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Abstract

Background: The purpose of this prospective cohort study was to examine whether the level of cognitive function
at the baseline expressed as a cognitive function composite score and score of specific domains predict the risk of
first cardiovascular disease (CVD) events in middle-aged and older populations.

Methods: Seven thousand eighty-seven participants, men and women aged 45-72 years, were assessed in the
baseline survey of the Health Alcohol Psychosocial Factors in Eastern Europe (HAPIEE) study in 2006-2008 in the
city of Kaunas, Lithuania. During 10 years of follow-up, the risk of first non-fatal events of CVD and death from CVD
(excluding those participants with a documented history of CVD and/or ischemic heart disease (IHD) diagnosed at
the baseline survey) was evaluated. Cox proportional hazards regression models were applied to examine how
cognitive function predicts the first events of CVD.

Results: During the follow-up, there were 156 deaths from CVD (49 women and 107 men) and 464 first non-fatal
CVD events (195 women and 269 men) registered. The total number of first CVD events was 620 (11.5%). After
adjustment for sociodemographic factors, biological and lifestyle risk factors and illnesses, a decrease per 1 standard
deviation in different cognitive function scores significantly increased the risk of a first event of CVD (immediate
verbal recall score - by 17% in men and 32% in women; delayed verbal recall score — by 17% in men and 24% in
women; and a composite score of cognitive function — by 15% in men and 29% in women). Kaplan-Meier survival
curves for the probability of a first cardiovascular event according to the categories of a composite score of
cognitive function, revealed that a lowered cognitive function predicts a higher probability of the events compared
to normal cognitive function (p < 0.05).

Conclusions: The findings of this follow-up study suggest that men and women with lower cognitive functions
have an increased risk for a first event of CVD compared to participants with a higher level of cognitive functions.
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Background
The introduction is long, and it is not clear which is the
added value of the present study.

Several epidemiological studies have demonstrated a
relationship between the level of cognitive function and
the incidence of some chronic conditions such as hyper-
tension, ischemic heart disease (IHD), diabetes, and
stroke [1-4]. As well as with the risk of mortality: both
from all — causes of death and specific causes of death —
cardiovascular diseases (CVD) (ischemic heart disease
(IHD) and stroke) and other chronic diseases [5—8]. The
majority of studies have shown that cognitive function
determined at the baseline is inversely associated with a
risk of the incidence and mortality from mentioned
chronic non-communicable diseases. The association is
found to be independent of traditional cardiovascular
risk factors [9, 10]. Cognitive impairment and dementia,
the same as chronic diseases such as CVD and diabetes,
are becoming highly prevalent among the ageing of pop-
ulations and carry a huge personal and economic burden
[11]. Similar vascular pathology caused mainly by the
atherosclerotic process is linking both cognitive impair-
ment and chronic diseases such as IHD and stroke [12,
13]. Although the relationship between lowered cogni-
tive function, and CVD incidence or mortality from
CVD is quite widely covered by epidemiological studies.
Most studies analyse only the risk of stroke incidence
and mortality from a stroke [4, 14, 15]. Less is known re-
garding the link between cognitive function, especially
having in mind specific domains of cognitive function,
and the incidence of the first event of CVD including
both non-fatal and fatal cases of IHD. A small number
of epidemiological studies had included the assessment
of the risk of first events of CVD according to the level
of cognitive function at the baseline [16].

The aim of this prospective cohort study, therefore,
was to examine whether the level of cognitive function
at the baseline expressed as a cognitive function com-
posite score and the score of specific domains predict
the risk of a first CVD event in middle-aged and older
populations.

Methods

This prospective cohort study is part of the international
project Health, Alcohol and Psychosocial Factors in
Eastern Europe (HAPIEE) [17]. The baseline survey was
conducted between 2006 and 2008 in the city of Kaunas,
Lithuania. The examined cohort was followed up for the
first event of CVD until January 1, 2017.

Study population

The baseline survey recruited 7087 (response rate 64.8%)
men and women in Kaunas aged 45-72 years, of which
1692 individuals were excluded for the following
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reasons: did not complete all cognitive tests or had in-
complete information on other study variables (n = 183),
had a history of CVD (previous stroke and/or history of
myocardial infarction) (7 = 1509). Therefore, the analyt-
ical sample of this study comprised 5395 participants
with complete baseline data.

Ethical consent was obtained from the Ethics Commit-
tee at University College London, UK, and from the
Kaunas Regional Biomedical Research Ethics Committee,
Lithuania (January 11, 2005; No. 05/09) and informed
consent was obtained from all participants.

Cognitive function assessment

All participants underwent a battery of five cognitive
tests: immediate and delayed verbal memory, semantic
verbal fluency, speed and concentration and numerical
ability. Verbal memory was assessed by testing the im-
mediate and delayed recall of 10 words. Immediate and
delayed recall scores ranged from 0 to 10. An animal flu-
ency test was used to assess semantic verbal fluency.
Participants were asked to name as many animals as
possible for 1 min. The score of semantic verbal fluency
is equal to the total number of animals remembered cor-
rectly (excluding repeated names of animals and non-
animals). Speed and concentration were tested by asking
the participants to cross out as many letters P and W as
possible within 1 min, using a sheet containing random
letters of the alphabet. Numerical ability was assessed
using four questions involving simple calculations based
on everyday life situations. The number of correct re-
sponses to the questions comprised the numeracy score
(in the range 0 to 4). The details of cognitive assessment
have been published previously [18].

Higher scores of verbal memory, numerical ability, se-
mantic verbal fluency, speed and concentration tests in-
dicate better cognitive function.

We calculated a composite score of cognitive function
by averaging z-scores for each test and summing the re-
sults. The participants who scored one standard devi-
ation (SD) or more below their age and education
specific means of the composite score of cognitive func-
tion have been assigned into the lowered cognitive func-
tion group.

Covariates

The covariates and their classification were presented in
detail in our previous publications [8, 18]. These covari-
ates included age, gender, education, marital status, de-
pressive symptoms, psychological well-being (PWB),
lifestyle (smoking status, physical activity during leisure
time, and alcohol consumption), and medical history
(previous myocardial infarction, stroke and diabetes mel-
litus) determined using a standard questionnaire. We
also included into the statistical analysis as covariate
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Table 1 Baseline characteristics by survival status of men in the Kaunas HAPIEE study (2006-2008)

Variables Living status P from
Alive and no non-fatal CVD 1st CVD event (n=343) Dead from other than CVD Anova
event (n=2042) causes of death (n=175)

Age, years 554+0.17 592+044° 603+051° <0.001

Immediate verbal recall sum?, score 2214008 203+022° 202+030° <0001

Delayed verbal recall®, score 7.82+0.04 710+0.10° 696+ 0.14° <0001

Semantic verbal fluency? 228+0.14 213+031° 21.0+047° <0.001

Numerical ability?, score 3.15+0.02 300+004° 3.04+0.06 <0.001

Cognitive speed and attention® 166+0.10 1534026 ° 144+035° <0001

Composite score of cognitive function® —0.06 +0.01 —-022+003° -0.18+0.05 <0.001

Systolic blood pressure®, mm Hg 1420+ 043 1493+120° 1456+ 1.64 <0.001

Diastolic blood pressure?, mm Hg 919+0.27 954 +074 " 9294099 © <0.001

Total cholesterol®, mmol/L 5.82+0.02 592 +0.06 556+ 0.09 © 0.002

HDL cholesterol, mmol/L 1434001 1364002 ° 1504003 " ¢ <0001

LDL cholesterol®, mmol/L 3.73+002 381+006 346+008 " € 0.001

Triglyceride®, mmol/L 147 +0.02 1724007 ° 129+005 ¢ <0.001

Fasting blood glucose®, mmol/L 567+0.02 588+0.08 ™ 5.78+0.09 0.008

Body mass index?, kg/m? 280+ 009 29.1+025° 2714038 ¢ <0001

Physical activity in leisure time®, hours/week  17.1 £0.26 175+£0.72 168+ 1.05 0.783

Absolute alcohol®, drinks/week 60.7 244 764 +951 62.1+9.99 0.09

PWB®, score 399+0.12 3914031° 3754045 ¢ <0001

P from *

Diabetes mellitus % (n) 5.2 (104) 8829 ° 108 (18) 0.0071

Arterial hypertension % (n) 66.6 (1360) 77.8 (266) b 75.0 (129) <0.001

Body mass index, % (n) <0.001

<25.0kg/m2 24.6 (503) 184 (99)° 31.8 (56)
25.0-29.9 kg/m2 46.3 (945) 420 (144) 43.2 (76)
>=300kg/m2 29.1 (594) 39.7 (136) ° 250 (44)
Smoking habits % (n) <0.001
Smokers 354 (722) 41.1 (141) 454 (79) °
Former smokers 27.0 (551) 309 (106)b 28.7 (50)
Never smokers 37.7 (769) 280 (96) P 259 (45)
Marital status % (n) 0.003
Single 20 (41) 26 (9 1.7 (3)
Married 84.8 (1732) 80.5 (276) 760 (133) ©
Co-habiting 2.2 (44) 1.5 (5) 234
Divorced 80 (164) 9.0 (31) 126 (22)
Widowed 30 (61) 64 (22) ° 74 (13)°
Education % (n) <0.001
Primary 2.7 (56) 73(25)° 80 (14) ®
Vocational 66 (135) 131 (45)° 166 (29) ®
Secondary 33.9 (693) 341 (117) 354 (62)
College 19.9 (407) 17.5 (60) 194 (34)
University 36.8 (751) 280 (96) © 206 (36) ©
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Table 1 Baseline characteristics by survival status of men in the Kaunas HAPIEE study (2006-2008) (Continued)

Variables Living status P from
Alive and no non-fatal CVD  1st CVD event (n=343) Dead from other than CVD Anova
event (n=2042) causes of death (n=175)
Depression scale score % (n) <0.001
>=4 130 (260) 186 (63) ° 22267°
<4 87.0 (1742) 814 (276) ® 778 (130) °

Cognitive function % (n) 0.025
Normal 824 (1683) 77.3 (265) 77.1 (135)
Lowered 17.6 (359) 227 (78) 229 (40

PWB % (n) <0.001
Higher 57.6 (1089) 52.2 (167) 398 (64) P ©
Lower 424 (800) 47.8 (153) 60.2 (97) €

@ Age-adjusted means and standard errors. P p <0.05 compared to alive and no non-fatal CVD event group, Bonferroni test, © p < 0.05 compared to 1st CVD event

group, Bonferroni test

CVD cardiovascular diseases, HAPIEE Health, Alcohol and Psychosocial factors In Eastern Europe, HDL high-density lipoprotein, LDL low-density lipoprotein, PWB

psychological well-being, SE standard error

variables laboratory analyses (total cholesterol, low-
density lipoprotein (LDL) cholesterol, high-density lipo-
protein (HDL) cholesterol, triglyceride, and fasting glu-
cose levels) and measurements (arterial blood pressure,
body weight and height, waist circumference). Defini-
tions of the health conditions (arterial hypertension,
IHD and stroke) have been also described in our previ-
ous article [18].

Registration of the first cardiovascular events

The study participants were followed up from the begin-
ning of the baseline survey date until January 1, 2017.
The cohort study outcomes were measured as the first
non-fatal events of CVD and cases of death from CVD
(excluding those participants with a documented history
of CVD and/or IHD diagnosed at the baseline survey).
Non-fatal events of CVD included the first events of
IHD (unstable angina pectoris, possible and definite
acute myocardial infarction according to the criteria of
the Multinational Monitoring of Trends and Determi-
nants in Cardiovascular Disease (MONICA) project) and
stroke (according to the criteria of the MONICA pro-
ject) [19]. Non-fatal CVD events were collected from
Kaunas’ Ischemic Heart Disease and Stroke Registers.
Data from the Kaunas Mortality Register based on death
certificates were used for the registration of death events
in the study participants. Causes of death were coded by
the International Classification of Diseases (ICD) (version
10). Mortality from CVD included death from IHD, stroke
and other vascular diseases (ICD codes 100 — 199).

Statistical analysis

We compared the baseline descriptive characteristics
(means and standard errors (SE) — for continuous vari-
ables and proportions in percentages — for categorical

variables) in three groups of men and women at the end
of the follow-up: alive and without an event of CVD,
with a first event of CVD, and dead from causes other
than CVD. The differences in the age-adjusted means of
variables between groups were tested using T-test and
ANOVA analysis with Bonferroni multiple comparison
tests. We used a chi-squared test and z test with Bonfer-
roni corrections for comparing the differences in pro-
portions. The difference was statistically significant
when p<0.05. We generated the Kaplan-Meier plots
separately for men and women for assessing the cumula-
tive risk of the first CVD event according to the categor-
ies of a composite score of cognitive function (normal
and lowered) at the baseline. A long-rank test was ap-
plied to compare the difference between cognitive func-
tion categories. We fitted Cox proportional hazards
regression models to examine whether specific cognitive
function domains at the baseline and the composite
score of cognitive function predict the first event of
CVD. Hazard ratios (HR) and corresponding 95% confi-
dence intervals (CI) were calculated. The risk of a first
event of CVD was calculated per each one SD decrease
of a composite score of cognitive function and five other
cognitive function tests. For multivariate analysis, we en-
tered all variables that were significantly associated with
the risk of a first event of CVD in the univariate analysis.
Several models were fitted separately for men and
women. Model 1 was adjusted for education, marital sta-
tus (categorical), and age (continuous). Model 2 was ad-
justed for all variables in Model 2 plus smoking
(categorical), physical activity during leisure time, alco-
hol consumption, systolic or diastolic blood pressure,
total cholesterol, HDL cholesterol, LDL cholesterol, tri-
glycerides, fasting glucose and body mass index (BMI)
(all continuous). Model 3 was adjusted for all variables
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Variables Living status P from
Alive and no non-fatal CVD 1st CVD event (n=198) Dead from other than CVD Anova
event (n=2762) causes of death (n=124)

Age, years 555+0.14 61.5+056° 589+077 ¢ <0.001

Immediate verbal recall sum?, score 235+0.07 218+028° 227+034° < 0.001

Delayed verbal recall®, score 840+ 003 769+013° 790 +0.14° <0001

Semantic verbal fluency? 22.7+0.12 205 +0.46° 2144063 <0.001

Numerical ability?, score 292 +001 2.82+0.05 2.78 +£0.06 0.028

Cognitive speed and attention® 179+0.09 16.1+035° 1574041 ° <0001

Composite score of cognitive function® 0.11£0.01 0.02 +£0.04 0.03 £0.05 0.032

Systolic blood pressure®, mm Hg 1316+037 1421 +154 1340+183 ¢ <0.001

Diastolic blood pressure?, mm Hg 86.6+0.21 91.0+089 " 875+1.02 ¢ <0.001

Total cholesterol®, mmol/L 6.04 £0.02 6.08 £0.08 599+0.10 0.791

HDL cholesterol?, mmol/L 163 +£0.01 147+003° 1.60 £ 0.04 <0.001

LDL cholesterol®, mmol/L 3.79+0.02 3.87+0.07 3.76 £0.09 0.562

Triglyceride®, mmol/L 1.35+£0.02 162+007 133+006 € <0.001

Fasting blood glucose®, mmol/L 5714002 595+0.10 ° 582+0.10 0.004

Body mass index?, kg/m? 288+0.11 316+045° 303+054° <0001

Physical activity in leisure time®, hours/week  19.7 +0.21 204+0.92 171£087 0.025

Absolute alcohol®, drinks/week 21.0+0.63 151+£184° 19.8+3.12 0.043

PWB®, score 384+0.11 37.1+050° 3714059 " 0001

P from x°

Diabetes mellitus % (n) 51 (137) 148 (29) 92 (1)° <0001

Arterial hypertension % (n) 51.5(1417) 747 (148) ® 59.7 (74) © <0.001

Body mass index, % (n) <0.001

<250kg/m2 266 (735) 157 (31) ° 169 1) °
25.0-29.9 kg/m2 37.0 (1020 269 (53) © 395 (49)
>=300kg/m2 36.4 (1005) 574 (113) P 435 (54) ©
Smoking habits % (n) 0.036
Smokers 149 (411) 106 (21)° 13.7.(17)
Former smokers 8.8 (243) 7.1 (14) 15.3 (19)b
Never smokers 763 (2107) 823 (163) 71.0 (88)
Marital status % (n) 0.004
Single 6.3 (174) 6.0 (12) 7.3 (9)
Married 608 (1678) 54.8 (109) 500 (62) °
Co-habiting 1.3 (35) 0.0 (0) 16 (2)
Divorced 18.0 (496) 156 (31) 21.0 (26)
Widowed 137 (378) 236 (47)® 202 (25)
Education % (n) <0.001
Primary 28 (78) 86(17)° 7309°
Vocational 54 (148) 8.1 (16) 106 (13) °
Secondary 25.7 (709) 27.3 (54) 236 (29)
College 287 (792) 323 (64) 293 (36)
University 37.5 (1035) 237 (47)® 293 (36)
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Table 2 Baseline characteristics by survival status of women in the baseline survey of the Kaunas HAPIEE study (2006—-2008)

(Continued)
Variables Living status P from
Alive and no non-fatal CVD  1st CVD event (n=198) Dead from other than CVD Anova
event (n=2762) causes of death (n=124)
Depression scale score % (n) 0.129
>=4 262 (711) 32.7 (64) 286 (34)
<4 73.8 (2002) 67.3 (132) 714 (85)

Cognitive function % (n) 0.048
Normal 89.3 (2467) 843 (167) 85.5 (106)
Lowered 10.7 (295) 15.7 31) 14.5 (18)

PWB % (n) 0.005
Higher 60.6 (1552) 511091 ° 50.0 (57)
Lower 394 (1010) 489 (87)° 500 (57)

@ Age-adjusted means and standard errors. b p < 0.05 compared to alive and no non-fatal CVD event group, Bonferroni test, © p < 0.05 compared to 1st CVD event

group, Bonferroni test

CVD cardiovascular diseases, HAPIEE Health, Alcohol and Psychosocial factors In Eastern Europe, HDL high-density lipoprotein, LDL low-density lipoprotein, PWB

psychological well-being, SE standard error

in Model 2, plus depression symptoms (categorical) and
PWB (continuous), and existing illness — diabetes melli-
tus (categorical). All statistical analyses were carried out
using IBM SPSS statistics 20.0 software.

Results

The mean duration and SD of the follow-up of the par-
ticipants were 9.10+ 1.79 years among women and
8.50 + 2.40 years among men. During the follow-up,
there were 156 deaths from CVD (49 women and 107
men) and 464 first non-fatal CVD events (195 women
and 269 men) registered. The total number of first CVD
events was 620 (11.5%).

The characteristics of the respondents at the baseline
survey according to the first event of CVD are presented
in Table 1 and Table 2. Men and women who had their
first event of CVD during the follow-up period were
older, less educated and had a higher proportion of wid-
owers at the baseline survey than those alive and without
CVD events at the end of the follow-up. During the ini-
tial study, the age-adjusted means of some biologic fac-
tors, such as systolic and diastolic blood pressure,
triglycerides, the fasting glucose level had been higher
and the HDL cholesterol level had been lower in men
and women who had their first event of CVD compared
to those who were alive and without CVD events during
the follow-up. Moreover, it was determined that the re-
spondents who had their first event of CVD at the
follow-up had been more often diagnosed with diabetes
mellitus, arterial hypertension and obesity at the baseline
survey than those who did not have any CVD events.
Meanwhile, men who had their first event of CVD at the
follow-up had been smokers more often during the ini-
tial study than those without any CVD events during the

follow-up study. The men and women who had their
first event of CVD during the follow-up had lower PWB
at the baseline survey more often compared to those
without CVD. Men who had their first event of CVD
during the follow-up more often had depressive symp-
toms at the baseline compared to those without CVD
event at the follow-up.

Age-adjusted variables of cognitive function among
men and women who had their first event of CVD, such
as immediate verbal recall, delayed verbal recall, seman-
tic verbal fluency, cognitive speed and attention were
significantly lower than among the alive and without any
CVD events individuals at the end of the follow-up.
However, age-adjusted numerical ability and a composite
score of cognitive function differed only in the group of men.

Kaplan-Meier probability curves for the first cardiovas-
cular event according to the categories of a composite
score of cognitive function (normal and lowered) for
men and women, adjusted for age, are presented in Fig. 1.
The log-ranked test revealed that the cumulative prob-
ability of a first event of CVD within 10 years of follow-
up significantly differs (p <0.05) for two levels of the
composite score of cognitive function. The lowered
composite cognitive function score predicts a higher
probability of a first event of CVD compared with nor-
mal cognitive function (among men and women the
probability rates were 18.1, and 11.7%, respectively).

Table 3 presents the risk of a first event of CVD in
men, and Table 4 presents the risk of a first event of
CVD in women after adjustment for socio-demographic,
lifestyle, and biological risk factors, existing illness, de-
pressive symptoms, and PWB. We evaluated the risk for
the first event of CVD concerning the scores of various
cognitive functions.
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Fig. 1 Kaplan-Meier probability curves for the first cardiovascular event according to the categories of a composite score of cognitive function for

After adjustment for socio-demographic factors
(Model 1), a decrease per one SD in the scores of cogni-
tive functions such as immediate verbal recall and de-
layed verbal recall, and the composite score of cognitive
function significantly increased the risk of a first event of
CVD in men (by 9-21%) and in women (by 22-26%).
After additional adjustment for lifestyle and biological
risk factors, depressive symptoms, PWB and existing
illness (Model 2, Model 3), the risk of a first event of
CVD remained statistically significant in men and

women. However, in men and women, such a signifi-
cant relationship was not determined for semantic
verbal fluency, numerical ability, cognitive speed and
attention.

Discussion

The results of our study confirm that new CVD events
are associated with a cognitive function composite score
and a score of some specific domains. It is believed that
cognitive functions may contribute a significant part
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Table 3 Risk of a first event of CVD? by lower cognitive function levels® in men, Kaunas HAPIEE study, 2006-2016
Cognitive function Cox models

Model 1 Model 2 Model 3

HR 95% Cl HR 95% Cl HR 95% Cl
Immediate verbal recall sum 1.21 1.09-1.34 117 1.05-1.31 117 1.04-1.32
Delayed verbal recall 1.19 1.07-1.32 1.17 1.05-1.30 117 1.05-1.32
Semantic verbal fluency 1.07 0.96-1.20 1.08 1.05-1.10 1.03 091-1.17
Numerical ability 1.07 0.96-1.20 1.04 0.93-1.18 1.01 0.89-1.14
Cognitive speed and attention 1.10 0.98-1.24 1.07 0.95-1.22 1.04 091-1.18
Composite score of cognitive function 1.09 1.07-1.12 1.08 1.06-1.11 1.15 1.03-1.28

2 Individuals with existing CVD (IHD and stroke) at baseline survey were excluded, ° per each 1 standard deviation decrease

HAPIEE Health, Alcohol and Psychosocial factors In Eastern Europe, HR hazard ratios, C/ confidence interval

Model 1 adjusted for age (continuous variable), education and marital status (categorical variables)

Model 2 adjusted for all the variables in Model 1 plus lifestyle (smoking - categorical, physical activity in leisure (continuous - hours/week), alcohol consumption
(continuous - drinks/week) and biologic factors (systolic or diastolic blood pressure — continuous, total cholesterol, HDL cholesterol, LDL cholesterol, triglycerides,

fasting glucose, BMI - all continuous)

Model 3 adjusted for all the variables in Model 2 plus depression symptoms (categorical), PWB (continuous), and existing illness (diabetes). For details see

‘Materials and methods’ and ‘Statistical analysis’

towards the accumulation of cardiovascular risk factors
[20], as cognitive decline is associated with hypertension,
diabetes, obesity and dyslipidaemia [21]. A decreased
cognitive function score is associated with cardiac dys-
function [22], meaning that one of the possible explana-
tions for the association between CVD and lowered
cognitive function might be a common cardiovascular
risk factor.

Scientists suggested that common risk factors such as
diabetes and hypertension might mediate the link be-
tween CVD and cognitive functions [16]. The previous
study ascertained that a lower level of cognitive func-
tions is associated with a higher incidence of cardiovas-
cular events among the diabetes population [23].
Moreover, mortality due to recurrent heart failure might
partly be affected by comorbidities during initial heart
failure diagnosis, such as diabetes mellitus and depres-
sion [24].

Depressive symptoms were also an important pre-
dictor of CVD incidence in our study. A first CVD event
was more frequent in participants who had lower PWB
and depressive symptoms during the initial study. Symp-
toms of depression were previously linked with heart
failure and mortality [25]. Particularly depressive symp-
toms are believed to explain the connection between
cognitive decline and mortality [26]. Also, it is supposed
that people with a lower cognitive function more often
engage in unhealthy lifestyles, such as smoking, heavy al-
cohol consumption and physical inactivity [27]. Our
study revealed that new CVD events are associated with
smoking during the initial study. Alcohol consumption
and physical inactivity were linked with new CVD events
predominantly among women, and not significantly
among men.

A lowered composite cognitive function score pre-
dicted the higher probability of a first event of CVD

Table 4 Risk of a first event of CVD? for lower cognitive function levels® in women, Kaunas HAPIEE study, 2006-2016

Cognitive function Cox models

Model 1 Model 2 Model 3

HR 95% Cl HR 95% ClI HR 95% ClI
Immediate verbal recall sum 1.26 1.09-1.46 1.26 1.09-1.47 1.32 1.13-1.55
Delayed verbal recall 1.22 1.06-1.40 1.22 1.05-1.40 1.24 1.07-144
Semantic verbal fluency 1.15 0.99-1.33 112 0.97-1.31 1.16 0.99-1.36
Numerical ability 1.00 0.88-1.14 1.04 091-1.19 1.07 0.93-1.23
Cognitive speed and attention 1.11 0.97-1.28 1.10 0.95-1.28 1.08 0.92-1.26
Composite score of cognitive function 1.23 1.08-1.40 1.24 1.09-142 1.29 1.12-149

2 Individuals with existing CVD (IHD and stroke) at baseline survey were excluded, ° per each 1 standard deviation decrease
HAPIEE Health, Alcohol and Psychosocial factors In Eastern Europe, HR hazard ratios, C/ confidence interval

Model 1 adjusted for age (continuous variable), education and marital status (categorical variables)
Model 2 adjusted for all the variables in Model 1 plus lifestyle (smoking - categorical, physical activity in leisure (continuous - hours/week), alcohol consumption
(continuous - drinks/week) and biologic factors (systolic or diastolic blood pressure - continuous, total cholesterol, HDL cholesterol, LDL cholesterol, triglycerides,

fasting glucose, BMI - all continuous)

Model 3 adjusted for all the variables in Model 2 plus depression symptoms (categorical), PWB (continuous), and existing iliness (diabetes). For details see

‘Materials and methods’ and ‘Statistical analysis’
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compared with normal cognitive function in men and
women. Immediate and delayed verbal recall and the
composite score of cognitive function significantly in-
creased the risk of a first event of CVD after adjustment
for sociodemographic, lifestyle and biological risk fac-
tors, as well as existing illnesses. However, a significant
relationship was not determined for semantic verbal flu-
ency, numerical ability, cognitive speed and attention.
The difference might be due to different associations be-
tween cognitive functions and different cardiovascular
illnesses. Previous studies ascertained that lowered cog-
nitive function was a predictor of first and recurrent
heart failure [16, 25], stroke [14, 28] and incident CVD
[16]. However, coronary heart disease was only associ-
ated with a deterioration of cognitive function during
the follow-up, but not with the initial level of cognitive
function [16, 29]. Our previous study results also ascer-
tained lower levels of cognitive functions after coronary
heart disease [18].

Study strengths and limitations

In the context of this study, some of its strengths should
also be mentioned. The study examined and evaluated a
relatively large sample of middle-aged and older urban
residents representing a fairly diverse cross section of
the population. During the study, the subjects were
followed for a sufficiently long period of time. The study
assessed the association of cognitive function with the
incidence of a first case of cardiovascular disease. This
association was established using a variety of models,
controlling them for both sociodemographic and bio-
logical factors, and co-morbidities, some mental health
and well-being factors and other lifestyle factors. This
reduced a potential bias within the study, which may
have been influenced by the factors listed above. In this
prospective study, not only were the various components
of cognitive function, such as the function of attention
and cognition rate, direct and delayed memory capacity
evaluated, but also their derived summative estimates.
The study found that some cognitive functions were
worse in both men and women who became ill or who
died from a first event of CVD during the study period.
The study revealed that a decline in cognitive function
may be a good predictor of future morbidity or mortality
from CVD, particularly among the male population.

The study also revealed several limitations that may
have been relevant to the interpretation of the results
obtained. First, the subjects may have developed other
diseases, both acute and chronic, over the relatively long
period of the study, which was associated with an in-
creased incidence of CVD events or even death. Second,
other genetic diseases, cases of physical disability and
lifestyle-related factors that may predispose to cognitive
impairment and be associated with a higher incidence of
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first CVD and death from other chronic diseases that
were not measured and assessed in this study could not
contribute to immeasurable misleading factors. Third, in
our study the decrease in cognitive function during the
follow-up was not controlled, because cognitive function
was measured only at the beginning of the study. Fourth,
the study also failed to assess some psychosocial factors
in the subjects’ work environment that could have had
some bearing on the higher incidence of first CVD
events. And finally fifth, a lack of association between
some specific lowered cognitive function domains at the
baseline and the incidence of first events of CVD could
be related to a low prevalence of such lowered cognitive
functions and low indicators of the incidence of first
events of CVD, especially among the women’s group.

Conclusions

The findings of this follow-up study suggest that men
and women with lower cognitive functions have an in-
creased risk for a first event of CVD compared to partic-
ipants with a higher level of cognitive functions.
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