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Background: Recent research attempts to bring metabolic changes that evolve with aging into
the context of neurodegenerative diseases, including dementia. Peripheral levels of liver enzymes
may therefore play a central role in explaining the metabolic dysfunctions in Alzheimer’s disease
(AD) and vascular dementia (VD).

Aim: The aim of this study was to determine the correlation between serum activity of creatine
kinase and liver enzymes (ALT, AST, LDH, GGT and ALP) and cognitive impairment in AD and
VD. Methods: The subjects were classified as AD patients (n=30), VD patients (n=30) and
controls (n=30). Further on, cognitive functions of all subjects were assessed using the Montreal
- Cognitive Assessment (MoCA) test.

Results: The obtained results showed significantly lower ALT activity in AD and VD patients
compared to controls. The MoCA scores were found to be in positive correlation with serum
CK and GGT activity in AD patients. Further research is required to elucidate causal pathways
underlying the association between serum liver parameters and the pathophysiology of

dementia.
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INTRODUCTION

Current research firmly proposes a dynamic,
multifactorial etiology of dementia. However,
cognitive deterioration is thought to be
primarily caused by inflammation and
oxidative stress processes [1]. Alzheimer’s
disease (AD), the most common form

of dementia, is thus associated with
neurodegeneration resulting from
astrogliosis, microglial cell proliferation,

amyloid plaques, and neurofibrillary tangles
[2]. Considering the direct link between aging
and the incidence of dementia, in recent years
research has been more comprehensive in
terms of including the biochemical changes
that evolve with years and influence the course
of AD. Cerebrovascular changes, disturbed
energy metabolism, insulin resistance, high
cholesterol levels have been identified as
some of the risk factors leading to cognitive
impairment [3]. This evidence highlights the
importance of liver as one of the centers of
metabolic activity and its possible role in the
pathophysiology of dementia. Bassendine etal.
[4] presented evidence suggestingthattheliver
is the origin of brain A deposits and that it is
involved in peripheral clearance of circulating
AB in the blood. The authors conclude that
dysfunction of peripheral A3 clearance may
contribute to the development of AD, given
that the efflux of AP to peripheral blood
accounts for 50% of total brain A clearance

[5]. Therefore, hepatic functionality should
be considered when A3 balance is addressed.
Until today, there are rather a few studies
bridging peripheral biomarkers of hepatic
functioning with central biomarkers related
to dementia. Compared to the transaminases
where findings point to decreased alanin-
aminotransferase (ALT) activity in AD
patients, gamma-glutamyltransferase (GGT)
has been more extensively investigated and
the majority of results confirmed a linear
relationship between GGT with the risk of
developing AD and vascular dementia (VD),
independent of other potential cofounders
[6-8]. Even though alkaline phosphatase
(ALP) influences developmental plasticity and
activity-dependent cortical functions, reports
associating the serum ALP activity to dementia
are only scarce. The same is valid for creatine
kinase (CK) and lactate dehydrogenase (LDH).
Hense the aim of this study was to determine
correlation between serum activity of liver
enzymes and cognitive impairment in patients
with AD and VD.

MATERIALS AND METHODS

Study population

A total of 90 female subjects aged = 65 were
enrolled in this controlled, cross-sectional
study. The subjects were classified as AD
patients (n=30), VD patients (n=30) and
controls (n=30). The patients were recruited
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from a specialized unit at the Health-Care Hospice
for persons with disabilities in Sarajevo, Bosnia and
Herzegovina. The study was conducted under the approval
of the local research Ethics Committee, protocol number
0305-28838. All procedures on human subjects were
performed in the accordance with Helsinki Declaration
of 2013. Informed consent was obtained from subjects
and caregivers upon careful explanation of the study
procedure.

Sample collection and measurements

Baseline demographic and health factors

Prior to the sample collection, medical history was
obtained from all subjects and laboratory and clinical
examinations were performed. In addition, blood pressure
was measured and the body mass index (BMI: kg/m2)
calculated for all participants. The study excluded subjects
with a history of chronic inflammatory disease (asthma
and rheumatoid arthritis), hepatic or renal insufficiency
and cancer.

Clinical diagnosis and cognitive function evaluation
Subjects diagnosed with AD and VD met the NINCDS-
ADRDA [9] and NINDS-AIREN criteria [10], respectively.
The Hachinskiischemicscore (HIS) was used to distinguish
between AD and VD patients. The HIS scale is as follows:
score 0-4 implies Alzheimer’s dementia, 4-7 implies mixed
dementia and a score 2= 7 implies vascular dementia [11].
The AD patients had a score < 4, while the VD patients
had a score = 7. For cognitive assessment, all participants
underwent the Montreal Cognitive Assessment (MoCA)
[12]. All subjects in the AD and VD groups had a score < 20,
while the control group (CG) subjects had a score between
27 and 30.

Blood sample collection
Peripheral blood samples were collected after overnight
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fast from all participants of the study. Venous blood was
drawn from the median cubital vein, collected in serum
vacutainers, allowed to coagulate and centrifuged (5 min,
2000 g). The serum samples were stored and frozen at -
80 °C until assayed.

Measurement of serum enzyme activity

The measurements were performed at the Clinical Centre
of University of Sarajevo, Laboratory for clinical chemistry
and biochemistry. Serum activity of creatine kinase and
liver enzymes were measured by the Dimension RXL
analyzer (Dade Behring). The results were expressed as
U/L.

Statistical analysis

All statistical calculations were performed with the SPSS
16 software (version 16.0, SPSS Inc, Chicago, Illinois,
USA). The distribution of variables was tested by the
Shapiro-Wilk test. Values with normal distribution were
expressed as mean * standard deviation, while those
without normal distribution were shown as median and
interquartile range. Additionally, since variables were not
normally distributed, a comparison between the groups
was performed by Kruskal-Wallis test followed by Mann-
Whitney U-test. Additionally, correlations were assessed
by Spearman’s test. Statistical significance was set at p <
0.05.

RESULTS

The lowest ALT activity was in the group of AD patients
[6,00 U/L (4,00-10,25 U/L)]. The ALT activity in AD
patients was significantly lower compared to both VD
patients [9.00 UI/L (6.75-14.25)] (p=0.049) and controls
[11.00 UI/L (7.5-18.75)] (p=0.002). The activity of all
other enzymes did not differ significantly among the
investigated groups (Table 2).

Table 1. Serum enzyme activity of AD and VD patients and the control subjects

Variables AD group (n=30) VD group (n=30) CG (n=30)
AST 15.00 U/L (12.00-17.25) 14.0 UI/L (12.00-16.00) 14.00 U/L (12.75-19.25)
ALT 6.00 U/L (4.00-10.25) * 9.00 UI/L (6.75-14.25) # 11.00 UI/L (7.5-18.75)
ALP 102.5U/L (70.75-131.25) 76.0 UI/L (67.75-100.25) 84.0 UI/L (63.0-116.25)
LDH 157.5U/L (140.75-180.5) 181.5 UI/L (143.5-209.5) 177.5 UI/L (159.75-189.5)
GGT 16.5U/L (12.0-21.5) 19.0 UI/L (13.75-25.25) 19.5 UI/L (15.0-27.25)
CK 26.5 U/L (19.5-68.0) 30.5U/L (13.75-61.25) 53.5U/L (35.75-72.5)

*Significant difference between AD and CG p=0.002
#Significant difference between AD and VD p=0.049

The MoCA score was significantly lower in dementia
patents compared to controls (p<0,001) (Table 2). The

results describing the correlation between enzyme
activity and MoCA scores are presented in Table 3.

Table 2. Cognitive assessment scores in dementia patients and control subjects.

Variables AD group (n=30)

VD group (n=30) CG (n=30) p

MoCA Montreal - Cognitive 9.00 (7.00-12.75)
Assessment (score)

MoCA scores were in positive correlation with the ac-
tivity of CK (Rho= 0.388; p<0.05) in patients with AD.
The same is true for GGT (Rho= 0.408; p<0.05) (Table

12.5(7.00-19.25)  28.00 (27.00-29.00)  <0.001

3). The correlation of all remaining enzymes and cogni-
tive assessment scores were not significant in all of the
investigated groups.
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Table 3. Correlation between enzymes’ activities and MoCA scores

Variables Montreal - Cognitive Assessment (score)
CG (n=30) AD group (n=30) VD group (n=30)
AST (U/L) Rho=0.121 Rho=0.320 Rho=0.243
ALT (U/L) Rho=0.161 Rho=0.130 Rho=0.022
CK (U/L) Rho=0.051 Rho=0.388 * Rho=0.219
LDH (U/L) Rho=-0.021 Rho=0.215 Rho=-0.086
GGT (U/L) Rho=0.099 Rho=0.408 * Rho=0.113
ALP (U/L) Rho=-0.176 Rho=0.129 Rho=0.285
*p<0.05
DISCUSSION and glutamate levels were negatively correlated with

With aging, major organ systems begin to change in size,
functionality and morphology. The liver has a central role
in metabolism being responsible for protein synthesis,
detoxication, lipid metabolism and secretion of acute
phase proteins in response to inflammation [13]. In the
elderly population impaired liver functions are common
and some of the consequently altered biochemical
parameters have been shown to be associated with the
susceptibility to developing dementia. Circulating levels of
GGT, AST and ALT are routinely used in clinical practice as
biomarkers of hepatic or biliary disease. Recent research
has placed hepatic enzymes in the context of cognitive
impairment, with a large focus on GGT. Many authors have
reported a link between increased serum GGT activity
and dementia [6-8, 13-15]. The results of two studies
regarding the type of dementia are in agreement. One of
the studies reported the link between GGT and dementia
to be more apparent in those diagnosed with VD [15],
while according to the other study [6] the increased
risk of developing VD according to GGT concentration
was greater compared to AD risk. These results are not
surprising, given the substantial implication of GGT in
vascular and cardiometabolic diseases [16]. Elevated
serum GGT activity might contribute to the development
of dementia via its pro-inflammatory and pro-oxidant
properties [17]. Being co-localized with oxLDL and
CD68+ foam cells, the catalytically active GGT triggers
pro-oxidative reactions within the atherosclerotic plaque,
impacting its progression and vulnerability [17, 18],
which is of particular importance to vascular health that is
clearly compromised in VD. Further on, GGT is responsible
for the catabolism of the antioxidant glutathione, whereby
reactive oxygen species (ROS) are generated, contributing
to neurodegenerative diseases such as dementia [19].
Kamada et al. [20] have investigated the effects of plasma
transaminase activity on memory functions in healthy
subjects. Transaminases play a central role in amino
acid metabolism and in the case of ALT and AST, the end
product of the reactions they catalyse - glutamate. Not
only do the peripheral levels or glutamate positively
correlate with glutamate levels in the cerebrospinal fluid
(CSF) but also influence the cognitive functions. One of the
mechanisms by which glutamate affects memory function
is through the induction of long-term potentiation of
synaptic strength [21]. The study was limited to healthy
subjects and did not assess other metabolic factors but
the authors reported that both plasma transaminases

memory functions. A more comprehensive study that
included AD patients was conducted by Nho et al. [22].
Decreased levels of ALT and elevated AST to ALT ratio that
were observed in patients with AD were associated with
poor cognition and reduced brain glucose metabolism.
Decreased activity of ALT was associated with disturbed
energy metabolism, greater amyloid-f deposition and
structural atrophy. Vasantharekha et al. [23] who aimed
to investigate the interrelationship between MMSE scores
and liver enzymes also reported a decline in serum ALT
activity in AD patients compared with the adults, old
controls and patients with mild cognitive impairment.
To the best of our knowledge there are no studies
describing the role and alterations in LDH activity related
to dementia. The few studies that evaluated ALP from the
same perspective presented conflicting findings. Nho et al.
[22] observed poor cognition that was associated to higher
ALP activity. On the other hand, Vasantharekha et al. [23]
reported a decline in serum ALP activity in old men with
AD compared with the adults, and in old women with mild
cognitive impairment (MCI) and AD compared with the
adults and old controls. In addition, a positive correlation
was found between MMSE scores and ALP activity in
patients with AD that might be indicative of central neuron
loss. The activity of CK is critical for CNS function as ATP
production regulates the cerebral metabolic rate. A loss of
CK-BB activity therefore implicates a perturbed cellular
energy state, insufficient energy supply in neurons and
impaired neurotransmission processes. Any disturbance
of this enzyme may exasperate the AD disease process
[24]. Despite the large evidence suggesting an important
role of GGT in the development dementia, the serum
values in both groups of dementia patients of this study
did not significantly differ from control subjects. Our
primary finding was that there were minimal effects
and no strong connections between serum levels of GGT,
cognitive improvement levels and rates in the age-based
model. Our findings suggest that GGT serum levels are not
only related to those cognitive realms but rather are all-
embracing and influence cognitive output and transition
in general.

There are obvious limitations that must be considered.
Some are related to the restricted sample size, but the
major concern relates to the fact that we lack information
on GGT levels earlier in life. That prevents us from drawing
firm conclusions regarding causality.
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CONCLUSIONS
1. This cross-sectional study has revealed that the serum

concentration of ALT was significantly lower in female
AD and VD patients compared to the control group.

2. The assessment of cognition evaluated by MoCA scores

was in positive correlation with serum CK and GGT
activity in patients with AD.
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