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Abstract A complex picture of factors influencing cog-
nition is necessary to be drawn for a better understand-
ing of the role of potentially modifiable factors in de-
mentia. The aim was to assess the prevalence and deter-
minants of cognitive impairment, including the role of
cerebral small vessel disease (CSVD) in Polish middle-
aged cohort. A comprehensive set of clinical (hyperten-
sion, coronary heart disease, diabetes mellitus, hyperlip-
idaemia, body mass index, smoking status, alcohol in-
take) and socio-demographic data was collected in the
PURE study in years 2007–2016, which was the basis
for detailed analysis of risk factors of cognitive impair-
ments in years 2016–2018 in the PURE-MIND sub-
study. Five hundred forty-seven subjects (age range
39–65, mean 56.2 ± 6.5) underwent neuropsychological

assessment with Montreal Cognitive Assessment (Mo-
CA), Trail Making Test (TMT) and Digit Symbol Sub-
stitution Test (DSST) followed by brain MRI. Mean
MoCA score was 26.29 and 33% participants met
criteria for mild cognitive impairment (MCI) (MoCA<
26). Seventy-three percent showed findings related to
CSVD. Higher WMH burden and lacunar infarcts were
associated with lower MoCA and DSST scores. Severe
CSVD was associated with twofold incidence of MCI,
and obesity increased its probability by 53% and hyper-
tension by 37%. The likelihood of MCI was reduced in
nonsmokers. One factor analysis showed the important
role of lower level of education, older age, rural area of
residence and hypertension. MCI and CSVD are highly
prevalent in the middle-aged population in Poland. A
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greater importance should be given to potentially mod-
ifiable risk factors of dementia which are already present
in mid-life.

Keywords Cognitive impairment . Influential factors .

Cerebral small vessel disease .Middle-aged population

Background

Most studies of age-related cognitive changes have fo-
cused on neurodegenerative diseases in the elderly. The
rationale for this approach is that age is a significant risk
factor for cognitive impairment [1]. The most common
cause of cognitive deterioration in late life is progres-
sive, irreversible neuronal damage associated with two
dominant diseases, Alzheimer’s disease (AD) and de-
mentia due to cerebral small vessel disease (CSVD), i.e.
vascular dementia (VaD). For many decades, these have
been considered separate diseases with different causes.
However, recent findings indicate that markers of
CSVD are common in individuals diagnosed with AD
[2], and, after accounting for non-independence be-
tween risk factors, about one-third of AD cases world-
wide might be attributed to potentially modifiable fac-
tors [3]. Some of the potentially modifiable factors may
depend on lifestyle and clinical status of an individual.
Hypertension, diabetes mellitus and smoking have all
been reported to be associated with covert infarcts and
white matter lesions [4]. However, the effects of diabe-
tes, obesity, diet, alcohol intake and stress have not been
well established in population-based studies [5]. Never-
theless, the Alzheimer Association pointed out that good
management of cardiovascular risk factors might be
associated with reduced risk of dementia [6].

Therefore, it seems that regardless of the clinical
classification, cerebrovascular contribution to neu-
rodegenerative diseases will be relevant to the ma-
jority of the population living with dementia. So far,
no efficient therapeutic solutions have been devel-
oped. Moreover, as with other pathological mecha-
nisms in dementia, vascular risk factors can cause
brain atrophy years before the onset of symptoms
and before the diagnosis [7]. Brain lesions from
CSVD may accumulate subclinically over decades;
and by the time, they are recognized clinically it may
be too late for effective intervention [8]. It is difficult
to know how early these lesions may start to affect
cognition, due to the scarcity of research into

middle-aged cognitive impairment, and little is
known about the prevalence of CSVD in people
under 65 years of age [9, 10].

Given the above, there seems to be a complex rela-
tionship between the vascular risk factors and dementia
throughout life. While large epidemiological studies
have shown that traditional vascular risk factors are very
important determinants of dementia, including AD, the
magnitude of their importance appears to be greater in
mid-life compared with late life [11–13]. Hence, a de-
tailed risk analysis of people under 65 years of age may
identify why this life period is critical for establishing
risk for dementia in later life.

Identifying risks in middle-aged people may enable
the development of specific guidelines for the preven-
tion of cognitive impairment, facilitating timely inter-
vention in risk groups. As Norton et al. previously
indicated, AD incidence might be limited through better
access to education and the use of effective strategies to
reduce the prevalence of vascular risk factors [3].

To obtain a better picture of risk factors and their
influence on cognition in people under 65 years of age,
it is necessary to analyse the early symptoms of the
emerging neurodegenerative processes. Mild cognitive
impairment (MCI) is defined as objective evidence of
low cognitive performance in the absence of dementia
and is a transition period through which persons pass
when they develop dementia [14]. Comprehensive neu-
ropsychological testing can be used to diagnose MCI,
but it is not practical for widespread use in primary care.
On the other hand, the Folstein Mini Mental Status
Exam (MMSE) though practical and widely used is
not sensitive for cognitive deficits in MCI and is heavily
weighted towards memory and orientation and relative-
ly less sensitive to executive dysfunctions which are
prominent in cognitive impairment resulting from covert
cerebral ischemia [15]. Thus, in this study, we used
other tools of neuropsychological assessment such as
Montreal Cognitive Assessment (MoCA) together with
the Digit Symbol Substitution Test (DSST) which are
more sensitive to executive dysfunction, prominent in
cognitive impairment related to CSVD [16, 17].

The aim of the study was to evaluate the prevalence
of a wide range of socio-demographic, clinical and
health-related factors, as well as CSVD in the middle-
aged population and their early impact on cognition
assessed using sensitive psychometric tools. In more
details, the study aimed to (i) explore prevalent condi-
tions that may contribute to increased risk of MCI
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during midlife, (ii) explore the contribution of cerebro-
vascular disease to midlife cognitive impairments and
(iii) evaluate the sensitivity of different neuropsycholog-
ical assessments to cognitive functioning associated
with imaging markers of CSVD. In order to unravel
complex longitudinal relationships between early expo-
sure to risk factors and clinical outcome, we focused on
a cohort of the relatively young people under 65 years of
age, which is a unique aspect of this study.

Methods

Population

The presented results are part of the National Science
Centre grant (NCN nr 2015/17/B/NZ7–02963) called
the PURE-MIND study nestedwithin the Polish fraction
of the larger multinational PURE study (Prospective
Urban Rural Epidemiology Study). The presented
PURE-MIND sub-study was a cohort study carried out
in 2016–2018, which aimed to explore relationships
between socio-demographic and health-related factors,
including CSVD and cognition.

The Pure-MIND study participants were recruited
from the PURE study cohort of 1269 people, all of
whom were inhabitants of the Lower Silesia region in
Poland. The age and place of residence structure of this
cohort corresponds to the structure of the general popu-
lation in Poland. However, the dominance of women is
visible in the PURE study sample. A total number of
824 individuals met the eligibility criteria and completed
a full study protocol related to a cognitive assessment
and underwent magnetic resonance (MR) examination.
The PURE-MIND study exclusion criteria were the
following: contraindications to MRI (including mainly
a pacemaker and other contraindicated body implants,
as well as severe claustrophobia), history of stroke or
dementia, history of other neurological diseases of the
brain, the presence of significant psychiatric diseases,
residence in a skilled nursing facility and inability to
participate in cognitive assessments (e.g. due to apha-
sia). Due to large motion artefacts on MRI and missing
data, the PURE-MIND study sample consisted of 810
subjects (509 women and 301 men; mean age:
60.9 years; range: 39–81) (response rate 64%). More-
over, an additional criterion of age under 65 years was
used in order to focus on middle-aged participants in the
current analysis. Therefore, the final study sample

consisted of 547 people (195 men and 352 women) with
a mean age of 56.2 ± 6.5 years (aged 39–65 years). The
flowchart diagram shows separate steps of the recruit-
ment of the final study population (Fig. 1).

All participants received complete information about
the study protocol, their anonymity and the possibility to
resign at any time. All participants were volunteers and
signed an informed consent prior to the study enrolment.
The study protocol was approved by the local Bioethical
Committee (permission no.: KB – 32/2016).

Demographic and health-related factor assessment

A comprehensive set of socio-demographic and health-
related data was collected as a part of the PURE study
and was the basis for a detailed analysis of risk factors of
cognitive impairment (Fig. 1.) All participants were
examined according to the global PURE study protocol
[18] using detailed questionnaires, physical examination
and laboratory tests (at baseline, 3-year and 6-year fol-
low-ups). This was followed by neuropsychological
assessment and MRI of the brain (at 9-year follow-up)
conducted according to the PURE-MIND sub-study
protocol.

The baseline socio-demographic and health-related
data was collected between years 2007 and 2010 from
urban and rural populations of the Lower Silesia region
in Poland. The participants were re-contacted every
3 years. Medical information used for this analysis was
further collected between years 2007 and 2016 (at base-
line, 3-year and 6-year follow-ups) and comprised the
presence of hypertension, diabetes mellitus, hyperlipid-
aemia, coronary heart disease, smoking status, alcohol
intake and body mass index (BMI). Clinical character-
istics were assigned based on their presence over time
from baseline to 3-year or 6-year follow-ups. Longitu-
dinal data collection was used to determine the presence
of prevalent conditions (and not the length of their
presence) and how those contributed to the cognitive
outcome.

Blood pressure measurements were carried out using
an automated oscillometric device (Omron Corporation,
Tokyo, Japan). The patients were advised to sit quietly
and rest for 5 min before the measurements. Appropriate
cuff size was selected. Three measurements were taken
at 5-min intervals. The average of the measurements
was used to diagnose hypertension, according to the
ESC criteria (systolic blood pressure 140 or above
and/or diastolic blood pressure 90 mmHg or above).
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Hypertension was considered to be controlled if the
objectives of the ESH/ESC Guidelines were met (blood
pressure < 140/90 mmHg) [19].

The participants were assigned to the diabetes group
when their fasting plasma glucose was ≥ 126 mg/dL
(7.0 mmol/L) or when they had been diagnosed with
diabetes in the past and had been treated since then.

Hyperlipidaemia was diagnosed when the level of total
cholesterol was > 190 mg/dL, the level of LDL-Cwas >
115 mg/dL, the level of HDL-C was <50 mg/dL in
women and < 40 mg/dL in men and the triglyceride
level was > 150 mg/dL [20].

Coronary heart disease was based on self-reporting of
angina, myocardial infarction, coronary artery bypass

Fig. 1 Flowchart of the PURE study participants (N = 1269) and the final study population (N = 547)
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graft surgery, or percutaneous coronary angioplasty
(each category was not separately identified).

Moreover, the smoking status and alcohol intake
were assessed.

The body mass of the patients was measured with the
use of Tanita Ironman Body Composition Monitor
Model BC-554 with accuracy of 0.1 kg. Body mass
index (BMI) was calculated as weight (kg) divided by
height (m) squared. Subjects were classified into four
BMI categories according to the WHO guidelines as
being underweight (BMI < 18.5 kg/m2), normal weight
(BMI 18.5–24.9 kg/m2), overweight (BMI 25.0–
29.9 kg/m2) and obese (BMI ≥ 30.0 kg/m2).

Cognitive assessment

Cognitive evaluation was designed to efficiently assess
multiple domains and to minimize the time and partic-
ipants’ fatigue. It was based on the harmonization stan-
dards of the Canadian Stroke Network and the National
Institute of Neurological Disorders and Stroke used for
the assessment of vascular cognitive impairment recom-
mended in the consensus. The following standardized
psychometric tools were used:

The MoCA (The Montreal Cognitive Assessment)
scale in Polish adaptation was used to detect cognitive
impairment. The published cut-off score (< 26 points)
identifies MCI or dementia with high sensitivity and
specificity [16]. For univariate analyses, a 1-point ad-
justment for subjects with less than 12 years of educa-
tion was used. The MoCA assesses various cognitive
domains: attention and concentration, executive func-
tions, memory, language, visuo-constructional skills,
conceptual thinking, calculations and orientation. Time
to perform the test is about 10 min. The total possible
score is 30 points with 26 points or above considered as
cognitive health. In present statistical analyses, MoCA
was a psychometric tool for measuring general cognitive
functioning as a quantitative variable. Moreover, the
score below 26 points was defined as mild cognitive
impairment (MCI) and was used in the risk factor anal-
ysis as qualitative variable. Scores between 26 and 30
points were defined as the cognitive norm.

The DSST (Digit Symbol Substitution Test,
Wechsler Adult Intelligence Scale, 3rd Edition) a 2-
min test sensitive to covert cerebral ischemia that re-
quires matching a symbol with a number according to
the code [17]. The score is equal to the sum of correct
symbols drawn in a limited time.

TMT (Trail Making Test) Parts A and B were used to
measure cognitive flexibility and central executive func-
tioning. TMT-A version requires combining numbers
from 1 to 25, while TMT-B version requires combining
numbers and letters alternately [21]. The result is exe-
cution time for both versions, number of hints and
number of errors in order of digits. Higher scores reveal
greater impairment.

The psychological examination was standardized in
terms of the procedure and conditions to minimize the
dependence of the test scores on the influence of exter-
nal factors. Each study participant was assessed during
an individual contact with a trained psychologist, in a
quiet room, while maintaining silent conditions. The
instructions were read in the same way each time. The
examination was scheduled at a time convenient for the
participants.

Functional assessment

The following tools were used to assess the overall
functioning:

CES-D (The Centre for Epidemiological Studies De-
pression) which is a scale in Polish adaptation to assess
depression symptoms in epidemiological studies [22].
Higher scores reveal greater likelihood of depressive
symptoms.

SAGE (The Standard Assessment of Global Activi-
ties in the Elderly) which is a screening tool to recognize
and detect early loss of independence [23]. Higher
scores reveal greater impairment.

Brain MRI acquisition and analysis

All brain MR examinations were performed using
the same 1.5 Tesla MR scanner (GE, Signa Hdx).
The MRI sequences included axial dual echo T2/
PD-weighted images (TR = 2720 ms, TE = 88/
8.8 ms, ET [Echo train length] = 12, FOV = 240 ×
240 mm, slice thickness = 3.5 mm, matrix = 256 ×
256, NEX = 1), axial fluid attenuated inversion re-
covery sequences (FLAIR) (TR = 8.800 ms, TE =
145 ms, TI = 2.200 ms, FOV = 240 × 240 mm, slice
thickness = 3.5 mm, matrix = 256 × 256, NEX = 1),
diffusion-weighted imaging (DWI) (SE/EPI, TR =
10,000 ms, TE = 107, FOV = 240 × 240 mm, slice
t h i c k n e s s = 3 . 5 mm , m a t r i x 2 5 6 × 2 5 6 ) ,
susceptibility-weighted imaging (SWI) 3D (TR =
73.9 ms, TE = 47.4 ms, FOV = 240 × 168 mm, slice
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thickness = 3.5 mm, matrix 256 × 256, NEX= 0.7, flip
angle = 20) and high-resolution T1-weighted images
(FSPGR, TR = 8.3 ms, TE = 3.2 ms, TI = 650 ms, FOV
240 × 240 mm, slice thickness = 1.0 mm, matrix 256 ×
256 mm, NEX= 1, flip angle = 12).

All MR scans were evaluated in relation to the
findings characteristic of CSVD, such as lacunar in-
farcts, white matter hyperintensity (WMH) and
microbleeds, according to the standard published
criteria [10]. Lacunar infarcts were described as small
focal lesions up to 15mmwith the same characteristics
as cerebrospinal fluid on all sequences located in the
subcortical white matter or within deep grey matter
structures. White matter hyperintensities were graded
on the FLAIR images using the Fazekas scale of 0–3
[24], separately for periventricular and subcortical
locations. Burden of WMH was established using
cut-off value of 4 for a combined periventricular and
subcortical Fazekas grade (low WMH burden was
defined as grade 1–3, while high WMH as grade ≥ 4).
Cerebral microbleeds were described as small foci of
signal loss with blooming effect on SWI.

Severe CSVD was defined as the presence of high
WMH burden or lacunar infarcts or microbleeds. Mild
CSVD was defined as low WMH burden without lacu-
nar infarcts and microbleeds.

To compare cognitive test scores across lesion types,
we grouped participants as follows: healthy (no brain
lesions), infarcts (all subjects with lacunar infarcts with or
without WMH or microbleeds), high WMH (high WMH
burden with or without microbleeds), low WMH (low
WMH burden with or without microbleeds) and
microbleeds alone.

All MR scans were rated by two independent radiolo-
gists trained for CSVD assessment using the same criteria.
The inter-rater reliability was established with kappa coef-
ficient that ranged between 0.71 and 0.88 depending on the
category of the assessed parameters. Despite the good
inter-rater reliability, all scans that showed any discrepancy
between the two raters were re-evaluated and the final
score was established by consensus.

Statistical analysis

Differences between the groups of quantitative variables
(MRI-related groups and MoCA<26 defined as MCI)
were assessed using the Kruskal-Wallis test withDunn’s
non-parametric all-pair comparison and Holm correc-
tion or Mann Whitney test when appropriate.

Pearson chi-square test was used to assess differences
in the qualitative variables. Correlation between cogni-
tive outcomes and age was calculated using Spearman
rank correlation. The optimal cut-off point for age in
relation to MoCA below 26 points and 1.5 standard
deviation below the mean of DSST score commonly
used as clinical thresholds for MCI was determined by
highest Youden index in ROC analysis. The analysis of
risk factors of cognitive impairment, measured with the
MoCA scale (MoCA used as a qualitative variable: < 26
defined as MCI), was calculated by estimation of prev-
alence ratios using the Poisson regression with robust
variance. Moreover, the comparison of the study popu-
lation to general population was done by comparing
proportion confidence intervals of sample proportion
to Statistics Poland data. The significance level was set
at p < 0.05. Analysis was performed using R for win-
dows (version 3.6.1) [25].

Results

Study sample

The study sample (n = 547) characteristics are shown in
Table 1. The majority were women (64%), living in
urban areas (74%), with tertiary (41%) or secondary
(41%) education. All subjects were characterized as
independent after being assessed by SAGE scale (mean
score 2.33 ± 2.9, median 1). The average level of de-
pressive symptoms was low (mean score 9.66 ± 8.0,
median 8), indicating general lack of depression among
the study participants.

The total meanMoCA score was 26.29 ± 2.5 (median
27), and 33% (n = 178) of the study participants scored
below the recommended cut-off forMCI or dementia (<
26 points). Only 12% (n = 67) of the subjects confirmed
subjective cognitive impairment (SAGE scale).

In 27% (n = 150) of the participants, no brain pathol-
ogy was detected onMRI, while in 73% (n = 397) of the
subjects findings related to CSVD were revealed. Mild
CSVD characterized by lowWMH burden was found in
64%, while severe CSVD was detected in 9% of the
participants, including highWMH burden (3%), lacunar
infarcts (3%) and microbleeds (3%).

In addition, Table 1 shows the characteristics of the
study group in terms of other health-related factors such
as hypertension, diabetesmellitus, hyperlipidaemia, cor-
onary heart disease, weight, smoking and alcohol intake.
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Moreover, gender differences are pointed out in terms of
all characteristics. Detailed data are given in cases of
significant differences between sexes.

Cerebral small vessel disease and cognitive functioning

Higher WMH burden was associated with lower MoCA
score (rho = −0.17, p< 0.00009) and lower DSST score
(rho = −0.19, p < 0.00001). Moreover, participants with

high WMH burden needed more time to perform TMT
part A (rho = 0.17, p< 0.00008) and part B (rho = 0.21,
p < 0.00001).

Further analysis showed that participants categorized
within 5 groups (healthy, microbleeds, low WMH, high
WMH, infarcts) did not show any significant differences
in the memory domain based on delayed recall in the
MoCA scale (healthy: 3.1 ± 1.6, median: 4;
microbleeds: 3.0 ± 1.2, median: 3; low WMH burden:

Table 1 Characteristics of the study population

Characteristics Female Male p value

9 year follow-up Age Mean in years (SD)*
Range

56.24 (6.5)*
[39–65]

56.9 (6.3)* 55.1 (6.8)* 0.003

Sex, N (%) Female 352 (64)
Male 195 (36)

Education level, N (%) Primary 27 (5) 16 (4.5) 11 (5.6) 0.4
Trade school 68 (12) 41 (11.6) 27 (13.8)

Secondary/High school 227 (42) 155 (44.1) 72 (36.9)

College/University 225 (41) 140 (39.8) 85 (43.7)

Living location, N (%) Urban 403 (74) 255 (72.4) 148 (75.9) 0.4
Rural 144 (26) 97 (27.6) 47 (24.1)

Cognitive functioning, N (%) MoCA < 26 178 (33) 117 (33.2) 61 (31.3) 0.7

MoCA mean score (SD)* 26.29 (2.5)* 26.21 (2.6)* 26.43 (2.5)* 0.3

Brain pathology in structural
MRI, N (%)

No brain pathology 150 (27) 79 (22.4) 71 (36.4) 0.002
Low WMH burden 352 (64) 241 (68.5) 111 (56.9)

High WMH burden 15 (3) 12 (3.7) 2 (1.1)

Lacunar infarcts 16 (3) 8 (2.3) 8 (4.1)

Microbleeds 14 (3) 11 (3.1) 3 (1.5)

Depressive symptoms CES-d mean score (SD)* 9.66 (8.0)* 10.60 (8.7)* 7.97 (6.3)* 0.001

General activity SAGE mean score (SD)* 2.33 (2.9)* 2.47 (3.1)* 2.08 (2.4)* 0.4

Baseline, 3 &
6 year follow-up

Hypertension, N (%) No 334 (61) 126 (35.8) 87 (44.6) 0.05
Yes 213 (39) 226 (64.2) 108 (55.4)

Diabetes Mellitus, N (%) No 467 (86) 46 (13.1) 30 (15.4) 0.5
Yes 76 (14) 306 (86.9) 161 (82.6)

Hyperlipidaemia, N (%) No 206 (38) 119 (34.0) 87 (45.3) 0.01
Yes 336 (62) 231 (66.0) 105 (54.7)

Coronary heart disease, N (%) No 511 (93) 330 (93.8) 181 (92.8) 0.8
Yes 36 (7) 22 (6.2) 14 (7.2)

Smoking, N (%) Current 101 (18) 72 (20.5) 29 (14.9) 0.02
Former 185 (34) 105 (29.8) 80 (41.0)

Never 261 (48) 175 (49.7) 86 (44.1)

Weight category, N (%) Normal weight 177 (33) 122 (34.7) 55 (28.5) 0.3
Overweight 149 (27) 135 (38.4) 84 (43.5)

Obese 219 (40) 95 (26.9) 54 (28.0)

Alcohol intake, N (%) No 136 (25) 106 (30.1) 30 (15.4) 0.0002
Yes 411 (75) 246 (69.9) 165 (84.6)

*data expressed in means and standard deviations (SD); Pearson chi-square test was used to assess gender differences in the qualitative
variables and Mann-Whitney test to assess gender differences in the quantitative variables; Normal weight (BMI < 25), overweight (BMI
25.0–29.9), obese (BMI ≥30)
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2.9 ± 1.5, median 3; high WMH burden: 2.5 ± 1.6, me-
dian 3; lacunar infarcts: 2.7 ± 1.7, median 3; p < 0.2).
However, significant differences were observed in the
total MoCA score (p < 0.004), DSST (p < 0.0009) and
TMT parts A (p < 0.004) and B (p < 0.0001) perfor-
mance (Fig. 2), and the subjects with high WMH or
lacunar infarcts scored lower in all these tests. However,
significant differences between healthy participants and
those with high WMH were observed only in DSST
(p = 0.02) and TMT B (p = 0.0124). In turn, for lacunar
infarcts, TMT was the most sensitive psychometric test
(part A: p = 0.035 and part B: p = 0.0453). Moreover, a
statistically significant difference between healthy
group and a group with a lowWMH burden was already
shown in the general cognitive functioning outcome
(MoCA: p = 0.016) as well as in the TMT B (p =
0.0079) which stresses central executive processes of
task-set inhibition and cognitive flexibility. Participants
with microbleeds did not differ significantly from the
healthy group.

In addition, 21% (n = 37) of participants meeting the
criteria for MCI (< 26 points in MoCA) had normal
brain MRI without any CSVD lesions, while 10 partic-
ipants with high WMH burden had scores correspond-
ing to the cognitive norm in the neuropsychological tests
(Fig. 3).

Sociodemographic as well as health-related factors
and cognitive functioning

Table 2 illustrates demographic and health-related var-
iables in the context of cognitive functioning in the
middle-aged population. The overall cognitive perfor-
mance, measured with MoCA (rho = −0.29,
p < 0.000001), and the ability to learn on new visual
material (DSST: rho = −0.42, p < 0.000001) decreased
with age. Moreover, with age, participants needed more
time to complete the TMT A (rho = 0.42, p < 0.000001)
and TMT B (rho = 0.41, p < 0.000001). Figure 4 shows
the decline in cognitive function divided by age groups
together with the illustration of the ROC curve, which
determines the optimal cut-off point in years when this
decrease appears to be the most significant. For both
MoCA and DSST scales, the relevant cut-off points for
age were 58 and 59 years, respectively. There was no
significant difference between sexes in terms of general
cognitive performance (MoCA: p < 0.3). However,
speed processing, working memory, visuospatial pro-
cessing and attention, as well as the ability to learn on

new material were higher in women (DSST: p < 0.004).
However, in terms of executive functions such as pro-
cesses of task-set inhibition and cognitive flexibility,
men showed better scores (TMT A: p = 0.02). More-
over, there was a clear effect of education—higher or
secondary education level was associated with higher
cognitive functioning (MoCA, DSST, TMTA and TMT
B, p < 0.000001). However, there was no significant
difference between people with education at primary
and vocational level (p < 0.5). Urban residents scored
higher on all cognitive tests compared with people liv-
ing in rural areas.

Among health-related variables, hyperlipidaemia
was not significantly associated with cognitive function-
ing (MoCA and DSST, p < 0.3; TMT A and B, p = 0.8).
Other risk factors showed differences in the influence on
cognition depending on the measured domains. MoCA
as well as TMT A results showed that coronary heart
disease and smoking were not related to the global
cognitive functioning. However, the DSST task (more
related to learning processes) was related to these factors
(p < 0.02 and p < 0.0002, respectively). The results in-
dicated that the participants who had never smoked
showed significantly higher scores compared with the
current (p < 0.0009) and former (p < 0.005) smokers.
Participants who indicated abstinence from alcohol
had lower scores on all tests, but this was only signifi-
cant for the MoCA (p < 0.03). Hypertension, diabetes
and obesity were associated with lower scores on all
tests.

Mild cognitive impairment risk factors

Analysing variables independently of each other (Tab.
3) indicated that risk factors for decreased cognitive
functioning which met the MCI criteria assessed by
MoCA (< 26) were older age (p < 0.000001), rural area
of residence (p < 0.000003) and hypertension
(p < 0.0002). Participants with such characteristics sig-
nificantly more often scored below 26 points in MoCA.
On the other hand, significant protective factors were
higher education level (p < 0.000001), normal body
weight (p < 0.003) and alcohol intake (p < 0.05).

Robust Poisson regression model was used for mul-
tivariable analysis (Fig. 5). Severe CSVD was associat-
ed with twofold higher incidence ofMCI (PR 2.01; 95%
CI: 1.31–3.09) and mild CSVD was associated with
increased prevalence of MCI by 37% (RR 1.37; 95%
CI: 0.99–1.89). Overweight was associated with higher
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rates of cognitive impairments (PR 1.37; 95% CI: 0.99–
1.88), and obesity increased the probability of cognitive
impairment by 53% (PR 1.53; 95% CI: 1.09–2.15).

Among the participants who had never smoked, the
likelihood of MCI was reduced by 31% (PR 0.69;
95% CI: 0.51–0.94). Participants who reported

Brain 
pathology n mean sd q1 median q2

Healthy 150 26.86 2.50 26 27 29

Microbleeds 14 26.50 1.70 26 27 28

Low WMH 352 26.14 2.50 25 26 28

High WMH 15 25.20 2.62 23 26 27
Infarcts 16 25.12 3.07 23 25 28

Brain 
pathology n mean sd q1 median q2

Healthy 150 67.67 15.37 57.0 67.0 78.75

Microbleeds 14 69.36 15.40 55.0 68.0 83.25

Low WMH 352 63.76 13.67 54.0 64.0 73.00
High WMH 15 55.93 12.37 47.5 54.0 59.50

Infarcts 16 57.94 16.63 50.5 56.5 65.00

Brain 
pathology n mean sd q1 median q2

Healthy 150 34.03 10.38 26 33.0 40
Microbleeds 14 35.14 10.07 31 32.5 35.75
Low WMH 352 37.27 11.72 29 36.0 43
High WMH 15 41.80 13.71 31 41.0 50.5

Infarcts 16 44.06 13.98 32 43.0 53

Brain 
pathology n mean sd q1 median q2

Healthy 150 74.07 33.00 53.0 69.0 85.75
Microbleeds 14 67.79 24.00 52.0 59.5 79.00
Low WMH 352 82.30 31.11 60.0 76.0 96.50
High WMH 15 103.53 44.51 72.0 90.0 120.00

Infarcts 16 99.56 49.24 59.5 103.5 140.25

a b

c d

Fig. 2 The differences between healthy participants and those
with different lesion types in selected cognitive outcomes: (a)
MoCA, (b) DSST, (c) TMT A and (d) TMT B. Data from
participants grouped by lesion types: healthy (no lesions, n =
150), infarcts (with or withoutWMH or microbleeds, n = 16), high
WMH (with or without microbleeds, n = 15), low WMH (with or
without microbleeds, n = 352) and microbleeds alone (n = 14) are

shown as mean and standard deviation (sd). The tables contain
information about the median, q1 (quartile 1) and q2 (quartile 2).
The charts show statistically significant (p < 0.05) differences in
cognitive outcomes between healthy participants and the subjects
with different cerebral lesions assessed byKruskal-Wallis test with
Dunn’s non-parametric all-pairs comparison and Holm correction
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consuming alcohol were less likely to have cognitive
deficits (PR 0.76; 95% CI: 0.59–0.98). Furthermore,
hypertension was associated with the increased risk of
cognitive impairment (PR 1.30; 95% CI: 1.01–1.69). A
marginal but significant association was found with
depressive symptoms (PR 1.02; 95% CI: 1.00–1.03),
while no relationship was found with hyperlipidaemia,
diabetes and coronary heart disease.

Discussion

In one third of the community-representative study,
including participants aged between 39 and 65 years,
MCI range cognitive impairment was detected during
the neuropsychological examinations. Only 12% of the
participants were classified as having subjective deficits,
which means that more than half of the study represen-
tatives with objective cognitive impairment were un-
aware of early signs of cognitive decline. Recent studies
of MCI showed a prevalence of 15–20% in people aged
65 years or older [26]. Very limited data are available
regarding people below 65 years of age. Other
population-based studies included either mainly older
adults or did not report specific findings in younger
participants. However, the prevalence of cognitive im-
pairment in this study population should be approached
with some caution, given that situational factors such as
fear of the psychological examination could worsen the
results in the cognitive tests, despite maintaining all
needed standardized conditions.

Magnetic resonance studies showed that over 73% of
the middle-aged participants had CSVD, of which 9%
had severe CSVD, defined as high WMH burden, lacu-
nar infarcts or microbleeds. These results are in line with
the conclusions of Smith et al. [27] who emphasized that
CSVDwas detected in a significant proportion of people
in their 40s and 50s and that the brain changes were not
silent even in relatively young individuals. What is
more, Han et al. [28] in a cohort of 1211 stroke-free
participants (55.6 ± 9.3 years) also showed the preva-
lence of 14% for lacunes, 72% for periventricular
WMH, 65% for subcortical WMH and 10% for cerebral
microbleeds, all of which increased with age. In the
current study, higher WMH burden was associated with
greater deficits in cognitive functions, and severe CSVD
was one of the major risk factors for MCI increasing its
incidence by 200%. Learning ability assessed with
DSST, speed processing, cognitive flexibility and exec-
utive functions measured with TMT A and B tests were
also significantly related to high WMH burden and
lacunar infarcts. Nevertheless, it should be pointed out
that in the neuropsychological assessment, TMT B
seems to be of particular importance. It stresses central
executive processes of task-set inhibition and cognitive
flexibility and showed sensitivity in distinguishing be-
tween healthy people and people with all selected lesion
types, even in those with low WMH burden. Interest-
ingly, Smith et al. did not find significant associations
between WMH and MoCA in the Canadian cohort,
which they considered to be the result of too low sensi-
tivity of the MoCA scale to the presence of covert
cerebrovascular disease in a population-based setting

Fig. 3 The relationship between
white matter hyperintensities
(WMH) burden defined as
healthy (0), low WMH burden
(1–3), high WMH burden (≥ 4)
and cognitive performance cate-
gorized based on theMoCA score
as cognitive health (MoCA ≥ 26,
n = 369) and cognitive impair-
ment (MoCA < 26, n = 178)
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[27]. However, a recent larger Canadian study demon-
strated that associations between WMH and MoCA
were present with sufficient sample size, concordant
with the findings of this study [29]. Detailed analysis
showed that participants without brain pathology on
MRI and people with the presence of CSVD differed
in all tasks measuring executive functions and cognitive
flexibility in the MoCA scale, except for delayed recall.
Due to the above, the first signs of morphological brain
pathologymight be visible primarily in the non-memory
cognitive domains. Importantly, this relationship is ob-
served in relatively young people who are expected to
have “normal” cognitive productivity. It should also be
emphasized that 21% of participants with MCI accord-
ing to the MoCA test showed no brain pathology in
MRI, which may be explained by a non-vascular origin
of the symptoms, probably due to a purely degenerative
process. On the other hand, 10 subjects with high burden
of WMH showed normal results in the psychological
tests, which may indicate their good compensatory abil-
ities or cognitive reserve making the early symptoms of
cognitive impairment not detectable using the per-
formed tests.

Despite the fact that current analysis included people
younger than 65 years of age, overall cognitive perfor-
mance and learning ability on new material, reflected by
performance on the DSST, as well as the speed processing
(TMT) was found to decrease with age. The age-related
decline in cognitive performance is consistent with find-
ings among themiddle-aged London civil servants, as well
as many other studies conducted among older population
[30]. Moreover, findings from the present study imply the
clinically important suggestion that a significant decrease
in cognitive functioning is visible already at age of
58 years, while clinical experience shows that in daily
practice, specialists begin to deal with cognitive health
usually in people around the age of 65 years or older.

The ambiguous conclusions relate to the gender ef-
fect in terms of the cognitive outcomes and CSVD.Mild
cognitive impairment as well as general cognitive func-
tioning is not related to gender, which is supported by
the results of the MoCA test. However, our findings
highlight the differences in terms of selected cognitive
domain performance between women and men in the
study sample. The results show better learning capacity
(DSST) in women and better cognitive flexibility (TMT
B) in men. Interestingly, the findings show a lower
incidence of CSVD in men that could be seen as unex-
pected result as typically men are more at risk of

cardiovascular disease, also in the present sample. Con-
tradictory conclusions are presented by authors of the
study from the United Kingdom who found that men
were more prone to CSVD [31]. Male sex was a signif-
icant and independently associated factor for total
CSVD score in that study. However, it should be em-
phasized that in the present study, women more often
than men were classified as having low WMH and high
WMH burden, but in men more often than in women
lacunar infarcts were detected. Nevertheless, a larger
proportion of men compared with women were charac-
terized by a lack of pathological changes in the brain.
An important observation that may be related to the data
obtained is the gender difference present in depressive
symptoms highlighting significantly higher scores on
the depression scale in women in the study sample. This
observation seems to be of great importance having
regard to the significant relationship between depression
and WMHs and cerebral atrophy as concluded in the
systematic review and meta-analysis conducted by
Rensma et al. [32]. Thus, gender differences in CSVD
can be understood as a derivative of gender differences
in terms of depressive symptoms in this particular study
population. However, further analysis is necessary.

In this study, education level was found to be one of
the most fundamental protective factors, and partici-
pants with higher education performed better in the
cognitive assessment. The area of residence also turned
out to be significant. In our study, urban living was
associated with the better performance in the neuropsy-
chological tests, as confirmed by some studies [33],
while contradicting some other reports [34]. There is a
likely relationship between education and the area of
residence. In Poland, there are still disparities in access
to education depending on where you live. Living in the
city offers many different forms of cultural and educa-
tional participation, which may increase cognitive re-
serve phenomenon. This indicates the importance of
lifestyle factors affecting the cognitive functioning
among middle-aged people. It is consistent with
Norton’s statement that many dementia cases world-
wide might be attributable to potentially modifiable
factors [3]. In this study, we found several risk factors
for cognitive impairment meeting the MCI criteria that
might be modifiable. One of them is obesity, found in
our study to increase the probability of cognitive im-
pairment by about 53%, which confirms recent findings
on dementia among older adults [35]. Another important
clinical risk factor in this study was hypertension, which
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Table 3 Association between sociodemographic, health-related factors and mild cognitive impairment versus cognitive health

Characteristics MoCA <26 MoCA >26 p value

Age Mean in years (SD) 58.77 (5.2) 55.02 (6.7) <0.000001

N (%)

Sex Female 117 (33.2) 235 (66.8) 0.7
Male 61 (31.3) 134 (68.7)

Education level Primary 18 (66.7) 9 (33.3) <0.000001
Trade school 42 (61.8) 26 (38.2)

High school 88 (38.8) 139 (61.2)

College/University 30 (13.3) 195 (86.7)

Living location Urban 108 (26.8) 295 (73.2) 0.000003
Rural 70 (48.6) 74 (51.4)

Hypertension Yes 90 (42.3) 123 (57.7) 0.0002
No 88 (26.3) 246 (73.7)

Diabetes Mellitus Yes 27 (35.5) 49 (64.5) 0.6
No 148 (31.7) 319 (68.3)

Hyperlipidaemia Yes 103 (30.7) 233 (69.3) 0.3
No 72 (34.9) 134 (65.1)

Coronary heart disease Yes 14 (38.9) 22 (61.1) 0.5
No 164 (31.9) 347 (68.1)

Smoking Current 40 (39.6) 61 (60.4) 0.07
Former 65 (35.1) 120 (64.9)

Never 73 (27.9) 188 (72.1)

Weight category Normal weight 41 (23.2) 136 (76.8) 0.003
Overweight 75 (34.2) 144 (65.8)

Obese 60 (40.3) 89 (59.7)

Alcohol intake Yes 124 (30.2) 287 (69.8) 0.05
No 54 (60.3) 82 (39.7)

Wilcoxon rank sum test was used to assess differences in age; Pearson chi-square test was used to assess differences in the qualitative
variables; Normal weight (BMI < 25), overweight (BMI 25.0–29.9), obese (BMI ≥ 30)

Fig. 5 Prevalence ratio (PR) of
cognitive impairment (MoCA<
26) with regard to selected risk
factors calculated by the Poisson
regression with robust variance
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disrupts the structure and function of cerebral blood
vessels and may lead to ischemic damage of the white
matter regions critical for cognitive function. Several
reports emphasized the deleterious impact of mid-life
hypertension on late-life cognitive decline [36, 37].
However, current findings have proved this harmful
effect already in the middle-aged participants.

The obtained results confirmed the protective effect
of not smoking. The likelihood ofMCI was significantly
reduced (by about 31%) in people who never smoked.
This phenomenon may be related to the fact that these
people generally lead a healthier lifestyle, a hypothesis
that requires more in-depth examination. Our analysis
found that alcohol drinkers were less likely to exhibit
cognitive deficits compared with abstainers. This find-
ing is consistent with the previously reported U-shaped
relationship between regular alcohol consumption and
cognitive function [38]. However, special care should
be taken when formulating policy implications on this

topic. Moreover, account should be taken of the fact that
in this study assessment of alcohol consumption was
carried out using interviews. The hard drinkers could
deny drinking during interview, whereas people drink-
ing occasionally could more openly confirm drinking
alcohol. What is more, the reasons for not drinking
alcohol have not been assessed. Which in the light of
the results obtained may be of key importance assuming
that non-drinkers make such a decision for health rea-
sons and therefore remain in a much worse psychophys-
ical health. In addition, hyperlipidaemia, diabetes and
coronary heart disease were not associated with the
occurrence of MCI. Nevertheless, there was a relation-
ship found between diabetes and general cognitive per-
formance. Participants who did not have diabetes scored
significantly higher on the MoCA.

This study has several strengths. First, we focused on
middle-aged participants, who are still an under-studied
group. Second, this is the first large-scale study of this

Fig. 4 The decline in cognitive functioning with age and receiver operating characteristic (ROC) curves for MoCA and DSST differen-
tiating between cognitive health and cognitive impairment
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kind in Poland. Third, good quality data were obtained
through the use of a research MRI with a strict protocol
for the assessment of cerebrovascular pathology and a
sensitive set of psychometric tools that were used to
assess cognitive functioning. Another very important
aspect was an access to longitudinal data on a wide
range of lifestyle and clinical factors which are more
powered than cross-sectional studies. Finally, due to the
similarities in age structure and place of residence of the
studied cohort at the baseline compared with the general
population of Poland, these findings can be extrapolated
to the Polish population, nevertheless with some cau-
tion. Discrepancies in the population structure such as
women’s dominance in the PURE-MIND sub-study
sample could result from the exclusion criteria, as well
as the greater activity of female volunteers in a scientific
research.

On the other hand, the biggest limitation of this study
was the relatively small sample size as for a cohort study,
since the participants were recruited from only one region
in Poland. Moreover, the role of genetics was not analysed
in the present study and the importance of genetic factors
in the development of dementia and cerebrovascular pa-
thology should not be overlooked. Heritability studies,
including twin studies, show that most of the variance in
a white matter hyperintensity volume is explained by
genetic factors [39, 40]. Nevertheless, the role of the main
genetic determinant of AD, apolipoprotein ɛ4 allele
(APOE4), is still unclear in vascular cognitive deficits. A
study from Singapore emphasized that APOE4 is signifi-
cantly associated with dementia and cognitive deficits
related to AD pathology, but not with vascular dementia
[41]. According to Clark et al. [42], APOE genotype did
not moderate relationship between risk factors and cerebral
perfusion. Thus, despite the important role of genetic
factors, the authors suggested that there is a great need to
continue exploration of the relationship between potential-
ly modifiable risk factors, cerebrovascular health and AD
risk in underrepresented populations.

Conclusions

In this community-based study conducted on the Polish
rural and urban population of people aged between 39 and
65 years, a relatively high prevalence of cognitive impair-
ment was observed. The major clinical risk factors of MCI
that already appeared in the middle-life were found to be
severe CSVD, obesity and hypertension. Moreover, socio-

demographic factors such as place of residence, age and
education, as well as lifestyle factors, such as smoking also
played an important role in cognitive impairment. In addi-
tion, it turned out that people with diabetes achieved
significantly lower results in the neuropsychological tests,
indicating the importance of this disease for cognitive
performance, although it was not ultimately identified as
a risk factor for MCI. This probably means that diabetes
reduces global cognition, but in people up to 65 years of
age, there are no clinically relevant consequences visible in
cognitive impairment. Moreover, our findings indicate that
among some study participants, the phenomenon of cog-
nitive reserve is observed recognized by proper cognitive
functioning despite serious morphological pathologies vis-
ible in MRI. Therefore, subsequent research should focus
mainly on potential protective factors that improve com-
pensatory possibilities and cognitive reserve of an individ-
ual person.

In the light of these findings emphasizing the important
influence of lifestyle factors on cognition, improving ac-
cess to higher education and applying effective strategies
targeted at reducing the prevalence of vascular risk factors
should become a major focus of health providers and
policy makers. However, further research and data analy-
ses are necessary to determine whether such preventive
actions will really translate into a reduction in mid-life
cognitive impairment and dementia at the later stages of
life. Dissemination of knowledge that the first signs of
cognitive impairment may be associated with domains
other than memory, and information that cognitive impair-
ment is visible before the age of 60 years, needs to be
considered in everyday clinical practice.
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