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SUMMARY — The aim of the present study was to assess mild cognitive impairment (IMCI)
and cardiometabolic risk factors (CMRF) in Bosnian and Herzegovinian patients with heart failure
(HF). This study included 80 patients with HF and 40 healthy controls. Montreal Cognitive Assess-
ment (MoCA) testing was used to evaluate cognitive function. Abdominal obesity was assessed by waist
circumference, and hypertension was assessed by the auscultatory method. Data on other CMRF and
comorbidities, such as diabetes, smoking, alcohol consumption, and atrial fibrillation (AF), were gath-
ered with a specially designed questionnaire. Lipids, C-reactive protein (CRP), and fibrinogen were
assessed with standard laboratory methods. Student, Mann-Whitney, and Chi-square tests were used to
determine significant differences between groups. Associations between categorical variables and cor-
relation coeflicients were assessed by the Chi-square and Spearman test, respectively. The prevalence of
MCI in patients with HF was 77.5%. We found significant associations between MCI and diabetes,
hypertension, AF, and smoking in patients with HF. We found no significant associations between MCI,
abdominal obesity, and alcohol consumption. A significant positive correlation between MCI and total
cholesterol was observed in patients with HF. Furthermore, a lower MoCA score was associated with
higher values of CRP and fibrinogen in HF patients. The present study showed a high prevalence of
MCI in Bosnian and Herzegovinian HF patients as well as its association with various CMRFs. These
results suggest it is necessary to begin IMCI screening in HF patients, especially since data from the lit-
erature point to improvement in cognitive performance with appropriate HF and concomitant CMRF
treatment.
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Introduction

Heart failure (HF) is one of the leading causes
of mortality and one of the most frequent diagnoses
in contemporary medicine. The prevalence of HF is
rising due to an aging population'. Heart failure ac-
counts for 80% of hospitalizations among individuals
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over the age of 65% The course of HF is progressive
and negatively influences functional capability and
quality of life, leads to frequent hospitalizations, and
is associated with high mortality. HF represents a
major clinical, economic, and public healthcare bur-
den with a prevalence of more than 23 million cases
worldwide?.

Mild cognitive impairment (MCI) is defined as
symptomatic predementia and is characterized by co-
gnitive impairments not typical of healthy aging. Its
main features are objective declines in cognitive fun-
ctioning affecting attention, memory, and impairment
in cognitive performance, unexpected for age and
degree of education. However, individuals with MCI
still do not require assistance in daily activities®. The
factors that affect the progression of MCI to dementia
are those that decrease cognitive reserve and include
cerebrovascular events, lower levels of education, and
accelerated neurodegenerative processes®. Although
MClT is often regarded as a transitional phase between
normal cognitive functioning and dementia, individu-
als with MCI — especially those of advanced age — are
at a higher risk for the development of dementia®.

'The pathogenic mechanisms of cognitive impair-
ment (CI) in patients with HF are not fully understo-
od. It is believed that CI develops as a consequence
of structural changes in the brain cortex and white
matter due to microemboli from possible left ventricle
thromboses, chronic or intermittent hypoperfusion
due to low cardiac output secondary to left ventricle
dysfunction, as well as to disturbed flow regulation in
small blood vessels that lead to ischemic brain injury®.
Impairment in blood-brain barrier function, oxidative
stress, and inflammatory cytokines are also regarded
as a link between HF and CI’. HF adversely affects
various cognitive domains: attention, learning ability,
working memory, and executive functions. Episodic
memory of personal events and experiences, one of the
most vital cognitive functions, is gradually distorted in
patients with HF”.

Cognitive impairment in patients with HF is often
accompanied by various cardiometabolic risk factors
(CMRF) and other comorbidities, such as diabetes
mellitus, hypertension, obesity, atrial fibrillation (AF),
coronary artery disease, anemia, depression, and sleep
disorders. Studies have shown that these comor-
bidities have adverse effects on cognition and that
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improvement in these risk factors may ameliorate CI
in patients with HF'. Moreover, studies have shown
that race and ethnicity may affect outcomes in HEF®.

We therefore sought to assess MCI and CMRF in

Bosnian and Herzegovinian patients with HEF.

Materials and Methods

Study design and participants

The present study was a cross-sectional, clinical,
comparative-descriptive study, and was conducted
from March to December 2019 at Prim. Dr. Abdulah
Nakas General Hospital in Sarajevo, Bosnia and Her-
zegovina. The study included patients with HF who
were hospitalized for HF treatment. The control gro-
up consisted of apparently healthy subjects based on
objective and subjective parameters of general health
condition and had no manifest signs of the disease.
Patients with acute myocardial infarction, stroke, Par-
kinson’s disease, multiple sclerosis, and malignancies
were excluded from the study. Internal medicine spe-
cialists using New York Heart Association (NYHA)
guidelines established a diagnosis of HF’. The left
ventricle wall thickness and the ejection fraction were
measured with the cardiac ultrasound real-time pro

VIVID 4%,

Ethical aspects of the study

The study protocol was approved by the Medi-
cal Ethics Committee at the site hospital (Ethical
approval number 255-25/15). The study protocol was
explained to all subjects in detail, and all subjects gave
informed consent. All study procedures were perfor-
med following the Helsinki Declaration as revised in
2013.

Blood pressure and anthropometric

measurements

Arterial blood pressures (expressed as mmHg) were
measured in the left arm with mercury manometers
by the standard Korotkoft auscultatory method after
5 minutes of rest. Anthropometric measurements inc-
luded body weight (kg), body height (cm), and waist
circumference (cm). Based on the waist circumferen-
ce (WC), subjects were divided into those with and
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without abdominal obesity according to International
Diabetes Federation guidelines: WC 294 cm for men
and >80 cm for women of European descent!’. Data
on other CMRFs and comorbidities, such as diabetes,
smoking, alcohol consumption, and AF, were gathered
through a questionnaire designed for this study.

Blood assay methods

Blood samples from subjects were drawn from an-
tecubital veins after 12 hours of fasting. Following co-
agulation and centrifugation, the extracted serum was
used in routine laboratory assessment of hematological
and biochemical parameters. All biochemical analy-
ses were performed in-house. Total cholesterol (TC),
triglycerides (TG), and HDL-cholesterol (HDL-C)
were assayed by standard enzymatic colorimetric tech-
niques on automated machines (Dimension RxL. Max,
Dade Behring, Germany). The Friedewald formula was
used to calculate LDL-cholesterol (LDL-C) levels'.
Serum C-reactive protein (CRP) was determined by
means of particle-enhanced immunonephelometry
(BN Systems, Dade Behring, Marburg, Germany). The
reference range for this method is 0-5 mg/L. Fibrino-
gen was measured by the turbidimetric method (AMS
Fotometer FT2, AMS Analyzer Medical System). The
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reference range for this method is 1.9-3.9 g/L. Fasting
glucose was determined by the glucose oxidase method.
'The normal range for this method is 3.3-6.1 mmol/L.

Assessment of cognitive function

Montreal Cognitive Assessment (MoCA) testing
was used to evaluate cognitive functioning and to
screen for MCIL. MoCA evaluates episodic memory,
language, attention, orientation, visuo-constructional
and executive functions, as well as abstract thinking.
The total possible score is 30. A score of 226 is consi-
dered normal, and a score between 18 and 26 is regar-

ded as MCI®.

Statistical analyses

Depending on distribution, Student’s t-test or the
Mann-Whitney U test were used to evaluate signifi-
cant differences between the control and HF groups.
The Chi-square test was used to test for the association
of categorical variables, and Spearman’s rank correla-
tion coefhicient was used to evaluate the strength and
direction of continuous variables. Statistical signifi-
cance was set to P < 0.05. All statistical procedures
were performed in the Statistical Package for Social
Sciences (SPSS; Chicago, Illinois, USA, version 19.0).

Table 1. Baseline characteristics of subjects included in this study

Variables E:o;z)trol group nH:l; group P
Age (years) 69.65 + 6.97 72.58 £ 6.11 0.02
Sex (male /female) (%) (55/45) (51.2/48.8) 0.698
Heart rate (beats per minute) 72.50 (67.00-79.75) 71 (64.25-84.25) 0.684
Systolic blood pressure (mmHg) 150 (130-160) 155 (135-170) 0.289
Diastolic blood pressure (mm/Hg) 80 (70-90) 80 (70-90) 0.299
Fasting glucose (mmol/1) 5.70 (5.03-6.80) 6.10 (4.90-9.53) 0.212
Total cholesterol (mmol/L) 5.00 (4.50-5.90) 5.50 (4.10-6.20) 0.305
Triglycerides (mmol/L) 1.55 (1.24-1.88) 1.80 (1.30-2.10) 0.269
LDL-cholesterol (mmol/L) 1.65 (1.20-2.10) 2.95 (1.50-2.90) 0.003
HDL-cholesterol (mmol/L) 1.40 (1.20- 1.60) 1.50 (1.30-1.80) 0.208
C-reactive protein (mg/L) 4.00 (2.00-5.00) 12.00 (6.00-33.85) 0.001
Fibrinogen (g/L) 3.00 (2.26-3.90) 3.10 (3.00-4.00) 0.171
Education (elementary/high school /university) (%) | (7.5/57.5/35) (17.5/68.8/13.8) 0.017

Data are shown as mean * standard deviation, percentages, and median and interquartile range. HF = heart failure; P = probability
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Results subjects with HF and controls in sex, heart rate, blood
pressure, fasting glucose, total cholesterol, triglycerides,
In the present study, 120 subjects of both sexes, HDL-cholesterol, or fibrinogen.
aged > 60 years (80 subjects with HF and 40 control The median MoCA score in the control group
subjects) were enrolled. was 27.50 (27.00-28.00), while among patients with
As shown in Table 1, subjects with HF were older ~ HF, the MoCA score was 20.00 (19.00-24.50). The
than controls (P=0.02), had higher values of LDL-C  difference in MoCA scores between the control gro-
(P=0.003) and CRP (P=0.001), and had lower levels of  up of subjects with HF was statistically significant
education (P=0.017). We found no difference between ~ (P<0.001) (Figure 1).

30.0 P<0.001

27.5 4

25.0

22.5 4

MoCA score

20.0 4

17.5 4

Control HF

Figure 1. Box-and-whisker plot of Montreal Cognitive Assessment score in the study groups

'The solid horizontal lines denote the median, the box represents the 25% and 75% interquartile ranges,
and the whiskers represent the minimum and maximum values. HF = heart failure; P = probability

P <0.001 Il Control

M HF

80.0%

60.0%

%

40.0%

20.0%

0%

Without CI MCI

Figure 2. The prevalence of mild cognitive impairment in the control group and patients with heart failure.

HF = heart failure; CI = cognitive impairment; MCI = mild cognitive impairment
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Table 2. The prevalence of standard cardiometabolic risk factors between control subjects and patients with heart failure

Control group

HF group

Cardiometabolic risk factors n=40 n=80 P

Abdominal obesity (yes/no) E;}g ) gg/;% 5) géﬁz)) 0.750
Diabetes mellitus type 2 (yes/no) E;Z) (2%/1320) E§§/52/22)75) 0.001
Hypertension (yes/no) E;}z) (278(;/1320) 252/23 33 .8) 0.001
Atrial fibrillation (yes/no) E(I)}z ) 8/2 ?9)7 5) ggjgg; 0.010
Smoking (yes/n) E% ggggg 2%350) 0.297
Alcohol(yes/no) E% 88%2)) 8;/5/5 8)1 2) 0.870

Data are shown as percentages. The difference between the groups was assessed by the Chi-square test. HF = heart failure

Table 3. Associations between mild cognitive impairment and standard cardiometabolic risk factors in control subjects

and patients with heart failure

Control group HF group
(n=40) (n=80)
Risk factors Mild cognitive impairment Mild cognitive impairment
No n (%) Yes n (%) No n (%) Yes n (%)
No n (%) 3(8.6) 0(0) 5(27.8) 3(4.8)
AO Yes 32 (91.4) 5 (100) 13 (72.2) 59(95.2)
P 1.00 0.12
No n (%) 25 (71.4) 3 (60) 14 (77.8) 8(12.9)
DMT2 Yes 10 (28.6) 2 (40) 4(22.2) 54 (87.1)
P 0.627 0.001
No n (%) 11 (31.4) 1(20) 3(16.7) 0 (0)
HT Yes 24 (68.6) 4 (80) 15 (83.3) 62 (100)
P 1.00 0.01
No n (%) 35 (100) 4(80) 18 (100) 46 (74.2)
AF Yes 0(0) 1 (20) 0(0) 16 (25.8)
P 0.125 0.017
No n (%) 18 (51.4) 2 (40) 13 (72.2) 19 (30.6)
Smoking Yes 17 (48.6) 3 (60) 5(27.8) 43 (69.4)
P 1.00 0.002
No n (%) 27 (77.1) 5 (100) 16 (88.9) 49 (79)
Alcohol Yes 8(22.9) 0(0) 2(11.1) 13 (21)
P 0.563 0.500

HF = heart failure; AO = abdominal obesity; DMT?2 = diabetes mellitus type 2; HT = hypertension; AF = atrial fibrillation;

P = probability
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Of the subjects included in this study, 77.5% of pa-
tients with HF and 12.5% of control subjects reached
criteria for MCI, while in 22.5% of patients with HF
and 87.5% of control subjects no cognitive impair-
ment was evident. The difference in prevalence of MCI
between the two groups was statistically significant on
Chi-square testing (P<0.001) (Figure 2).

As shown in Table 2, statistically significant diffe-
rences in CMRFs existed between patients with HF
and control subjects. Subjects with HF were more li-
kely to have diabetes mellitus (P=0.001), hypertension
(P=0.001), and AF (P=0.010). We found no significant
difference in abdominal obesity, smoking, or alcohol
consumption between groups.

As shown in Table 3, statistically significant asso-
ciations were determined between MCI and diabetes
mellitus type 2 (P=0.001), hypertension (0.01), AF
(P=0.017), and smoking (P=0.002) in patients with
HE, while significant associations between MCI, ab-
dominal obesity, and alcohol consumption were not
found. In control subjects, significant associations
were not determined between MCI and any CMRE.

As shown in Table 4, a statistically significant
positive correlation was found between MCI and
total cholesterol (P=0.012) in patients with HEF,
while correlations between MCI and other lipid
indices were not established. In the control group,
there were no significant correlations between MCI
and any of the lipid indices. Moreover, results have
shown that lower MoCA scores were associated with
higher C-reactive protein (P=0.001) and fibrinogen
(P=0.001) values in patients with HF. In the control
group, lower MoCA scores were also associated with
higher C-reactive protein (P=0.02) and fibrinogen
(P=0.015) values.

Cognitive Impairment and Risk Factors in Heart Failure

Discussion

To the best of our knowledge, this is the first
study to evaluate MCI and CMRFs in Bosnian and
Herzegovinian patients with HF. Earlier studies have
shown that ethnicity affects the prevalence, mecha-
nisms, and outcomes of HF in the United Kingdom
and Europe'®. Novel studies have shown that, espe-
cially in Black and Hispanic patients, socioeconomic,
environmental, and other public health determinants
may be regarded as independent risk factors for HF
and lead to poor outcomes®. The prevalence of MCI
in our sample of patients with HF was 77.5%, which
agrees with previous studies reporting a worldwide
CI prevalence ranging from 31% to 85%' including
patients of European descent. In this study, we used
the MoCA test, which has better sensitivity but equ-
al specificity for MCI than the Mini-Mental State
Exam (MMSE), another frequently used test to asse-
ss cognitive function®.

The observed high prevalence of MCI in HF pa-
tients calls for MCI screening in these patients, since
it has been documented that CI significantly aftects
patients’ ability to adhere to complex treatment. This
may result in worsening of both HF and MCI and
creates the possibility for a vicious and worsening di-
sease cycle. Although the link between CI and HF re-
mains elusive, these two conditions significantly affect
each other. Studies have shown that the degree of CI
correlates with HF severity®. In patients hospitalized
for decompensated HEF, cognition can be enhanced
with improvement in left ventricular ejection fraction,
which supports the concept of reversible ClI in patients
with acute HF and/or heart decompensation®. Moreo-
ver, HF patients are prone to a sedentary lifestyle and

Table 4. Correlations of mild cognitive impairment as assessed by Montreal Cognitive Assessment with lipid indices,
C-reactive protein, and fibrinogen in control subjects and patients with heart failure

Grouns Vasiables | T€ TG LDL-C HDL-C CRP FG
up ! (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mg/L) (g/L)
Control Rho=-0.123 | Rho=-0.059 | Rho=0.189 | Rho=-0.148 | Rho=-0.366 | Rho=-0.381
Ontros MoCA | P=0.451 P-0.716 P=0.244 P-0.361 P=0.02 P=0.015
HF sron score Rho=0280 |Rho=0.129 |Rho=0.062 | Rho=0.065 | Rho=-0.502 | Rho=-0.395
group P=0.012 P=0.256 P=0.584 P=0.567 P=0.001 P=0.001

HF = heart failure; TC = total cholesterol; TG = triglycerides; LDL-C = LDL-cholesterol; HDL-C = HDL-cholesterol; CRP =
C-reactive protein; FG = fibrinogen; Rho = Spearman correlation coefficient; P = probability
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a lack of physical activity that worsens their primary
disease'®.

Although previous studies have reported indepen-
dent associations between CI and HF, comorbidities
and CMRFs often accompany HF and may worsen
cognitive impairment in these patients'. In the pre-
sent study, statistically significant differences between
patients with HF and control subjects were determi-
ned in the prevalence of standard comorbidities and
CMRFs, such as diabetes mellitus, hypertension, and
AF, while significant differences in the prevalence of
abdominal obesity, smoking, and alcohol consumption
were not found. Furthermore, our results have shown
significant associations between MCI and diabetes
mellitus type 2, hypertension, AF, and smoking in pa-
tients with HEF, while significant associations between
MCI, abdominal obesity, and alcohol consumption
were not found. In the control subjects, significant
associations were not found between MCI and any
CMREF. However, it is of note that our controls had
high values of blood pressure, which implies that
hypertension remains undetected in seemingly healthy
individuals.

"The observed association between MCI and CMRF
in HF patients may be explained by cerebral atrophy
induced by hypoperfusion, blood vessel damage due to
diabetes mellitus and hypertension, and brain infar-
ction caused by microemboli®”. A recent study by Lu
et al."® reported that the elderly with a higher burden
of cardiometabolic and vascular disease risk factors
have an increased risk of CMI and dementia. AF may
represent another possible link between MCI and HF
since studies have demonstrated that patients with
HF and AF have poorer cognitive abilities than HF
patients without AF'. However, the interplay between
MCI, HF, and AF is still not fully understood and
requires additional investigation.

The present study demonstrated positive corre-
lations between MCI and TC but not with other
lipid indices in patients with HF. Moreover, results
have shown that lower MoCA scores were associated
with higher C-reactive protein (a pro-inflammatory
CMRF) and fibrinogen (a pro-thrombotic CMRF)
values in patients with HF. Interestingly, in the con-
trol group, lower MoCA scores were also associated
with higher C-reactive protein and fibrinogen values.

Acta Clin Croat, Vol. 63, No. 3-4, 2024
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Earlier studies have shown that higher levels of CRP
are associated with poorer executive and global co-
gnitive functions in the elderly. However, based on
current assumptions, CRP and other systemic mar-
kers of inflammation are not appropriate in CI risk
stratification'. As for fibrinogen, findings suggest
that it has a causative role in neurodegeneration and
neuroinflammation. Pyun ez a/.*° have recently repor-
ted that in patients with MCI, fibrinogen is associa-
ted with worse performance in attention, regardless
of vascular risk factors or apolipoprotein E (APOE)
genotype.

Although this study is the first to assess MCI and
CMREF in Bosnian and Herzegovinian patients with
HE, it also has several limitations. First, because of
its cross-sectional design, cause and effect cannot be
determined. Second, our sample study was relatively
small and consisted solely of hospitalized patients
with HEF, so these results might not be generalizable to
wider populations. Third, MoCA testing was used to
assess for MCI, and it is possible that the use of other
tests in the evaluation of cognitive functions might
yield differing results. Fourth, HF patients were not
stratified according to NYHA HF functional classi-
fications. Finally, it is necessary to emphasize possible
bias in our results, since significant differences were
determined in age and education level between pa-
tients with HF and controls. Age and education level
are known risk factors for CI and future similar studies
would benefit from avoiding this potential source of
bias. Other confounding factors that might be related
to MCI in the HF hospitalized cohort should also be

considered by future studies.

Conclusion

The present study showed a high prevalence of
MCI in Bosnian and Herzegovinian HF patients, as
well as its association with various CMRFs. Since CI
may influence activities of daily living and adherence
to treatment in patients with HEF, our results suggest
clinicians should begin MCI screening promptly in
HF patients, especially since data from the literature
point to cognitive improvement with appropriate and
concomitant HF and CMREF treatment.
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Sazetak

BLAGI KOGNITIVNI POREMECAII KARDIOMETABOLICKI CIMBENICI RIZIKA KOD
BOSANSKOHERCEGOVACKIH PACIJENATA SA ZATAJIVANJEM SRCA

J- 1brahimovic-Pasic, O. Lepara, A. Dervisevic, N. Babi¢, N. Avdagic, A. Valjevaci A. Zaciragic

Cilj je ovog istrazivanja bio procijeniti blagi kognitivni poremeéaj (BKP) i kardiometaboli¢ke ¢imbenike rizika (KMCR)
u bosanskohercegovackih pacijenata sa zatajivanjem srca (ZS). U ovo je istrazivanje ukljuceno 80 pacijenata sa ZS-om i 40
zdravih kontrolnih ispitanika. Kognitivne funkcije evaluirane su testiranjem Montrealskom kognitivnom procjenom (MoKP).
Abdominalna pretilost procijenjena je opsegom struka, a hipertenzija auskultatornom metodom. Podaci o ostalim KMCR-
ima i komorbiditetima, poput dijabetesa, pusenja, konzumacije alkohola, kao i atrijalne fibrilacije (AF), prikupljeni su pomocu
posebno izradenog upitnika. Lipidi, C-reaktivni protein (CRP) i fibrinogen procijenjeni su standardnim laboratorijskim
metodama. Za utvrdivanje statisticki znacajnih razlika izmedu skupina koristeni su Studentov t-test, Mann-Whitneyjev
U test i *- test. Povezanosti izmedu kategorickih varijabli i koeficijenti korelacije procijenjeni su y’-testom, odnosno
Spearmanovim testom. Prevalencija BKP-a u pacijenata sa ZS-om iznosila je 77.5%. Utvrdena je znacajna povezanost
izmedu BKP-a i dijabetesa, hipertenzije, AF-a i pusenja u pacijenata sa ZS-om. Nismo utvrdili zna¢ajnu povezanost izmedu
BKP-a, abdominalne pretilosti i konzumacije alkohola. Znac¢ajna pozitivna korelacija izmedu BKP-a i ukupnog kolesterola
uocena je u pacijenata sa ZS-om. Nadalje, nizi MoKP rezultat bio je povezan s vi§im vrijednostima CRP-a i fibrinogena u
pacijenata sa ZS-om. Ovo je istrazivanje pokazalo visoku prevalenciju BKP-a u bosanskohercegovackih pacijenata sa ZS-
om, kao i njegovu povezanost s razli¢itim KMCR-ima. Ovi rezultati upucuju na potrebu za uvodenjem probira na BKP u
pacijenata sa ZS-om, posebice s obzirom da podaci iz literature ukazuju na pobolj$anje kognitivne izvedbe uz odgovarajucée

istodobno lijecenje ZS-a i KMCR-a.

Kljuéne rijedi: Blagi kognitivni poremecaj, Kardiometabolicki cimbenici rizika, Zatajivanje srca
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