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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

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) (n = 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
AnovaAlive and no non-fatal CVD

event (n = 2042)
1st CVD event (n = 343) Dead from other than CVD

causes of death (n = 175)

Age, years 55.4 ± 0.17 59.2 ± 0.44 b 60.3 ± 0.51 b < 0.001

Immediate verbal recall suma, score 22.1 ± 0.08 20.3 ± 0.22 b 20.2 ± 0.30 b < 0.001

Delayed verbal recalla, score 7.82 ± 0.04 7.10 ± 0.10 b 6.96 ± 0.14b < 0.001

Semantic verbal fluencya 22.8 ± 0.14 21.3 ± 0.31b 21.0 ± 0.47b < 0.001

Numerical abilitya, score 3.15 ± 0.02 3.00 ± 0.04 b 3.04 ± 0.06 < 0.001

Cognitive speed and attentiona 16.6 ± 0.10 15.3 ± 0.26 b 14.4 ± 0.35 b < 0.001

Composite score of cognitive functiona −0.06 ± 0.01 −0.22 ± 0.03 b −0.18 ± 0.05 < 0.001

Systolic blood pressurea, mm Hg 142.0 ± 0.43 149.3 ± 1.20 b 145.6 ± 1.64 < 0.001

Diastolic blood pressurea, mm Hg 91.9 ± 0.27 95.4 ± 0.74 b, 92.9 ± 0.99 c < 0.001

Total cholesterola, mmol/L 5.82 ± 0.02 5.92 ± 0.06 5.56 ± 0.09b, c 0.002

HDL cholesterola, mmol/L 1.43 ± 0.01 1.36 ± 0.02 b 1.50 ± 0.03 b, c < 0.001

LDL cholesterola, mmol/L 3.73 ± 0.02 3.81 ± 0.06 3.46 ± 0.08 b, c 0.001

Triglyceridea, mmol/L 1.47 ± 0.02 1.72 ± 0.07 b 1.29 ± 0.05 c < 0.001

Fasting blood glucosea, mmol/L 5.67 ± 0.02 5.88 ± 0.08 b, 5.78 ± 0.09 0.008

Body mass indexa, kg/m2 28.0 ± 0.09 29.1 ± 0.25 b 27.1 ± 0.38 b, c < 0.001

Physical activity in leisure timea, hours/week 17.1 ± 0.26 17.5 ± 0.72 16.8 ± 1.05 0.783

Absolute alcohola, drinks/week 60.7 ± 2.44 76.4 ± 9.51 62.1 ± 9.99 0.09

PWBa, score 39.9 ± 0.12 39.1 ± 0.31 b 37.5 ± 0.45 b, c < 0.001

P from χ2

Diabetes mellitus % (n) 5.2 (104) 8.8 (29) b 10.8 (18) b 0.001

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

Body mass index, % (n) < 0.001

< 25.0 kg/m2 24.6 (503) 18.4 (99)b 31.8 (56) c

25.0–29.9 kg/m2 46.3 (945) 42.0 (144) 43.2 (76)

> = 30.0 kg/m2 29.1 (594) 39.7 (136) b 25.0 (44) c

Smoking habits % (n) < 0.001

Smokers 35.4 (722) 41.1 (141) 45.4 (79) b

Former smokers 27.0 (551) 30.9 (106)b 28.7 (50)

Never smokers 37.7 (769) 28.0 (96) b 25.9 (45) b

Marital status % (n) 0.003

Single 2.0 (41) 2.6 (9) 1.7 (3)

Married 84.8 (1732) 80.5 (276) 76.0 (133) b

Co-habiting 2.2 (44) 1.5 (5) 2.3 (4)

Divorced 8.0 (164) 9.0 (31) 12.6 (22)

Widowed 3.0 (61) 6.4 (22) b 7.4 (13)b

Education % (n) < 0.001

Primary 2.7 (56) 7.3 (25) b 8.0 (14) b

Vocational 6.6 (135) 13.1 (45) b 16.6 (29) b

Secondary 33.9 (693) 34.1 (117) 35.4 (62)

College 19.9 (407) 17.5 (60) 19.4 (34)

University 36.8 (751) 28.0 (96) b 20.6 (36) b
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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 I00 – I99).

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

Table 1 Baseline characteristics by survival status of men in the Kaunas HAPIEE study (2006–2008) (Continued)

Variables Living status P from
AnovaAlive and no non-fatal CVD

event (n = 2042)
1st CVD event (n = 343) Dead from other than CVD

causes of death (n = 175)

Depression scale score % (n) < 0.001

> = 4 13.0 (260) 18.6 (63) b 22.2 (37) b

< 4 87.0 (1742) 81.4 (276) b 77.8 (130) b

Cognitive function % (n) 0.025

Normal 82.4 (1683) 77.3 (265) 77.1 (135)

Lowered 17.6 (359) 22.7 (78) 22.9 (40)

PWB % (n) < 0.001

Higher 57.6 (1089) 52.2 (167) 39.8 (64) b, c

Lower 42.4 (800) 47.8 (153) 60.2 (97) b, c

a Age-adjusted means and standard errors. b p < 0.05 compared to alive and no non-fatal CVD event group, Bonferroni test, c 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
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Table 2 Baseline characteristics by survival status of women in the baseline survey of the Kaunas HAPIEE study (2006–2008)

Variables Living status P from
AnovaAlive and no non-fatal CVD

event (n = 2762)
1st CVD event (n = 198) Dead from other than CVD

causes of death (n = 124)

Age, years 55.5 ± 0.14 61.5 ± 0.56 b 58.9 ± 0.77 b, c < 0.001

Immediate verbal recall suma, score 23.5 ± 0.07 21.8 ± 0.28 b 22.7 ± 0.34 b < 0.001

Delayed verbal recalla, score 8.40 ± 0.03 7.69 ± 0.13 b 7.90 ± 0.14b < 0.001

Semantic verbal fluencya 22.7 ± 0.12 20.5 ± 0.46b 21.4 ± 0.63 < 0.001

Numerical abilitya, score 2.92 ± 0.01 2.82 ± 0.05 2.78 ± 0.06 0.028

Cognitive speed and attentiona 17.9 ± 0.09 16.1 ± 0.35 b 15.7 ± 0.41 b < 0.001

Composite score of cognitive functiona 0.11 ± 0.01 0.02 ± 0.04 0.03 ± 0.05 0.032

Systolic blood pressurea, mm Hg 131.6 ± 0.37 142.1 ± 1.54 b, 134.0 ± 1.83 c < 0.001

Diastolic blood pressurea, mm Hg 86.6 ± 0.21 91.0 ± 0.89 b, 87.5 ± 1.02 c < 0.001

Total cholesterola, mmol/L 6.04 ± 0.02 6.08 ± 0.08 5.99 ± 0.10 0.791

HDL cholesterola, mmol/L 1.63 ± 0.01 1.47 ± 0.03 b 1.60 ± 0.04c < 0.001

LDL cholesterola, mmol/L 3.79 ± 0.02 3.87 ± 0.07 3.76 ± 0.09 0.562

Triglyceridea, mmol/L 1.35 ± 0.02 1.62 ± 0.07 b, 1.33 ± 0.06 c < 0.001

Fasting blood glucosea, mmol/L 5.71 ± 0.02 5.95 ± 0.10 b 5.82 ± 0.10 0.004

Body mass indexa, kg/m2 28.8 ± 0.11 31.6 ± 0.45 b 30.3 ± 0.54 b < 0.001

Physical activity in leisure timea, hours/week 19.7 ± 0.21 20.4 ± 0.92 17.1 ± 0.87 0.025

Absolute alcohola, drinks/week 21.0 ± 0.63 15.1 ± 1.84 b 19.8 ± 3.12 0.043

PWBa, score 38.4 ± 0.11 37.1 ± 0.50 b 37.1 ± 0.59 b 0.001

P from χ2

Diabetes mellitus % (n) 5.1 (137) 14.8 (29) b 9.2 (11)b < 0.001

Arterial hypertension % (n) 51.5 (1417) 74.7 (148) b, 59.7 (74) c < 0.001

Body mass index, % (n) < 0.001

< 25.0 kg/m2 26.6 (735) 15.7 (31) b 16.9 (21) b

25.0–29.9 kg/m2 37.0 (1020) 26.9 (53) b 39.5 (49)

> = 30.0 kg/m2 36.4 (1005) 57.4 (113) b 43.5 (54) c

Smoking habits % (n) 0.036

Smokers 14.9 (411) 10.6 (21)b 13.7 (17)

Former smokers 8.8 (243) 7.1 (14) 15.3 (19)b

Never smokers 76.3 (2107) 82.3 (163) 71.0 (88)

Marital status % (n) 0.004

Single 6.3 (174) 6.0 (12) 7.3 (9)

Married 60.8 (1678) 54.8 (109) 50.0 (62) b

Co-habiting 1.3 (35) 0.0 (0) 1.6 (2)

Divorced 18.0 (496) 15.6 (31) 21.0 (26)

Widowed 13.7 (378) 23.6 (47) b 20.2 (25)

Education % (n) < 0.001

Primary 2.8 (78) 8.6 (17) b 7.3 (9) b

Vocational 5.4 (148) 8.1 (16) 10.6 (13) b

Secondary 25.7 (709) 27.3 (54) 23.6 (29)

College 28.7 (792) 32.3 (64) 29.3 (36)

University 37.5 (1035) 23.7 (47) b 29.3 (36)
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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.

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
AnovaAlive and no non-fatal CVD

event (n = 2762)
1st CVD event (n = 198) Dead from other than CVD

causes of death (n = 124)

Depression scale score % (n) 0.129

> = 4 26.2 (711) 32.7 (64) 28.6 (34)

< 4 73.8 (2002) 67.3 (132) 71.4 (85)

Cognitive function % (n) 0.048

Normal 89.3 (2467) 84.3 (167) 85.5 (106)

Lowered 10.7 (295) 15.7 (31) 14.5 (18)

PWB % (n) 0.005

Higher 60.6 (1552) 51.1 (91) b 50.0 (57)

Lower 39.4 (1010) 48.9 (87) b 50.0 (57)
a Age-adjusted means and standard errors. b p < 0.05 compared to alive and no non-fatal CVD event group, Bonferroni test, c 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
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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

Fig. 1 Kaplan-Meier probability curves for the first cardiovascular event according to the categories of a composite score of cognitive function for
men and women, adjusted for age
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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 3 Risk of a first event of CVDa by lower cognitive function levelsb in men, Kaunas HAPIEE study, 2006–2016

Cognitive function Cox models

Model 1 Model 2 Model 3

HR 95% CI HR 95% CI HR 95% CI

Immediate verbal recall sum 1.21 1.09–1.34 1.17 1.05–1.31 1.17 1.04–1.32

Delayed verbal recall 1.19 1.07–1.32 1.17 1.05–1.30 1.17 1.05–1.32

Semantic verbal fluency 1.07 0.96–1.20 1.08 1.05–1.10 1.03 0.91–1.17

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 0.91–1.18

Composite score of cognitive function 1.09 1.07–1.12 1.08 1.06–1.11 1.15 1.03–1.28
a Individuals with existing CVD (IHD and stroke) at baseline survey were excluded, b per each 1 standard deviation decrease
HAPIEE Health, Alcohol and Psychosocial factors In Eastern Europe, HR hazard ratios, CI 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’

Table 4 Risk of a first event of CVDa for lower cognitive function levelsb in women, Kaunas HAPIEE study, 2006–2016

Cognitive function Cox models

Model 1 Model 2 Model 3

HR 95% CI HR 95% CI HR 95% CI

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 1.07–1.44

Semantic verbal fluency 1.15 0.99–1.33 1.12 0.97–1.31 1.16 0.99–1.36

Numerical ability 1.00 0.88–1.14 1.04 0.91–1.19 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 1.09–1.42 1.29 1.12–1.49
a Individuals with existing CVD (IHD and stroke) at baseline survey were excluded, b per each 1 standard deviation decrease
HAPIEE Health, Alcohol and Psychosocial factors In Eastern Europe, HR hazard ratios, CI 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’
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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

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.

Abbreviations
BMI: Body mass index; CI: Confidence interval; CVD: Cardiovascular diseases;
HAPIEE: Health, Alcohol and Psychosocial Factors in Eastern Europe study;
HDL: High-density lipoprotein; HR: Hazard ratios; ICD: International
Classification of Diseases; IHD: Ischemic heart disease; LDL: Low-density
lipoprotein; MONICA: Multinational Monitoring of Trends and Determinants
in Cardiovascular Disease project; PWB: Psychological well-being;
SD: Standard deviation; SE: Standard error; UK: United Kingdom

Acknowledgments
The authors would like to thank all of the participants who took part in the
Kaunas HAPIEE study, and also to all of team members who collected data
for this study.

Authors’ contributions
D.L. and A.T. conceptualised the paper, performed the data analysis and
made substantial revisions to the entire manuscript with input from R.R., L.S.-
Z. and M.B. The draft background and discussion sections were prepared by
L.S.-Z. D.L. wrote the first draft of the results section and prepared the Tables.
A.T. wrote the methods section of the manuscript. All authors, D.L., L.S.-Z.,
A.T., R.R. and M.B. read, reviewed and approved the final manuscript.

Funding
This work was supported by the Wellcome Trust, 081081/Z/06/Z, US National
Institute on Aging, 1R0I AG23522 and the EU-funded Ageing Trajectories of
Health: Longitudinal Opportunities and Synergies (ATHLOS) project, grant
agreement No 635316.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Ethical consent was obtained from the Ethics Committee at University
College London, UK and from the Kaunas Regional Biomedical Research
Ethics Committee, Lithuania (January 11, 2005; No. 05/09). Informed consent
was been obtained from all participants. All methods were carried out in
accordance with relevant guidelines and regulations.

Consent for publication
Not applicable.

Luksiene et al. BMC Public Health          (2021) 21:792 Page 9 of 10



Competing interests
The authors declare that they have no competing interests.

Author details
1Laboratory of Population Studies of the Institute of Cardiology, Medical
Academy, Lithuanian University of Health Sciences, LT-50162 Kaunas,
Lithuania. 2Department of Environmental and Occupational Medicine, Faculty
of Public Health, Medical Academy, Lithuanian University of Health Sciences,
LT-47181 Kaunas, Lithuania. 3Department of Health Psychology, Lithuanian
University of Health Sciences, LT-47181 Kaunas, Lithuania. 4Department of
Preventive Medicine, Faculty of Public Health, Medical Academy, Lithuanian
University of Health Sciences, LT-47181 Kaunas, Lithuania. 5Department of
Epidemiology and Public Health, University College London, London WC1E
6BT, UK.

Received: 17 February 2021 Accepted: 12 April 2021

References
1. O'Donnell M, Teo K, Gao P, Anderson C, Sleight P, Dans A, et al. Cognitive

impairment and risk of cardiovascular events and mortality. Eur Heart J.
2012;33(14):1777–86. https://doi.org/10.1093/eurheartj/ehs053.

2. Schievink SHJ, van Boxtel MPJ, Deckers K, van Oostenbrugge RJ, Verhey FRJ,
Köhler S. Cognitive changes in prevalent and incident cardiovascular
disease: a 12-year follow-up in the Maastricht aging study (MAAS). Eur Heart
J. 2017:1–8. https://doi.org/10.1093/eurheartj/ehx365.

3. Altschul DM, Wraw C, Der G, Gale CR, Deary IJ. Hypertension development
by midlife and the roles of premorbid cognitive function, sex, and their
interaction. Hypertension. 2019;73(4):812–9. https://doi.org/10.1161/
hypertensionaha.118.12164.

4. Rajan KB, Schneider JA, Aggarwal NT, Wilson RS, Everson-Rose SA, Evans DA.
Racial differences in cognitive function and risk of incident stroke. J Stroke
Cerebrovasc Dis. 2015;24(12):2854–9. https://doi.org/10.1016/j.
jstrokecerebrovasdis.2015.08.02.

5. Lv X, Li W, Ma Y, Chen H, Zeng Y, Yu X, et al. Cognitive decline and
mortality among community-dwelling Chinese older people. BMC Med.
2019;17(1):63. https://doi.org/10.1186/s12916-019-1295-8.

6. Rostamian S, de Haan S, van der Grond J, van Buchem MA, Ford I, Jukema
JW, et al. Cognitive function in dementia-free subjects and survival in old
age: The PROSPER Study. Am J Med. 2019; 132(12): 1466–1474.e4. doi:
https://doi.org/10.1016/j.amjmed.2019.06.001

7. An J, Li H, Tang Z, Zheng D, Guo J, Liu Y, et al. Cognitive impairment and
risk of all-cause and cardiovascular disease mortality over 20-year follow-up:
results from the BLSA. J Am Heart Assoc. 2018;7(15):e008252. https://doi.
org/10.1161/jaha.117.00825.

8. Tamosiunas A, Sapranaviciute-Zabazlajeva L, Luksiene D, Virviciute D, Bobak
M. Cognitive function and mortality: results from Kaunas HAPIEE study
2006-2017. Int J Environ Res Public Health. 2020;17(7):2397. https://doi.org/1
0.3390/ijerph17072397.

9. Lee M, Saver JL, Hong KS, Wu YL, Liu HC, Rao NM, et al. Cognitive
impairment and risk of future stroke: a systematic review and meta-analysis.
CMAJ. 2014;186(14):E536–46. https://doi.org/10.1503/cmaj.140147.

10. DeFries T, Avendaño M, Glymour MM. Level and change in cognitive test
scores predict risk of first stroke. J Am Geriatr Soc. 2009;57(3):499–505.
https://doi.org/10.1111/j.1532-5415.2008.02132.x.

11. Plassman BL, Langa KM, Fisher GG, Heeringa SG, Weir DR, Ofstedal MB, et al.
Prevalence of cognitive impairment without dementia in the United States.
Ann Intern Med. 2008;148(6):427–34. https://doi.org/10.7326/0003-4819-148-
6-200803180-00005.

12. Gorelick PB, Scuteri A, Black SE, Decarli C, Greenberg SM, Iadecola C, et al.
Vascular contributions to cognitive impairment and dementia: a statement
for healthcare professionals from the American heart association/American
stroke association. Stroke. 2011;42(9):2672–713. https://doi.org/10.1161/STR.
0b013e3182299496.

13. Zlokovic BV. Neurovascular pathways to neurodegeneration in Alzheimer's
disease and other disorders. Nat Rev Neurosci. 2011;12(12):723–38. https://
doi.org/10.1038/nrn3114.

14. Stephan BCM, Richardson K, Savva GM, Matthews FE, Brayne C, Hachinski V.
Potential value of impaired cognition in stroke prediction: a U.K. population-
based study. J Am Geriatr Soc. 2017;65(8):1756–62. https://doi.org/10.1111/
jgs.14878.

15. Rostamian S, Mahinrad S, Stijnen T, Sabayan B, de Craen AJ. Cognitive
impairment and risk of stroke: a systematic review and meta-analysis of
prospective cohort studies. Stroke. 2014;45(5):1342–8. https://doi.org/10.11
61/strokeaha.114.004658.

16. Leng X, Espeland MA, Manson JE, Stefanick ML, Gower EW, Hayden KM,
et al. Cognitive function and changes in cognitive function as predictors of
incident cardiovascular disease: The Women’s Health Initiative Memory
Study. J Gerontol A Biol Sci Med Sci. 2018; 73(6): 779–785. doi: org/https://
doi.org/10.1093/gerona/glx138

17. Peasey A, Bobak M, Kubinova R, Malyutina S, Pajak A, Tamosiunas A, et al.
Determinants of cardiovascular disease and other non-communicable
diseases in central and Eastern Europe: rationale and design of the HAPIEE
study. BMC Public Health. 2006;6(1):255. https://doi.org/10.1186/1471-2458-
6-255.

18. Tamosiunas A, Baceviciene M, Reklaitiene R, Radisauskas R, Jureniene K,
Azaraviciene A, et al. Cardiovascular risk factors and cognitive function in
middle-aged and elderly Lithuanian urban population: results from the
HAPIEE study. BMC Neurol. 2012;12(1):149. https://doi.org/10.1186/1471-23
77-12-149.

19. World Health Organization. MONICA Project. Geneva: MONICA Manual;
1990.

20. Wallert J, Madison G, Held C, Olsson E. Cognitive ability, lifestyle risk factors,
and two-year survival in first myocardial infarction men: a Swedish National
Registry study. Int J Cardiol. 2017;231:13–7. https://doi.org/10.1016/j.ijcard.2
016.12.144.

21. Sahathevan R, Brodtmann A, Donnan GA. Dementia, stroke, and vascular risk
factors; a review. Int J Stroke. 2012;7(1):61–73. https://doi.org/10.1111/j.174
7-4949.2011.00731.x.

22. Hashemi M, Jervekani ZT, Mortazavi S, Marcy MR, Barekatain M. Association
between cognitive function and parameters of echocardiography and
coronary artery angiography. Arq Neuropsiquiatr. 2018;76(4):225–30. https://
doi.org/10.1590/0004-282x20180026.

23. Cukierman-Yaffe T, Gerstein HC, Miller ME, Launer LJ, Wiliamson JD,
Horowitz KR, et al. The relationship between the score on a simple measure
of cognitive function and incident CVD in people with diabetes: a post hoc
epidemiological analysis from the accord-mind study. J Clin Endocrinol
Metab. 2017;102(9):3218–25. https://doi.org/10.1210/jc.2016-3480.

24. Murad K, Goff DC, Morgan TM, Burke G, Bartz TM, Kizer JR, et. al. Burden of
comorbidities and functional and cognitive impairments in elderly patients
at the initial diagnosis of heart failure and their impact on Total mortality.
Heart Fail 2015;3:542–550. doi: https://doi.org/10.1016/j.jchf.2015.03.004, 7.

25. Sokoreli I, Pauws SC, Steyerberg EW, de Vries GJ, Riistma JM, Tesanovic A,
et al. Prognostic value of psychosocial factors for first and recurrent
hospitalizations and mortality in heart failure ptients: insights from the
OPERA-HF study. Eur J Heart Fail. 2018;20(4):689–96. https://doi.org/10.1002/
ejhf.1112.

26. Guehne U, Angermeyer MC, Riedel-Heller S. Is mortality increased in mildly
cognitively impaired individuals? A systematic literature review. Dement
Geriatr Cogn Disord. 2006;21(5-6):403–10. https://doi.org/10.1159/000092846.

27. Hayat SA, Luben R, Dalzell N, Moore S, Hogevorst E, Matthews FE, et al.
Understanding the relationship between cognition and death: a within
cohort examination of cognitive measures and mortality. Eur J Epidemiol.
2018;33(11):1049–62. https://doi.org/10.1007/s10654-018-0439-z.

28. Rajan KB, Aggarwal NT, Wilson RS, Everson-Rose SA, Evans DA. Association
of cognitive functioning, incident stroke, and mortality in older adults.
Stroke. 2014;45(9):2563–7. https://doi.org/10.1161/STROKEAHA.114.005143.

29. Xie W, Zheng F, Yan L, Zhong B. Cognitive decline before and after incident
coronary events. J Am Coll Cardiol. 2019;73(24):3041–50. https://doi.org/10.1
016/j.jacc.2019.04.019.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Luksiene et al. BMC Public Health          (2021) 21:792 Page 10 of 10

https://doi.org/10.1093/eurheartj/ehs053
https://doi.org/10.1093/eurheartj/ehx365
https://doi.org/10.1161/hypertensionaha.118.12164
https://doi.org/10.1161/hypertensionaha.118.12164
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.08.02
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.08.02
https://doi.org/10.1186/s12916-019-1295-8
https://doi.org/10.1016/j.amjmed.2019.06.001
https://doi.org/10.1161/jaha.117.00825
https://doi.org/10.1161/jaha.117.00825
https://doi.org/10.3390/ijerph17072397
https://doi.org/10.3390/ijerph17072397
https://doi.org/10.1503/cmaj.140147
https://doi.org/10.1111/j.1532-5415.2008.02132.x
https://doi.org/10.7326/0003-4819-148-6-200803180-00005
https://doi.org/10.7326/0003-4819-148-6-200803180-00005
https://doi.org/10.1161/STR.0b013e3182299496
https://doi.org/10.1161/STR.0b013e3182299496
https://doi.org/10.1038/nrn3114
https://doi.org/10.1038/nrn3114
https://doi.org/10.1111/jgs.14878
https://doi.org/10.1111/jgs.14878
https://doi.org/10.1161/strokeaha.114.004658
https://doi.org/10.1161/strokeaha.114.004658
https://doi.org/10.1093/gerona/glx138
https://doi.org/10.1093/gerona/glx138
https://doi.org/10.1186/1471-2458-6-255
https://doi.org/10.1186/1471-2458-6-255
https://doi.org/10.1186/1471-2377-12-149
https://doi.org/10.1186/1471-2377-12-149
https://doi.org/10.1016/j.ijcard.2016.12.144
https://doi.org/10.1016/j.ijcard.2016.12.144
https://doi.org/10.1111/j.1747-4949.2011.00731.x
https://doi.org/10.1111/j.1747-4949.2011.00731.x
https://doi.org/10.1590/0004-282x20180026
https://doi.org/10.1590/0004-282x20180026
https://doi.org/10.1210/jc.2016-3480
https://doi.org/10.1016/j.jchf.2015.03.004
https://doi.org/10.1002/ejhf.1112
https://doi.org/10.1002/ejhf.1112
https://doi.org/10.1159/000092846
https://doi.org/10.1007/s10654-018-0439-z
https://doi.org/10.1161/STROKEAHA.114.005143
https://doi.org/10.1016/j.jacc.2019.04.019
https://doi.org/10.1016/j.jacc.2019.04.019

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Cognitive function assessment
	Covariates
	Registration of the first cardiovascular events
	Statistical analysis

	Results
	Discussion
	Study strengths and limitations

	Conclusions
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

