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Summary. The aim of the study was to evaluate the dietary intake of a Lithuanian rural popu-
lation and to assess the relationship between diet and dyslipidemias. 

Material and Methods. A cross-sectional health survey was carried out in 5 municipalities of 
Lithuania in 2007. The random sample was obtained from lists of 25- to 64-year-old inhabitants 
registered at primary health care centers (n=1739). The food frequency questionnaire and 24-hour 
recall was used for the evaluation of nutrition habits. The levels of serum lipids were determined us-
ing enzymatic methods. Factor analysis was employed in order to reduce the number of food items. 
The scores of food factors were used in linear regression analysis of associations between nutrition 
and serum lipid levels. 

Results. The diet of the study population was very high in fat, especially in saturated fatty acids. 
The content of cholesterol in the diet of men was higher than recommended. The main sources of 
fat and protein were meat, milk, and their products. Cereals were the main source of carbohydrates. 
The major proportion of monosaccharide and disaccharides was derived from confectionary and 
fruits. The mean serum total cholesterol level was 5.60 mmol/L in men and 5.51 mmol/L in women. 

Conclusions. Healthier food patterns were associated with the lower levels of total, low-density 
lipoprotein cholesterol, and triglyceride.
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Introduction
Epidemiological data have clearly demonstrated 

that the high levels of total cholesterol (TC) and 
low-density lipoprotein cholesterol (LDL-C), and 
the low level of high-density lipoprotein cholester-
ol (HDL-C) are the risk factors for cardiovascular 
diseases (CVD) (1, 2). The intake of saturated fatty 
acids (SFA) and dietary cholesterol has been linked 
to the increased levels of serum TC and LDL-C. 
Unsaturated fatty acids have a beneficial effect on 
lipid levels (3, 4). Many studies confirmed that the 
improvement in the quality of fat intake, in particu-
lar reduction of saturated fatty acids and cholesterol 
intake, contributed to decline in serum cholesterol 
level (5, 6).

In Lithuania, the transition period from a cen-
tralized to a market-oriented economy was char-
acterized by changes in lifestyles of the Lithuanian 
population, including their nutritional habits. The 
availability and variety of foods increased consid-
erably. Different kinds of vegetable oil, margarine, 
and skimmed milk, as well as fresh fruits and vege-
tables, become easily accessible. On the other hand, 

food prices increased dramatically during the eco-
nomic transition period. Market globalization and 
aggressive advertising reduced the demand for local 
traditional foods and had an impact on the dietary 
choices of people. Dietary changes may affect the 
lipid profile of the Lithuanian population and the 
prevalence of CVD. 

There is a lack of studies analyzing the associa-
tion between nutrition and dyslipidemias in Lithu-
ania. The National Nutrition Surveys were carried 
out in 1997, 2002, and 2007 (7, 8). However, the 
prevalence of CVD risk factors has not been evalu-
ated in these surveys. Monitoring of CVD risk fac-
tors and health behaviors, including nutrition, is 
one of the objectives of the Lithuanian Countrywide 
Integrated Noncommunicable Diseases Interven-
tion (CINDI) program.

The aim of this study was to evaluate the dietary 
intake of the adult population in 5 Lithuanian ru-
ral municipalities and to assess the relationship be-
tween diet and dyslipidemias. 

Material and Methods
This study used the data of the cross-sectional 

Lithuanian CINDI survey carried out in 5 munici-
palities (Kaišiadorys, Kretinga, Kupiškis, Joniškis, 
and Varėna), randomly selected from the main 
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administrative areas of Lithuania. The survey was 
conducted in 2007. The random sample was ob-
tained from lists of 25- to 64-year-old inhabitants 
registered at the primary health care centers of 
the municipalities included. In total, 1739 persons 
(741 men and 998 women) participated in the sur-
vey. 

The survey methods strictly followed the World 
Health Organization (WHO) CINDI protocol (9). 
Health examinations included interviews, clinical 
examinations, and laboratory tests.

The Lithuanian Bioethics Committee approved 
the survey. Written informed consent for participa-
tion in the study was obtained from all participants.

Dietary Assessment. A 24-hour dietary recall was 
used for the assessment of dietary intake. Trained 
dietary interviewers collected the data. The par-
ticipants were asked to recall what they had eaten 
during the previous 24 hours. The interviews were 
conducted on all days of a week except Sundays. 
Food models, a validated picture book, and house-
hold measures were used to quantify the sizes of 
food portions. The survey was carried out during 
the whole year, so the seasons were equally repre-
sented. The nutrient values of food were calculated 
using the Lithuanian Food Composition Tables (10). 
Under-reporters were defined by cutoff for energy 
intake recommended by Willet (11). Women with 
an energy intake of less than 500 kcal/day or higher 
than 3500 kcal/day were excluded from the analyses 
as well as men with an energy intake of less than 800 
kcal/day or more than 4500 kcal/day (altogether 55 
persons). 

The food classification prepared by the Europe-
an Food Safety Authority was used to evaluate the 
consumption of different foods and to estimate the 
main sources of nutrients (12).

The questions addressing the frequency of con-
sumption of main food items (potatoes, porridges 
and cereals, fresh vegetables, fruits and berries in 
the summer and winter, boiled vegetables, cheese 
and white cheese, meat and meat products, chick-
en, fish, juices and sweets, etc.) were included in 
the questionnaire. The choices of possible answers 

were as follows: daily, 4–6 times a week, 2–3 times a 
week, once a week, 1–2 times per month, and rarely 
or never. 

Laboratory Analyses. Blood samples for the meas-
urements of lipid levels were taken in the morning 
after fasting for at least 12 hours. TC, LDL-C, HDL-
C, and triglyceride (Tg) levels were determined us-
ing conventional enzymatic methods. 

Statistical Analysis. Statistical analysis was per-
formed using the statistical software package SPSS 
19.0 for Windows. The data were weighted to match 
the age distribution of the Lithuanian population 
aged 25–64 years in 2007. Continuous variables 
were expressed as mean and standard deviation 
(SD). The Student t test was used to compare the 
means of continuous variables across groups. A P 
value of less than 0.05 was considered statistically 
significant. 

Factor analysis was employed in order to reduce 
the number of 15 food items included within the 
food frequency questionnaire (13). The main factors 
were identified using principal component analysis 
and varimax rotation. The factor analysis extract-
ed 4 main factors that were different for men and 
women (Table 1). Food items with factor loadings 
having absolute values of >0.4 were considered as 
significantly contributing to the main factor. Fac-
tor scores for each main factor were calculated sum-
ming up the observed frequencies of the compo-
nent food items weighted by a factor loading. These 
scores were used for linear regression analysis of as-
sociation between nutrition and serum lipid levels. 
Age and body mass index (BMI) were included as 
covariates. The users of lipid-lowering medications 
(26 men and 59 women) were excluded from re-
gression analysis.

Results
In 2007, the mean daily energy intake was higher 

in men than women: 10493.1 kJ (SD, 3416.6) vs. 
7618.4 kJ (SD, 2632.9) (Table 2). The proportion 
of fat and SFA in total energy intake was very high 
both in men and women. The content of cholester-
ol in the diet was higher in men than women. The 

Gender Factor Description % of Variance Explained

Men
Vegetables and fruits
Heavy food
Light food
Snacks

Fresh vegetables, fruits, boiled vegetables 
Meat and meat products, potatoes
Poultry, fish, porridges and cereals 
Cheese, confectionery, white cheese

21.3
11.4
9.2
8.1

Total: 49.9

Women
Vegetables and fruits
Heavy and sweet food
Protein food
Light food

Fresh vegetables, fruits.
Meat and meat products, potatoes, confectionery
Fish, poultry, cheese
Porridges and cereals, boiled vegetables, white cheese

18.9
12.5
9.6
8.0

Total: 49.0

Table 1. Description of the Main Factors in Men and Women

Janina Petkevičienė, Jūratė Klumbienė, Vitalija Ramažauskienė, et al.
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share of polyunsaturated fatty acids (PUFA) in total 
energy intake was similar in both the genders. The 
proportion of energy derived from carbohydrate 
was higher in women than men. On the contrary, 
the proportion of monosaccharides and disaccha-
rides was higher in women. The intake of dietary 
fiber was insufficient: 22.2 g (SD, 12.5) in men and 
18.3 g (SD, 10.9) in women. The proportion of pro-
teins in total energy intake was adequate.

The main source of energy was meat and meat 
products. One-third (30.3%) of daily energy in men 
and 23.5% in women was derived from this food cat-
egory. Cereal products were other important source 
of energy, from which a quarter of energy (24.5% in 
men and 24.3% in women) was derived.

Meat and its products, milk and dairy products, 
and animal and vegetable fats contributed most 
to the dietary fat and SFA intake (Fig. 1). Half of 
total fat in men and one-fifth in women were de-
rived from meat and meat products. Milk and dairy 
products provided 13.1% of fat in men and 9.4% in 
women. Men received significantly more SFA from 
meat and its products than women did (45.2% and 
35.6%, respectively). Meanwhile, women derived 
more SFA from milk and its products than men 
(22.1% and 16.3%, respectively). 

Meat and cereal products were the main sources 
of proteins (Fig. 2). Meat and meat products sup-
plied 46.1% and 37.5% of proteins in the diet of 
men and women, respectively. One-fifth of proteins 
were derived from cereal products. Milk and dairy 
products were other important source of proteins 
(14.1% and 9.5% of proteins in men and women, 
respectively).

Cereals contributed most to the intake of carbo-
hydrates (Fig. 3). This food category provided more 
than two-fifths of all carbohydrates in men and one-
third of all carbohydrates in women. From fruits, 
women received even 1.8 times more carbohydrates 
than men did. About one-tenth of carbohydrates 
were derived from potatoes in both the genders. 
Monosaccharides and disaccharides were mainly re-
ceived from sugar and sugar products. Fruits were 
other source of monosaccharides and disaccharides 
(20.5% in men and 28.3% in women). Cereals and 
cereal products as well as fruits were the main sourc-
es of dietary fiber.

The factor analysis defined the 4 major factors, 
which are described in Table 1. These factors ac-
counted for 49.9% and 49.0% of the total variance 
in food intake in men and women, respectively. The 
“vegetables and fruits” factor explained 21.3% and 
18.9% of the total variance in men and women, re-
spectively.

The mean age-adjusted serum lipid levels of 
men and women are presented in Table 3. The mean 
LDL-C levels were higher in men, whereas women 
had a higher mean HDL-C level.

The linear regression analysis was used to esti-
mate the associations between lipid levels and scores 
of food factors. The “vegetables and fruits” factor 
was inversely associated with the TC level in men, 
suggesting that men consuming vegetables and 
fruits frequently had a lower TC level (Table 4). A 
negative association between the “light food” factor 
(i.e., poultry, fish, porridges, and cereals) and the 
TC as well as LDL-C levels was found in men. A 
higher consumption of cheese, confectionery, and 

Energy, 
Nutrient

Men Women
P

Mean SD Median 5th 
Percentile

95th 
Percentile Mean SD Median 5th 

Percentile
95th 

Percentile
Energy 10493.1 3416.6 10190.2 5238.4 16514.9 7618.4 2632.9 7241.5 3759.2 12271.0 <0.001

Proteins 14.7 4.1 14.5 8.4 21.5 14.1 4.2 13.5 8.3 22.1 0.005

Fat 44.8 11.6 45.1 24.9 63.2 42.3 11.3 41.9 23.8 61.0 <0.001

SFA 15.1 4.8 14.8 7.6 23.6 14.8 4.9 14.6 7.1 22.8 0.120

MUFA 17.3 6.0 16.8 8.5 27.7 15.7 5.6 15.2 7.3 25.7 <0.001

PUFA 7.1 3.3 6.3 3.1 14.3 7.3 4.0 6.4 2.8 15.2 0.525

Carbohydrates 38.9 11.5 38.2 21.5 59.4 43.2 11.9 43.4 24.0 63.5 <0.001

Starch 23.1 8.9 22.3 10.2 39.4 22.1 9.0 21.7 8.8 38.3 0.017
Monosaccharides 
and disaccharides 13.3 7.4 11.8 3.6 26.6 18.0 8.8 16.7 6.3 34.0 <0.001

Alcohol 1.6 4.9 0 0 10.5 0.4 2.4 0 0 0 <0.001

Dietary fiber 22.2 12.5 20.4 7.4 42.4 18.3 10.9 16.0 5.0 39.4 <0.001

Cholesterol 423.1 240.2 371.4 126.7 937.1 276.4 163.3 243.4 82.0 559.1 <0.001

Estimates are age-adjusted to the 2007 Lithuanian population.
E%, percentage of total energy intake; SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated 
fatty acids.

Table 2. Intake of Energy (kJ), Macronutrients (E%), Cholesterol (mg), and Dietary Fiber (g) According to Gender
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white cheese (“snacks” factor) was associated with 
a lower level of HDL-C. The “heavy food” factor 
(i.e., meat, its products, and potatoes) was positively 
related to the Tg level.

In women, the “light food” factor (i.e., porridges 
and cereals, boiled vegetables, white cheese) was in-
versely associated with the LDL-C level (Table 5). 
No statistically significant associations between 
other food factors and lipid levels in women were 
found.

Fig. 3. The proportions of carbohydrates, monosaccharides, and disaccharides derived from different food groups
*P<0.05, compared with the corresponding proportion in men.

Fig. 1. The proportions of fat and saturated fatty acids derived from different food groups
*P<0.05, compared with the corresponding proportion in men.

Serum Lipid Men Women P

TC, mmol/L
LDL-C, mmol/L 
HDL-C, mmol/L
Tg, mmol/L

5.6 (1.16)
3.57 (1.03)
1.30 (0.43)
1.63 (0.87)

5.51 (1.14)
3.39 (1.00)
1.45 (0.37)
1.45 (0.60)

NS
<0.05
<0.05
NS

Values are mean (standard deviation). 
Estimates are age-adjusted to the 2007 Lithuanian population.
TC, total cholesterol; LDL-C, low-density lipoprotein 
cholesterol; HDL-C, high-density lipoprotein cholesterol; 
Tg, triglyceride; NS, not significant.

Table 3. Serum Lipid Levels According to Gender
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Fatty Acids
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M
en
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22.1*

13.7

15.7

11.2

11.8*

Fig. 2. The proportions of proteins derived from different food groups
*P<0.05, compared with the corresponding proportion in men.
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Discussion
Our study has demonstrated that the diet of the 

Lithuanian rural population does not meet the WHO 
recommendations on healthy nutrition (14). The 
proportion of fat, especially SFA, in total energy in-
take was too high in both men and women, indicat-
ing a high consumption of fat products of animal or-
igin. Considering the WHO recommendations, the 
share of fat and SFA in total energy intake should 
not exceed 30% and 10%, respectively (14). The 
content of cholesterol in the diet of Lithuanian men 
was higher than recommended. Although the intake 
of carbohydrates was below the recommended level, 
the proportion of monosaccharides and disaccha-
rides was 1.6 times higher than recommended. The 
intake of dietary fiber was insufficient. Many studies 
have confirmed that unhealthy nutrition plays a ma-
jor role in the development of chronic diseases (15, 
16). The high consumption of saturated as well as 

total fat and sugars and the lack of unsaturated fatty 
acids, complex carbohydrates, and dietary fiber lead 
to obesity, hypertension, dyslipidemias, and diabe-
tes. It is well known that nutrient content of the diet 
depends on the consumed foods. Furthermore, di-
etary patterns might have a greater effect on health 
than individual foods (17). Identification of dietary 
patterns is very important for interventions aimed at 
promoting healthy nutrition.

Four factors, in other words dietary patterns, 
were determined by the factor analysis using the 
data collected by the food frequency questionnaire. 
The “vegetables and fruits” and “light food” factors 
might be assigned to healthy dietary patterns, while 
the “heavy food” and “snacks” factors in men and 
the “heavy food and sweets” factor in women might 
be considered as unhealthy dietary patterns. In our 
study, the associations between dietary patterns and 
lipids levels were more evident in men than women. 

Dependent Variable Independent Variable β±SE 95% Confidence Interval P

TC, mmol/L
Vegetables and fruits
Heavy food 
Light food 
Snacks 

–0.192±0.080
0.075±0.081

–0.151±0.080
0.043±0.080

–0.349; –0.035
–0.084; 0.235
–0.309; 0.007
–0.115; 0.201

0.017
0.355
0.049
0.590

LDL-C, mmol/L
Vegetables and fruits 
Heavy food 
Light food 
Snacks 

–0.023±0.077
0.104±0.078

–0.156±0.077
0.069±0.077

–0.174; 0.128
–0.048; 0.257

–0.307; –0.004
–0.082; 0.220

0.764
0.181
0.044
0.370

HDL-C, mmol/L
Vegetables and fruits
Heavy food
Light food
Snacks

–0.053±0.031
–0.002±0.031
–0.002±0.031
–0.092±0.031

–0.113; 0.007
–0.063; 0.058
–0.063; 0.058

–0.153; –0.032

0.086
0.939
0.938
0.003

Tg, mmol/L
Vegetables and fruits
Heavy food
Light food
Snacks

0.003±0.073
0.147±0.074
0.031±0.073

–0.029±0.073

–0.140; 0.146
0.003; 0.292

–0.112; 0.175
–0.172; 0.114

0.969
0.046
0.667
0.691

Estimates are adjusted by age and body mass index. The users of lipid-lowering medications were excluded.
TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; Tg, triglyceride.

Table 4. Associations Between Food Factors and Lipid Levels in Men

Dependent Variable Independent Variable β±SE 95% Confidence Interval P

TC, mmol/L
Vegetables and fruits 
Heavy and sweet food 
Protein food
Light food

–0.012±0.070
0.018±0.069
0.008±0.069

–0.090±0.070

–0.149; 0.125
–0.118; 0.155
–0.127; 0.143
–0.228; 0.049

0.864
0.790
0.906
0.203

LDL-C, mmol/L
Vegetables and fruits
Heavy and sweet food 
Protein food
Light food

0.007±0.063
0.042±0.062
0.039±0.062

–0.129±0.063

–0.116; 0.129
–0.080; 0.164
–0.082; 0.160
–0.253; –0.005

0.917
0.502
0.528
0.042

HDL-C, mmol/L
Vegetables and fruits
Heavy and sweet food 
Protein food
Light food

0.002±0.024
–0.030±0.023
–0.037±0.023
0.005±0.024

–0.044; 0.048
–0.076; 0.016
–0.083; 0.008
–0.042; 0.052

0.928
0.204
0.108
0.833

Tg, mmol/L
Vegetables and fruits 
Heavy and sweet food 
Protein food
Light food 

–0.008±0.054
0.013±0.053
0.008±0.053

–0.086±0.054

–0.113; 0.098
–0.092; 0.118
–0.096; 0.111
–0.192; 0.021

0.886
0.812
0.887
0.115

Estimates are adjusted by age and body mass index. The users of lipid-lowering medications were excluded.
TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; Tg, triglyceride.

Table 5. Associations Between Food Factors and Lipid Levels in Women

Diet and Dyslipidemias in Lithuania
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The “heavy food” factor (i.e., meat and its prod-
ucts, potatoes) was positively related to the Tg level 
in Lithuanian men. Other researchers also found 
that the Western dietary pattern characterized by 
high meat consumption was associated with the 
greater odds of having an elevated Tg level (18). 
Our data indicated that meat, milk, and their prod-
ucts were the main sources of energy, fat, SFA, 
cholesterol, and proteins. Frequent consumption of 
such foods may lead to obesity. Many studies have 
confirmed that obese people have a higher level 
of Tg compared with people having normal BMI 
(19, 20). Intake of dietary fat, especially saturated 
fat, is associated with the increased levels of TC 
and LDL-C, and risk of CVD (1, 21). In the Dutch 
population, a high intake of meat and potatoes was 
related to a higher TC level (22). On the contrary, 
the NHANES III study, in which a Western die-
tary pattern was characterized by a high intake of 
processed meat, eggs, red meat, and high-fat dairy 
products, did not find any association between this 
dietary pattern and serum TC level (23). Inconsist-
ent results might be explained by a cross-sectional 
study design, which does not allow estimating the 
causal relationship between dietary patterns and 
dyslipidemias, and possible interactions between 
foods and food components.

According to our findings, the “vegetables and 
fruits” pattern was related to a lower TC level only 
in men. Evidence from a prospective cohort study 
indicated that a high consumption of plant-based 
foods, such as fruits and vegetables, nuts, and whole 
grains, was associated with a significantly lower risk 
of coronary artery disease and stroke (24). Anti-
oxidant nutrients and other phytochemicals, which 
are in vegetables and fruits, can reduce the amount 
of free radicals that oxidize LDL and accelerate 
the atherosclerotic process (25). The results of the 
intervention study showed that an increase in the 
servings of fruits and vegetables in the diet was as-
sociated with a decrease in the oxidized LDL con-
centration (26).

In our study, the “light food” pattern, which in-
cluded porridges and cereals rich in dietary fiber, 
was related to a lower level of LDL-C in both men 
and women. It is known that dietary fiber is effective 
not only in lowering the TC level, but also in lower-
ing dietary density, on this way protecting against 
obesity and controlling body weight (27, 28). Fish 
was a component of the “light food” pattern in men. 

Habitual intake of fish is a negative predictor of se-
rum TC because of a high content of omega-3 fatty 
acids (29).

The “snacks” factor (i.e., sweets and cheese) was 
positively associated with the low HDL-C level. The 
study carried out in the United States also showed 
a significant association between the consumption 
of sweets and HDL-C levels (30). The results of 
other cross-sectional study demonstrated that the 
consumption of added sugars was associated with 
the lower HDL-C level, higher Tg level, and higher 
ratios of Tg to HDL-C (31). 

Several limitations of our study should be con-
sidered when interpreting the results. The validity 
of 24-hour recall used for the dietary survey may be 
affected by the memory and co-operation ability of 
respondents as well as by skills of interviewers. In 
order to increase the accuracy of the data, models 
and a food picture book were used to facilitate the 
estimation of portion sizes. The interviewers under-
went a special training course. 

The patterns of food consumption identified by 
the factor analysis depend on the limited number 
of food items included into the questionnaire. Be-
cause of this, dietary patterns can be expected to 
differ among populations. However, many studies 
revealed the similarities of food consumption pat-
terns in various countries. 

Conclusions
Our study indicated that the diet of the Lithuani-

an rural population did not meet the WHO recom-
mendations on healthy nutrition, being high in fat, 
particularly saturated. The main sources of fat, satu-
rated fatty acids, and cholesterol were meat, milk, 
and their products. Dietary patterns were related to 
serum lipids. Identified dietary patterns can be used 
for the promotion of healthy nutrition in order to 
decrease the prevalence of cardiovascular diseases.
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