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Abstract

Objectives: A long-term abnormal blood lipid profile increases the risk of cardiovascular disease (CVD). A probable
protective role may be played by the Mediterranean diet. The aim of this study was to assess prevalence of dyslipidaemia,

assess blood lipid status and treatment and examine the association between blood lipids, dyslipidaemia and

Mediterranean diet.

Methods: Data were from the Hellenic National Nutrition and Health Survey (HNNHS). Data from 3775 adults (40.8%

males) were obtained by trained personnel and disease status was categorized according to the International

Classification of Diseases codes (10th version). Blood lipid measurements were obtained from a subsample

(N¼ 1080, mean age 40.1 years; 37.8% male). The Mediterranean diet score (MedDiet score) was calculated from

24-h recalls. The relationships between higher MedDiet score (>23), lipid levels and status were examined using
linearized multiple linear and logistic regressions, respectively.

Results: In total, 20.7% of the population was dyslipidaemic, with 59.0% (no sex differences) receiving treatment, and

46.6% of the treated having a normal lipid profile. Lipid status awareness was 35.5% (64.5% unaware). Males aged 19–39

had higher total cholesterol, low-density lipoprotein cholesterol and triglycerides, and lower high-density lipoprotein

cholesterol levels than females (in mg/dl; p for all <0.05); these were significantly higher in overweight and obese

individuals in all age groups, except high-density lipoprotein cholesterol (p for all <0.001). Higher MedDiet score was

associated with significantly lower low-density lipoprotein cholesterol in the pooled sample (�6.39mg/dl; 95% confi-

dence interval (CI): �12.60, 0.17), in all males (�10.61mg/dl; 95% CI: �19.89, �1.34) and in overweight and obese males
(�15.6mg/dl; 95% CI: �29.25, –1.94).

Conclusion: This study underlines the abnormal lipid profile in the young, mostly male, population who are highly

unaware and under-treated.
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Introduction

Based on evidence, the cumulative effectal blood lipid

profile and continued dyslipidaemia increases the risk

of cardiovascular disease (CVD).1,2 Screening across all

age groups has been, therefore, recommended by the

American Heart Association and the European

1Department of Food Science and Human Nutrition, Agricultural

University of Athens, Greece
2Department of Nutrition and Dietetics, School of Health Science and

Education Harokopio University, Athens, Greece
3Laboratory of Hygiene, Social & Preventive Medicine and Medical

Statistics, Department of Medicine, Faculty of Health Sciences, Aristotle

University of Thessaloniki, Greece
4First Department of Pediatrics, Medical School, National and

Kapodistrian University of Athens, Greece

Corresponding author:

Antonis Zampelas, Principal Investigator, Department of Food Science

and Human Nutrition, Agricultural University of Athens, Iera Odos 75,

Athens 11855, Greece.

Email: azampelas@aua.gr

European Journal of Preventive

Cardiology

2019, Vol. 26(18) 1957–1967

! The European Society of

Cardiology 2019

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/2047487319866023

journals.sagepub.com/home/cpr

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/e
u
rjp

c
/a

rtic
le

/2
6
/1

8
/1

9
5
7
/5

9
2
5
9
0
6
 b

y
 g

u
e
s
t o

n
 2

0
 A

u
g
u
s
t 2

0
2
2

https://uk.sagepub.com/en-gb/journals-permissions
https://doi.org/10.1177/2047487319866023
journals.sagepub.com/home/cpr


Society of Cardiology as a preventative tool for

decreasing primary and early CVD onset.3,4 The new

guidelines include lipid biomarkers, among others, in

their list with other established CVD risk factors

(i.e. smoking, high blood pressure, high blood sugar,

etc.), to help health care professionals determine indi-

vidualized risk and treatment provision.4 Screening is

also required in order to increase population awareness

of their blood lipid status. According to latest reports,

awareness in Greece was low (about 40%),5 with

reported ranges in other countries from 45.5 in

Brazil6 to over 70% in Iran.7 In the past years popula-

tion awareness of blood lipid status has increased in the

USA, with the specific parameter being necessary in

order to promote primary prevention.

Studies have shown that the blood lipid profile,

including total and low-density lipoprotein (LDL) chol-

esterol, high triglycerides and low high-density lipopro-

tein (HDL) cholesterol, contributes to CVD risk,8,9 in

addition to other lifestyle factors. Specific lifestyle fac-

tors are highly associated with the lipid profile, includ-

ing smoking,10 diet, physical inactivity and body weight

status.11 In Greece, a high blood lipid profile was

reported from a subnational study,5 with an increase

observed since the 1980s. In Crete, 45 years after the

Seven Countries Study, farmers had 16% higher total

cholesterol levels, associated with an increase in red

meat consumption, and a decrease in Mediterranean

diet adherence.12

In relation to dyslipidaemia, the Mediterranean diet

has been associated with positive health outcomes13–16

and has been widely investigated as protective against

cardiovascular disease since the first findings reported

by Ancel Keys in the Seven Countries Study.17,18

Panagiotakos et al. reported that MedDiet can be

used complementarily to lipid therapy to further

ameliorate lipid levels,5 for secondary prevention of

dyslipidaemia. The secondary prevention of the

Mediterranean diet, compared with a low-fat diet, has

also been shown in newly diagnosed type 2 diabetics,

via the prevention of the progression of subclinical

atherosclerosis.19

Current information from national representative

population-based nutrition and health studies is lacking

in the Hellenic population for all age groups on the

prevalence of dyslipidaemia, blood lipid distribution

and population awareness, as well as proportion of

the dyslipidaemic individuals on treatment. The popu-

lation’s adherence to the Mediterranean diet, from

detailed quantifiable data, such as 24-h recalls, is also

missing.

The aim of this study was primarily to assess the

prevalence of dyslipidaemia in the Greek population,

in total and in the three main subareas, using medical

history reports, from a nationally representative

sample. The secondary aim was to assess blood lipid

distribution, awareness, treatment and lipid control in a

subsample of the population. The association between

blood lipids and dyslipidaemia with the Mediterranean

diet was also examined.

Methods

Study population

The Hellenic National and Nutrition Health Survey

(HNNHS) is a population-based survey, carried out

in all regions of Greece, following a multistage stratified

sampling design, based on age, sex and area of resi-

dence, as provided by the National Statistical Service

(2011 Census). The study was carried out from

September 2013 to May 2015 and surveyed non-insti-

tutionalized civilians of all ages living in Greece. A total

of 4574 subjects (42.5% male) participated, of whom

3775 adults (40.8% male) enrolled in this study. Details

of sampling and design can be found elsewhere.20

All individuals enrolled in the study were inter-

viewed by trained personnel and blood sample deter-

minations were performed in a subsample of these

(n¼ 1080; 28.6% of the adult population; mean age

40.1 years (15.2); 37.8% male; no significant differences

found with primary sample in age and sex). The

number of participants enrolled provided adequate

power (92%) for an effect size of 20% at a¼ 0.05%

level. Institutionalized individuals, pregnant and lactat-

ing women and adults unable to provide informed con-

sent due to any cause (mental impairment, psychiatric

condition, drug abuse, vision or hearing loss) unless a

first degree relative was able to assist were excluded. All

work was carried out upon obtaining individual con-

sent and approval by the Ethics Committee of the

Department of Food Science and Human Nutrition

of the Agricultural University of Athens and by the

Hellenic Data Protection Authority.

Parameters investigated

An interview based questionnaire was used to obtain

information on sociodemographics, anthropometric

characteristics, medication intake and lifestyle status

(such as smoking habits and level of physical activity).

Hyperlipidaemia was evaluated through medical his-

tory in the total sample, by experienced clinicians

according to the International Classification of

Diseases – 10th version. Individuals were categorized

with hyperlipidaemia, following a Computer Assisted

Personalized Interview (CAPI), in order to estimate

the prevalence of high cholesterol or triglycerides in

the population. Individuals were categorized as hyper-

lipidaemic if they had high cholesterol or high

1958 European Journal of Preventive Cardiology 26(18)
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triglycerides or were on lipid lowering medication, or if

they had been diagnosed at least once in the past by a

clinician as having high cholesterol or high triglycer-

ides, as is common in epidemiological studies.

Information on hyperlipidaemia was provided from

3663 adults (97% of sample; 39.9% male). Blood

lipids were measured and anthropometry was per-

formed in subjects who provided consent.

Blood lipid measurement and dyslipidaemia categorization.

Each individual visited one of the five mobile units

where medical evaluation and anthropometry were

completed. All blood samples were collected in the

morning, upon having fasted for at least

10 h, between 08:00 h and 10:00 h, All biochemical

examinations were carried out using enzymatic

methods in Cobas Integra 400 analyser. HDL choles-

terol was determined after precipitation of the

apolipoprotein B containing lipoproteins with dex-

tran-magnesium-chloride. LDL cholesterol was

calculated using the Friedwald formula: [(total choles-

terol) – (HDL-cholesterol) – 1/5 (triglycerides)].

Individuals whose blood was analysed for lipids were

categorized with hyperlipidaemia if they had high fast-

ing serum cholesterol (>200mg/dl) or high triglycerides

(>150mg/dl) or were on treatment. Hyperlipidaemia

from blood measurements was estimated in order to

have a comparable measure for hyperlipidaemia

derived from CAPI, as well as to assess population

awareness. Dyslipidaemia was used to account for the

whole lipid profile (total, LDL and HDL cholesterol

and triglycerides) for more complete analysis, based

on blood sample determinations. Dyslipidaemia

among individuals measured was diagnosed if individ-

uals were on lipid lowering medications or had any or a

combination of the following: high cholesterol

(>200mg/dl), high triglycerides (>150mg/dl), high

LDL cholesterol (>110mg/dl), low HDL cholesterol

(<40mg/dl).

Parameters associated with dyslipidaemia were also

evaluated, including population status awareness, dys-

lipidaemics receiving treatment and the proportion of

those treated that were controlled. These parameters

were examined since they are of great public health

interest for primary or secondary prevention and def-

initions used are in accordance with previous studies.

More specifically ‘awareness’ was defined as the pro-

portion of adults with measured high fasted blood

lipids (cholesterol or triglycerides) that actually knew

their hypercholesterolaemic or hypertriglyceridaemic

state (had reported correctly); ‘treated’ meant the indi-

viduals with dyslipidaemia who received lipid lowering

medications; ‘controlled’ meant the individuals on

treatment who had lipid profiles within normal ranges

(as measured by HNNHS).

Sociodemographic and lifestyle. Specifics on age, sex and

educational level were acquired by highly trained

health professionals. Educational level was classified

into three groups: group I had elementary schooling

or lower; group II had up to high-school education or

technical college; and group III had a college or higher

degree of education.

Smoking habits and physical activity level were also

reported. Individuals were classified as smokers or non-

smokers. Physical activity was evaluated using the

International Physical Activity Questionnaire (IPAQ)

adapted for adults and elderly. Physical activity was

defined as light, moderate or high, according to the

IPAQ, as per calculation guidelines.21 Individuals scor-

ing below the light activity level were categorized as sed-

entary. Weight (kg) and height (m) were measured, from

which body mass index (BMI) was derived (weight/

height2 (kg/m2)).

Mediterranean diet adherence assessment. Adherence to

the Mediterranean diet was assessed using the

MedDiet score derived and validated by Panagiotakos

et al. (2006).15 Two 24-h recalls were used, one during

the first interview and the second via telephone after

8–20 days on a different non-consecutive day, using

specific and validated food atlases for food quantifica-

tion. Details on the process have been published.22

Food groups from the 24-h recall were derived as per

the MedDiet score. Specifically, this pattern consists of

daily consumption of fruits and vegetables, olive oil,

non-refined cereals–carbohydrates (bread, pasta, rice,

cereals, etc.) and dairy products in moderation, and a

weekly intake of fish and pulses/legumes, poultry, olives

and nuts. Red meat and by-products are consumed on a

monthly basis and alcohol in moderation. Specific

scores were applied based on mean intake per day of

each of these foods, determined by the two recalls, for

each individual. The MedDiet score ranges from 0 to

55 (higher score levels indicate greater adherence to the

Mediterranean diet and low scores suggest a ‘Western-

type’ dietary pattern) with Panagiotakos et al.15 report-

ing that an 11 unit increase in diet score was associated

with a 37% odds reduction in acute coronary events.

The MedDiet score achieved by individuals in the

HNNHS study was, therefore, divided into 0–11,

12–22, 23–34, 35–44 and 45–55. Limited numbers of

individuals scored either very low or very high, there-

fore, the final MedDiet categories were 0–22, 23–34 and

35–55 (seen in Table 1) in order to achieve power in the

analyses conducted.

Statistical analyses

To account for the survey’s complex design and in

order to better reflect known strata in the population,

Magriplis et al. 1959
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a weighted average of the population (total population/

sampled population) was obtained, accounting for the

Primary Sample Unit (¼ household).

Normally distributed continuous variables are pre-

sented as mean �SD and skewed (triglycerides) as

median and range (25th to 75th percentiles).

Categorical variables are shown as absolute numbers

and frequencies (%) and data were compared using

chi-square test. Analyses were stratified by sex, and

dyslipidaemia and blood lipid distribution by age

group, to account for and examine population differ-

ences. Student t-test was used to compare sex differ-

ences for normally distributed data, Mann–Whitney

for skewed and one-way analysis of variance

(ANOVA) for age-group differences upon log trans-

forming skewed data. ANOVA was followed by

Tukey’s test to examine and report actual significant

group differences.

The weighted (by age, sex and area) prevalence of

dyslipidaemia was reported with respective linearized

standard errors (SEs), to account for the complexity

of the study’s design (svy: command for survey design

in Stata). Linear estimator combinations were used to

examine the differences by age group and/or sex and/or

area.

Extended Mantel–Haenszel statistics were per-

formed by sex to examine linear trends between in

mean blood lipid distribution and proportion of dysli-

pidaemia, by age group (p for trend).

Multiple linear and logistic regression, for survey

data, was used to examine the association between con-

tinuous blood lipid measured and the odds of having

high cholesterol or high triglycerides, with higher

Mediterranean diet adherence, respectively. The

models were adjusted for age, sex, weight status, edu-

cation, physical activity level and smoking status. All

analyses were also adjusted for two baseline health con-

ditions, including diabetes and coronary heart disease.

Differences for scores of 35–55 compared with 23–34

and lipid levels or status did not differ, therefore >23

was selected as the cut-off to simplify the model. Beta

coefficient and odds ratios (ORs) with corresponding

Table 1. Baseline characteristics of the HNNHS study’s adult participants by sex.

Total N¼ 3775 Males n¼ 1541 Females n¼ 2234 p-value for sex

Age, years, mean (SD) 43.6 (18.7) 43.1 (18.4) 44.0 (18.8) <0.001

Weight, kg, mean (SD) 73.2 (15.5) 82.8 (13.6) 66.7 (13.2) <0.001

MedDiet score 28.7 (6.5) 28.1 (6.6) 29.0 (6.3) <0.001

MedDiet score, status, n (%) 0.004

0–22 616 (17.1) 286 (19.5) 330 (15.5)

23–34 2219 (61.7) 896 (61.0) 1323 (62.2)

35–55 761 (21.2) 288 (19.6) 473 (22.3)

Weight status, n (%)

Healthy weight 1906 (52.3) 625 (41.8) 1281 (59.7) <0.001

Overweight 1159 (31.8) 623 (41.6) 536 (25.0)

Obese 577 (15.8) 248 (16.6) 329 (15.3)

Educational status, level, n (%) <0.001

Low 468 (12.4) 153 (9.9) 315 (14.1)

Medium 1377 (36.6) 626 (40.7) 751 (33.7)

High 1921 (51.0) 758 (49.3) 1163 (52.2)

Smoking status, n (%) <0.001

Non-smoker 2510 (66.5) 959 (62.2) 1551 (69.4)

Smoker, daily or occasional 1265 (33.5) 582 (37.8) 683 (30.6)

Physical activity status, n (%) <0.001

Sedentary 286 (7.8) 136 (9.0) 150 (6.9)

Light 515 (14.0) 233 (15.4) 282 (13.0)

Moderate 1415 (38.5) 527 (34.8) 888 (41.0)

Active 1463 (39.8) 617 (40.8) 846 (39.1)

Coronary heart disease, % (SE)a 2.3 (0.3) 3.7 (0.6) 0.9 (0.1) <0.001

Diabetes mellitus, % (SE)a 5.2 (0.4) 5.2 (0.6) 5.0 (0.6) 0.892

Significant at p<0.05.
aWeighted proportions by population, age and sex distribution.

1960 European Journal of Preventive Cardiology 26(18)
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95% confidence intervals (CIs) and linearized SE were

derived. All p-value estimates were based on two-sided

tests. The STATA 14.0 (StataCorp., Texas Ltd.) statis-

tical package was used for the analysis.

Results

Excluding diabetes prevalence, all baseline variables of

the study population significantly differed by sex (listed

in Table 1). All further analyses were therefore strati-

fied by sex.

Prevalence of hyperlipidaemia and treatment

In total, 20.7% of the whole population (weighted by

age, sex and area) was hyperlipidaemic (no sex dif-

ferences), with 59.0% (no sex differences) of the

hyperlipidaemic population receiving treatment

(79.1% of the hyperlipidaemic population over 60

years old; statistically significant difference by sex

groups p< 0.05; Table 2). From the treated popula-

tion only 46.6% had normal blood lipid levels and,

hence, were categorized as being controlled. Almost

two-thirds of the population (64.5% in total; 82.3%

in the 19–39 year, 59% in the 40–59 year and 42.2%

in the 60þ year age group; data not shown) were

unaware (had incorrectly reported) of their lipid

status as per lipid measurements, upon accounting

for medication intake as well.

Blood lipid distribution

In the subsample which had blood samples analysed,

total mean lipid levels by age group, stratified by sex,

are shown in Table 3. Males aged 19–39 years had higher

mean total cholesterol, triglyceride and LDL cholesterol

levels compared with females of the same age group.

HDL cholesterol was overall lower in males than in

females in all age groups (p for all <0.05; Table 3). In

males, the increase in mean levels (total cholesterol, LDL

cholesterol and triglycerides) from age group 19–39 to

40–59 years, was followed by a significant decrease after

60 years of age. This was depicted in the prevalence of

hypercholesterolaemia as well, since a significant

decrease was found (30.9% for individuals 60þ years

compared with 61.3% of those 40–59 years), primarily

due to medical treatment, highly observed in adults 60þ

years. In total 38.6% of the blood analysed population

were hypercholesterolaemic and 13.9% were hypertrigly-

ceridaemic. Hyperlipidaemia (blood analysis – adults

with high cholesterol or high triglycerides) was 21.8%

in the total population in comparison with CAPI results

(20.7%), although these are not directly comparable.

Dyslipidaemia in the blood samples was 50.1% irre-

spective of treatment (including individuals with

normal lipid levels when on lipid lowering treatment)

and increased in a linear trend by age group in both

males and females (p< 0.001).

Weight status and lipid profile

Mean lipid levels by weight status, as per BMI cat-

egory, by sex, are shown in Figure 1. In both males

and females mean total cholesterol, LDL cholesterol

and triglycerides were significantly higher in overweight

and obese individuals (BMI> 25 kg/m2) than in those

of a healthy weight (BMI 18–25 kg/m2). Mean HDL

cholesterol levels were significantly lower among

Table 2. Prevalence of adults diagnosed with hyperlipidaemia and percentage of those treated, based on medical history, in total and

by age group and sex.

Age group

Total

N¼ 3663

19–39

n¼ 1868

40–59

n¼ 962

60þ

n¼ 833

Hyperlipidaemia, % (SE) 20.7 (0.01) 5.6 (0.01)a,b 27.4 (0.02)a,c 41.9 (0.02)b,c

Total treated population, % (SE) 59 (0.02) 14.4 (0.04)a,b 45.9 (0.03)a,c 79.1 (0.03)b,c

Males

N¼ 1462

Females

N¼ 2201

19–39

n¼ 777

40–59

n¼ 344

60þ

n¼ 341

19–39

n¼ 1091

40–59

n¼ 618

60þ

n¼ 492

Hyperlipidaemia, % (SE) 7.2 (0.01)a 27.4 (0.03)b 38.1 (0.03)c 4.2 (0.01)a 27.5 (0.02)b 43.7 (0.02)c

Total treated population, % (SE) 18.3 (0.06) 47.1 (0.06)b 80.5 (0.04)c 8.2 (0.1)b 44.9 (0.04)b 77.9 (0.03)c

SE indicates linearized standard error. a,b,cDenote statistically significant differences in hyperlipidaemia prevalence (weighted proportions by age and sex

distribution) by age-group in total population and between sex (of same age group). Same superscript indicates significant difference. Significance at

a¼ 0.05 level, two-tailed Student t-test.

Magriplis et al. 1961
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overweight and obese individuals of both sexes than

among healthy weight subjects (p for all,< 0.01).

MedDiet score and lipid profile

Total LDL cholesterol was significantly lower in the

total sample, in all males and in overweight and obese

males, when sub-analysis was carried out, for those

achieving a MedDiet score> 23 (Table 4 and

Figure 2). In detail, in a fully adjusted model (educa-

tional level, physical activity, body weight status, age,

total energy consumption and smoking status), LDL

cholesterol levels significantly decreased in the total

sample (p¼ 0.044) and in males (p¼ 0.018) with greater

adherence, to MedDiet score> 23, but not in female

individuals (Table 4). LDL cholesterol decreased by

6.39mg/dl (95% CI: –12.60, –0.17) in the total sample

and 10.61mg/dl (95% CI: –19.88, –1.34) in males, for

those achieving a MedDiet score> 23. The predictive

margins for LDL cholesterol (mean and 95% CI) by

MedDiet score category can be seen in Figure 2 for the

total sample and for males. A significant decrease in

mean LDL cholesterol was found only among over-

weight and obese males, with LDL cholesterol decreas-

ing by 15.6mg/dl with high Mediterranean diet

adherence (b-coefficient �15.6; 95% CI: �29.25,

�1.94). When the same analysis (for all blood lipids)

was performed using minimal adjustment (including

body weight status and age alone), the b-coefficient

for total LDL cholesterol in males was �11.9mg/dl,

SE: 4.73; p¼ 0.012. An interaction (p for

sex#MedDiet score interaction¼ 0.042), hence possible

effect modification was found only for fasted LDL

cholesterol levels, decreasing to –12.43 (4.7) (95% CI:

–21.52, –3.28) for adults achieving> 23 MedDiet score

(from 6.39; 95% CI: –12.60, –0.17). No substantial

changes were found in the total sample nor in any

other lipid variables.

The effect of higher Mediterranean diet adherence

(score >23) on the odds of hypercholesterolaemia was

significant in males only, in a fully adjusted model, with

males achieving a score >23, being 46% less likely to

have high total cholesterol levels (ranging from 6% to

69%) compared with those scoring lower than 23

(OR: 0.56; 95% CI: 0.31, 0.94). No significant associ-

ation was found between MedDiet score and

hypertriglyceridaemia.

Discussion

Results from the HNNHS, a representative national

survey, resulted in a hyperlipidaemia prevalence of

21–22%, both from medical examination interview

and from measured blood lipid levels. As a representa-

tive study, if the results are extrapolated to the HellenicT
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Figure 1. Mean blood lipid levels in mg/dl for healthy and overweight adults, by sex. Pairwise mean comparison, Tukey’s test for each

blood lipid by sex; p for all <0.01. Bar charts weighted by age and sex.

LDL: low-density lipoprotein; HDL: high-density lipoprotein

Table 4. Multiple linear regression and logistic regression evaluating the odds of blood determined hypercholesterolaemia or

hypertriglyceridaemia by MedDiet scorea category, by sex, in a fully adjusted model.

Total sample Males Females

b-coefficientb 95% CI b-coefficientb 95% CI b-coefficientb 95% CI

Total cholesterol

Score> 23 �3.2 �9.29, 2.81 �6.62 �16.18, 2.96 1.40 �5.83, 8.64

LDL cholesterol

Score> 23 �6.39 �12.60, �0.17 �10.61 �19.878, �1.339 0.79 �6.72, 8.30

HDL cholesterol

Score> 23 1.17 �1.13, 3.48 1.27 �1.78, 4.34 0.38 �3.04, 3,79

Triglyceridesc

Score> 23 �0.05 �0.13, 0.03 �0.06 �0.19, 0.07 �0.03 �0.12, 0.06

Logistic regression

Odds ratiod 95% CI Odds ratiod 95% CI

Hypercholesterolaemia

Score> 23 0.72 0.49–1.06 0.54 0.31, 0.94 0.89 0.34, 2.31

Hypertriglyceridaemia

Score> 23 0.98 0.57–1.69 1.10 0.57, 2.13 0.76 0.28, 2.06

Model fully adjusted for educational level, physical activity, weight status, age, total energy consumption and smoking status.
aMedDiet score >23 (range 0–55) compared with very low score 0–22.
bLinearized multiple regression analysis.
cLog transformed prior to regression analysis.
dLinearized multiple logistic regression analysis.

CI: confidence interval; LDL: low-density lipoprotein; HDL: high-density lipoprotein.

Magriplis et al. 1963
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adult population, about two million Greek adults are at

risk of having hyperlipidaemia and, hence, at high risk

for CVD. Dyslipidaemia, which includes either high

cholesterol or triglycerides, or low HDL, or high

LDL, affected half of the population measured.

Higher Mediterranean diet adherence was significantly

associated with lower LDL cholesterol in the total

population with clinically significant lower values

observed in all males and those overweight and obese,

but not in females. Also, males, but again not females,

with a higher MedDiet score had 45% lower odds of

having high cholesterol, underlining the need for more

studies that evaluate physiological sex differences or

potential effect modification, as found in this study.

In agreement with this study’s findings, gender and

age-related differences were recently reported by

Lifelines, a large cross-sectional population-based

Dutch study.23 The authors reported a steep increase

in LDL cholesterol in men from 20 to 49 years of age,

while in women the levels increased after their 35th

year. Sex differences were readily apparent in young

adults and older individuals, with males having higher

mean lipid levels when young but lower than females

after 60 years of age, although fewer females over 60

were overweight and obese and MedDiet scores did not

significantly differ (data not shown). The latter has been

reported by other researchers, showing that a higher

percentage of women over 50 years old had higher chol-

esterol levels than men,24,25 a finding reported in Greece

as well.5 This finding can potentially be explained by

the lower proportion of females treated in the younger

age groups than males.

Compared with previously reported results, more

males had high triglycerides and approximately 39%

of the population had high cholesterol levels compared

with approximately 42% reported by the ATTICA

study in 2004.5 Although the results are not directly

comparable, it can be concluded that over the past

decade (2004 to 2014, when the information was gath-

ered) the lipid profile of the Hellenic population is rela-

tively steady, although it has increased compared with

results reported in the 1980s and compared with those

from the Seven Countries Study. This can be explained

by the increased prevalence of overweight and obesity

found in this study and the low adherence to the

Mediterranean diet by the majority of the population.
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MedDiet score MedDiet score

MD ≥ 23

P = 0.044 
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Figure 2. LDL cholesterol margin plots for total sample, all males and overweight-obese males, by MedDiet score category (low vs.

high). Margins plot following linearized multiple regression analysis ((a) fully adjusted model for age, educational level, IPAQ score,

energy intake, smoking status, body mass index category and sex; (b) whole model excluding sex; (c) whole model excluding BMI

category and sex); for overweight and obese individuals using fully adjusted model in (c)).

LDL: low-density lipoprotein; MD: MedDiet; IPAQ: International Physical Activity Questionnaire
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The effects of the economic crisis that started in Greece

in 2008 cannot be estimated in this study.

The public health problem of dyslipidaemia and

CVD risk in the Greek adult population is underlined

by the fact that almost two-thirds of the population

found to have abnormal lipid levels were unaware of

their lipid status, especially young adults, results similar

to other national health studies.6,26,27 Furthermore,

only a small percentage of young adults were treated,

despite increases reported in the USA,11 while only one-

quarter of the population with known abnormal lipid

levels was under control (less than half (46.6%) of those

treated). These results agree with a subnational study

conducted in Attica, Greece, 14 years ago,5 strengthen-

ing the need for population-based public health

programmes underlying the risks of dyslipidaemia and

emphasizing lifestyle and dietary modifications.

A recent study evaluating the factors associated with

poor LDL cholesterol control reported significantly

higher odds of higher LDL cholesterol among those

undertreated due to statin side effects and low adher-

ence to statin intake, and increased odds for high LDL

cholesterol when individuals consumed fish less than

three times per week.28 The effect of diet on LDL chol-

esterol was also demonstrated by a longitudinal child

oriented dietary intervention, where the intervention

resulted to a decrease in fat intake not only in children

but also in their parents, with a subsequent LDL chol-

esterol decrease in mothers only.29

The influence of MedDiet score on LDL cholesterol

was stratified by body weight status. This was done to

account for the high prevalence of overweight and

obese individuals in the HNNHS, and the significantly

higher lipid profile found among overweight and obese

individuals. The mean LDL cholesterol decrease with

higher MedDiet score observed was statistically signifi-

cant and in most cases clinically significant, reaching up

to 29.3mg/dl decreases in overweight and obese males.

No differences were found in women in comparison

with other studies,13 although the latter used nutritional

counselling on the Mediterranean diet prior to dietary

data collection. Also, sex may act as an effect modifier

on MedDiet and LDL cholesterol levels, since the inter-

action term was significant and resulted to a further

decrease in LDL cholesterol levels with higher

MedDiet score. The potential mechanism needs further

investigation. Furthermore, based on a recent study

reporting Mediterranean food and inflammation asso-

ciations in adolescence,30 sex observed differences may

be explained by the higher mean LDL cholesterol

found in young males, hence the longer period that

males were at risk, compared with females. It can also

be due to the hormonal changes that occur in women,

especially oestrogen level decreases, after the age of 45.

In support of these studies’ findings, Lopez-Garcia

et al.31 reported an inverse association between higher

Mediterranean diet adherence and all-cause mortality

in males and females; however, CVD mortality was sig-

nificantly lower only in males, with pooled results being

non-significant. It should also be underlined that most

of the data available include males. The Seven

Countries Study17,32,33 enrolled and reported the poten-

tial protective effect of the Mediterranean diet on

middle aged men. Other studies,16,32–34 including clin-

ical ones,35 have reported the beneficial effects of the

Mediterranean diet in the total sample. More studies

are, therefore, required to understand the potential

sex differences, accounting for the complex hormonal

changes that occur during menopause.

This study has some limitations that must be con-

sidered. It cannot establish causation nor temporal rela-

tions, due to its cross-sectional nature. Only one-third

of the population consented to provide a blood sample;

sampling bias, however, was low, since a-posteriori

tests showed that the samples did not vary by sex and

age. Generalizability of the sample measured can also

be questioned, although the results between measure-

ments and diagnosis from medical history were statis-

tically similar. Also, LDL cholesterol was calculated

and not measured, although errors result when trigly-

cerides are very high, which was not the case in our

population, granted that only 0.4% of the population

had triglyceride levels over 400 md/dl.

The study overall, as nationally representative, is

highly informative for the Hellenic and European

population, and although it verifies the high prevalence

of dyslipidaemia in older adults, it also underlines the

abnormal lipid profile in the young, mostly male, popu-

lation. Also, the high percentage of unawareness and

under-treatment, especially in the two younger age

groups, is a public health problem. The potential pro-

tective role of the Mediterranean diet on LDL choles-

terol and the sex differences observed need to be further

examined with cohort studies. The information gath-

ered on the lipid profile and the prevalence of dyslipi-

daemia can be used to derive health policies that will

create awareness and reinforce acceptable treatment

approaches.
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29. Jaakkola JM, Pahkala K, Rönnemaa T, et al. Longitudinal

child-oriented dietary intervention: Association with paren-

tal diet and cardio-metabolic risk factors. The Special

Turku Coronary Risk Factor Intervention Project. Eur

J Prev Cardiol 2017; 24: 1779–1787.

30. Arouca A, Michels N, Moreno LA, et al. Associations

between a Mediterranean diet pattern and inflammatory

biomarkers in European adolescents. Eur J Nutr 2018; 57:

1747–1760.

31. Lopez-Garcia E, Rodriguez-Artalejo F, Li TY, et al. The

Mediterranean-style dietary pattern and mortality among

men and women with cardiovascular disease. Am J Clin

Nutr 2014; 99: 172–180.

32. Stewart RAH, Wallentin L, Benatar J, et al. Dietary pat-

terns and the risk of major adverse cardiovascular events

in a global study of high-risk patients with stable coron-

ary heart disease. Eur Heart J 2016; 37: 1993–2001.

33. Tyrovolas S and Panagiotakos DB. The role of

Mediterranean type of diet on the development of

cancer and cardiovascular disease, in the elderly: A sys-

tematic review. Maturitas 2010; 65: 122–130.

34. Kastorini CM, Panagiotakos DB, Chrysohoou C, et al.

Metabolic syndrome, adherence to the Mediterranean

diet and 10-year cardiovascular disease incidence: The

ATTICA study. Atherosclerosis 2016; 246: 87–93.

35. Hernaez A, Castaner O, Elosua R, et al. Mediterranean

diet improves high-density lipoprotein function in high-

cardiovascular-risk individuals: A randomized controlled

trial. Circulation 2017; 135: 633–643.

Magriplis et al. 1967

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/e
u
rjp

c
/a

rtic
le

/2
6
/1

8
/1

9
5
7
/5

9
2
5
9
0
6
 b

y
 g

u
e
s
t o

n
 2

0
 A

u
g
u
s
t 2

0
2
2


