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Abstract

The aim of this study was to provide reliable information on dyslipidaemias, to estimate the trend of the prevalence of
dyslipidaemias and other selected cardiovascular disease (CVD) risk factors at population level, and to evaluate the risk of
all-cause and CVD mortality in relation to presence of mixed dyslipidaemias and other CVD risk factors.

Methods: Data from the five surveys (1983–2008) are presented. A random sample of 9,209 subjects aged 45–64 was
selected for statistical analysis. During follow-up there were 1653 death cases from any cause, 864 deaths from CVD.
Estimates of hazard ratios (HR) and 95% confidence intervals (CI) were based on the multivariate Cox proportional hazards
regression for all-cause mortality and CVD mortality.

Results: During 25 year period the prevalence of normal total cholesterol level (,5.2 mmol/L) significantly increased only in
women; triglycerides and high density lipoprotein (HDL) cholesterol did not change in men and women. Findings in our
longitudinal study showed that in men and women mixed dyslipidaemias (HDL cholesterol ,1.03 mmol/L plus triglycerides
$1.70 mmol/L) significantly increased the risk for all-cause and CVD mortality (respectively in men HR = 1.30; HR = 1.15, in
women HR = 1.83; HR = 2.13). These mixed dyslipidaemia combinations combination with the other risk factors such as
arterial hypertension, high fasting glucose level increased all-cause and CVD mortality risk in men and women; while, these
mixed dyslipidaemias plus smoking increased all-cause and CVD mortality risk only in men compared to never smokers
without these dyslipidaemias (respectively HR = 1.89; HR = 1.92); and these dyslipidaemias plus obesity increased all-cause
and CVD mortality risk in women (respectively HR = 2.25; HR = 2.39) and CVD mortality risk in men (HR = 1.72), as compared
to responders without obesity and these dyslipidaemias.

Conclusion: Mixed dyslipidaemias (reduced HDL cholesterol plus elevated triglycerides) significantly increased the risk for
all-cause and CVD mortality in this Lithuanian population aged 45–64 years.
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Introduction

Cardiovascular disease (CVD) is now the leading cause of death

worldwide; it is on the rise and has become a true pandemic that

respects no borders [1]. In Lithuania, CVD incidence and

mortality rates both among men and women are higher than in

most European countries, especially when compared to high-

income western European countries [2,3]. In 2010, the age

standardized mortality from coronary heart disease (CHD) for

Lithuanian men aged 25–64 years was 198.2 per 100 000

population and for women 44.0 per 100 000 population, while the

average rate in the European Union was 102.0 per 100 000

population for men and 24.8 per 100 000 population for women of

comparable age [4]. Dyslipidaemias represent one of the major of

known CVD risk factors [1]. Hence, European guidelines for

reducing CVD risk and current clinical practice guidelines main

focus on lowering serum levels of total cholesterol and low density

lipoprotein (LDL) cholesterol [5]. However, other lipids abnor-

malities such as low serum levels of high-density lipoprotein (HDL)

cholesterol and elevated levels of triglycerides also increase the risk

PLOS ONE | www.plosone.org 1 June 2014 | Volume 9 | Issue 6 | e100158

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0100158&domain=pdf


of CVD [6–9]. Serum levels of HDL cholesterol and triglycerides

tend to be inversely correlated, likely reflecting their respective

participation in lipid transport and reverse cholesterol transport

[10]. This suggests that the separate dyslipidaemias of low HDL

cholesterol and elevated triglycerides may be viewed in combina-

tion [6,11]. Despite national lipid guidelines, the prevalence of

these abnormal lipid parameters alone or in combination (mixed

dyslipidaemia) is not well recognized [12].

Some main risk factors of CVD such as smoking, arterial

hypertension (AH), hyperglycaemia, obesity, are associated with

lipids level in blood serum [13–15]. The data from 27 general

populations of the WHO MONICA Project confirms the role of

smoking in women, as independent risk factors for dyslipidaemia

[13]. Data from the population-based Munster Heart Study

(PROCAM) show that smoking was more strongly associated with

low HDL cholesterol than with high total cholesterol level [14].

Obesity increases cardiovascular risk through risk factors such as

increased fasting plasma triglycerides, high LDL cholesterol, low

HDL cholesterol, elevated blood glucose and insulin levels and

high blood pressure (BP) [15]. The distinctive dyslipidaemia profile

of obesity sees increased triglycerides, decreased HDL cholesterol

and normal or slightly increased LDL cholesterol [15]. The data

from nine diabetic population samples from the WHO Multina-

tional Study show role of circulating glucose and triglycerides

concentration and their interactions with other CVD risk factors

[16]. However, there is a lack of the data regarding the role of

combined effect of mixed dyslipidaemias and other main CVD risk

factors on all-cause and CVD mortality risk in Lithuania.

In this investigation, we have two primary goals: (1) to provide

reliable information on dyslipidaemias, such as, estimate the trend

of the prevalence of dyslipidaemias and other selected CVD risk

factors in population level; and (2) to evaluate the risk of all-cause

and CVD mortality in relation to the presence of the mixed

dyslipidaemias and other CVD risk factors among 45–64 years

urban population from 1983 to 2011.

Materials and Methods

Ethics Statement
All five studies were approved by the Regional Biomedical

Research Ethics Committee at the Lithuanian University of

Health Sciences and the HAPIEE study (2006–2008) - also by the

UCLH Research Ethics Committee Alpha at University College

London, UK. All respondents provided written informed consent.

Study sample
Data from the five surveys are presented in the article. The first

three surveys in the framework of the Multinational Monitoring of

Trends and Determinants in Cardiovascular Disease (MONICA)

study were performed in 1983–1984, 1986–1987 and 1992–1993,

respectively. The fourth survey was conducted in 2001–2002 in

accordance with MONICA protocol. The fifth survey was

performed in 2006–2008 in the framework of the Health, Alcohol

and Psychosocial Factors in Eastern Europe (HAPIEE) study [17].

These surveys were carried out in Kaunas city with the population

size of 348,624. All five random samples of men and women aged

45–64, stratified by gender and age, were randomly selected from

the Kaunas population register data and screened in 10-year age

groups (45–54 and 55–64 years of age). The response rates were

for the first survey 270.2%, for the second 269.6%, for the third

258.6%, for the fourth 262.4%, and for the fifth 258.1%.

Finally, a sample of 9,209 subjects was assigned for statistical

analysis.

Baseline health examination
In each survey, the measurements of BP, weight, height, and

laboratory analyses were conducted using the same methodology.

The information and variables determined using the questionnaire

was based on same or comparable questionnaires.

Measurements
BP was measured two times using mercury sphygmomanometer

and appropriately sized arm cuffs on the right arm. The initial

measurement was performed after five minutes of rest. After two

minutes, the second measurement was made. The Korotkoff phase

1 (beginning of the sound) and the fifth phase of Korotkoff

(disappearance of the sound) was recorded as systolic and diastolic

BP. The mean of the two readings was used. AH was defined as

mean systolic BP of at least 140 mmHg or mean diastolic BP of at

least 90 mmHg, or both, and/or affirming that respondent has

been taking medicine for high BP in the last two weeks. Weight

and height were measured with a calibrated medical scale, and

without shoes or heavy clothes. Body mass index (BMI) was

calculated as the weight in kilograms divided by the height in

meters squared (kg/m2). Normal weight was defined as BMI

,25.0 kg/m2, overweight as BMI 25.0–29.99 kg/m2 and obesity

as BMI $30.0 kg/m2.

Laboratory analyses
Biochemical analyses were done for participants on an empty

stomach. Serum samples from the first four surveys were analysed

in the Laboratory of the Institute of Cardiology of the Lithuanian

University of Health Sciences and serum samples from the fifth

survey - centrally in one batch in the WHO Regional Lipid

Reference Centre, Institute of Clinical and Experimental Medi-

cine, Prague (Czech Republic). Lipid concentrations in serum

were measured, using a conventional enzymatic method. Dyslipi-

daemia were defined by using the National Cholesterol Educa-

tional Program (NCEP-ATPIII) criteria [18]. The subjects were

classified into three groups according to their total serum

cholesterol level: normal (,5.2 mmol/L), increased (5.2–

6.19 mmol/L), and high ($6.2 mmol/L). Reduced HDL choles-

terol level was defined as HDL cholesterol ,1.03 mmol/L;

elevated triglycerides level was defined as $1.70 mmol/L.

Concentration of glucose in capillary blood was determined by

an individual glucometer ‘‘Glucotrend’’ [19]. High level was

defined as fasting glucose level $6.10 mmol/L.

Variables determined using the questionnaire
The standard questionnaire included questions regarding the

respondent’s age, education, smoking status, physical activity, etc.

Education was classified into four education levels: primary,

incomplete secondary, secondary or college, and university.

Smoking habits were assessed according to the current smoking

status. The respondents were classified to three groups: current

smokers, former smokers and never smokers. A subject who

smoked at least one cigarette per day was classified as current

smoker. Physical activity was assessed using a short questionnaire,

asking about physically demanding activities in a typical week on

summer and winter seasons: active transportation to work and

physically demanding activities, such as housework, gardening,

and maintenance of the house also engagement in sports, games or

hiking. Subjects who were physically active less than 10 hours a

week were classified as physically inactive.
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Follow-up
The participants were followed-up from the beginning of each

baseline health examination until December 31, 2011 and

mortality data were extracted from the regional mortality register.

The two outcome measures of interest were all-cause mortality

and CVD mortality (without documented history of CVD at

entry). All-cause mortality was defined as: 001-E999 – codes of 9th

revision of International Classification of Diseases (ICD) (until

January 1st 1997); and A00-Z99 – codes of 10th ICD (after

January 1st 1997). CVD mortality included CHD, stroke, and

other vascular causes and was defined as (390–458 – codes of 9th

ICD and I00–I99 – codes of 10th ICD). There were a total of 1653

deaths from any cause (999 men and 654 women), 864 deaths

from CVD (521 men and 343 women), and 594 deaths from CVD

(without previous CVD at entry) (357 men and 237 women). The

mean duration and standard deviation of follow-up was 13.069.3

years among men and 13.569.5 years among women.

Statistical analysis
All the analyses were performed separately for men and women.

Descriptive statistics (prevalence rates, means and standard

deviations (SD)) were calculated for variables in each survey. All

surveys were age-adjusted to Kaunas population census of 2006.

In 2006, 55% of adults were aged from 45 to 54 years and 45%

were 55–64 years of age, with weights ranging between 0.55 and

0.45, which were used in calculating the prevalence. Weights were

calculated by dividing the coefficient for each age group by the

sum of coefficients for both age groups in each survey. Weighted

linear regression to assess time trends from 1983 to 2008 was

performed using mean values or percentages, and p,0.05 was

defined as statistically significant.

The estimates of hazard ratio (HR) and 95% confidence

intervals (CI) were based on the multivariate Cox proportional

hazards regression for all-cause mortality and for CVD mortality

(without CVD at the entry). Two multivariate Cox proportional

hazards regression models in linked mortality file (1983–2008) are

presented. The first model (Model 1) included age, study survey

year and lipids levels (total cholesterol, triglycerides and HDL

cholesterol). The second model (Model 2) included age, study

survey year, education, BMI, BP level, fasting glucose level,

smoking and physical activity habits and lipids levels (total

cholesterol, triglycerides and HDL cholesterol).

The risk of all-cause mortality and mortality from CVD

(without CVD at the entry) in an urban population aged 45–64

years in relation to the presence of the dyslipidaemias and a

combination of other cardiovascular risk factors (AH, high fasting

glucose level, current or former smoking and obesity) was

investigated using Cox proportional hazards regression analyses.

HRs were adjusted by age, study survey year, education, BMI,

total cholesterol level, triglycerides, HDL cholesterol level, BP

levels, fasting glucose level, smoking and physical activity habits.

All analyses were carried out using SPSS version 13.

Results

Baseline characteristics of five cohorts aged 45–64 years are

presented in separately for men (Table 1) and women (Table 2).

All the cohorts were homogenous according to age and gender

structure. During the period 1983–2008 the level of education in

Kaunas population significantly increased. In men during 25 year

period the prevalence of overweight decreased, while the

prevalence of obese men increased. Meanwhile generally negative

changes in cardiovascular risk profile were observed in men and in

women groups (Table 1 and Table 2). In men the mean fasting

glucose level increased from 4.72 (1.21) to 5.77 (1.21) mmol/L and

in women increased from 4.50 (1.16) to 5.76 (1.08) mmol/L

comparing 1983–1984 and 2006–2008 samples (p,0.05). Simi-

larly, the prevalence of high fasting glucose level ($6.1 mmol/L)

significantly increased in both men and women. In women over

this 25-year period the prevalence of current smokers increased

from 3.4 to 15.4% (p = 0.052). Overall, during 25 year period, risk

profile of AH, smoking habits, physical activity habits, serum total

cholesterol, triglycerides and HDL cholesterol did not change in

men group. The risk profile of AH, physical activity habits, serum

triglycerides and HDL cholesterol did not change in women group

during this period.

All-cause mortality risk was significantly lower for men and

women having higher HDL cholesterol level, after multivariate

adjustment for age, cohort baseline survey year and other lipids

(Model 1) (Table 3). On the contrary, the men having AH, being

current or former smokers, or being classed as physically inactive

during the leisure time had significantly increased risk of all-cause

mortality. For women, having elevated triglycerides level, high

fasting glucose level, having AH, being obese or being physically

inactive during leisure time was significantly associated with an

increased all-cause mortality risk. Additional adjustment for

education, BMI, BP, fasting glucose level, smoking and physical

activity habits (Model 2) revealed the similar results (with

exception for high HDL cholesterol in men group and for elevated

triglycerides level, BMI and leisure physical activity habits in

women group).

A similar pattern was observed for CVD mortality risk in 45–64

years persons (without previous CVD at the entry) (Table 4). After

multivariate adjustment for age, cohort baseline survey year and

other lipids (Model 1), the men and women having higher HDL

cholesterol level ($1.03 mml/L) had a significantly lower CVD

mortality risk. However, after additional adjustment (Model 2)

only women having higher HDL cholesterol level had significantly

lower CVD mortality risk. Men having AH, reporting smoking or

being physically inactive during leisure time and women having

high fasting glucose level and AH (Model 1 and Model 2) had a

significantly increased CVD mortality risk.

Adjusted by age, study survey year, education, BMI, BP, fasting

glucose level, smoking and physical activity habits and other lipids

all-cause and CVD mortality risks in 45–64 years persons with

dyslipidaemias and a combination of other cardiovascular risk

factors are shown in Table 5 and in Table 6. In men and

women mixed dyslipidaemias (reduced HDL cholesterol level

(,1.03 mmol/L) plus elevated triglycerides level ($1.70 mmol/

L)) significantly increased all-cause (Table 5) and CVD mortality

risk (Table 6). What is more, these dyslipidaemia combinations

together with the other risk factors such as AH or high fasting

glucose level increased men’s and women’s all-cause and CVD

mortality risk. Dyslipidaemias plus smoking increased men’s all-

cause and CVD mortality risk as compared to never smokers

without these dyslipidaemias, but no association was seen among

women. However, dyslipidaemias plus obesity increased women’s

all-cause and CVD mortality risk and men’s CVD mortality risk,

as compared to responders without obesity and these dyslipidae-

mias. As expected, the highest risk for all-cause and CVD

mortality were among responders who have mixed dyslipidaemias

plus high fasting glucose level, compared to responders without

these risk factors.

Discussion

Lithuanian population characterised by high morbidity and

mortality from CVD and a high prevalence of hypercholesterol-

Dyslipidaemias and the Risk of Mortality
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emia [20,21]. In our large longitudinal study we provided reliable

information on dyslipidaemias and other CVD risk factors: first,

we estimated the trends of the prevalence of dyslipidaemias and

other selected CVD risk factors during 25 year period (1983–

2008). Findings in our longitudinal study showed very few changes

in the prevalence, distribution and mean levels of lipids and other

analysed cardiovascular health factors during 25 years in urban

adult population. In terms of cardiovascular risk profile only a few

positive changes were observed: in men the prevalence of

overweight decreased, although over the same period the

prevalence of obese men increased; in women the prevalence of

normal total cholesterol level increased. However, more changes

were unfavourable: comparing 1983–1984 and 2006–2008 ran-

dom samples the mean level and proportion of high level of fasting

glucose increased irrespective of gender. Also, in women over the

same period the prevalence of current smokers increased from 3.4

to 15.4%. However the risk profile of BP, physical activity habits,

serum triglycerides and HDL cholesterol did not change in men

and women during the study period. A systematic review of data

from health examination surveys and epidemiological studies (199

countries and territories, and 3.0 million participants) show that

globally, mean total cholesterol changed slightly between 1980 and

2008, falling by less than 0.1 mmol/L per decade in men and

women aged 25 years and older [22]. Total cholesterol fell in the

high-income region consisting of Australasia, North America, and

Western Europe, and in central and Eastern Europe; the regional

declines were about 0.2 mmol/L per decade for both sexes, with

posterior probabilities of these being true declines 0.99 or greater

mmol/L [22]. Data from cross-sectional US National Health and

Nutrition Examination Survey, show, that between 1988–1994

Table 1. Characteristics* of men aged 45–64 years in 5 cohorts.

1983–1984 1986–1987 1992–1993 2001–2002 2006–2008 P for trend

Characteristics* of men (N = 777) (N = 603) (N = 416) (N = 432) (N = 2001)

Mean age, years (SD) 53.8 (5.36) 52.9 (5.26) 53.4 (5.86) 53.4 (5.55) 55.0 (5.63) 0.281

Arterial hypertension (AH), %,(95%CI) 58.0 (54.5–61.5) 52.1 (48.1–56.1) 57.8 (53.1–62.5) 58.7 (54.1–63.3) 71.0 (69.0–73.0) 0.134

BMI, kg/m2, %, (95%CI)

,25.0 23.3 (20.3–26.3) 22.4 (19.1–25.7) 30.6 (26.2–35.0) 27.6 (23.4–31.8) 23.2 (21.4–25.0) 0.736

25.0–29.9 50.7 (47.2–54.2) 50.1 (46.1–54.1) 49.9 (45.1–54.7) 44.5 (39.8–49.2) 43.6 (41.4–45.8) 0.009

$30.0 26.0 (22.9–29.1) 27.5 (23.9–31.1) 19.5 (15.7–23.3) 27.8 (23.6–32.0) 33.2 (31.1–35.3) 0.377

Smoking status, % (95%CI)

Current 33.8 (30.5–37.1) 33.9 (30.1–37.7) 28.6 (24.3–32.9) 39.4 (34.8–44.0) 38.9 (36.7–40.9) 0.241

Former 28.4 (25.2–31.6) 21.1 (17.8–24.4) 25.5 (21.3–29.7) 25.1 (21.0–29.2) 28.1 (26.1–30.1) 0.666

Never 37.8 (34.4–41.2) 45.0 (41.0–49.0) 45.9 (41.1–50.7) 35.5 (31.0–40.0) 33.0 (30.9–35.1) 0.251

Physical activity, %(95%CI)

Physically inactive 56.8 (53.3–60.3) 62.2 (58.3–66.1) 37.5 (32.8–42.2) 34.3 (29.8–38.8) 35.3 (33.2–37.4) 0.057

Level of education, % (95%CI)

Primary 20.3 (17.5–23.1) 14.1 (11.3–16.9) 10.3 (7.4–13.2) 1.2 (0.2–2.2) 2.0 (1.4–2.6) 0.006

Unfinished secondary 25.9 (22.8–29.0) 28.8 (25.2–32.4) 24.0 (19.9–28.1) 10.7 (7.8–13.6) 27.6 (25.6–29.6) 0.489

Secondary or college 30.7 (27.5–33.9) 30.6 (26.9–34.3) 38.5 (33.8–43.2) 59.8 (55.2–64.4) 36.7 (34.6–38.8) 0.267

University 23.1 (20.1–26.1) 26.5 (23.0–30.0) 27.2 (22.9–31.5) 28.4 (24.1–32.7) 33.6 (31.5–35.7) 0.032

Total cholesterol (TC)

Mean (SD), mmol/L 6.00 (1.33) 6.05 (1.07) 5.95 (1.17) 6.19 (1.26) 5.84 (1.10) 0.790

,5.2 mmol/L, % (95%CI) 23.9 (20.4–27.4) 21.4 (18.1–24.7) 27.3 (23.0–31.6) 22.4 (18.5–26.3) 29.1 (27.1–31.1) 0.409

5.2–6.19 mmol/L, % (95%CI) 35.8 (31.9–39.7) 35.9 (32.1–39.7) 36.0 (31.3–40.7) 33.3 (28.8–37.8) 37.1 (35.0–39.2) 0.931

$6.2 mmol/L, % (95%CI) 40.4 (36.4–44.4) 42.8 (38.7–46.9) 36.7 (32.0–41.4) 44.4(39.7–49.1) 33.9 (31.8–36.0) 0.562

Triglycerides (TG)

Mean (SD), mmol/L 1.68 (1.34) 1.44 (0.84) 1.46 (0.93) 1.63 (0.93) 1.53 (1.10) 0.951

Elevated TG level, % (95%CI) 28.1 (24.4–31.8) 24.5 (20.9–28.1) 28.6 (24.2–33.0) 36.2 (31.6–40.8) 29.1 (27.1–31.1) 0.184

HDL cholesterol

Mean (SD), mmol/L 1.35 (0.37) 1.26 (0.44) 1.19 (0.37) 1.43 (0.39) 1.41 (0.38) 0.314

Reduced HDL chol level, % (95%CI) 19.4 (16.0–22.8) 34.9 (30.9–38.9) 34.7 (30.0–39.4) 12.3 (9.1–15.5) 13.6 (12.1–15.1) 0.272

Fasting glucose (FG)

Mean (SD), mmol/L 4.72 (1.21) 5.13 (1.07) 5.34 (1.53) 5.57 (1.06) 5.77 (1.21) 0.010

High FG level, % (95%CI) 7.3 (4.7–9.9) 12.8 (10.1–15.5) 26.0 (21.7–30.3) 14.1 (10.8–17.4) 26.5 (24.5–28.5) 0.082

*age-standardized.
Abbreviations: CI – confidence interval; HDL – high density lipoprotein; BMI – body mass index, SBP – systolic blood pressure; DBP – diastolic blood pressure; SD –
standard deviation. Reduced HDL cholesterol level (,1.03 mmol/L); Elevated TG level ($1.70 mmol/L); High FG level ($6.10 mmol/L); AH (SBP $140 and/or DBP $

90 mm Hg and/or take medication for high blood pressure for at least 2 weeks).
doi:10.1371/journal.pone.0100158.t001
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and 1999–2002, mean total cholesterol declined in adults, however

the geometric mean triglyceride levels increased but mean HDL

cholesterol remained unchanged [23]. The results from northern

Sweden study which examined trends in serum cholesterol and

BMI from 1986 to 2010 show what BMI increase continuously for

both sexes, whereas serum cholesterol levels decreased during

1986–2004, remained unchanged until 2007 and then began to

rise [24].

In comparison, among the National Health and Nutrition

Examination Survey (NHANES) III participants in the US, from 7

analysed cardiovascular health risk factors using American Heart

Association (AHA) definition only in smoking were favourable

changes detected: proportion of never-smokers significantly

increased from 1988–1994 to 2005–2010; however for other

CVD health risk factors, such as obesity, total cholesterol level $

5.2 mmol/l, arterial hypertension unfavourable changes were

detected [25].

Despite few slight positive changes of normal total cholesterol

level in women group, the prevalence of dyslipidaemias in our

urban population aged 45–64 years continues to be high. The data

from last health survey (HAPIEE study in 2006–2008) showed that

29.1% of men and 23.8% of women had elevated triglycerides

level ($1.70 mmol/L), 13.6% of men and only 5% of women have

reduced HDL cholesterol level (,1.03 mmol/L). Thus normal

total cholesterol level (,5.20 mmol/L) was detected only for

29.1% of men and 22.1% of women. From the NHANES 2003–

2006 data, an estimated 53.0% of US adults have at least one lipid

abnormality; 23.0% had low HDL cholesterol level, approximate-

ly 30.0% had elevated triglycerides level [12]. The Trabzon lipid

study in Turkey showed prevalence’s of hypercholesterolemia, low

Table 2. Characteristics* of women aged 45–64 years in 5 cohorts.

1983–1984 1986–1987 1992–1993 2001–2002 2006–2008 P for trend

Characteristics* of women (N = 905) (N = 589) (N = 432) (N = 569) (N = 2485)

Mean age, years (SD) 53.5 (5.36) 52.8 (5.77) 53.3 (5.43) 52.9 (5.45) 55.0 (5.63) 0.341

Arterial hypertension (AH), % (95%CI) 61.0 (57.8–64.2) 50.4 (46.4–54.4) 55.8 (51.1–60.5) 51.0 (46.9–55.1) 54.6 (52.6–56.6) 0.505

BMI, kg/m2, %(95%CI)

,25.0 12.8 (10.6–15.0) 15.6 (12.7–18.5) 26.5 (22.3–30.7) 22.0 (18.6–25.4) 24.1 (22.4–25.8) 0.156

25.0–29.9 33.4 (30.3–36.5) 35.0 (31.1–38.9) 34.4 (29.9–38.9) 32.0 (28.2–35.8) 36.0 (34.1–37.9) 0.862

$30.0 53.7 (50.4–57.0) 49.4 (45.4–53.4) 39.1 (34.5–43.7) 46.0 (41.9–50.1) 39.8 (37.9–41.7) 0.180

Smoking status, %(95%CI)

Current 3.4 (2.2–4.6) 2.9 (1.5–4.3) 2.3 (0.9–3.7) 8.6 (6.3–10.9) 15.4 (14.0–16.8) 0.052

Former 2.1 (1.2–3.0) 1.2 (0.3–2.1) 3.0 (1.4–4.6) 6.0 (4.0–8.0) 9.2 (8.1–10.3) 0.015

Never 94.5 (93.0–96.0) 95.9 (94.3–97.5) 94.7 (92.6–96.8) 85.4 (82.5–88.3) 75.4 (73.7–77.1) 0.033

Physical activity,%(95%CI)

Physically inactive 50.4 (47.1–53.7) 54.6 (50.6–58.6) 33.9 (29.4–38.4) 39.2 (35.2–43.2) 19.1 (17.6–20.6) 0.064

Level of education, %(95%CI)

Primary 28.5 (25.6–31.4) 18.9 (15.7–22.1) 9.5 (6.7–12.3) 1.6 (0.6–2.6) 1.5 (1.0–2.0) 0.012

Unfinished secondary 26.4 (23.5–29.3) 25.5 (22.0–29.0) 19.2 (15.5–22.9) 6.9 (4.8–9.0) 34.8 (32.9–36.7) 0.890

Secondary or college 30.5 (27.5–33.5) 34.7 (30.9–38.5) 44.2 (39.5–48.9) 60.6 (56.6–64.6) 27.7 (25.9–29.5) 0.636

University 14.6 (12.3–16.9) 20.9 (17.6–24.2) 27.1 (22.9–31.3) 30.9 (27.1–34.7) 36.0 (34.1–37.9) 0.006

Total cholesterol (TC)

Mean (SD), mmol/L 6.25 (1.20) 6.53 (1.23) 6.51 (1.42) 6.41 (1.38) 6.08 (1.14) 0.453

,5.2 mmol/L, % (95%CI) 13.9 (11.2–16.6) 12.8 (10.1–15.5) 17.6 (14.0–21.2) 18.5 (15.3–21.7) 22.1 (20.5–23.7) 0.017

5.2–6.19 mmol/L, % (95%CI) 39.2 (35.4–43.0) 28.2 (24.5–31.9) 27.1 (22.9–31.3) 31.1 (27.3–34.9) 35.6 (33.7–37.5) 0.967

$6.2 mmol/L, % (95%CI) 46.9 (43.0–50.8) 58.9 (54.9–62.9) 55.3 (50.6–60.0) 50.4 (46.3–54.5) 42.3 (40.4–44.2) 0.373

Triglycerides (TG)

Mean (SD), mmol/L 1.35 (0.75) 1.41 (0.65) 1.25 (0.67) 1.51 (0.91) 1.40 (0.89) 0.485

Elevated TG level, %(95%CI) 19.4 (16.3–22.5) 23.5 (20.0–27.0) 18.1 (14.4–21.8) 29.9 (26.1–33.7) 23.8 (22.1–25.5) 0.170

HDL cholesterol

Mean (SD), mmol/L 1.51 (0.37) 1.49 (0.44) 1.35 (0.36) 1.57 (0.38) 1.60 (0.37) 0.379

Reduced HDL chol level, %(95%CI) 7.8 (5.5–10.1) 14.0 (11.1–16.9) 15.8(12.2–19.4) 6.5 (4.4–8.6) 5.0 (4.1–5.9) 0.337

Fasting glucose (FG)

Mean (SD), mmol/L 4.50 (1.16) 5.01 (0.84) 5.38 (1.33) 5.62 (1.71) 5.76 (1.08) 0.016

High FG level, %(95%CI) 5.6 (3.4–7.8) 7.3 (5.2–9.4) 16.7 (13.2–20.2) 11.6 (9.0–14.2) 25.4 (23.7–27.1) 0.018

*age-standardized.
Abbreviations: CI – confidence interval; HDL – high density lipoprotein; BMI – body mass index, SBP – systolic blood pressure; DBP – diastolic blood pressure; SD –
standard deviation. Reduced HDL cholesterol level (,1.03 mmol/L); Elevated TG level ($1.70 mmol/L); High FG level ($6.10 mmol/L); AH (SBP $140 and/or DBP $

90 mm Hg and/or take medication for high blood pressure for at least 2 weeks).
doi:10.1371/journal.pone.0100158.t002
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HDL cholesterol, and elevated triglycerides level were 37.5%,

21.1%, and 30.4%, respectively [26]. Over the past two decades,

the prevalence of dyslipidaemias shows a tendency to increase in

economically developing countries [27]. However, differences in

methodology between national surveys can make international

comparisons difficult.

In our large longitudinal study we analysed the impact of mixed

dyslipidaemias in combination with other CVD risk factors on risk

of all-cause and CVD mortality in urban population aged 45–64

years. At first we analysed the impact of single dyslipidaemias on

all-cause and CVD mortality risk in men and women populations.

After multivariate adjustment for age, cohort baseline survey year

and other lipids (Model 1), the men and women having higher

HDL cholesterol level ($1.03 mml/L) had a significantly lower

all-cause and CVD mortality risk. While, the women having

elevated triglycerides level ($1.70 mmol/L) had a significantly

increased all-cause mortality risk. However this association was

weakened after adjustment for the other risk factors such as

education, BMI, BP, fasting glucose level, smoking and physical

activity habits (Model 2). The Emerging Risk Factors Collabora-

tion also did not find a significant independent effect of

triglycerides on risk of CVD, however low HDL cholesterol level

was an independent risk factor for CVD [28,29]. Another

collaborative analysis including 10,269 participants from 7 studies

in Europe (DECODE Study), reported that higher triglyceride

level ($1.70 vs. ,1.70 mmol/L) was associated with an increased

risk of CVD (but not all-cause) mortality in women and men [30].

A systematic review and meta-analysis of 61 prospective studies

show that elevated triglycerides levels were dose-dependently

associated with higher risks of CVD and all-cause mortality: risks

Table 3. Adjusted all-cause mortality risk in relation to the presence of the dyslipidaemias and the other cardiovascular risk factors
in population aged 45–64 (Kaunas urban population linked mortality file (1983–2008)).

Cardiovascular risk factors MEN WOMEN

Model 1 Model 2 Model 1 Model 2

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Total cholesterol

,6.20 mmol/L 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

$6.20 mmol/L 0.96 (0.83–1.11) 0.94 (0.79–1.11) 0.99 (0.82–1.19) 1.00 (0.79–1.28)

Triglycerides

,1.70 mmol/L 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

$1.70 mmol/L 1.03 (0.88–1.21) 1.11 (0.91–1.34) 1.37 (1.12–1.68) 1.08 (0.83–1.40)

HDL cholesterol

,1.03 mmol/L 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

$1.03 mmol/L 0.81 (0.69–0.95) 0.89 (0.74–1.07) 0.68 (0.53–0.87) 0.69 (0.52–0.92)

Fasting glucose

,6.10 mmol/L 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

$6.10 mmol/L 0.91 (0.73–1.13) 0.94 (0.75–1.67) 2.08 (1.55–2.78) 1.95 (1.45–2.63)

Arterial hypertension

,140 and/or ,90 mm Hg 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

$140 and/or $90 mm Hg 1.30 (1.13–1.51) 1.37 (1.15–1.63) 1.52 (1.24–1.87) 1.38 (1.07–1.78)

Smoking status

Non smokers 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

Smokers 1.65 (1.42–1.92) 1.54 (1.29–1.84) 1.28 (0.92–1.78) 1.11 (0.72–1.74)

BMI, kg/m2

,25.0 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

25.0–29.9 0.75 (0.63–0.89) 0.72 (0.59–0.87) 1.17 (0.85–1.61) 1.02 (0.69–1.50)

$30.0 0.89 (0.74–1.09) 0.83 (0.66–1.04) 1.53 (1.13–2.06) 1.20 (0.83–1.73)

Level of education

Primary 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

Unfinished secondary 0.99 (0.81–1.22) 1.00 (0.78–1.28) 1.02 (0.79–1.31) 0.93 (0.67–1.28)

Secondary or college 0.79 (0.64–0.97) 0.82 (0.64–1.04) 0.95 (0.75–1.22) 0.79 (0.57–1.07)

University 0.60 (0.48–0.75) 0.64 (0.49–0.83) 0.74 (0.54–1.01) 0.60 (0.40–0.90)

Leisure physical activity

Active 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

Inactive 1.46 (1.26–1.69) 1.45 (1.22–1.72) 1.22 (1.02–1.47) 1.17 (0.93–1.48)

Model 1 - HR adjusted by age, study survey year and other lipids.
Model 2 - HR adjusted by age, study survey year, education, BMI, blood pressure, fasting glucose level, smoking and physical activity habits and other lipids.
Abbreviations: CI - confidence interval; BMI – body mass index; HR - Hazard ratio; HDL - High density lipoprotein.
doi:10.1371/journal.pone.0100158.t003
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of CVD and all-cause deaths were increased by 13.0% and 12.0%

per 1-mmol/L triglycerides increment (p,0.001) [31].

The absence of an independent positive association of total

cholesterol with all-cause and CVD mortality in our longitudinal

study, is unexplained, and invites for further research. A meta-

analysis of individual data from 61 prospective studies indicated,

that total cholesterol was positively associated with ischaemic heart

disease mortality in middle and old age groups, however the

proportional risk reduction decrease with increasing BP, since the

absolute effects of cholesterol and BP are approximately additive

[32]. Data from the NHANES III surveys (1988–1994 to 2005–

2010) showed, that low total serum cholesterol (,5.2 mmol/l) was

independently associated with a significantly higher risk of all-

cause mortality (HR = 1.28 (95% CI 1.15–1.42) [32].

We then analysed the impact of mixed dyslipidaemias in

combination with other CVD risk factors on all-cause and CVD

mortality risk. Findings in our longitudinal study showed that in

men and women aged 45–64 years mixed dyslipidaemia’s (reduced

HDL cholesterol level (,1.03 mmol/L) plus elevated triglycerides

level ($1.70 mmol/L)) significantly increased the risk for all-cause

mortality (respectively HR = 1.30 and HR = 1.83) and CVD

mortality (respectively HR = 1.15 and HR = 2.13). What is more,

our results indicated that these mixed dyslipidaemia combinations

together with other risk factors such as AH, high fasting glucose

level increased all-cause and CVD mortality risk in men and

women. These mixed dyslipidaemias plus smoking increased all-

cause and CVD mortality risk only in men compared to never

smokers without these dyslipidaemias. However, these dyslipidae-

Table 4. Adjusted cardiovascular disease (CVD) mortality risk in population aged 45–64 (without previous CVD at the entry) in
relation to the presence of the dyslipidaemias and the other cardiovascular risk factors (Kaunas urban population linked mortality
file (1983–2008)).

Cardiovascular risk factors MEN WOMEN

Model 1 Model 2 Model 1 Model 2

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Total cholesterol

,6.20 mmol/L 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

$6.20 mmol/L 1.12 (0.88–1.42) 0.99 (0.74–1.31) 1.11 (0.81–1.53) 1.01 (0.66–1.54)

Triglycerides

,1.70 mmol/L 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

$1.70 mmol/L 1.10 (0.84–1.43) 1.05 (0.75–1.47) 1.36 (0.96–1.92) 0.86 (0.53–1.38)

HDL cholesterol

,1.03 mmol/L 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

$1.03 mmol/L 0.72 (0.55–0.93) 0.88 (0.65–1.19) 0.59 (0.39–0.89) 0.55 (0.34–0.90)

Fasting glucose

,6.10 mmol/L 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

$6.10 mmol/L 1.06 (0.74–1.52) 1.08 (0.75–1.56) 2.59 (1.58–4.25) 2.63 (1.55–4.44)

Arterial hypertension

,140 and/or ,90 mm Hg 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

$140 and/or $90 mm Hg 1.67 (1.30–2.15) 1.60 (1.19–2.16) 1.92 (1.35–2.74) 2.20 (1.36–3.55)

Smoking status

Non smokers 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

Current smokers 1.63 (1.27–2.09) 1.73 (1.27–2.36) 1.27 (0.73–2.20) 1.15 (0.55–2.41)

BMI, kg/m2

,25.0 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

25.0–29.9 0.80 (0.59–1.09) 0.84 (0.58–1.20) 1.04 (0.62–1.72) 0.83 (0.44–1.59)

$30.0 1.39 (1.01–1.92) 1.32 (0.89–1.96) 1.31 (0.81–2.11) 0.88 (0.48–1.62)

Level of education

Primary 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

Unfinished secondary 1.17 (0.83–1.65) 0.94 (0.63–1.41) 1.38 (0.90–2.10) 1.62 (0.93–2.82)

Secondary or college 0.81 (0.57–1.14) 0.80 (0.54–1.19) 1.14 (0.75–1.73) 1.11 (0.64–1.97)

University 0.63 (0.44–0.92) 0.65 (0.42–1.01) 0.68 (0.39–1.20) 0.62 (0.30–1.31)

Leisure physical activity

Active 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

Inactive 1.36 (1.07–1.73) 1.51 (1.12–2.04) 1.33 (0.98–1.82) 1.03 (0.68–1.52)

Model 1 - HR adjusted by age, study survey year, and other lipids.
Model 2 - HR adjusted by age, study survey year, education, BMI, blood pressure, fasting glucose level, smoking and physical activity habits and other lipids.
Abbreviations: CI - confidence interval; BMI – body mass index; HR - Hazard ratio; HDL - High density lipoprotein.
doi:10.1371/journal.pone.0100158.t004
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mias plus obesity increased all-cause and CVD mortality risk in

women and CVD mortality risk in men, as compared to

responders without obesity and these dyslipidaemias.

Based on evidence available at the time, these two lipid

abnormalities such as low HDL cholesterol concentration and

elevated triglycerides concentration together with the other risk

factors such as AH, high fasting glucose level and obesity were

included in definitions of the metabolic syndrome [33]. In previous

analysis of Kaunas data it was shown that metabolic syndrome

defined by International Diabetes Federation (IDF) and new Joint

Interim Societies (JIS) definitions remained the only significant

determinants for all-cause mortality and CVD mortality in men

(without previous CVD); however, in women the metabolic

syndrome was not associated with CVD mortality risk [34].

Smoking has been clearly established as a modulator of plasma

lipid levels and as an independent risk factor for CHD. Cigarette

smokers have higher cholesterol levels, lower HDL cholesterol

levels and elevated triglycerides level [35–37]. In previous studies

[36], as well as in our study, the impact of smoking on the global

burden of total deaths from CVD largely different between

genders due to the higher prevalence of smoking among men than

women.

A major cause of low HDL cholesterol is abdominal obesity, the

worldwide incidence of which is increasing at an alarming rate [1].

Data from our study shows that these dyslipidaemias plus obesity

increased women’s all-cause and CVD mortality risk and men’s

CVD mortality risk, as compared to responders without obesity

and these dyslipidaemias.

The Australian Diabetes, Obesity, and Lifestyle Study showed

that impaired fasting glucose is an independent predictor for CVD

mortality after adjustment for age, sex, and other traditional CVD

risk factors [38]. Data from 14 European population-based

prospective studies of 9,132 men and 8,631 women aged 25–89

years (DECODE Study) showed that low HDL cholesterol

increases CVD mortality in both diabetic and non-diabetic

individuals defined based on the fasting glucose criteria; however,

triglycerides is a significant CVD risk predictor only in the

presence of combined hyperglycaemia or diabetes [39].

Our data indicate that dyslipidaemias are very common and an

important health problem among the adult population 45–64

Table 5. Adjusted all-cause mortality risk in population aged 45–64 in relation to the presence of the dyslipidaemias and the other
cardiovascular risk factors (Kaunas urban population linked mortality file (1983–2008)).

Dyslipidaemias and other CVD risk factors combinations MEN WOMEN

HR (95% CI) HR (95% CI)

HDL cholesterol (HDL chol) and triglycerides (TG)

High HDL chol + normal TG 1 (Reference) 1 (Reference)

Reduced HDL chol or elevated TG 1.06 (0.89–1.27) 1.02 (0.79–1.32)

Reduced HDL chol + elevated TG 1.30 (1.00–1.68) 1.83 (1.26–2.66)

HDL chol, TG, and hypertension (AH)

No AH + high HDL chol + normal TG 1 (Reference) 1 (Reference)

No AH + (reduced HDL chol or elevated TG) 0.95 (0.72–1.26) 1.39 (0.90–2.13)

AH + (reduced HDL chol or elevated TG) 1.30 (1.05–1.61) 1.49 (1.11–2.01)

AH + reduced HDL chol + elevated TG 1.71 (1.23–2.38) 2.56 (1.61–4.05)

HDL chol, TG and fasting glucose (FG)

Normal FG + high HDL chol + normal TG 1 (Reference) 1 (Reference)

Normal FG + (reduced HDL chol or elevated TG) 1.08 (0.90–1.30) 1.11 (0.86–1.45)

High FG + (reduced HDL chol or elevated TG) 0.87 (0.68–1.13) 1.71 (1.20–2.44)

High FG + reduced HDL chol + elevated TG 1.76 (1.14–2.71) 4.43 (2.72–7.20)

HDL chol, TG and smoking status

Never smokers + high HDL chol + normal TG 1 (Reference) 1 (Reference)

Never smokers + (reduced HDL chol or elevated TG) 1.03 (0.77–1.38) 1.07 (0.83–1.38)

Smoking + (reduced HDL chol or elevated TG) 1.57 (1.26–1.96) 1.21 (0.75–1.94)

Smoking + (reduced HDL chol + elevated TG) 1.89 (1.34–2.66) 1.25 (0.30–5.17)

HDL chol, TG, and obesity

No obesity + high HDL chol + normal TG 1 (Reference) 1 (Reference)

No obesity + (reduced HDL chol or elevated TG) 1.00 (0.81–1.24) 1.14 (0.76–1.71)

Obesity + (reduced HDL chol or elevated TG) 1.23 (0.95–1.60) 1.17 (0.82–1.67)

Obesity + reduced HDL chol + elevated TG 1.11 (0.76–1.61) 2.25 (1.42–3.55)

HR adjusted by age, study survey year, education, BMI, total cholesterol level, triglycerides level, HDL cholesterol level, blood pressure, AH, FG level, smoking and
physical activity habits.
Abbreviations: CI - confidence interval; BMI – body mass index; HR - Hazard ratio; SBP – systolic blood pressure; DBP - diastolic blood pressure; FG - fasting glucose; TG –
triglycerides; High HDL chol - High density lipoprotein cholesterol $1.03 mmol/L; Reduced HDL chol - High density lipoprotein cholesterol ,1.03 mmol/L; Normal TG –
triglycerides ,1.70 mmol/L; Elevated TG - triglycerides $1.70 mmol/L; Normal FG - fasting glucose level ,6.10 mmol/L; High FG - fasting glucose level $6.10 mmol/L;
No AH – no arterial hypertension (SBP ,140 and/or DBP ,90 mm Hg); AH - arterial hypertension (SBP $140 and/or DBP $90 mm Hg and/or take medication for high
blood pressure for at least 2 weeks); No obesity – BMI ,30.0 kg/m2; Obesity - BMI $30.0 kg/m2.
doi:10.1371/journal.pone.0100158.t005
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years of Lithuania. To control dyslipidaemias, effective public

health education and urgent measures are essential. These results

emphasize the continued need for improving education about

dyslipidaemia for both patients and healthcare providers, and

developing better public health prevention strategies aimed at

reducing well-known dyslipidaemia risk factors, especially for these

patients, who have other CVD risk factors such as hyperglycae-

mia, AH, and obesity. Strategies to increase the concentration of

HDL cholesterol should begin with lifestyle changes such as weight

reduction, increased physical activity and smoking cessation [1].

The strength of our study includes the prospective

character, which makes selection and information bias unlikely.

Numerator-denominator bias is minimized through linkage of the

survey cohorts with mortality register, rather than relying on direct

contact with participants or their relatives. In addition, we have

adjusted for a range of potential confounding variables, including

age, gender, education, BMI, physical activity level in the analyses

that are presented. Another advantage is high data comparability

with other studies because the definition used for the CVD risk

factors was the same as recommended by AHA or used in other

cohort studies.

It is important to be aware of several limitations of
our results. First, the present study did not examine a national

sample, but rather included only a random sample of 45–64 year-

olds of urban population of one city. Further study is needed to

examine these associations in younger and the older sections of the

population.

Second, our study involved only one assessment of the included

cardiovascular risk factors. Participants could have changed their

lifestyle, therefore there is a potential for exposure misclassifica-

tion, which may have affected our risk estimates. Despite this, most

of the analyzed levels of cardiovascular risk factors were found to

be predictive for both all-cause and CVD mortality. Some other

cohort studies have reported that although many variables and risk

factors changed over time, the baseline survey data were predictive

for mortality [40].

Third, the study design did not allow us to consider the effects of

all possible genetic and environmental factors and their interac-

tions on lipid levels. Several genes such as Apolipoprotein E

Table 6. Adjusted cardiovascular disease (CVD) mortality risk in population aged 45–64 in relation to the presence of the
dyslipidaemias and other cardiovascular risk factors (Kaunas urban population linked mortality file (1983–2008)).

Dyslipidaemias and other CVD risk factors combinations MEN WOMEN

HR (95% CI) HR (95% CI)

HDL cholesterol (HDL chol) and triglycerides (TG)

High HDL chol + normal TG 1 (Reference) 1 (Reference)

Reduced HDL chol or elevated TG 1.24 (0.80–1.93) 0.82 (0.51–1.32)

Reduced HDL chol + elevated TG 1.15 (1.10–1.20) 2.13 (1.12–4.07)

HDL chol, TG, and hypertension (AH)

No AH + high HDL chol + normal TG 1 (Reference) 1 (Reference)

No AH + (reduced HDL chol or elevated TG) 0.93 (0.55–1.55) 1.58 (0.69–3.64)

AH + (reduced HDL chol or elevated TG) 1.64 (1.13–2.38) 2.44 (1.37–4.35)

AH + reduced HDL chol + elevated TG 2.10 (1.21–3.64) 4.56 (1.94–10.7)

HDL chol, TG and fasting glucose (FG)

Normal FG + high HDL chol + normal TG 1 (Reference) 1 (Reference)

Normal FG + (reduced HDL chol or elevated TG) 0.99 (0.72–1.36) 0.86 (0.52–1.40)

High FG + (reduced HDL chol or elevated TG) 0.91 (0.58–1.41) 1.78 (0.94–3.37)

High FG + reduced HDL chol + elevated TG 2.34 (1.21–4.53) 6.64 (2.99–14.7)

HDL chol, TG and smoking status

Never smokers + high HDL chol + normal TG 1 (Reference) 1 (Reference)

Never smokers + (reduced HDL chol or elevated TG) 1.28 (0.78–2.12) 0.92 (0.58–1.46)

Smoking + (reduced HDL chol or elevated TG) 1.92 (1.28–2.87) 0.99 (0.42–2.35)

Smoking + (reduced HDL chol + elevated TG) 1.92 (1.02–3.59) 2.81 (0.61–12.9)

HDL chol, TG, and obesity

No obesity + high HDL chol + normal TG 1 (Reference) 1 (Reference)

No obesity + (reduced HDL chol or elevated TG) 1.04 (0.71–1.53) 1.23 (0.63–2.44)

Obesity + (reduced HDL chol or elevated TG) 1.67 (0.92–3.02) 0.66 (0.33–1.30)

Obesity + reduced HDL chol + elevated TG 1.72 (1.12–2.63) 2.39 (1.10–5.20)

HR adjusted by age, study survey year, education, BMI, total cholesterol level, triglycerides level, HDL cholesterol level, blood pressure, AH, FG level, smoking and
physical activity habits.
Abbreviations: CI - confidence interval; BMI – body mass index; HR - Hazard ratio; SBP – systolic blood pressure; DBP - diastolic blood pressure; FG - fasting glucose; TG –
triglycerides; High HDL chol - High density lipoprotein cholesterol $1.03 mmol/L; Reduced HDL chol - High density lipoprotein cholesterol ,1.03 mmol/L; Normal TG –
triglycerides ,1.70 mmol/L; Elevated TG - triglycerides $1.70 mmol/L; Normal FG - fasting glucose level ,6.10 mmol/L; High FG - fasting glucose level $6.10 mmol/L;
No AH – no arterial hypertension (SBP ,140 and/or DBP ,90 mm Hg); AH - arterial hypertension (SBP $140 and/or DBP $90 mm Hg and/or take medication for high
blood pressure for at least 2 weeks); No obesity - BMI,30.0 kg/m2; Obesity - BMI $30.0 kg/m2.
doi:10.1371/journal.pone.0100158.t006
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(APOE), the human Class B Type I Scavenger Receptor

(SCARB1), Peroxisome proliferator-activated receptor-a (PPARa)

genotypes were found to be associated with lipid levels and the risk

of CVD. Recent data show, that in men, the APOE4 genotype

and the PPARa genotype CG were correlated with an atherogenic

lipid profile while the SCARB1 genotype CT had an atheropro-

tective effect on lipid levels; in women, APOE2 carriers had the

lowest odds of high LDL cholesterol [41]. However, assessments of

genetic factors were not possible across all five surveys. Healthy

nutritional habits are one an important environmental determi-

nant of lipid levels [1]. Epidemiological studies have demonstrated

some positive changes in the diet of the Lithuanian population

over the last few decades [42]. Positive changes in diet have

contributed to a decline in serum cholesterol levels; however, the

mortality rate from CHD has remained high. Diet status

evaluation in these cohorts was based on food frequency

questionnaire, but only few questions were possible across all five

surveys. For this reason we did not include nutrition habits in

statistical analyses.

Fourth, CVD is a growing problem in worldwide and

traditional CVD risk factors do not account for the entirety of

risk and there are many people who have events who do not fit the

traditional definition of ‘‘high risk’’. New emerging risk factors,

both biological and genetic, are reshaping the understanding of

heart disease and the approach to risk stratification. Biomarkers

such as C-reactive protein (CRP), fibrinogen, and interleukin-6 are

associated with CVD and death in general populations [43]. Some

studies concluded that IL-6 levels, but not CRP or fibrinogen

levels, add significantly to the prediction of macrovascular events

and mortality in individuals with type 2 diabetes who have

baseline CVD or risk factors [43]. Data from NHANES study

show that red cell distribution width (RDW), but not CRP, was

associated with CHD mortality independent of traditional risk

factors in a cohort with no pre-existing CVD, thus RDW may be

considered a stronger biomarker for CHD death than CRP and

needs further prospective evaluation in CVD risk assessment [44].

However, many earlier research studies have explored the

relationship between CRP and related CVD risk factors in healthy

men and women; and results show that CRP one of the most

extensively studied plasma inflammatory marker, has been

recognized as a strong predictor for CVD [45–47]. Results from

MONICA/KORA Augsburg Cohort Study show, that increased

circulating high-sensitivity CRP concentrations (hsCRP .3 mg/L

vs. those with hsCRP ,1 mg/L) are associated with an increased

risk of death from CVD and CHD (respectively HRs were 2.15

(95% CI 1.39–3.34) for fatal CVD, and HRs were 1.74 (1.04–2.92)

for fatal CHD) [48]. Raised plasma CRP concentrations have

been shown to be associated with aging, smoking, low HDL

cholesterol level, and obesity [49–53]. Data from 51 cross-sectional

studies show that obesity is associated with elevated levels of CRP,

and the association is stronger in women [49]. Also, CRP appears

to have a stronger negative correlation with increasing HDL

cholesterol than with other lipid parameters, especially in women

[50]. The large-scale, population-based NHANES III study

revealed a strong independent dose-response relationship between

cigarette smoking and elevated levels of CRP [53]. Recent

research shows that very highly increased high-sensitivity CRP

(hsCRP .10 mg/L) are strong predictor of clinical events and also

are associated with several modifiable CVD risk factors, including

smoking, HDL cholesterol, and central obesity [54]. Results from

MONICA/KORA Augsburg case-cohort study show, that inclu-

sion of multiple inflammation-related biomarkers into a basic

model and into a model including cardiometabolic risk factors

significantly improved the prediction of coronary events, although

the improvement was less pronounced for the latter endpoint [55].

However in this work were not possible to analyse the influence of

inflammatory factors such as CRP, on CVD risk, because we have

not data about CRP or other inflammation factors in all five

surveys which are presented in this article.

There is recent evidence suggesting that chronic oral inflam-

matory conditions may contribute to systemic inflammation [56],

thus the oral health may also be associated with all-cause mortality

risk [57]. One issue of particular concern is that asymptomatic

chronic oral inflammatory diseases such as endodontic infections

and periodontal disease are very prevalent in Lithuania [58].

However, we have not data about endodontic infections and

periodontal disease in all five surveys which are presented in this

article. So the present study could not evaluate oral health

conditions and inflammation biomarkers as possible confounders

in the analysis for all-cause and CVD mortality risk.

Conclusion

During 25 year period (1983–2008) the prevalence of normal

total cholesterol level (,5.2 mmol/L) significantly increased only

in women group; however, triglycerides and HDL cholesterol did

not change in men and women groups aged 45–64 years. A

significant increase in the risk for all-cause and CVD mortality in

men and women was associated with mixed dyslipidaemias

(reduced HDL cholesterol level (,1.03 mmol/L) plus elevated

triglycerides level ($1.70 mmol/L)). These mixed dyslipidaemia

combinations together with the other risk factors such as AH, high

fasting glucose level were also associated with an increase in all-

cause and CVD mortality risk in men and women; while, mixed

dyslipidaemias plus smoking increased all-cause and CVD

mortality risk only in men compared to never smokers without

these dyslipidaemias; and these dyslipidaemias plus obesity

increased all-cause and CVD mortality risk in women and CVD

mortality risk in men, as compared to responders without obesity

and these dyslipidaemia. These results emphasise the need to

develop effect public health strategies to address these CVD risk

factors and reduce CVD mortality.
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