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Abstract: Alcohol dependence is a disorder ascribable to multiple factors and leads to cognitive
impairment. Given that insulin dysregulation can cause cognitive impairment, patients with
alcohol dependence are likely to develop insulin dysregulation such as that in diabetes. The pur-
poses of this study are to identify an association between cognitive functioning and insulin and to
investigate insulin as the biomarker of cognitive functioning in alcohol-dependent patients. Serum
insulin levels were measured and cognitive functions were assessed in 45 patients with chronic
alcoholism. The Korean version of the Consortium to Establish a Registry for Alzheimer’s
Disease (CERAD-K), a battery of cognitive function tests, was used to assess cognitive func-
tioning. Serum insulin levels were not significantly correlated with most CERAD-K scores,
but there was a significant negative correlation with scores on the Trail Making Test B, which
is designed to measure executive functioning. Lower serum insulin levels were associated with
slower executive functioning responses on the Trail Making Test B, suggesting that executive
functioning may be in proportion to serum insulin levels. Thus, in patients with alcohol depen-
dence, insulin level is associated with cognitive functioning. In addition, the present findings
suggest that insulin level is a potential biomarker for determining cognitive functioning.
Keywords: insulin, alcohol dependence, executive function, trail making test

Introduction

Insulin, a major metabolic hormone, is secreted by the beta cells in the pancreatic
islets of Langerhans and maintains constant blood glucose levels. In peripheral
tissues, insulin regulates glucose uptake, oxidation, and storage. Additionally, insulin
has been established as a contributor to cognitive functioning. Cognitive impairment
occurs in diseases associated with underlying insulin dysfunction, including diabetes,
hyperlipidemia, hypertension, and obesity.' Insulin receptors are widely distributed in
several organs, with high concentrations in the limbic system.? The limbic system is
involved in motivation, emotion, learning, and memory. In the brain, insulin recep-
tors are mainly observed at the synapses of neurons and astrocytes. Insulin signaling
involves synaptogenesis and synaptic remodeling.

Insulin is directly involved in neurotransmitter expression (eg, acetylcholine or
norepinephrine), which explains its involvement in cognitive functioning.** Further,
insulin modulates glucose metabolism in other organs and increases cerebral glucose
metabolism, which may be a potential mechanism for its involvement in cognition.®

Alcohol use disorder results in substantial damage to the central nervous system
in many patients.” Long-term alcohol use contributes to several somatic symptoms,
including hepatic dysfunction or endocrine disorders,® and excessive alcohol intake
contributes to acute or chronic pancreatitis.
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In addition, chronic and excessive alcohol consumption
decreases glucose tolerance, which increases the risk of
developing type II diabetes.” Patients with alcohol depen-
dence who have comorbid diabetes performed poorly on
language and symbol tests compared to nondiabetic patients
with alcohol dependence.'

Significant decline in cognitive functioning is known to
occur in patients with alcohol dependence. Simple learning
or memory functions can recover over time, whereas abstract
reasoning, problem-solving skills, and perceptual-motor
skills remained lower than nonalcohol-dependent controls
even after abstaining from alcohol for 1 year.!!

Based on previous studies, neurocognitive impairment in
alcohol-dependent patients could have the relationship with
insulin and glucose intolerance. Therefore, it is possible to
suggest that the effect of insulin on the glucose metabolism
is a crucial reason of the cognitive decline in alcohol depen-
dence. Although details of the relationship between alcohol
dependence and insulin have not been fully elucidated,'
when compared to normal controls, patients with alcohol
dependence had higher levels of insulin and C-peptides.'?
Another study of patients with alcohol dependence
established a contribution of insulin and found a significant
correlation between scores on an Obsessive—Compulsive
Drinking Scale and C-peptide level.'*

Nevertheless, insulin would have a major role in neu-
rocognitive function in alcohol dependence, and there were
less studies about the insulin and the cognitive functioning
of alcohol-dependent patients. This study tried to identify
the relationship between insulin and cognitive functioning
in nondiabetic alcohol-dependent patients. It is noteworthy
that insulin could be a potential indicator that reflects the
cognitive impairment in alcohol-dependent patients.

Despite the findings described earlier, few studies have
investigated the relationship between insulin and cognitive
functioning in patients with alcohol dependence. Insulin like
growth factor-1 (IGF-1), which functionally parallels insulin,
has significant effects on cognitive functioning in patients with
alcohol dependence.' IGF-1 is a polypeptide that is structurally
related to insulin and has an increased activity in the presence
of growth hormone.'® Given that the activity of IGF-1 is similar
to that of insulin, a relationship between insulin and alcohol
dependence is likely and may explain deteriorating cognitive
functioning in patients with alcohol dependence.

This study aimed to identify a correlation between insulin
level and cognitive functioning in patients with alcohol
dependence by measuring insulin levels and assessing
cognitive functioning. Accordingly, this study attempts to

determine the potential of insulin for use as the biological
marker of cognitive decline in alcohol-dependent patients.

Patients and methods

Subjects

This study was conducted among 45 patients hospitalized
for alcohol rehabilitation treatment in a psychiatric hospital
located in the Gyeonggi Province of South Korea. Partici-
pants were diagnosed with alcohol dependence by two psy-
chiatrists, based on DSM-IV-TR criteria. Participants with
current or historical diabetes were excluded. Participants
whose blood glucose levels were 200 mg/dL or higher and
those who had neurological disorders including a history of
severe head injuries were also excluded. Only patients who
were confirmed as abstinent from alcohol for at least 1 week
were included. Patients with current alcohol withdrawal
symptoms were excluded.

The present study was approved by the Institutional
Research Board of Seoul St Mary’s Hospital (C11QISI0569).
All participants were men, and they voluntarily signed
informed consent after being informed of the study purpose.

Clinical assessment

Participants were surveyed in order to collect data on
demographic and clinical variables, including age, educa-
tion, onset age of drinking, and Korean version of Alcohol
Dependence Scale (ADS-K).!'” ADS-K is a scale consisting
of a total of 25 items developed by Skinner and Allen
through factor analysis. The scale was designed to assess
compulsive drinking, behavior control when drinking, and
alcohol withdrawal symptoms.

Cognitive functioning was assessed with the Korean Ver-
sion of the Consortium to Establish a Registry for Alzheim-
er’s Disease (CERAD-K) battery of neuropsychological
tests.!® These neuropsychological tests assess language,
memory, and construction and performance skills, and it is
composed of nine items (verbal fluency, word list memory,
word list recall, word list recognition, constructional praxis,
constructional recall, Boston Naming Test, Korean Version
of Mini-Mental State Examination, and trail making test)."
In the present study, two clinical laboratory technologists
tested each patient.

Enzyme-linked immunosorbent assay

An EDTA-coated tube treated with 10 uL/mL of Pefabloc SC
(Roche Diagnostics GmbH, Mannheim, Germany) was used
to collect 10 mL of fasting blood. This sample was used
for baseline analyses of several factors. The blood was
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centrifuged immediately at 2,500x g for 10 minutes. Then,
the plasma samples were stored at —80°C until assayed.
Liver enzymes in plasma, including aspartate aminotrans-
ferase, alanine aminotransferase, and alkaline phosphatase,
were assayed using an enzyme activity assay (Daiichi Sankyo
Company, Tokyo, Japan). High-density lipoprotein and
low-density lipoprotein cholesterol levels were measured
by selective inhibition methods (Daiichi Sankyo Company)
and triglycerides were measured using a glycerol blanking
method (Wako Pure Chemical Industries, Osaka, Japan).
Insulin level was measured using enhanced chemilumines-
cence (Roche Diagnostics Korea, Seoul, South Korea), and
glucose was assayed by a hexokinase UV method (Asan
Pharmaceutical, Seoul, South Korea). All assays were per-
formed according to manufacturers’ instructions, using the
recommended buffers, diluents, and substrates. The sample
concentration in each plate was calculated according to
appropriate standard curves and dilution factors.

Statistical analyses
Descriptive statistics were used to analyze demographic
characteristics. Correlation analyses were performed in order
to determine the correlations between CERAD-K cognitive
test results and blood assay values.

Statistical analyses were performed using SPSS (Statisti-
cal Package for Social Sciences) version 16.0. A significance
level of P<<0.05 was applied in all analyses.

Results
Demographic variables and alcohol

dependence

Table 1 presents the demographic and clinical characteristics
of participants. Participants were 38—61 years old. The mean
age of participants was 51 years, and they had an average
education level of 10 years. The mean onset age of drinking
was 22 years and the mean ADS-K score was 22, which is
higher than expected in a nondependent population.

Relationship between alcohol
dependence and neurocognitive

functioning

The mean of Korean Version of Mini-Mental State Examina-
tion scores of patients with alcohol dependence was 26.76.
The mean interference index, which indicates declining
executive functioning, was 2.78. This score indicates that
participants took three times longer to perform the Trail
Making Test B than they took to perform the Trail Making
Test A (Table 2).

Table | Demographic and clinical characteristics of patients with
alcohol dependence

Mean £+ SD
Age (years) 51.20+6.26
Education (years) 10.00+3.64
Onset age of drinking (years) 22.35+8.51
ADS-K 22.2247.22
AST (IU/L) 23.00+7.89
ALT (IU/L) 23.96x15.73
ALP (IU/L) 72.02£19.93
Triglyceride (mg/dL) 190.51+88.92
HDL-cholesterol (mg/dL) 43.78t11.66
LDL-cholesterol (mg/dL) 104.84+25.06
Glucose (mg/dL) 125.98+53.56
Insulin (uIU/mL) 31.67£31.22

Abbreviations: ADS-K, Korean version of the Alcohol Dependence Scale;
SD, standard deviation; AST, aspartate aminotransferase; ALT, alanine aminotrans-
ferase; ALP, alkaline phosphatase; HDL-cholesterol, high-density lipoprotein
cholesterol; LDL-cholesterol, low-density lipoprotein cholesterol.

Relationship between insulin level and
neurocognitive functioning in patients

with alcohol dependence

Insulin level and ADS-K score were not significantly cor-
related. In addition, there were no significant correlations
between insulin level and most CERAD-K subtest scores.
However, scores for the Trail Making Test B, which indicates
executive functioning levels, was significantly correlated
with insulin levels (r=—0.329, P<<0.05), with lower subtest
scores associated with higher insulin levels (Table 3).

Discussion

The present study aimed to identify correlations between
cognitive functioning and insulin levels in patients with
alcohol dependence. The participants had relatively stable

Table 2 Results of CERAD-K and correlations between insulin
level and CERAD-K score

CERAD-K Mean = SD
Verbal fluency 15.11£3.62
Word list memory 18.1814.07
Word list recall 6.39+2.09
Word list recognition 9.34+0.94
Constructional praxis 10.42+1.18
Constructional recall 8.7612.54
Boston Naming Test 12.10£1.94
MMSE-K 26.76+ 3.09
TMT A 51.42+24.78
TMT B 194.47+92.84
Interference index of TMT 2.78+1.65

Abbreviations: CERAD-K, Korean version of the Consortium to Establish a
Registry for Alzheimer’s Disease; MMSE-K, Korean Version of Mini-Mental State
Examination; TMT, trail making test; SD, standard deviation.
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Table 3 Correlations between insulin level and CERAD-K scores

CERAD-K Pearson correlation P-value
with insulin level
Verbal fluency 0.155 0.354
Word list memory 0.127 0.446
Word list recall 0.246 0.137
Word list recognition 0.138 0.407
Constructional praxis 0.004 0.983
Constructional recall —0.068 0.687
Boston Naming Test —0.158 0.343
MMSE-K 0.131 0.433
TMT A —0.264 0.109
TMT B —0.329* 0.044

Note: *P<0.05.

Abbreviations: CERAD-K, Korean version of the Consortium to Establish a
Registry for Alzheimer’s Disease; MMSE-K, Korean Version of Mini-Mental State
Examination; TMT, trail making test.

scores on most subtests of the CERAD-K, and there were
no correlations between insulin level and most CERAD-K
subtest scores. However, scores on the Trail Making Test B,
which reflect the speed of executive functioning, were associ-
ated with higher insulin levels. There were no relationships
between demographic variables and cognitive functioning.
A previous study reported that patients with problematic
alcohol use and posttraumatic stress disorder showed the
association between elevated levels of aspartate aminotrans-
ferase and trail making A test.® But in the present study,
clinical datum did not show any relationship with cognitive
functioning.

Trail making tests involve motor components and com-
plex visual scanning and can be used to assess visual-motor
tracking. These tests require sustained attention and psy-
chomotor speed.?'*> The Trail Making Test B requires more
complex mental processes compared to the Trail Making
Test A and is known to be more sensitive to symptoms of
brain injury.”?* In the present study, insulin was correlated
with the Trail Making Test B, not the Trail Making Test A.
The result suggests that insulin would reflect rather complex
executive functioning than simple cognition. That is, lower
serum insulin levels were associated with slower executive
functioning responses on the Trail Making Test B. In the
previous study that alcohol-dependent patients who have
comorbid diabetes showed lower cognitive functioning com-
pared to nondiabetic patients with alcohol dependence.!® By
the result of the present study, in case of nondiabetic alcohol-
dependent patients, insulin also could reflex the cognitive
decline in alcohol dependence. Therefore, insulin related to
glucose metabolism would be one of the important mecha-
nism the excessive alcohol drinking induce neurodegenesis
in alcohol dependence.

Participants did not have higher education, and there
was no significant difference in education levels, with a
standard deviation of 3.6 years despite the mean of 10 years.
Regarding the interference index between trail making tests,
it took three times longer to complete the Trail Making
Test B compared to the trail making A test, which indicates
declining mental set-shifting abilities in patients with alcohol
dependence.

Deterioration in cognitive functioning in these patients
is attributable to multiple factors, including cranial nerve
injuries ascribable to alcohol. Chronic alcohol intake is
known to cause both temporary cognitive impairment and
permanent structural damage.” Previous research has found
that 45% of patients with alcohol dependence had cognitive
impairment even after several weeks of abstinence from
alcohol, and 15% of these patients had impairment even after
abstinence for 1 year.? In particular, declines are observed
in cognitive functions related to learning and memory.?’
Psycho-motor deficits, circumstantiality, attention deficits,
and orientation disorders have been observed.?® In par-
ticular, chronic alcohol use may contribute to deteriorating
executive functioning related to attention, problem-solving
skills, and self-control.”” Executive function may be a pri-
mary predictor of poor prognosis because patients’ social
adjustment is decreased and their functional rehabilitation
is impaired.*

Insulin may improve cognitive functioning, including
memory. In particular, patients with Alzheimer’s disease
often experience insulin resistance and severe neurode-
generation in conjunction with declining insulin level.*!
However, when brain insulin levels increase, cognitive
functions improve.** One study demonstrated treatment
effects on cognitive functioning by administering insulin to
patients with diseases that included cognitive impairment.*
Another study compared changes in cognitive functioning
following insulin injection, using a trail making test.>* In this
study, intranasal administration of insulin to patients with
bipolar disorder, followed by a trail making test, indicated a
significant improvement in executive functioning compared
to placebo groups.

Cognitive impairment has been evaluated in patients with
concurrent diabetes and alcohol dependence.' In this study,
patients took an oral glucose tolerance test and were then
categorized into diabetic and nondiabetic groups prior to
completing the CERAD-K and K-WAIS (Korean Wechsler
Adult Intelligence Scale) tests. Diabetic patients with
alcohol dependence had lower executive functioning and
language scores.
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Further, in patients with alcohol dependence whose
hepatic cells were histologically normal, indicating that they
had developed no diabetic complications, insulin levels were
higher compared to normal controls." This finding suggests
that patients with alcohol dependence were highly likely to
develop impaired glucose tolerance and beta cell dysfunction.
Therefore, alcohol dependence and insulin abnormalities can
be associated with cognitive impairment.

Conclusion

The present study verified that insulin levels of patients with
alcohol dependence were relevant to performance on the
Trail Making Test B, which indicates executive cognitive
functioning. Therefore, patients with alcohol dependence,
even without comorbid diabetes, may have impaired glucose
tolerance and be at risk of developing cognitive impairments.
Insulin may therefore be a useful biomarker for impaired
cognitive functioning.

Limitations

The present study has limitations. First, this study used the
CERAD to measure cognitive functioning. Further studies
are needed to adapt tools to help assess more complex
cognitive abilities among alcohol-dependent patients. The
present small sample composed entirely of men is another
limitation. And this study was a lack of comparison between
alcohol-dependent patients and the control group. Because
excessive alcohol consumption is associated with a range
of medical manifestations, comparing the datum of normal
control to those of alcohol-dependent patients is needed to
make the result more clear. Finally, the longitudinal design
is needed. Although our study tried to exclude the influence
of alcohol withdrawal symptoms, the cognitive functions of
the alcohol-dependent patients were changeable during their
admission. These limitations warrant further investigation of
the relationship between insulin level and executive function-
ing in patients with alcohol dependence.
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