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I Abstract

Introduction and objective. Metabolic disorders are associated with a number of negative health consequences. Therefore,
the aim of this review was to define the relationships between overweight and obesity, lipid metabolism disorders,
hypertension, disorders of carbohydrate metabolism, and cognitive functions.

Abbreviated description of the state of knowledge. Metabolic disorders may be linked to the reduction of cognitive
functions, such as memory, abstract reasoning, verbal fluency, attention and psychomotor speed. Obesity may lead to
changesin the hippocampus, one of the main structures involved in learning and memory. The evidence reviewed suggests
that obesity, by inducing inflammation, leads to the dysfunction of brain structures such as the frontal cortex and corpus
callosum involved in plasticity processes and cognitive functions. In addition, obesity has been found to be associated
with abnormalities in the white matter and glial cells in the brain, which may also cause reduction in processing speed. It
is possible that there is a non-linear relationship between lipids and cognitive function moderated by age and the pro-
inflammatory process. Disturbances in carbohydrate metabolism can also lead to cognitive impairment, such as: memory,
verbal fluency or abstract reasoning.

Conclusions. Metabolic disorders are associated with a higher risk of developing cognitive impairment. This association can
be moderated by additional factors: lifestyle, oxidative stress, pro-inflammatory processes, genetic factors, age and education.
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INTRODUCTION

Metabolism is a term used to describe all biological
transformation of energy in the body to sustain life.
Metabolism is influenced by hormones, genetic factors and
lifestyle, including diet. Irregularities in metabolism lead to
a number of disorders [1]. The most important risk factors
leading to metabolism disorders are overweight and obesity,
both affecting undeveloped and developed countries. These
factors bear the hallmarks of an epidemic that has not been
effectively controlled by modern health care systems [2]. In
more than 70 countries, the prevalence of obesity has doubled
since 1980 and is still increaing [3].

Overweight may lead to a number of chronic negative
health consequences, such as insulin resistance, type 2
diabetes, dyslipidaemia, hypertension, metabolic syndrome,
atherosclerosis and cardiovascular diseases (CVDs) [4].
Metabolic disorders increase the risk of mortality in both
obese adults and adults with normal body mass index (BMI)
[5]. Excessive body weight is also associated with negative
psychological consequences that contribute to a deterioration
in the quality of life, self-esteem, and eating attitudes. Persons
with overweight and obesity are more likely to suffer from
symptoms of depression and anxiety [6]. Obesity is often
associated with social stigma, so that persons with obesity
are not socially accepted because they are regarded as not
being motivated and inefficient [7].

Apart from the emotional effects of overweight and
obesity, a significant problem seems to be the link between
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excess body weight and other disorders, such as lipid and
carbohydrate metabolism disorders, as well as cognitive
disorders [8]. Current studies emphasize that metabolic
disorders can disturb cognitive performance, such as
attention and executive function [9].

OBJECTIVE

The aim of this descriptive review was to study the link
between metabolic disorders and cognitive functions in
adults. Most of the research and analyzes conducted so far
has focused on selected metabolic disorders, e.g. obesity and
its impact on cognitive performance. We wanted to try to
merge the findings about how chronic disturbed metabolic
management affects brain changes that leads to cognitive
disorders. We analyzed the influence of particular metabolic
disorders, i.e. overweight and obesity, lipids metabolism
disturbances, carbohydrate metabolism disorders,
hypertension and metabolic syndrome in the development
of cognitive disorders. Our attention has been focused mainly
on research using brain imaging methods in humans and in
animal studies.

MATERIALS AND METHOD

The PubMed/MEDLINE databases were searched for articles
published between 2010-2020 describing the psychological
issues of metabolic disorders, using the key words: ‘overweight
and obesity and cognitive function’, ‘lipid metabolism and
cognitive function’, ‘carbohydrate metabolism and cognitive
function’ ‘hypertension and cognitive function’, ‘metabolic
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syndrome and cognitive function’. A total of 6,919 articles
were analyzed, and the analysis excluded those in which
the persons examined had a diagnosis of mental disorders
and mental disabilities. Finally, the analysis included 64
articles, particularly those published after 2012, as well as
those in which techniques of neuro-imaging of the brain
and neuropsychological methods were applied.

DESCRIPTION OF THE STATE OF KNOWLEDGE
Overweight and obesity and cognitive functions. Obesity
leads to a reduction in cognitive functions, particularly in the
area of memory, reasoning, motor control [10-13]. Clinical
evidence shows that obesity correlates with an increased risk
of developing CVDs and dementia, including Alzheimer’s
disease (AD) and vascular dementia (VaD), both linked to a
decline in cognitive functions. This relationship was observed
in the 37-years of study by Gustafson et al. The analysis of
BMI in a group of 1,462 women showed that overweight and
obesity, especially in middle-aged women, may increase the
risk of dementia [14]. High BMI in the elderly, however, did
not increase the risk of dementia. Furthermore, correlation
between both overweight and obesity in middle-aged
individuals and late-onset dementia, AD, and VaD has been
demonstrated [15].

As stated above, it has been proposed by Stanek et al.
that the link between increased BMI and reduced cognitive
functions derives from the deterioration of white matter and
glial cells in the brain, leading to reduced neural transmission
and reduced speed of processing information. In fact, a
negative correlation between the BMI and the integrity of
brain structures, such as the corpus callosum, has been
detected. This correlation increased with the age of the
participants of the study [11].

Obesity may additionally lead to chronic inflammatory
conditions characterized by higher levels of C- reactive
protein (CRP), fibrinogen and amyloid A in the blood. These
factors may be a source of vascular diseases because they
contribute to the formation of atherosclerotic plaques [16].
Studies using magnetic resonance imaging (MRI) showed
that a high concentration of CRP in blood was accompanied
by dysfunction of the frontal cortex and corpus callosum,
reduced executive functions, and decreased psychomotor
speed and attention [17].

Roy etal., investigating the link between increased weight
and reduced cognitive functions, observed changes in the
PPARa receptor (a peroxisome proliferator-activated receptor
alpha), responsible for the control of the metabolism of fat
in the liver in rodents. They found that an increase in body
mass leads to a reduction in the level of PPARa in the whole
body, including brain structures such as the hippocampus,
a structure crucial for learning and memory. The PPARa
receptor in the hippocampus controls calcium influx and
the expression of different brain plasticity genes, such as the
transcription factor protein cyclic AMP response element-
binding protein (CREB). It was observed that mice with a
reduced level of PPARa receptor in the hippocampus had
worse spatial memory and learning ability in comparison
to control mice with a normal level of PPARa. Furthermore,
the injection of PPARa into the hippocampus of the animals
induced significant improvements in their learning and
memory abilities [18]. The exact mechanisms connecting
body weight and cognitive functions are not fully defined
and require further investigation.

Accounting for genetic markers of obesity may be helpful
in explaining the relationship between obesity and cognitive
impairment. Vainik et al., based on the modern belief that
most obesity-related genes are expressed in the central
nervous system, performed studies to investigate whether
neuro-behavioural factors were associated with the hereditary
variability of obesity as measured by BMI. They showed that
increased BMI was associated with disturbances in visual-
spatial functions, episodic verbal memory, impulsivity and
flexibility. Elevated BMI was associated with a decrease in
cortical thickness in the right frontal lob, and an increase
in thickness in the left frontal lobe, especially in the lateral
prefrontal cortex. These changes are called the ‘right brain
hypothesis’. The authors postulate that obesity is inherited
through brain function [19].

Lipids metabolism disturbances and cognitive function.
Lipid disorders contribute to the development of
atherosclerosis, which leads to the development of CVDs [20].
Insulin cerebral circulation relates to a decline in cognitive
functions due to occurred neuropsychological dysfunctions.
Previous studies investigating metabolism disturbances and
cognitive functions indicated that increased concentration of
cholesterol in blood was associated with a reduction in mental
speed, psychomotor performance, visuospatial abilities,
short-term memory, operating memor, and deferred memory,
as well as verbal fluency [21-23]. A balanced cholesterol
concentration seems to be important as there are studies
showing that low concentrations of total cholesterol are also
related with both reduced cognitive functions, and these
relationships are related to age. Carrington et al. showed
that people over the age of 70 achieved the best results in the
cognitive test (logical memory) with higher and lower levels of
total cholesterol than average (U-shaped). In contrast, people
under the age of 70 achieved worse cognitive performance
with higher and lower levels of total cholesterol than the
average (inverted-U-shape) [24].

As mentioned earlier, lipid disorders are not only linked
with VaD but also with AD [25]. AD is characterized by the
presence of amyloid plaques mainly containing aggregated
forms of the beta-amyloid (Ab) peptides in the brain. In
relation to molecular mechanisms of the disease, it has been
shown that a high level of cholesterol, particularly the LDL
fraction, increases the activity of beta-secretase enzymes that
catalyze the reaction of formation of Ab.

Liu et al.,, searching for lipid biomarkers characteristic
of VaD, showed that most of the lipids belonging to the
classes of ceramides (Cer), cholesterol esters (ChE) and
phospholipids, were significantly lower in the plasma of
people with VaD, while glycerides were elevated compared
to those without VaD. The reduced concentration of Cer and
ChE was associated with a reduction in attention, processing
speed and executive functions. The observed differences in
lipid levels were not associated with changes in white matter
hyperintensity and diffusion tensor imaging (DTI) measures
[26]. The effect of lipid metabolism on cognitive functions
requires further study because the lipid abnormalities shown
in some scientific studies indicate an opposite relationship to
that described above. For example, Henderson et al. produced
evidence suggesting that increased levels of LDL-C were
associated with increased memory abilities in middle-age
women [27]. It is emphasized that among lipids, a high
concentration of triglycerides (TG) is associated with the
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deterioration of cognitive functions and the occurrence of
mild cognitive impairment (MCI) and AD [28].

The contemporary view may explain the contradictory
results of research regarding the influence of disturbed lipid
metabolism on cognitive functions, which indicates that it
is not only high levels of LDL-cholesterol, triglycerides or
dyslipidemia, that can lead to vascular changes. It is widely
believed that serum cholesterol and lipoproteins affect the
endothelium, leading, inter alia, to atherosclerotic lesions.
According to Tsoupras et al,, it is not high cholesterol that
affects the endothelium, but the inflammatory response that
moderated endothelial integrity and functionality. Long-
term inflammation may contribute to an increased risk of
atherosclerosis, as well as affecting the concentration and
function of serum lipids, leading to the oxidation of LDL by
reducing the ability of HDL to prevent LDL oxidation [29].

Bojar et al. showed that the carrier of the APOE gene
polymorphism was an important factor modulating cognitive
functions. It was shown that the presence €3/e4, or e4/e4
polymorphisms were related with worse cognitive functions,
while £2/e3 polymorphism of APOE gene impacted positively
on cognitive functions in postmenopausal women [30]. In
another study, Bojar et al. found that the carrier of the APOE
gene polymorphism was an important factor modulating the
relationship between lipid concentrations and the efficiency
of cognitive functions. In postmenopausal women, the carrier
state of the APOE gene polymorphism was associated with
triglyceride levels and the results in three cognitive functions:
executive functions, psychomotor speed, and cognitive
flexibility. Interestingly, weight loss in postmenopausal
women was associated with lower scores in cognitive tests.
Cognitive performance in postmenopausal women was not
significantly associated with the lipid profile [31].

Other researchers point out that a high-calorie diet
induces oxidative stress, and eating large amounts of fat
causes an overproduction of circulating free fatty acids and
systemic inflammation. Immune cells, free fatty acids, and
circulating cytokines reach the hypothalamus and initiate
local inflammation through processes such as microglia
proliferation [32].

Disturbances of carbohydrate metabolism and cognitive
functions. When considering the correlation between
metabolic disorders and cognitive functions, particular
attention should be paid to the effect of glucose on the
brain. Despite the fact that the human brain is only about
2% of the total body weight, it consumes approximately
75% of the glucose available, and is therefore the most
metabolically demanding human organ [33]. Disturbances
in the metabolism of glucose affect the efficiency of cognitive
functions, as evidenced by the numerous studies carried
out in type 1 and type 2 diabetic patients [34-39]. Kerti
et al. showed that in people with pre-diabetes a lower level
of blood glucose in comparison to the control group was
associated with better cognitive efficiency in terms of
cognitive functions, such as learning and memory abilities.
Neuro-imaging of the brain also showed that people with
higher levels of glucose in the blood were characterized by a
reduced hippocampus volume [40]. Cognitive impairment
in diabetes parallels a progressive vascular pathology, and
increasing permeability of the blood-brain barrier (BBB) [41].
A reduction in cognitive performance induced by diabetes, as
well as other metabolic disorders, constitutes a risk factor for

AD [42]. Gudala et al. showed that diabetes mellutis increased
the risk of dementia by 73%, a 56% increase in AD, and a
127% increase in VaD [43].

Disturbances of carbohydrate metabolism can also
lead to cognitive impairment, such as abstract reasoning,
information processing, memory, attention, verbal fluency
and the ability to learn, which deteriorates with age [42-45].
Diabetes is a chronic disease and cognitive functions are
required for daily life activity. A deficiency in these cognitive
abilities directly affects the health status and contributes to
the irregularity in diabetes treatment [46].

Hypertension and its impacts on cognitive functions.
Overweight and obesity lead to the emergence of a number
of negative consequences, which include, inter alia,
hypertension. Although this is undoubtedly related with
decrease in the efficiency of cognitive functions, on the other
hand, hypertension may be the result of emerging metabolic
disorders [47, 48]. The risk factors for hypertension include
genetic factors, diet and socio-economic conditions [18].
Additionally, stress and coping abilities seem to play a crucial
role [49]; for example, the influence of social factors such
as social support on arterial hypertension has been well
described. Acute and chronic stress lead to the development
of a long-term inflammatory process which, consequently,
contributes to the creation of atherosclerosis and the
deterioration of cognitive functions [50, 51].

A study by Uiterwijk’s et al. has shown that in patients with
arterial hypertension there occurs a higher risk of disease
of the small vessels and neuropsychological complications
involving memory and speed of processing information.
The analysis showed that the subjective feeling of reduced
cognitive functions in patients with essential hypertension
correlated positively with objective neuropsychological
examination and MRI results [52].

Long-term hypertension can impair the microcirculation
of the brain, degenerate the central cerebral vessels,
reduce perfusion, and induce the stenosis of blood vessels.
Hypertension also leads to changes in the hippocampus,
also affected in AD [53], and some studies suggest that
hypertension can be a risk factor for the development of
AD [54, 55]. Undoubtedly, long-term hypertension due to
damages in the vascular and cardiovascular systems, leads to
reduced cognitive efficiency, particularly executive functions,
language, attention, processing speed and memory [56].

Metabolic syndrome and cognitive functions. The metabolic
syndrome (MetS) is a group of related metabolic disorders
which constitute risk factors of CVDs, diabetes and stroke.
There are several definitions of MetS, but all emphasize the co-
existence of abdominal obesity, impaired glucose tolerance,
hypertriglyceriaemia, and hypertension. According to the
International Diabetes Federation (IDF), MetS criteria are
abdominal obesity (population specific) in addition to two
of the following risk factor - blood glucose (= 100 mg/dL
(includes diabetes), dyslipidaemia (TG = 1.69 mmol/L, or
on TG treatment; HDL-C: men < 1.03 mmol/L, women
< 1.29 mmol/L Or HDL treatment), blood pressure (= 130/85
mmHg or on anti-hypertensive medicationand obesity [57].

Yates et al. demonstrated the negative impact of MetS on
cognitive functions, a relationship observed even in studies in
which the influence of the socio-economic and psychological
factors, such as depression, were controlled. MetS was



142

Journal of Pre-Clinical and Clinical Research 2020, Vol 14, No 4

Urszula topuszanska, Krystian Cholewa, Magdalena Kozyra. Cognitive consequences of metabolic disorders

Factors regulating the

relationship between y
metabolic disorders and

cognitive functions: L]

changes

v’ Lifestyle .

v Oxidative stress

v Pro-inflammatory
processes

v Genetic factors

v Age

v Education

Indications for future research:

Including in neuropsychological research tests measuring a wide range of
cognitive functions, both verbal and non-verbal

Long-term, controlled, or history-related studies of the duration of metabolic

Taking into account factors related to pro-inflammatory processes

= Taking into account genetic factors, especially APOE gene polymorphism

= Analysis of the lifestyle of the respondents: diet, physical activity

= Taking into account the trajectory of time and age of the respondents (e.g. the
effect of lipids on cognitive functions depends on the age of the respondents)

= Taking into account factors related to the cognitive potential of the

respondents, €.g. education

Figure 1. Recommendations for planning future research on the relationship between metabolic disorders and cognitive functions

associated with deficits in memory, visuospatial and executive
abilities, speed processing and general cognitive abilities [58].
In another study, 819 patients without stroke events or a
diagnosis of dementia were analyzed for the impact of MetS
on cognitive function using MRI. MetS was diagnosed in
28.3%. Patients with MetS, scored worse in tests of cognitive
functions (memory and executive functions) than the control
group. Interestingly, this correlation was found only in men.
The study using MRI shows no significant differences that
would explain the cognitive dysfunction in patients with
MetS [59]. Exalto et al. conducted research in a group of 86
patients (mean age: 66 years) of which 41% showed a diagnosis
of MetS. A neuropsychological diagnosis and brain imaging
using MRI did not show significant differences in cognitive
abilities, severity of vascular disorders and MRI parameters,
and Ab levels in the cerebral spinal fluid (CSF) between
patients with and without MetS. However, the occurrence
of MetS was associated with the deterioration of executive
functions, memory and speed processing, as well as with the
deterioration of visuo-constructive abilities [60].

The Northern Manhattan Study (NOMAS) by Levin’s et al.
in group of 1,290 persons from urban areas and without
ischemic episodes showed that considering all the signs of
MetS, hypertension was the strongest predictor of cognitive
deficits. According to the authors, hypertension may be a
marker for neurodegenerative changes [61].

Both the persistent high concentrations of blood glucose
and cholesterol, as well as untreated high blood pressure, may
lead to CVDs and neuropsychological dysfunctions. Yaffe
et al., during a 25 year research programme, investigated
3,000 participants for their level of cognitive abilities,
blood pressure, plasma glucose, and cholesterol levels. The
results clearly showed that individuals who at baseline had
increased metabolic values over time, developed cognitive
impairments such as information processing and memory
deficits [62].

CONCLUSIONS

Cognitive functions ensure efficient functioning of the
individual, and are essential for the proper functioning
of the individual when deciding about the quality of life,
professional success and a healthy lifestyle. Metabolic
disorders contribute to the decline in cognitive functions and
these relationships are enhanced with age. In the first phase,
the cognitive disorders can lead to cognitive deterioration as
well to MCI, or even progress to dementia [63].

Figure 1 shows both the factors regulating the relationship
between metabolic disturbances and cognition, and
recommendations for future research in this area. The
relationship between metabolic disorders and cognitive
functions may be moderated by inflammatory processes and
the carrier of the APOE gene polymorphism. It seems that not
only the increased parameters of metabolic disorders, such as
increased body weight, abdominal obesity, increased blood
lipids and glucose level, directly cause cognitive impairment.
Their chronic nature seems to be of key importance, as it is
associated with a long-lasting inflammatory process leading
to changes in the brain, and thus cognitive changes.

Metabolic disorders can be modified by lifestyle, which
seemsto playacrucialrolein treatment. Bajerska etal. analyzed
the dietary habits in a group of 87 persons over the age of 60,
and conducted neuropsychological examination in the range
of visual memory, executive functions, concentration and
general cognitive abilities. The consumption of full-fat dairy
products, meat products, especially red meat, was associated
with decreased executive function and general cognitive
abilities. In addition, insufficient physical activity, low
educational status, female gender, and life without children?,
(relationships without children? childless marriages?)
increased the risk of cognitive deficits [64].
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