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Summary

Cardiovascular diseases are the main cause of premature death worldwide. More than half of deaths were
caused by cardiovascular diseases in 2017 in Lithuania. Primary prevention programmes encourage both medical
staff and general population to pay attention to potential health issues as well as attempt to eradicate risk factors
causing cardiovascular diseases. “A Funding Programme for the Screening and Preventive Management of the
High Cardiovascular Risk Individuals” published in Lithuania has been implemented as of 2006.

Analysis of the results of the programme shows that the prevalent cases of arterial hypertension are gradually
declining. However, the prevalence of dyslipidaemia is still not decreasing. The prevalence of other modifiable
cardiovascular disease risk factors has erratic trends with a slight overall decline. Consequently, mortality rate
of cardiovascular diseases has decreased by more than one third among middle-age population over the past 10
years.

Having higher availability of the anti-hypertensive and anti-lipid medications already achieved, the future
plans include the aim of further reducing elevated blood pressure and effectively treating dyslipidaemia. In
order to implement a strategy that focuses on smoking prevention, promotion of healthy nutrition and physical
activity, a significant contribution is required from the state authorities.
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Hs-CRP: High sensitivity C-reactive protein
H-L test: Hosmer-Lemeshow test
IAS-Agla: Arbeitsgruppe Lipide und Athero-

sklerose model
IHD: Ischaemic heart disease
LitHiR Programme: (Lithuanian High cardiovas-

cular Risk) Programme – Lithuanian national
primary prevention programme “A Funding
Programme for the Screening and Preventive
Management of the High Cardiovascular Risk
Individuals”

LDL: Low-density lipoprotein
MS: Metabolic syndrome
NCEP ATP III: National Cholesterol Education

Program Adult Treatment Panel III
PAD: Peripheral artery disease
PPU: Primary prevention units
PROCAM: Prospective Cardiovascular Münster

model
PWV: Pulse wave velocity
SCORE: Systematic Coronary Risk Evaluation

model
SPU: Specialized prevention units
TG: Triglycerides

Introduction

Cardiovascular disease (CVD) is the main cause
of premature death not only in Lithuania but also
throughout the world. According to the data of
the Institute of Hygiene of the Lithuanian Health
Information Centre, the causes of death of the
population of Lithuania have not changed for
many years [1]. It is important that more than
half (56.1%) of deaths were caused by cardiovas-
cular diseases in 2017 (Fig. 1) – it is also the most
common cause of death among both men and
women (48.1% for men and 63.4% of women).

In Lithuania, morbidity and mortality rates of
CVD are higher than in other Western European
or Scandinavian countries [2]. In many developed

European countries, the death rate of CVD be-
tween 1970 and 1990 fell significantly with the
introduction of preventive measures. The World
Health Organization indicates that more than
three quarters of the CVD deaths can be avoided
by modifying risk factors [3]. All of this demon-
strates that not only early diagnosis of overt CVD
and proper treatment is important but also the
prevention of CVD.

Primary prevention programmes encourage
not only medical staff but also general popula-
tion to pay attention to potential health issues,
to eradicate or at least to reduce the number
of risk factors that cause CVD and to monitor
population health. The importance of the pre-
vention of CVD is also evident in the guidelines
prepared by the European Society of Cardiology
(ESC) in 2016, which highlight the significance of
the implementation of the primary CVD preven-
tion programmes [4]. One of the main guidelines
emphasizes the need to identify individuals with
high cardiovascular risk and to offer a primary
prevention action plan. In order to achieve this
aim in Lithuania, the state has issued “A Fund-
ing Programme for the Screening and Preventive
Management of the High Cardiovascular Risk In-
dividuals” (hereinafter the “LitHiR Programme”),
carried out since 2006.

Cardiovascular risk factors
The CVD is closely related to the lifestyle and

modifiable risk factors. More than 200 CVD risk
factors are known, but not all of them are equally
important. All risk factors for CVD are divided
into two groups: modifiable and non-modifiable.

• Risk factors that can be managed (modifiable):
– arterial hypertension (AH);
– dyslipidaemia-elevated lipid levels in the

blood;
– smoking;

Figure 1. The structure of the causes of death in Lithuania 2017 [1].
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– diabetes mellitus or impaired glucose meta-
bolism;

– unbalanced diet;
– obesity, especially abdominal;
– low physical activity;
– stress or depression;
– hypercoagulation, serum hyperviscosity.

• Risk factors that cannot be managed (non-
modifiable):
– age (more than 45 years for men and more

than 55 years for women);
– male sex;
– heredity: an early onset of CVD in rela-

tives – parents, siblings, sisters (heart attack,
stroke, sudden death in males up to 55 years
old, female up to 65 years), familial dyslipi-
daemia;

– diagnosed atherosclerotic vascular disease
(cardiac, cerebral, peripheral arteries, etc.)

Scientific literature highlights that major CVD
risks include AH, dyslipidaemia, in particular,
low-density lipoprotein (LDL) cholesterol (also
known as “bad” cholesterol), smoking and dia-
betes mellitus [5–8]. The ESC prevention guide-
lines underline the need to assess risk factors
not in isolation but in combination with each
other, since risk factors that cause CVD reinforce
each other’s effects [4]. These guidelines subdi-
vide the risk of CVD into very high, high, inter-
mediate and low risk. One of the most commonly
found combinations of risk factors is a so-called
metabolic syndrome, the presence of which im-
plies an increased CVD risk due to diabetes melli-
tus and atherosclerosis. Such combination of risk
factors is classified as posing an intermediate car-
diovascular risk, however, the risk significantly
increases when other risk factors (LDL-cholesterol
increase, arterial and cardiac functional and struc-
tural changes, etc.) are present as well.

CVD prevention is particularly important in
Lithuania, as there is still a high rate of CVD mor-
bidity and mortality, with the high prevalence of
young people suffering from CVD. It is no coinci-
dence that according to ESC guidelines, Lithuania
together with other countries in Eastern Europe,
is not only included in the list of high-risk coun-
tries, but also distinguished as a country with
very high risk.

Lithuania has been actively engaged in the
LitHiR Programme. The aim of the LitHiR Pro-
gramme is to reduce the prevalence of the CV risk
factors and thereby to decrease the CVD-related
mortality, and to facilitate the timely diagnosis of
the vascular diseases caused by early atherosclero-
sis. The LitHiR Programme enrolled men aged 40
to 55 and women aged 50 to 65 years.

The LitHiR Programme consists of two steps:

• Initial risk assessment at the dedicated pri-
mary care centres (primary prevention units;
PPU);

• Examination of patients with high and inter-
mediate CVD risk at the specialized preven-
tion units (SPU).

The results of the initial risk assessment by
primary care specialists (general practitioners
and nurses)

Over 200 thousand individuals are examined
at primary care institutions every year (Fig. 2),
and 5–10% of those identified with high CVD risk
or metabolic syndrome are sent to SPU (see Fig. 23
further in the text).

According to the date of 1 January 2014, the
target population for the initial risk assessment
reached about 700 000 people.

Customized forms specifically designed for the
Programme are in use since July 2009. The pos-
sibility to fill them out electronically is available
since 2012.

Figure 2. The inclusion of patients to the LitHiR Programme during the years 2006–2017 in the primary care institutions
(source: National Health Insurance Fund).
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Figure 3. Determination of the first fatal cardiovascular event within 10 years (source: 2016, Guidelines for the prevention of
the CVD [4]).

Initial assessment includes the following: the
evaluation of the salient CVD risk factors, filling
out electronic CVD risk assessment form, and cal-
culating CVD risk according to SCORE (Systemic
Coronary Risk Evaluation) model (Fig. 3) [9].

The presence of metabolic syndrome is as-
sessed by the modified NCEP (National Choles-
terol Education Program)-ATP III criteria [10].

Metabolic syndrome is confirmed when least
three of the five criteria are present:

1. Waist circumference ≥ 102 cm (for men), ≥
88 cm (for women);

2. Systolic blood pressure (BP) ≥ 130 mmHg
and/or diastolic BP ≥ 85 mmHg or antihyper-
tensive drugs being used;

3. Fasting glucose ≥ 5.6 mmol/L or patient be-
ing treated for hyperglycaemia;

4. Triglycerides (TG) ≥ 1.7 mmol/L or special
treatment targeted to reducing the level of TG
being applied;

5. High density lipoprotein (HDL) cholesterol <
1.03 mmol/L (for men), < 1.3 mmol/L (for
women) or specific treatment being applied.

The individuals are divided into three groups
according to the evaluation results:

1) low or intermediate risk;
2) intermediate risk with the suspicion of high

risk–metabolic syndrome with additional risk
factors (elevated cardiometabolic risk);

3) high risk.

General practitioners recommend preventive
measures (diet, physical activity, smoking cessa-
tion, cholesterol levels and BP lowering medica-
tion, treatment for diabetes mellitus) for each pa-
tient (both low or intermediate and high-risk) in
order to reduce CVD risk.

Data of the prevalence of main risk factors
(dyslipidaemia, AH, smoking, abdominal obesity,
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Figure 4. The prevalence of CV risk factors (%) among the participants of the LitHiR Programme during the years 2009–2017.

Figure 5. Trends of AH (%) among the persons included in the LitHiR Programme during the years 2009–2017.

diabetes mellitus and metabolic syndrome) and
their trends from 2009 to 2017 is presented in
Fig. 4.

Arterial hypertension
AH is the increased BP disease that leads to

target organ damage [11]. AH is diagnosed when
systolic office BP is ≥ 140 and/or diastolic office
BP is ≥ 90 mmHg measured [11]. Systolic BP ≥
130 mmHg and/or diastolic BP ≥ 85 mmHg were
considered to be abnormal when examining sub-
jects with metabolic syndrome.

Since the arteries supply blood to the vital or-
gans, higher BP means higher chance of devel-
oping cardiovascular or cerebrovascular disease
as well as renal function impairment. Changes
in blood pressure are influenced by age, gender,
blood lipid levels, smoking and other risk factors
that lead to CVD progression [11]. It is important
to mention that AH is not an isolated CVD risk
factor. Since concomitant risk factors increase the
overall CVD risk, a strict control of all risk factors
is required [11].

The prevalence of AH in 2015 was found to be
around 30–45% among adults [12]. The CV risk
increase in patients with hypertension is partially
attributed to the fact that many individuals do
not even know that their BP is elevated and those

who know do not have symptoms and therefore
do not comply to treatment. The symptoms com-
monly are not present until the damage in the
heart, blood vessels, and other organs is obvious.
AH is the most important modifiable risk factor
for CVD development. Therefore, AH treatment
is of key importance for reducing the CVD risk.

Analysis of the results of the LitHiR Programme
from 2009 to 2017 shows that the prevalent cases
of AH in the primary prevention units are grad-
ually declining (Fig. 5). However, even though
the incidence of AH among middle-aged partici-
pants of the LitHiR Programme has decreased, the
prevalence of AH across Lithuanian general popu-
lation is still significantly higher than in the USA
or western European countries.

In the past, the optimal AH control in Lithua-
nia constituted a tiny portion of all AH cases. Ac-
cording to the data of CINDI (Countrywide Inte-
grated Noncommunicable Diseases Intervention)
study, in 2007, the target values for blood pres-
sure were reached only in 2.6% men and 5.3%
women [13] (Fig. 6, left block). Following the
introduction of the LitHiR Programme, BP con-
trol among middle-aged subjects has significantly
improved, reaching 24.2% in 2017 (Fig. 6, right
block).
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Figure 6. The improvement in AH control: optimal AH control in 1987 to 2007 (CINDI data [11]) and among the LitHiR
Programme participants in 2009 to 2017.

Figure 7. The use of antihypertensive drugs in Lithuania.

The prevalence of AH in Lithuania is higher
than in the USA or economically developed Euro-
pean countries. In the years 1987, 1993, 1999 and
2007, the prevalence of AH among Lithuanian
countrymen aged 25–64 years was, respectively,
62.2%, 57.9%, 59.3% and 60.3% among men and
51.2%, 52.4%, 42.1% and 44.6% among women
[13]. According to the results of the LitHiR Pro-
gramme, between the years 2009 and 2017, the
prevalence of AH has decreased from 65.0% to
50.3% in women, and from 51.0% to 43.1% in
men (Fig. 5).

The participants of the LitHiR Programme are
informed about the benefit of reducing the salt
intake, the hazards of smoking and excessive al-
cohol consumption, and about adopting other
life-style modifications as needed. They are ad-
vised to lose weight with emphasis on the impor-
tance of increasing physical activity. The goal of
reaching an optimal BP control would be greatly
facilitated by introducing governmental policies
that restrict the salt levels in the foods available
on Lithuanian market.

Likewise, greater attention needs to be paid
to the continuous use of the blood pressure
lowering drugs. The choice of antihypertensive
medicine in Lithuania is broad enough to al-
low for the treatment regimens that take into
account patient’s needs and concomitant dis-
eases. Until recently, the availability of anti-
hypertensive medicines (including polypill) in
Lithuania was one of the best in Europe. At
the present time, the following drug classes are
used in the polypill combinations for treatment
of AH in Lithuania: beta blockers (BB) in
12.2, angiotensin-converting enzyme (ACE) in-
hibitors in 51.7, angiotensin II receptor blockers
(ARB) in 58.4, calcium channel blockers (CCB)
in 68.0, diuretics – in 70.2 percent of cases
(Fig. 7).

As the result of starting the LitHiR Programme,
we observe trends toward younger men and
women being first prescribed an antihyperten-
sive drug (Fig. 8). This suggests that younger
subjects are becoming more aware of AH treat-
ment.
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Figure 8. The average age for men and women first prescribed with antihypertensive treatment (source: I. Lisauskienė PhD
thesis “Changes in cardiovascular medicines utilization and morbidity and mortality from cardiovascular disease in Lithuania”,
2017).

Figure 9. Trend of dyslipidaemia incidence (%) among the participants of the LitHiR Programme during the years 2009–2017.

The age of newly treated individuals declined
each year, with the overall average age decrease
from 60.3 years in 2004 to 54.5 years in 2012, the
average age in women decreasing from 62 years
to 56 years (p < 0.001) and the average age in men
decreasing from 58 to 52.8 years, p < 0.001 (Fig. 8)
[14].

Frequent changes in the physician’s treatment
plan, improper use of antihypertensive medicine
by the patients, and low adherence to complex
treatment schemes remain the main problems of
AH treatment in Lithuania.

The data of Vilnius University Hospital San-
taros Clinics shows that about 60% of patients
in whom a drug-resistant AH is diagnosed and
who therefore end up being prescribed more than
three different antihypertensive drugs, are in fact
not drug-resistant. The problem often lies in the
prescription of inadequate drug combinations or
low compliance due to the inconvenience of tak-
ing multiple pills. The use of the polypill (fixed
drug combinations), which has been made avail-
able in the recent decade, has especially improved
patients’ adherence to treatment. Likewise, the ef-
fects of these fixed combinations are more potent

and have milder side effects than multiple differ-
ent pills.

Dyslipidaemia
Dyslipidaemia is a major risk factor for the

development of CVD. The lowering of the LDL
cholesterol by 2 mmol/L has been shown to re-
duce CVD risk by 45% [15]. According to the
LitHiR Programme data, the extent of dyslipi-
daemia among middle-aged individuals is epi-
demic: about 90% of the middle-aged persons
participating in the LitHiR Programme have dys-
lipidaemia (Fig. 9). Correspondingly, an increase
in total cholesterol and LDL cholesterol was
found in approximately 90% of middle-aged
LitHiR Programme participants without overt
CVD (Fig. 10) [16]. Average value of total choles-
terol was 6.06 ± 1.18 mmol/L, LDL cholesterol
3.86±1.03 mmol/L, TG 1.53±0.98 mmol/L, HDL
cholesterol 1.51± 0.42 mmol/L.

In the evaluation of the prevalence of dyslip-
idaemia among the LitHiR Programme partici-
pants during 2009–2017, the results are similar
and there is no clear downward trend. Therefore,
it can be concluded that the prevalence of dys-
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Figure 10. The prevalence of dyslipidaemia in the participants of the LitHiR Programme (%): (LDL – low density lipoprotein,
HDL – high density lipoprotein) (source: E. Rinkuniene PhD thesis “The identification of patients at high-risk of cardiovascular
disease and the optimization of methods of active primary prevention”, 2014).

Figure 11. Distribution of LDL levels in middle-aged Lithuanian adults during the years 2009–2016.

Figure 12. Differences in the LDL-C levels in the middle-aged Lithuanian men and women during the period 2009–2016.

lipidaemia is not decreasing and that its preven-
tion and treatment is inadequate. Consequently,
dyslipidaemia in Lithuania remains a poorly con-
trolled risk factor. Given the prevalence of dys-
lipidaemia in Lithuania, and the benefits of its
treatment for the primary prevention, no effort
should be spared in timely diagnosing and ade-
quately treating dyslipidaemia. This accords with
the most recent 2016 European CVD prevention
guidelines which underline the importance of
dyslipidaemia correction [4].

According to the data of the LitHiR Program-
me, 19.8% of subjects without overt cardiovascu-
lar disease (n = 18290, 49.6% women and 50.4%

men, p < 0.01) had LDL less than 3 mmol/l. From
2009 to 2016, a significant decrease in number
of subjects with normal LDL (< 3 mmol/l) lev-
els was observed in the whole study population
(from 21.9% to 19.3%, p = 0.001) and both gen-
der groups (men’s group from 25.5% to 22.9%,
p = 0.001, women’s group from 19.7% to 16.1%,
p = 0.001). The distribution of LDL levels in the
middle-aged Lithuanian adults over the period of
2009–2016 is shown in Fig. 11. In the study pop-
ulation, LDL > 3 mmol/l was more frequently de-
termined in women compared to men (Fig. 12).

Sixty-nine percent of participants (n = 63644,
61.4% women and 38.6% men, p < 0.01) had
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Figure 13. Distribution of TG levels in middle-aged Lithuanian adults during the period 2009–2016.

Figure 14. Differences in TG levels in the middle-aged Lithuanian men and women during the period 2009–2016.

the concentration of triglycerides less than 1.7
mmol/l. During the period 2009–2016, the preva-
lence of normal TG levels (< 1.7 mmol/l) de-
creased from 69.7 to 69.1% (p < 0.001) in all study
participants. This pattern was confirmed in men
(from 64.1% to 63.6%, p = 0.002), but mean TG
values remained constant in women (from 73.0%
to 74.0%, p = 0.778). The distribution of different
TG levels in the middle-aged Lithuanian popula-
tion over the period of 2009–2016 is shown in
Fig. 13. TG levels < 2.3 mmol/l were more com-
monly found in women, while TG > 11.2 mmol/l
were more common among men (Fig. 14).

Severe dyslipidaemia was diagnosed in 13.4%
of study subjects. Severe dyslipidaemia was more
prevalent among women compared to men.
When assessing the trends of prevalence of severe
dyslipidaemia from 2009 to 2016, the prevalence
decreased from 12.2% in 2009 to 11.6% in 2016
(p < 0.013).

Severe hypercholesterolemia (LDL ≥ 6 mmol/l)
was detected in 3.2% (n = 2956) of subjects, while
severe hypertriglyceridemia (TG ≥ 4.5 mmol/l)
was observed in 2.0% (n = 1827) of subjects. The
prevalence of severe hypercholesterolemia in the
overall population decreased from 2.9% to 2.8%
(p = 0.003) while the prevalence of severe hy-
pertriglyceridemia increased from 2.2% to 2.3%

(p = 0.001) in the period of 2009–2016 in Lithua-
nia.

In the Programme population, 8.1% of the
participants (54.5% women and 45.5% men)
had atherogenic dyslipidaemia (TG > 1.7 mmol/l
combined with HDL < 1.2 mmol/l in women and
< 1.0 mmol/l in men). Normal levels of HDL were
observed in 42.8% of subjects, whereas 43.6% had
high concentrations of HDL, and 13.7% had low
HDL.

Beside lifestyle and diet modification, the treat-
ment of dyslipidaemia with statins is essential.
It is largely due to the initiative of the LitHiR
Programme that the Lithuanian Health Ministry
and the Health Insurance Fund operators started
to reimburse the lipid profile blood test in the
primary care centres in 2005, and initiated a sub-
stantial reimbursement of statins not only for sec-
ondary but also for primary prevention in 2015.
As a result, the use of statins has become widely
available. It should be highlighted that until re-
cently Lithuania was way behind the developed
countries in respect to an adequate prescription
of statins, the general population unreflectively
accepting the myths of the alleged harms and
neglecting the benefits of these thoroughly inves-
tigated medicines. The continued efforts of the
medical professionals involved in the LitHiR Pro-
gramme helped to overcome this backlog. The ef-
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Figure 15. Trends in the prevalence of any type of severe dyslipidaemia among middle-aged Lithuanian adults from 2009 to
2016.

Figure 16. The usage of statins in Lithuania with new reimbursement arrangements (source: PharmaZOOM 2018 02). DDD –
defined daily dose.

ficiency of preventive measures would be even
more bolstered if medical professionals in the pri-
mary care institutions and specialized prevention
units would work in teams including a physician,
medical nurse and assisting public health profes-
sional. It can be expected that the development of
healthy lifestyle skills and an adequate treatment
with statins will help to halt the dyslipidaemia
epidemic and further reduce the CVD risk among
middle-aged subjects in the coming years.

The use of statins in Lithuania is lagging be-
hind the neighbouring countries, Latvia and Es-
tonia [17], but started to increase each year, espe-
cially in 2016 and 2017 (Fig. 16).

A significant improvement in statin reimburse-
ment increased the prescription and use of these
medications in Lithuania: in 2017 it reached 36
statin doses per thousand population daily. In
other Eastern and Central European countries,
such as the Czech Republic or Slovenia, this rate

is over 100, while in Western Europe or the US the
rate is around 120 statin doses per thousand pop-
ulation daily. Hence, we are still lagging behind
the other countries by up to 4 times.

The reduction of deaths from the CVD world-
wide is closely related to the use of statins
(Fig. 17).

It is of key importance that these antiathero-
sclerotic medications have become widely avail-
able not only for secondary prevention but also
for primary prevention (Fig. 18).

Smoking
Smoking is another important modifiable CVD

risk factor. According to the World Health Or-
ganization, smoking annually causes over 1.6
million of premature deaths. In the EU, smok-
ing kills over 650 000 people every year. Sub-
stances in tobacco smoke cause thrombosis and
atherosclerosis, leading to the increased risk of
myocardial infarction, sudden death, stroke, aor-
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Figure 17. Statin usage and deaths from cardiovascular disease (CVD – cardiovascular disease, IHD – ischaemic heart disease)
(source: 1. Health Information Centre, Institute of Hygiene, Ministry of Health of the Republic of Lithuania. Causes of death
from 2012 to 2017 years. 2. PharmaZOOM 2018 02). DDD – defined daily dose.

Figure 18. The use of reimbursed statins grew mainly in the subjects participating in the LitHiR Programme (men 40–55,
women 50–65 years old). (source: SoftDent 2018). CVD – cardiovascular disease, IHD – ischaemic heart disease, CHD – coronary
heart disease. The International Statistical Classification of Diseases and Related Health Problems, Tenth Revision, Australian
Modification (ICD-10-AM) was used to assign codes to diseases.

tic aneurysm and peripheral artery disease (PAD).
Current smokers have significantly increased risk
of incident heart failure [18]. Also, tobacco smok-
ing can lead to a greater risk of a dangerous heart
rhythm problem such as atrial fibrillation [19].

Cigarette smoking has been shown to be asso-
ciated with the development of acute thrombotic
events [20]. This is confirmed by the statistical
data which indicates that 50% of acute myocar-
dial infarction cases in young and middle-aged
individuals can be attributed to smoking-induced
thrombosis [21]. Likewise, current smokers have
been shown to have a 2.7-fold increased risk of

myocardial infarction [22]. In addition, smokers
have a higher probability of recurrent myocar-
dial infarction [23]. The meta-analysis demon-
strated an interesting fact that smoking only one
cigarette a day increases a risk of developing CVD
and there is no safe level of smoking with respect
to the development of CVD [24].

Smoking cigarettes 4-fold increases the risk
of PAD development, and PAD symptoms in
smokers manifest about a decade earlier than in
non-smokers [25]. Compared with non-smokers,
smokers are more prone to limb amputation,
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Figure 19. The prevalence of smokers (%) among the participants of the LitHiR Programme during the years 2009–2017.

have a decreased artery bypass graft efficacy and
poorer survival rates [25].

In addition, cigarette smoking is a risk factor
for ischaemic and haemorrhagic strokes and sub-
arachnoid bruising. The risk of having a stroke in
smokers is 2–4 times greater in comparison with
non-smokers or subjects who had stopped smok-
ing for more than 10 years [26].

It has been shown that even the passive smok-
ing increases a risk of CVD morbidity and mortal-
ity by 25–30% [27].

In 2007 smoking in public places was banned
in Lithuania, and the ban on smoking in vehi-
cles near persons under 18 years and/or pregnant
women came into force in 2015. These prohibi-
tions allowed for decreasing the rates of smoking
in Lithuania. In recent years, however, the num-
ber of smokers is increasing again, among both
men and women, as shown by LitHiR Programme
data analysis (Fig. 19).

The number of smokers in Lithuania has de-
creased significantly over the last 12 years. Over
the period of 2000 to 2010, smoking prevalence
among men has decreased from 52% to 34%.
Smoking prevalence among women remained al-
most unchanged and 15% of women smoked in
2010. This situation was mainly determined by
the public prevention measures, such as smok-
ing ban which has been in force since 2007 and
prohibits tobacco smoking in public places. How-
ever, according to our study, smoking prevalence
has increased (19.3% in 2009, 21.2% in 2010,
22.9% in 2011, 22.7% in 2012; p < 0.001). This
was mostly influenced by the growing number of
smoking women (from 7.4% in 2009 to 9.4% in
2012). Despite the fact that the number of smok-
ing men was higher than of women, the preva-
lence of smoking among men has not changed
significantly from 2009 to 2012 (39.4 in 2009,
39.6 in 2012). This shows that a problem of to-
bacco smoking has not yet been resolved and
there is a need for further aggressive efforts made
by doctors, the state and society in order to limit
the spread of this important risk factor.

Smoking cessation is the most economically
advantageous strategy for preventing CVD. After
10 to 15 years after smoking cessation, atheroscle-
rotic plaques are reduced, and CVD risk becomes
similar (but not identical) to that of the non-
smokers. In patients with the history of heart
attack, smoking cessation decreases the risk of
death from CVD by 36% over a two-year period.
Thus, the maximum effect of smoking cessation
occurs after a few years.

Nicotine addiction is a chronic disease which
often requires a close follow-up by the health
care professionals and, on the part of the sub-
ject, repeated attempts to stop smoking. The like-
lihood of the tobacco smoking cessation increases
when conventional medical treatment (replace-
ment nicotine therapy, varenicline) is combined
with counselling, such as individual or group
cognitive behavioural therapy. Family physicians
and other medical professionals should inform
smokers about the existence of effective treat-
ment methods and refer them to a nicotine addic-
tion treatment centre. In the light of foregoing,
smoking cessation treatment demands uniting ef-
forts on both sides, the patient treated and the
health care team.

Obesity, metabolic syndrome and diabetes
In the last decades, we observe a worldwide

overweight and obesity epidemic, which has been
styled as “global obesity”. According to the World
Health Organization data released in 2008, 1.5
billion of adults, 20 years old and older, are over-
weight (BMI = 25.0–29.9 kg/m2). Among them,
there are 200 million men and almost 300 million
women who are obese (BMI > 30 kg/m2). This ex-
ceeds the number of people who are undernour-
ished and have lower than normal body weight
[28].

In Lithuania, high and very high-grade obe-
sity affects about 62.6 thousand individuals [29].
This is one of the most important risk factors
for CVD and various other diseases. The LitHiR
Programme has shown that the incidence of obe-
sity is gradually decreasing from 2009 to 2017.

25



Seminars in Cardiovascular Medicine, 2019; 25:14–39 e-ISSN 1822-7767

Figure 20. Prevalence of obesity (%) among the participants of the LitHiR Programme during the years 2009–2017.

Figure 21. Prevalence of metabolic syndrome (%) among the participants of the LitHiR Programme during the years 2009–2017.

The number of obese women declined from
58.0% to 51.2% and the prevalence of obese men
decreased from 29.2% to 26.7% (Fig. 20).

Cardiometabolic risk is especially high when
body weight increase is more than 30% above
normal, dominates abdominal obesity (the accu-
mulation of fat on the waist), and these disad-
vantageous types of obesity are combined with
dyslipidaemia (increased triglycerides and/or de-
creased HDL cholesterol), impaired glucose meta-
bolism, and elevated blood pressure. These fea-
tures comprise what is called metabolic syndrome
(MS), sometimes nicknamed as a “deadly quar-
tet”. It has been established that MS in middle-
aged men increases the odds of CV death from
2.6 to 3 times and the odds of general mortal-
ity from 1.9 to 2.1 times [30]. In addition, MS
five times elevates the risk of diabetes [31]. Ac-
cording to the results of the LitHiR Programme,
the relative downward trend of incidence of MS
is observed from 2009 to 2017 in the population
studied (Fig. 21).

If the individual components of MS are not
assessed, the risk of MS subjects can be easily un-
derestimated: commonly such subjects are auto-
matically assigned to the intermediate risk group
[4]. To prevent this oversight and to reduce the
related long-term health care costs, LitHiR Pro-
gramme dedicates special attention to MS sub-

jects. All subjects, diagnosed with MS or diabetes
mellitus at the primary care level, are referred to
the specialized prevention unit for a thorough
risk assessment.

Type 2 diabetes mellitus is another signifi-
cant risk factor for CVD. Patients with DM have
early microvascular and macrovascular complica-
tions: atherosclerotic vascular lesions, increased
risk of acute cardiovascular events, renal, ocular
and nerve damage. Notably, complication-related
treatment expenses have the greatest share in the
DM overall treatment costs. Furthermore, almost
3.2 million people in the world die due to dia-
betes complications annually.

Type 2 DM accounts for about 90% of all in-
stances of diabetes mellitus. It has become one
of the main causes of premature death, mainly
due to CVD, in about 80% of these patients.
The LitHiR Programme data from 2009 to 2017
demonstrates a steady presence of type 2 DM
in Lithuania, with the prevalence of about 10%
every year (Fig. 22). The combined efforts of
family physicians, diabetologists, endocrinolo-
gists, and cardiologists should be directed at a
more accurate evaluation, treatment, and compli-
cation management of this life-threatening car-
diometabolic disease.
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Figure 22. The prevalence of type 2 diabetes mellitus (%) among the participants of the LitHiR Programme during the years
2009–2017.

Figure 23. The number of comprehensive cardiovascular assessment visits in the specialized prevention units during the years
2006-2017 (source: National Health Insurance Fund).

The LitHiR Programme data on the
comprehensive cardiovascular assessment
measurements and results in the specialized
prevention units

According to LitHiR Programme, subjects in
whom high or very high cardiovascular risk,
type 2 DM, or MS are identified at the pri-
mary care level are referred to specialized pre-
vention units (SPU) for a comprehensive cardio-
vascular assessment: an electrocardiogram stress
test, cardiac and vascular ultrasound, arterial
wall studies (measurements of arterial stiffness
and endothelium-dependent vasodilatation), and
additional laboratory testing, including high-
sensitivity C-reactive protein (hs-CRP). In total,
80 471 such assessments were carried out in SPU
for 5.9% of the whole LitHiR Programme popu-
lation from the year 2006 to 2017 (Fig. 23). The
aim of this programme is to increase availability
of such a specialized assessment by providing it to
no less than 10% of the subjects screened accord-
ing to the LitHiR inclusion criteria at the primary
prevention units and to patients with suspected
familial dyslipidaemia and resistant arterial hy-
pertension in all age groups.

The comprehensive specialized assessment de-
scribed above leads to identifying early athero-

sclerotic arterial lesions and/or previously undi-
agnosed CVD as well as subjects with high and
very high CVD risk and elevated cardiometabolic
risk (MS plus additional risk factors) and apply-
ing the necessary measures of educating patients
and prescribing an intensive CVD prevention and
treatment. Primary prevention units are also in-
formed about the assessment results and preven-
tion and treatment recommendations for each
patient. In 1–2 years, re-examining of these sub-
jects in SPU is recommended in order to evaluate
the effectiveness of prescribed CVD prevention
and treatment measures.

In the SPU, the cardiometabolic risk of sub-
jects with MS is reassessed. In order to strat-
ify the risk, rule out CVD and identify opti-
mal preventive strategy, additional instrumental
studies evaluating early vascular aging (carotid
intima-media thickness measurement, peripheral
and aortic stiffness tests) as well as additional lab-
oratory tests were performed.

In a large proportion of MS subjects, besides
the presence of 3, 4 or 5 components of MS, ad-
ditional risk factors have been found (Fig. 24).

At least one additional CVD risk factor was
found in 98.8% of patients with established MS.
Therefore, the assessment of patients at the SPU
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Figure 24. Additional risk factors co-existing with metabolic syndrome components (LDL cholesterol – low density lipoprotein
cholesterol, hs-CRP – high sensitivity C-reactive protein, PWV – pulse wave velocity).

Figure 25. Comparison of the event-free survival rates in subjects with PWV < 8.6 m/s and ≥ 8.6 m/s.

allows for reclassifying a large portion of indi-
viduals with established MS from intermediate to
high CVD risk group.

High-sensitivity C-reactive protein is a key
prognostic marker for an increased risk of CVD.
We have found that it was elevated in 46% of the
cases investigated.

Left ventricular hypertrophy and/or an en-
largement of the left atrium is another finding
associated with a significant increase in cardio-
vascular risk. According to LitHiR data, in subjects
with MS, left ventricular hypertrophy was present
in 49.8% and left atrium enlargement was found
in 48.7% of cases.

Scientific literature demonstrates that the pres-
ence of early vascular aging (EVA) significantly
deteriorates cardiovascular prognosis. The main
measure for the assessment of EVA is aortic pulse
wave velocity (PWV). A meta-analysis of seven-
teen long-term observation studies, which evalu-
ated 15 877 individuals with observation time of
7.7 years, revealed that the increase in PWV by
1 m/s is related to the increase of cardiovascular
risk by about 10% [32].

The follow-up study of 3.9 ± 1.7 years, carried
out in 2728 LitHiR participants repeatedly exam-
ined at the SPU, has demonstrated that the CVD
risk significantly increases when aortic PWV ex-
ceeds 8.6 m/s (Fig. 25).
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The results of the LitHiR Programme demon-
strated that there were 46.9% subjects with ele-
vated aortic stiffness (PWV > 8.6 m/s). The results
suggest that the evaluation of early atherosclero-
sis, assessed as aortic PWV and carotid intima-
media thickness, enables to reclassify MS patients
from medium to high CVD risk and, correspond-
ingly, to apply a more adequate preventive treat-
ment. The presence of additional risk factors
(such as vascular markers of early atherosclero-
sis) alongside with MS components indicates that
subject has elevated cardiometabolic risk, which
is equivalent to high CVD risk category.

Several studies in patients with elevated CV
risk demonstrate that there is a significant corre-
lation between the various indices of arterial stiff-
ness (PWV, cardio-ankle vascular index, augmen-
tation index) and the left ventricular diastolic
dysfunction. Since left ventricular diastolic dys-
function is considered to be an early preclinical
marker of cardiovascular disorders which cause
heart failure over time, the determination of the
pathogenetic factors for left ventricular diastolic
dysfunction is of key importance for choosing an
optimal medical treatment.

According to the analysis performed in 1208
LitHiR subjects with MetS, left ventricular dias-
tolic dysfunction in these subjects is highly preva-
lent (75.7%, n = 915 of study subjects). Further-
more, the carotid-femoral PWV was found to
be a significant independent prognostic marker
of the left ventricular diastolic dysfunction. The
risk was for diastolic dysfunction and early heart
failure with preserved ejection fraction was also
increased by age and obesity. There were 95%
overweight subjects (BMI > 25 kg/m2) and 60%
had BMI > 30 kg/m2. Subjects with left ventric-
ular diastolic dysfunction displayed higher BMI
and waist circumference.

According to the results of longitudinal obser-
vation (follow-up duration 3.8 ± 0.6 years), the
increase in carotid-femoral PWV and aortic aug-
mentation index was strongly associated with
negative trend of left ventricular diastolic func-
tion. It should be noted that carotid-femoral PWV
was more closely correlated with the left ven-
tricular diastolic function parameters than other
indices of arterial stiffness, namely, augmenta-
tion index, cardio-ankle vascular index, and aor-
tic pulse pressure. The results of longitudinal ob-
servation allowed better understanding of the re-
lation between arterial stiffness and left ventricu-
lar diastolic dysfunction.

The lifestyle changing strategy, in particular,
diet modification and adequate physical activity,
play a key role in fighting MS and its conse-
quences. The study carried out in LitHiR patients
at Vilnius University Hospital Santaros Klinikos,

has demonstrated that 8-week heart rate con-
trolled aerobic physical training significantly im-
proved cardiometabolic risk [33]. It is appropri-
ate, therefore, to consider the reimbursement
of 8-week supervised aerobic physical training
programme on outpatient basis one time per
year. The subsequent step in improving the car-
diometabolic status of the MS subjects would be
an implementation of the self-monitored physi-
cal training program, which uses tracking from
home. Such a policy of aerobic physical training
carried out under medical supervision would en-
able a “break” in changing a lifestyle and would
motivate MS subjects to continue physical work-
outs throughout the year. Now we are creating
the environment for home-based physical train-
ing for MS subjects and the possibility of remote
monitoring of their training results.

The tools of cardiovascular risk assessment in
metabolic syndrome subjects

Cardiovascular risk assessment, which is per-
sonalized and repeatedly performed, serves the
clinician in assessing the patient’s risk and defin-
ing the treatment goals, monitoring the effort
and effect, as well as motivating and engaging
patients in the process. While initial risk as-
sessment plays an important role in initiating
the prevention strategy, a regular risk reassess-
ment allows for further strategy adjustments and
drives patients’ motivation to engage in the pro-
cess. Patient engagement and empowerment are
means to increase population involvement and
adherence to recommendations, better lifestyle
choices, pursuing clinical goals which potentially
translate to reduction in mortality and morbidity.

Studies of a number of chronic conditions,
such as DM, report high CVD risk despite the
value of existing validated and widely used risk
assessment tools [34]. There is an increasing num-
ber of evidences that this exponentially growing
population with MS, has a risk assessment mea-
sured incorrectly using the usual common risk
assessment algorithms developed and improved
mostly in isolated 1970–1980 populations, de-
spite the subsequent adaptation of risk scales. Re-
cent studies report that unhealthy lifestyle, low
physical activity, poor diet and stress are leading
to higher chronic condition prevalence globally,
including MS [35]. Data from clinical observa-
tions confirm that widespread, verified risk assess-
ment measures are not tailored to the risk assess-
ment in the growing population of people with
MS or DM, potentially wrongly classifying these
patients to high or low risk groups [35–37].

Published data confirm that most of the US risk
assessment models of external validation, and the
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risk scores in the European cohorts, overestimate
the risk in our group of patients.

A quarter of our planet’s population is esti-
mated to have MS [35,38]. Although MS is not an
absolute risk indicator for CVD, in people with
this syndrome, data report a CVD risk increase up
to 100% comparing MS to non-MS [31].

According to the LitHiR data analysis, in sub-
jects with MS, the actual cardiovascular risk sig-
nificantly differs from that calculated by the
Reynolds risk assessment tool in nearly all the
decimal places. The Hosmer-Lemeshow (H-L)
test confirmed that this model is not suitable
for accurate risk assessment. Furthermore, the
well-established risk calculator from the 1998
Framingham’s risk assessment score has been
shown to have some deviations, not consis-
tent throughout the risk groups. Same find-
ings were observed with respect to other score
risks, namely, IAS-Agla (”Arbeitsgruppe Lipide
und Atherosclerosis”), PROCAM, and FRS1. The
Framingham Adult Treatment Panel III, a risk
calculation model in different decimal places
showed different fluctuations, but the test result
showed a rather good fit for the models. The
H-L test for the risk calculator in the widely used
SCORE has shown to have an intermediate suit-
ability of the risk assessment (p = 0.301). Based on
the results obtained, it has been found that the
risk of cardiovascular events, measured by these
algorithms, does not accurately identify the fu-
ture number of cardiovascular events for patients
with MS (study submitted for publication). Thus,
some cardiovascular risk assessment models se-
lected for analysis are better than others, but no
results were sufficiently accurate. Therefore, we
proposed that, in MS subjects, the criteria for the
risk assessment, along with the MS components,
should include additional risk factors, thus mak-
ing possible the estimation of cardiometabolic
risk.

Program evaluation in terms of prevalence and
mortality trends

Since CVD is the leading cause of morbidity
and mortality in Lithuania and Europe, a proac-
tive CVD prevention, that is, an identification
of high cardiovascular risk subjects and the sub-
sequent choice of the optimal preventive treat-
ment strategy are of high importance in modern
medicine. According to the World Health Orga-
nization, CVD on the European continent is the
leading cause of death. In the European Union
the high incidence of CVD and associated work
incapacity result in a cost of 169 billion Euros per
year [39].

The LitHiR Programme made a positive effect
on CVD mortality in middle-aged subjects in
Lithuania. The overall decline in CVD mortality
among 45–65-year-old subjects (Fig. 26) is seen
throughout the LitHiR Programme. Mortality rate
decreased by more than one third (36.9%) in the
last 10 years.

The statistics of the past decade reveal that de-
spite the decreasing mortality rate, the prevalence
of CVD tended to increase until 2014 (24.4%),
and during the last three years the prevalence
of CVD declined slightly, decreasing by 3.6%
(Fig. 27). This decrease can be linked to a signif-
icant improvement in arterial hypertension con-
trol, decreasing frequency of MS, and to the grad-
ual increase in statin consumption. The early
manifestation of atherosclerosis and poor dyslip-
idaemia control remain the major problems in
clinically oriented primary prevention in Lithua-
nia. It is important to note that CVD still af-
fects nearly every third person 45–65 years of age
(30.9%).

The highest prevalence and mortality rates of
cardiovascular diseases are caused by ischemic
heart disease and stroke. In Lithuania, the mor-
tality rate of ischemic heart disease has been one
of the largest in Europe and it surpasses the Eu-
ropean Union average 4.4 times. The mortality
rate of strokes in Lithuania exceeds the European

Figure 26. Mortality rates from cardiovascular diseases per 100 000-population aged 45–64 years during 2007–2017 (source:
Health Information Centre, Institute of Hygiene, Ministry of Health of The Republic of Lithuania).
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Figure 27. Prevalence of cardiovascular diseases per 100 000 population aged 45–64 years during 2007–2017 (source: Health
Information Centre, Institute of Hygiene, Ministry of Health of The Republic of Lithuania).

Figure 28. Prevalence of ischemic heart disease per 1000 population aged 45–64 years during 2007–2017 (source: Health
Information Centre, Institute of Hygiene, Ministry of Health of The Republic of Lithuania).

Figure 29. Prevalence of stroke per 1000 population aged 45–64 years during 2007–2017 (source: Health Information Centre,
Institute of Hygiene, Ministry of Health of The Republic of Lithuania).

Union average about 2.7 times. When specifying
cardiovascular morbidity, it was observed that the
prevalence of ischemic heart disease (Fig. 28) and
stroke (Fig. 29) was decreasing, starting from 2012
and onwards. The prevalence of ischemic heart
disease decreased by a quarter (24.8%) and the
prevalence of stroke by almost a fifth (17.7%).

The highest prevalence and mortality rates
of cardiovascular diseases are determined in the
working age groups (from 45 to 65 years). These
findings represent an important economic bur-
den in the state of Lithuania. Therefore, the ef-
fective CVD prevention and proper treatment of

early CVD manifestations should be prioritized in
the health care system.

Conclusions
As a result of the ongoing LitHiR Programme,

and on the account of the ongoing educational
activities in preventive medicine, which encour-
age people to focus on CVD risk, more people are
now committed to modification of CVD risk fac-
tors and CVD treatment.

The future plans for the LitHiR Programme en-
tail the development of the team-based approach,
where physicians, nurses, and public health care
professionals would work together with the di-
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etitians and the physical therapy and rehabili-
tation specialists. With the higher availability of
the anti-hypertensive and anti-lipid medications
already achieved, it is possible to reach a signifi-
cant reduction in high blood pressure and effec-
tively treat dyslipidaemia. Focusing on smoking
prevention, promotion of healthy nutrition and
physical activity are the key points of the strategy
that cannot be implemented without the signifi-
cant contribution of the state authorities.
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Petrulionienė, moksl. konsultantas prof. A. Laucevičius. –
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Addendum. Published papers on the subject

1. Articles
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Bekaert S, Cockcroft JR, et al. Arterial stiff-
ness and influences of the metabolic syn-
drome: A cross-countries study. Atherosclero-
sis 2014;233(2):654–660.
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pažeidimo paplitimas nacionalinėje patikros
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sytė J, Rinkūnienė E, Ryliškytė L, et al. Diag-
nostic value of electrocardiogram stress test-
ing in patients with metabolic syndrome.
Seminars in Cardiovascular Medicine 2015;
21:9–15.

35



Seminars in Cardiovascular Medicine, 2019; 25:14–39 e-ISSN 1822-7767

8. Slivovskaja I, Bužinskaitė J, Ryliškytė L, Bal-
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