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Abstract

Purpose Vascular risk factors, including metabolic syn-

drome, are known to contribute to the development of

cognitive dysfunction. We tested the hypothesis that

patients with metabolic syndrome are more likely to

develop cognitive dysfunction after noncardiac surgery.

Methods Age- and education-balanced patients (n = 60)

undergoing elective noncardiac surgery with and without

metabolic syndrome and 30 nonsurgical controls were

enrolled. Recent verbal and nonverbal memory and exec-

utive functions were assessed using a psychometric test

battery before and 1 month after noncardiac surgery or at a

1-month interval in nonsurgical controls.

Results Neurocognitive scores under baseline conditions

were similar in surgical patients with versus without met-

abolic syndrome in all examined cognitive modalities

(recent nonverbal and verbal memory, executive func-

tions). Pronounced reductions in tests of verbal memory

(delayed story recall, immediate and delayed word list

recall) and executive function (backward digit span) were

observed in patients with versus without metabolic syn-

drome after surgery. Overall cognitive performance after

surgery was also significantly (P = 0.03) more impaired in

patients with versus without metabolic syndrome. The

prevalence rate of postoperative cognitive dysfunction

(POCD) differed in the studied groups (13/30 and 8/30

in patients with versus without metabolic syndrome;

P \ 0.02).

Conclusions The results indicate that cognitive functions

were more profoundly impaired in patients with metabolic

syndrome undergoing noncardiac surgery compared with

their healthier counterparts.

Keywords Metabolic syndrome � Postoperative

cognitive dysfunction

Introduction

Abdominal obesity, hypertriglyceridemia, low serum con-

centrations of high-density lipoprotein, hypertension, and

hyperglycemia are characteristic features of metabolic

syndrome [1, 2]. The presence of metabolic syndrome

increases the risk of diabetes mellitus and cardiovascular

disease [3, 4]. Vascular risk factors, including metabolic

syndrome, also are known to contribute to the development

of cognitive dysfunction [5]. Obesity [6], paired fasting

blood glucose concentration [7], dyslipidemia [8], and

hypertension also appear to independently contribute to

neuropsychological abnormalities. Patients with metabolic

syndrome had lower Mini Mental State Examination scores

(screening device for dementia) and demonstrated greater

decreases in recent memory after a 3-year interval [9]. The
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presence of metabolic syndrome risk factors predicted the

development of vascular dementia after a 25-year follow-

up [10]. Metabolic syndrome has also been linked to

Alzheimer’s disease [11] and accelerates aging-induced

frontal-subcortical syndrome [12]. We recently demon-

strated that metabolic syndrome is associated with

short-term cognitive decline after cardiac surgery [13].

Postoperative cognitive dysfunction most often occurs after

cardiac surgery, but this complication is also observed in a

substantial minority of older patients (25% at 1 week, 10%

at 3 months after surgery) after noncardiac surgery [14].

The potential consequences of metabolic syndrome on

postoperative cognitive function after noncardiac surgery

have not been examined. Given that metabolic syndrome

patients are more vulnerable to cognitive decline, we

hypothesized that these patients sustain more profound

postoperative cognitive dysfunction after noncardiac sur-

gery compared with those who do not have this constel-

lation of clinical abnormalities.

Methods

The protocol was approved by the Institutional Review

Board of the Zablocki Veterans Administration Medical

Center, Milwaukee, WI, USA. All subjects provided writ-

ten informed consent.

Participants

Sixty age- and education-balanced noncardiac surgical

patients were enrolled (30 patients with and without meta-

bolic syndrome in two separate groups) from the Zablocki

Veterans Medical Center. Diagnostic criteria for metabolic

syndrome for this study included patients presenting at least

with three of the four following criteria: abdominal obesity

(body mass index[30), insulin resistance (plasma glucose

greater than 100 mg/ml or use of medication for hyper-

glycemia), dyslipidemia (triglycerides greater than 150 mg/

dl, HDL cholesterol less than 40 mg/dl, or use of medica-

tion for dyslipidemia), and hypertension (systolic pressure

greater than 130 mmHg and diastolic pressure greater than

85 mmHg, or use of medication for hypertension). Inclu-

sion criteria included age C55 years, written informed

consent, and elective noncardiac surgery. Surgical patients

underwent ear–nose–throat, urological, gastrointestinal,

orthopedic, and plastic surgical procedures under general

anesthesia. Thirty additional patients who were not under-

going surgery were recruited from hospital clinics. Fifteen

of these nonsurgical patients met the diagnostic criteria for

metabolic syndrome. Inclusion of a nonsurgical group was

important to account for practice effects of repeated cog-

nitive testing [15]. Exclusion criteria included a history of a

cerebrovascular accident, previously documented cognitive

deficits, or vascular dementia (Hachinski score [16] [4).

Patients with hepatic impairment (aspartate aminotransfer-

ase or alanine aminotransferase more than twice the

upper normal limit) and chronic renal insufficiency (creat-

inine[2 mg/dl) were also excluded.

Protocol

Neurological status and neurocognitive functions were

assessed within 1 week of surgery. Patients received fen-

tanyl (1–2 lg/kg) and midazolam (1–2 mg) for premedi-

cation. Fentanyl (3–5 lg/kg) and sodium thiopental

(3–6 mg/kg) were used for anesthetic induction. Anesthe-

sia was maintained with sevoflurane (0.8–2.2%) in an air–

oxygen mixture. Neuromuscular blockade was produced

with rocuronium (1.0 mg/kg), and was reversed with neo-

stigmine (40–80 lg/kg) and glycopyrrolate (8–16 lg/kg)

after completion of the procedure. Neurological status and

neurocognitive functions were reassessed 1 month after

surgery (1 month after the first test in the nonsurgical

groups). For each patient, the same clinician administered

both the first and second neurocognitive tests and per-

formed the neurological examinations to achieve optimal

testing consistency.

Psychometric testing for cognitive functions

The test battery from several psychological tests was

composed of standard clinical measures that were appro-

priate for use with subjects in the age group studied, making

minimal sensory or motor demands. The tests covered three

cognitive modalities: verbal recent memory, nonverbal

recent memory, and executive functions. Total test admin-

istration time was \1 h. Two alternate forms were used to

reduce practice effects between sessions. The order of

presentation was counterbalanced with half the subjects

receiving one form in the first session and the other half

receiving the other form. Story Memory and Word List

Memory subtests from the Repeatable Battery for the

Assessment of Neuropsychological Status [17] were used to

test verbal recent memory. Story Memory measures the

ability to learn and recall a narrative story in two trials

(maximum score, 20) and delayed free recall (maximum

score, 10). Word List Memory assesses the ability to learn

and remember a list of ten unrelated words across four

sequential learning trials (maximum score, 40), and delayed

free recall (maximum score, 10). The Brief Visual Memory

Test Revised [18] was used to test nonverbal recent mem-

ory. A card with six simple geometric designs was shown

for 10 s on three sequential trials to test nonverbal recent

memory. When the card was removed, the examinee drew

the designs in the locations remembered (two points per
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design; maximum score, 36). A free recall trial was

administered 20 min later (maximum score, 12). Backward

Digit Span [19], Semantic Fluency [17], i.e., name all the

fruits and vegetables (form A) or all the animals in the zoo

(form B) that you can think of in 1 min, and Phonemic

Fluency [20], i.e., name all the words that you can think of

that start with the letter ‘S’ (form A) and letter ‘P’ (form B)

in 1 min, were used to test executive functions. The test

scores are the numbers of correct responses produced in the

allotted time. The clinicians who tested the neurocognitive

functions were blinded to group participation.

Depression testing

Depression was assessed with the Geriatric Depression

Scale 15-item version [21]. The obtained score was the

number of symptoms endorsed. Scores range from 0 to 15

with higher scores indicating greater depression.

Sample size determination

We used our pilot data to determine sample size [13]. In

our pilot study, with a sample size of 28 patients per group,

we successfully demonstrated that patients with metabolic

syndrome exhibited more profound short-term cognitive

deficits after cardiac surgery than did their healthier

counterparts. Therefore, we included 30 subjects per group

in the current investigation.

Statistical analysis

Chi-square and Student’s t tests were used for proportions

and continuous variables, respectively, to test for between-

group differences in demographic and medical data. Neu-

rocognitive scores were analyzed by repeated measures of

analysis of variance followed by Bonferroni correction for

multiple comparisons. Moller’s Z scores were also used to

assess cognitive change from baseline to 1 month after

surgery [14]. The Z score for the change in each neuro-

psychological assessment was calculated by using the fol-

lowing formula: Z score = [(Change Score) - (Mean

Change Scorecontrol)]/(SD Change Scorecontrol). A suitable

normative population was used to correct for practice

effects and variability between sessions (control) [15]. We

calculated average Z scores for all cognitive indices.

Overall cognitive performance between groups, based on

Table 1 Demographics and medical data

Factor Surgical Nonsurgical

Metabolic (-), n = 30 Metabolic (?), n = 30 n = 30 P

Age (years) 65 ± 7 64 ± 6 63 ± 7 0.54

Education (year) 13 ± 2 13 ± 2 12 ± 2 0.90

Body mass index 27 ± 6 35 ± 6 31 ± 6 0.00003

History of smoking (%) 20 (67) 17 (57) 11 (37) 0.06

Sleep disorder (%) 16 (53) 17 (57) 16 (53) 0.92

Hypertension (%) 17 (57) 28 (93) 20 (67) 0.005

Hypercholesterolemia (%) 6 (20) 27 (90) 18 (60) 0.000001

Arrhythmia (%) 4 (13) 5 (17) 3 (10) 0.75

Myocardial infarction (%) 1 (3) 3 (10) 4 (13) 0.38

Peripheral vascular disease (%) 2 (7) 3 (10) 1 (3) 0.58

Type 2 diabetes mellitus (%) 4 (13) 22 (73) 12 (40) 0.00002

Congestive heart failure (%) 4 (13) 3 (10) 2 (7) 0.69

History of depression (%) 6 (20) 8 (27) 10 (33) 0.50

History of anxiety (%) 5 (17) 1 (3) 5 (17) 0.19

Chronic obstructive pulmonary disease (COPD) 1 (3) 3 (10) 2 (7) 0.58

Preoperative medications

Antihypertensive drugs (%) 19 (63) 26 (87) 21 (70) 0.10

Lipid-lowering drugs (%) 9 (30) 22 (73) 17 (57) 0.003

Oral hypoglycemic (%) 2 (7) 10 (33) 8 (27) 0.04

Insulin (%) 1 (3) 9 (30) 6 (20) 0.02

Neurological abnormality, baseline (%) 3 (10) 5 (17) 4 (13) 0.75

Neurological abnormality, 1 week (%) 3 (10) 5 (17) 4 (13) 0.75

Data are expressed as number (%) or mean ± SD; P values are derived from analysis of variance for continuous variables and chi-square for

dichotomous variables after the comparison of all three groups
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average Z scores, was compared using the Wilcoxon rank-

sum test. Patients were defined as having postoperative

cognitive dysfunction (POCD) when two Z scores in indi-

vidual tests or the average Z score were less than -1.96.

The null hypothesis was rejected when P \ 0.05. All errors

were reported as standard deviations. Statistical calcula-

tions were performed using NCSS 2001 (NCSS, Kaysville,

UT, USA) and STATA/IC 10.0 (StataCorp LP, College

Station, TX, USA) software.

Results

Patients with metabolic syndrome were significantly

(P \ 0.05) more likely to have elevated body mass index,

hypertension, hypercholesterolemia, and type 2 diabetes

mellitus compared with those who did not have the syn-

drome (Table 1). Patients with metabolic syndrome also

were more frequently receiving preoperative lipid-lowering

agents, oral hypoglycemic drugs, and insulin (Table 1). No

other significant differences in demographic or medical data

were observed. Surgery and postoperative data were similar

between groups (Table 2). Neurocognitive scores under the

baseline conditions and after a 1-month interval were sim-

ilar in nonsurgical controls with versus without metabolic

syndrome (Table 3). Neurocognitive scores under the

baseline conditions were similar in surgical patients with

versus without metabolic syndrome in all three cognitive

modalities (nonverbal and verbal recent memory, and

executive functions) (Table 4). Significant reductions in

tests of verbal memory (delayed story recall, immediate and

delayed word list recall) and one test of executive function

(backward digit span) were observed in patients with versus

without metabolic syndrome after surgery (Table 4). No

differences in geriatric depression scale ratings were

observed between groups. The Hachinski score was less

than 4 in all subjects. Overall cognitive performance after

surgery was significantly (P = 0.03) more profoundly

impaired in patients with versus without metabolic syn-

drome. The difference in surgical types did not affect POCD

(P = 0.25). The prevalence rate of POCD was different in

the studied groups (13/30 and 8/30 in patients with versus

without metabolic syndrome; P \ 0.02).

Discussion

The current results indicate that patients with metabolic

syndrome are more likely to develop cognitive impairment

1 month after noncardiac surgery than those without the

disorder. These results confirm and extend our previous

findings that patients with metabolic syndrome exhibit

more profound short-term cognitive deficits, especially

those involving verbal recent memory, after cardiac sur-

gery than do their healthier counterparts [13]. Patients to

the present investigation were enrolled based on the

inclusion criteria: one criterion was that patients had to be

at least 55 years of age. During the study interview (after

informed consent) patients were asked about their years of

education. After statistical analysis it was determined that

patient groups in the study were balanced in age and

education (see Table 1). The similarities of these criteria

are very important when we compare the groups’ cognitive

functions.

During the past decade, there has been various attempts

to standardize the definition of the metabolic syndrome as a

diagnostic category, with various criteria proposed by the

following institutions: the World Health Organization

(1998), the European Group for Study of Insulin Resistance

(1999), the National Cholesterol Education program’s

Adult Treatment Panel III (2001), the American Associa-

tion of Clinical Endocrinologists (2003), and the Chinese

Diabetes Federation proposal (2005) [1, 22–25]. All these

agree on the core components of the syndrome: obesity,

insulin resistance, dyslipidemia, and hypertension; how-

ever, they provide different clinical criteria. In the present

Table 2 Surgery and

postoperative data

Data are expressed as number

(%), frequency, or mean ± SD

P values are derived from t tests

for continuous variables and

Fisher’s exact test for

dichotomous variables

ASA American Society of

Anesthesiologists

Surgery Metabolic (-),

n = 30

Metabolic (?),

n = 30

P

Ear, nose, and throat surgery (%) 6 (20) 4 (13)

Urological surgery (%) 3 (10) 1 (3)

Gastrointestinal surgery (%) 6 (20) 8 (27)

Orthopedic surgery (%) 11 (37) 13 (43)

Plastic surgery (%) 4 (13) 4 (13)

ASA physical status class II or III 13/17 5/25

Sevoflurane dose (%) 1.4 ± 0.5 1.6 ± 0.8 0.92

Anesthesia duration (min) 158 ± 74 188 ± 87 0.15

Hospital stay (days) 5 ± 8 6 ± 10 0.61

Postoperative complications (%) 3 (10) 7 (23) 0.30
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investigation we only included people from the American

veteran population; therefore, our findings may not trans-

late entirely to populations in other countries including

Japan.

The psychometric test battery used in the current and

previous [13] investigations was designed to measure

performance in recent verbal and nonverbal memory and

executive functions because cognitive impairments may

develop in these domains after surgery [26, 27]. Postop-

erative impairment was detected in all examined cognitive

modalities, but the most pronounced deterioration occurred

in recent verbal memory (delayed story recall, immediate

Table 3 Neurocognitive scores of nonsurgical controls

Variables Metabolic (-), n = 15 Metabolic (?), n = 15 pB p1W

Baseline 1 week Baseline 1 week

Nonverbal memory

Figure reconstruction 20 ± 6 22 ± 4 21 ± 7 21 ± 8 0.28 0.39

Delayed figure reproduction 8 ± 2 8 ± 2 7 ± 3 8 ± 3 0.8 0.44

Verbal memory

Immediate story recall 18 ± 3 19 ± 3 17 ± 3 18 ± 3 0.21 0.94

Delayed story recall 9 ± 2 10 ± 2 8 ± 3 9 ± 2 0.2 0.91

Immediate word list recall 24 ± 3 26 ± 4 21 ± 5 24 ± 5 0.22 0.44

Delayed word list recall 5 ± 2 5 ± 3 4 ± 2 5 ± 2 0.56 0.27

Executive functions

Backward digit span 9 ± 2 10 ± 2 7 ± 2 8 ± 2 0.57 0.67

Semantic fluency 15 ± 4 16 ± 4 15 ± 4 14 ± 3 0.52 0.37

Phonemic fluency 12 ± 4 12 ± 4 12 ± 4 11 ± 3 0.87 0.34

Stroop 41 ± 12 47 ± 16 37 ± 13 37 ± 16 0.3 0.08

GDS-15 6 ± 5 6 ± 5 5 ± 5 4 ± 4 0.39 0.22

Data are expressed as mean ± SD

pB P value for between-group comparisons under baseline conditions (Student’s t test); p1W between-group significance after 1 week (repeated-

measures analysis of variance)

Table 4 Neurocognitive scores of surgical patients

Variables Metabolic (-), n = 30 Metabolic (?), n = 30 pB p1W Z score

difference
Baseline 1 week Z scores Baseline 1 week Z scores

Nonverbal memory

Figure reconstruction 24 ± 6 21 ± 7 -1.2 24 ± 7 18 ± 9 -1.9 0.88 0.02 -0.7

Delayed figure reproduction 9 ± 2 7 ± 3 -1.4 9 ± 3 6 ± 3 -1.4 0.61 0.9 0.0

Verbal memory

Immediate story recall 20 ± 2 18 ± 3 -1.4 19 ± 4 16 ± 4 -1.8 0.54 0.2 -0.4

Delayed story recall 10 ± 2 9 ± 2 -1.3 10 ± 2 8 ± 3 -1.9 0.89 0.003* -0.6

Immediate word list recall 27 ± 5 25 ± 5 -1.1 26 ± 5 21 ± 5 -1.9 0.54 0.00008* -0.8

Delayed word list recall 7 ± 2 5 ± 2 -1.4 7 ± 2 4 ± 2 -2.0 0.53 0.004* -0.6

Executive functions

Backward digit span 10 ± 2 9 ± 2 -1.2 10 ± 2 7 ± 2 -1.9 0.54 0.002* -0.7

Semantic fluency 16 ± 5 14 ± 4 -0.8 15 ± 3 13 ± 4 -0.7 0.49 0.71 0.1

Phonemic fluency 14 ± 5 13 ± 5 -0.3 11 ± 4 10 ± 4 -0.2 0.03 0.94 -0.1

Stroop 48 ± 10 42 ± 9 -1.0 46 ± 12 40 ± 13 -1.1 0.61 0.47 -0.1

GDS-15 3 ± 3 3 ± 3 -0.1 4 ± 3 3 ± 3 0.3 0.67 0.90 0.2

Data are expressed as mean ± SD

pB P value for between-group significance under baseline conditions (Student’s t test); p1W between-group significance after 1 week (repeated-

measures analysis of variance)

*Significant at P \ 0.005 with Bonferroni correction
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and delayed word list recall) and in one test of executive

function (backward digit span) in metabolic syndrome

patients. Dysfunction in recent memory may result from

impairments in the hippocampi, entorhinal cortices, thal-

ami, and basal forebrain [28]. Executive function deficits

may occur because of reduced activity in prefrontal corti-

ces (including the dorsolateral white matter tracts) in

middle-aged and elderly individuals [29]. We presume that

abnormal activity in these regions may have been respon-

sible for the cognitive dysfunction observed in metabolic

syndrome patients, but we did not conduct cerebral activity

imaging studies (e.g., functional magnetic resonance

imaging) in the current investigation to confirm this

hypothesis. Nevertheless, the neuropsychological deficits

that we observed in metabolic syndrome patients predict

compromised postoperative rehabilitation [30] and have

important consequences on activities of daily living.

Differences in the degree of postoperative cognitive

impairment observed among individuals may reflect site-

specific variability in cognitive reserve [31]. Indeed, this

lack of cognitive reserve may be a plausible explanation for

the greater occurrence and increased severity of postoper-

ative cognitive dysfunction in patients with versus without

metabolic syndrome. Our data suggest that patients with

metabolic syndrome, in contrast to healthier individuals,

were unable to adequately compensate for the modest

cognitive deficits that are commonly associated with non-

cardiac surgery. These differences may have been further

accentuated because our investigation was conducted in

older patients (age C55 years), who are already known to

be at substantially greater risk for postoperative cognitive

deficits [32–34] because of reduced brain weight and vol-

ume, loss of cellular bodies and myelinated fibers in sev-

eral brain regions responsible for cognition, decreased

synaptic density, and attenuated DNA-repair capability

[35–38].

The precise mechanism(s) responsible for postoperative

cognitive dysfunction in patients with metabolic syndrome

are most likely multifactorial in origin. Many of the diag-

nostic characteristics that define metabolic syndrome are

individually related to cognitive impairment, as hyperten-

sion, obesity, elevated serum triglyceride concentrations,

and hyperglycemia [39–42] are all known risk factors for

postoperative cognitive dysfunction. When combined with

effects from anesthetic and analgesic drugs, sleep depri-

vation, the stress of major surgery, and hospital environ-

mental effects on cognition, these metabolic syndrome

determinants may produce additive or synergistic depres-

sion of cognitive ability. The presence of other comorbid

preexisting diseases also contributes to the development of

postoperative cognitive dysfunction, but no differences in

other risk factors were observed between groups. Whether

general anesthesia contributed to the development of

postoperative cognitive dysfunction in the patients with

versus without metabolic syndrome is unclear, but anes-

thesia was standardized between groups to minimize this

potential confounding factor. The results must also be

qualified because women were not included in the current

investigation; the VA patient population consists almost

entirely of men. We did not evaluate whether differences in

postoperative cognitive dysfunction between patients with

or without metabolic syndrome persisted over longer

periods of time. However, it is important to emphasize that

patients with cognitive dysfunction at hospital discharge

are more likely to die during the first 3 months after sur-

gery [28]. Additional study is required to assess the general

impact of metabolic syndrome on long-term cognitive

functions and quality of life after noncardiac surgery. Last,

the current results should also be quantified because

baseline cognitive differences were not apparent between

study groups. It is certainly possible that our older veterans

without metabolic syndrome may have exhibited baseline

subclinical cognitive deficits that were not yet detectable

with a neuropsychological battery. Under these circum-

stances, baseline differences in cognitive function between

patients with versus without metabolic syndrome may have

been obscured.

In summary, the current results demonstrate that patients

with metabolic syndrome have more pronounced cognitive

deficits, particularly those involving recent verbal memory

and executive function, at 1 month after noncardiac sur-

gery than do their healthier counterparts. These data con-

firm and extend our previous results indicating that

metabolic syndrome is a major risk factor for postoperative

cognitive dysfunction in patients undergoing cardiac sur-

gery using cardiopulmonary bypass [13]. Additional stud-

ies are required to determine the duration or permanence of

these cognitive changes and their potential impact on

rehabilitation and quality of life in this vulnerable patient

population.
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