the relationship between preopera-
tive depression and the occurrence of atrial fibrillation after
cardiac surgery. In contrast with the close relationship
between the presence of depression and postoperative
adverse cardiac events, there have been controversial reports
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dysfunction at 7 days and

§ mothhs aft(?r caTdiac surgery All cognitive dysfunction

in patients with diabetes

mellitus HbAlc (%) 23 1.7-2.9 0.03
Diabetic retinopathy 3.1 1.7-4.1 0.01
Insulin therapy 2.4 1.8-3.1 0.01
Presence of depression 43 3.7-5.7 0.01

Short-term cognitive dysfunction
Age 1.2 1.1-1.5 0.03
Hypertension 1.4 1.1-1.8 0.03
Presence of depression 3.8 2.5-5.1 <0.01
SjvO, less than 50% time 1.7 1.2-2.3 0.04
Ascending aorta atherosclerosis 1.5 1.2-2.2 0.03
Diabetic retinopathy 2.9 1.9-3.9 0.01
Insulin therapy 2.3 1.6-3.2 0.01
Long-term cognitive dysfunction

HbAlc (%) 2.0 1.4-2.7 0.03
Diabetic retinopathy 33 1.94.0 0.01
Insulin therapy 2.2 1.6-2.9 0.03
Presence of depression 4.3 3.1-5.7 <0.01

regarding whether the presence of depression would be
related to postoperative cognitive dysfunction in patients
without diabetes mellitus [9, 10, 13, 19-21]. Paterniti et al.
[6] reported that depressive symptoms predicted cognitive
decline in an elderly, non-surgical population of 1003 indi-
viduals with good cognitive function at recruitment. Monk
et al. [9] reported no relationship between preoperative
depression and postoperative cognitive dysfunction after
CABG surgery. McKhann et al. [10] demonstrated no rela-
tionship between depression (measured by the Center for
Epidemiological Study of Depression Scale) and cognitive
decline after CABG. In contrast, Rothenhiusler et al. [19]
showed an association between major depression and short-
term cognitive deficits. To date, there are no data examining
whether depression is one of the preoperative predictors of
postoperative cognitive dysfunction in patients with diabetes
mellitus. This study indicates that the presence of depression
is likely to be associated with postoperative cognitive dys-
function in patients with diabetes mellitus.

Although the reasons for the association between pre-
operative depression and the likelihood of postoperative
cognitive dysfunction remain uncertain, several possible
mechanisms for this could be considered. First, Paterniti
et al. [6] speculated that depressive symptoms and cognitive
decline are linked to modifications in activity of similar
cerebral areas, and that chronic depression causes cognitive
decline by release of adrenocorticotrophic hormone and the
consequent secretion of glucocorticoids. Prolonged secre-
tion of glucocorticoids may have deleterious effects, for

example hippocampal atrophy. Another possibility is that
different degrees of inflammatory cytokine responses after
surgery may modulate postoperative cognitive dysfunction.
In fact, overproduction of inflammatory cytokines has been
reported after cardiac surgery [22]. Kudoh et al. [23]
reported that the plasma cytokine response to surgical stress
in chronically depressed patients is different from that in
patients without depression.

Study limitations

There is concern whether neurocognitive tests can be
entirely correctly performed in patients with depression.
Andrew et al. [21] reported that changes in the mood state
do not affect the results of postoperative neurocognitive
tests.

We did not identify any relationship between postop-
erative cognitive dysfunction and ascending aorta athero-
sclerosis or carotid artery stenosis 6 months after surgery.
Several reports have shown that ascending aorta athero-
sclerosis and carotid artery stenosis are major risk factors
for cognitive dysfunction. As described in our previous
report, the presence of these diseases may have affected
our results.

In this study, we used propofol and fentanyl as anes-
thetics. Kudoh et al. [24] reported that use of small-dose
ketamine could improve the postoperative state of depres-
sed patients. Hence, it is possible that other anesthetic
agents may modulate neurocognitive decline.
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In this study, we found that trail-making test scores and
grooved pegboard scores had recovered within 6 months,
whereas Rey auditory verbal learning test scores had not
recovered 6 months after surgery. Rudolph et al. [25]
demonstrated that the impaired domain could affect the
results of tests that predominantly measure other cognitive
domains.

There are no standard analytic criteria for postoperative
cognitive decline, because of the extensive heterogeneity
of its definition, as described in detail by Rudolph et al.
[25]. More extensive study is therefore necessary to iden-
tify the mechanisms, related factors and rate of postoper-
ative cognitive decline after cardiac surgery.

We could not find a relationship between severity of
diabetes and the presence of depression in this study (data
not shown). However, it has been reported that the incidence
of depression in diabetic patients is higher than that in non-
diabetic patients [26], because alterations in monoamines
(serotonin and noradrenaline), increases in cortisol by the
hypothalamus—pituitary—adrenal axis, and trophic agents,
for example the brain-derived neurotrophic factor, through
glycogen synthase kinase-3, constitute some of the abnor-
malities documented in diabetic patients.

We showed a relationship between reduced SjvO, dur-
ing CPB and short-term, but not long-term, postoperative
cognitive dysfunction. This finding is consistent with our
previous reports [4, 14] and another report [27], although
the reason for this is not yet proved. A possible mechanism
for this is that global hypoperfusion during CPB, indicated
by reduced SjvO,, might contribute to short-term postop-
erative cognitive dysfunction, and microembolism or other
unknown factors might contribute to long-term postopera-
tive cognitive dysfunction.

In conclusion, we found that preoperative depression is
associated with short-term and long-term postoperative
cognitive dysfunction in patients with diabetes mellitus.
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