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ABSTRACT
Article history: Aim: This study was designed to evaluate the effects of dietary and lifestyle habits on several
Received: 8 Jun 2017 blood lipid parameters in the Lebanese population. Methods: This was a cross-sectional study
Accepted: 20 Jul 2017 for 2,000 individuals, of whom 1,003 completed the survey about their dietary and lifestyle
Published: 26 Sep 2017 habits. Anthropometric measurements and blood tests were performed and recorded. Results:

Up to 53.2% of the population was hypercholesterolemic. Gender and age contributed to the

K.ey wontds: prevalence of high levels of low density lipoprotein cholesterol (LDL-C) or triglycerides.

L1p1('1em1a, . Prevalence of hypercholesterolemia, hypertriglyceridemia and high LDL-C levels was higher

cgrdlovascular disease, in smokers, physically inactive or those who consume fatty meat or eggs. Prevalence of

diet, hypercholesterolemia was not affected by consumption of whole milk, skimmed milk or fruits

Lebanon and vegetables. However, the prevalence of hypertriglyceridemia and high LDL-levels was
higher in individuals who consumed whole milk, and lower in those who consumed skimmed
or fruits and vegetables. Conclusion: Hyperlipidemia affects more than half of the Lebanese
population. The finding that the majority of the individuals were unaware of their lipid profile
mandates warrant efforts for both patient and public education.

INTRODUCTION diseases including coronary artery disease (CAD)

and atherosclerosis.?® Although increased levels
Cardiovascular disease (CVD) remains the leading of high density lipoprotein cholesterol (HDL-C) may
cause of mortality and morbidity in both developed play a protective role against CVD,*° there is a
and developing countries.[! Although modifiable, positive correlation between increased serum levels of
hyperlipidemia remains a major risk factor for many cholesterol, triglycerides (TG), or low density lipoprotein
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cholesterol (LDL-C) and CAD or atherosclerosis.*®
Thus, it is not surprising that the major consequence of
hypercholesterolemia is atherosclerosis.”¢ The major
hallmark of atherosclerosis is the buildup of lipids,
mainly cholesterol, in the vascular wall.

Atherosclerosis is the most common CVD, and
conditions associated with it, such as stroke and acute
myocardial infarction (AMI), continue to be the leading
causes of morbidity throughout the world.®'% By
causing a reduction in the vessel lumen, atherosclerotic
plagues may dramatically diminish blood supply to
tissues, which could have deleterious effects on the
nourishment and oxygen supply of these tissues.!""

Hypercholesterolemia remains a leading risk factor in
both developed and developing countries.l'? Several
studies have reported that a decrease in the serum
levels of total cholesterol (TC) and LDL-C leads to a
reduction in the risk of coronary events and is thus
an effective strategy in secondary prevention.!"*"" |t
is also well documented that hyperlipidemia plays a
major role in the development of many CVDs including
atherosclerosis. 244!

There are many risk factors for atherosclerosis, such
as gender, diabetes, stress, and hypertension.["®
However, hypercholesterolemia in particular is critical
for the genesis of the disease as it plays a permissive
role in the development of other pathogenic factors
such as insulin resistance and vascular inflammation.['?!
Notably, the relationship between atherosclerosis and
hypercholesterolemia is affected by lifestyle factors,
including physical activity and smoking.

Lebanon is considered a third-world country.
Alarmingly, no large studies have been conducted
to determine the prevalence of hyperlipidemia in the
Lebanese population. There are no national studies
showing the impact of lifestyle-related factors, such as
diet, physical activity, alcohol consumption, or smoking
on blood levels of lipids. Despite the findings that the
Mediterranean diet may help reduce CVD risk and
mortality,?® nothing is known about this relation in
Lebanon, a small Mediterranean country. Interestingly,
there has been a change in the dietary habits,
particularly in the 20-30 years old age group living in
large cities in Lebanon.

This study was therefore undertaken to first determine
the prevalence and awareness of hyperlipidemia
in Lebanon. It was also designed to examine the
influence of diet and lifestyle factors on lipidemia in the
Lebanese population.

METHODS

Study population

This cross-sectional study recruited 2,000 participants;
997 of whom were later excluded because of the
existence of illness with the potential to modulate
lipid profiles, such as diabetes mellitus or the use of
lipid altering medications. Diabetes was defined as
having a fasting glucose level of =2 126 mg/dL or by
the use of glucose-lowering drugs. Demographically,
the remaining 1,003 individuals included in the study
were distributed over the different geographic regions
of Lebanon. Of these subjects, 501 were females and
502 males, all reported to be healthy with unremarkable
previous medical history. Surprisingly, more than 70%
of the subjects were unaware of their lipids profiles.
Subjects were grouped in 20-year intervals. All
participants above 55-year-old were assigned to one-
age interval.

Data collection and definitions

Questionnaires were distributed with instructions
for self-administration and collected one week later.
Incomplete questionnaires were completed during
short personal interviews. Information concerning
height, weight, alcohol intake, smoking, and physical
activity were recorded. Measurements of height and
weight were taken with the participants wearing no
shoes and very light clothing. Height was measured
to the nearest 0.5 cm using a standard physician’s
height stadiometer. Body weight was measured to the
nearest 0.1 kg using a portable balance scale. Body
mass index (BMI; kg/m?) was calculated as weight (kg)
divided by the square of the height (m).

Hypercholesterolemia was defined as having blood
total cholesterol of = 200 mg/dL.

Participants not undergoing regular physical exercise
for at least 30 min twice a week were considered
sedentary.

Smoking was defined as smoking an average of one or
more cigarettes per day.

Nutritional data were collected and pertained to the
frequency of consumption of fatty meat, entire dairy
products, skimmed milk, eggs, as well as fruits and
vegetables.

Informed consent was obtained for all participants,
either directly (for those 18 years or older) or through
the parents/legal guardians (for subjects under 18
years of age).

The protocols followed for data collection, handling,
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and analyzing were approved by the Research Ethics
Committee at the Lebanese University.

Blood sampling and laboratory

Selected participants were asked to undergo a
12-h-fasting period, after which 5 mm of blood were
collected by clean venipuncture into dry tubes (BD
Vacutainer®). Plasma was separated by centrifugation
(1,000 g, 4 ‘C, 20 min). Plasma samples were frozen
until analysis, which was carried out not later than 4 h
after phlebotomy. Since seasonal variation in plasma
cholesterol levels is well documented,”” all blood
samples were collected in the same month. Plasma
lipids concentrations were measured at the Clinical
Biochemistry Laboratory of Rayak Hospital, Lebanon.
Total cholesterol, LDL and triglycerides levels were
measured using automated enzymatic-calorimetric
techniques (COBAS MIRA). LDL was calculated
according to Friedewald formula as the total cholesterol
minus HDL minus one-fifth triglycerides level. Final
results are reported in mg/dL concentrations. The used
reagents were supplied by SPINREAC.S.A.

Statistical analysis

All analyses were conducted using SPSS program by
stepwise multiple regression analysis. The difference
in mean values between two groups (like males
versus females) was tested by Student’s t-test. Alevel
of 5% for the P value was considered significant.

RESULTS

Anthropometric measurements of the individuals who
participated in this study are shown in Table 1. The
age of the participants ranged from 15 to 87 years old,
with a mean of 41.64 (£ 15.9; SD) years. There was no
significant difference between the mean age of males
and females (41.8 vs. 41.48 years, respectively.) The
mean weight of the participants was 74.15 (x 13.9;
SD) kg, ranging from 36 kg to 150 kg. Their heights

Table 1: Characteristics of the study participants

ranged from 142 cm to 195 cm, with a mean height of
166.46 (+ 7.76; SD) cm. Both the height and weight
of males were significantly higher than the females’
[Table 1]. The range of the BMI was 14.2 to 49 kg/m?,
with a mean of 26.703 + 4.42 kg/m?. Age-adjusted BMI
was found to be significantly higher in females than
males (P < 0.05).

In this population, the means for serum levels of
cholesterol, LDL-C, HDL-C and triglycerides were
respectively 208.5 + 49.5, 133.2 + 46.1, 43.1 + 8.9,
and 163.6 £+ 111.6 mg/dL [Table 2]. Overall, an
alarming 53.24% of the population had a cholesterol
levels above 200 mg/dL, and thus can be considered
hypercholesterolemic.??

Importantly, cholesterol levels of the study
participants were found to conform to a normal
distribution with a mean of 208.5 + 49.9 mg/dL, and
a range of 110.4 mg/dL to 306.2 mg/dL [Figure 1].
Conformity of the distribution was tested by classical
statistical analysis of the variance (g?) with confidence

Percent of participants (%)

883888888888 S8
Cholesterol (mg/dL)
Figure 1: Distribution of cholesterol level in the population studied.

The percent of the population with a measured level of cholesterol
(mg/dL) is plotted

;v
8 88

Males (502) Females (501) Total (1,003) P-value
Mean SD Range Mean SD Range Mean SD Range

Age 41.8 15.9 71 41.5 15.8 71 41.6 15.9 72 0.34
Height 169.1 7.5 53 163.8 74 48 166.6 7.8 53 < 0.001
Weight 77.6 13.1 100.8 70.9 13.8 110 74.2 13.9 53 < 0.001
BMI 27.5 41 34.9 26.3 4.7 32.7 26.7 4.4 34.9 #

P value denotes significant difference between genders. #denotes P < 0.05 for the age-adjusted body mass index (BMI)

Table 2: Means of lipid profile parameters according to sex distribution

Males (502) Females (501) Total (1,003) P-value

Cholesterol 205.7 + 47.8 211.2+£51.9 208.5 +49.9 0.08
LDL-C 123.2 + 46.3 140.7 + 44.6 133.2 + 461 < 0.001
HDL-C 43.4 £8.7 42.9 + 91 431 £8.9 0.465
TG 177.6 + 123.4 150.8 +£ 98.7 163.6 + 111.6 < 0.001

Data presented as mean + SD. LDL-C: low density lipoprotein cholesterol; HDL-C: high density lipoprotein cholesterol; TG: triglycerides
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interval of 95% (g® = 0.3693, 9, = 5.991, a. = 0.05).

Table 2 also shows that the mean levels of cholesterol
and HDL-C did not significantly differ between both
genders. It is interesting to note that whereas mean
values of LDL-C were significantly higher in females
than males (140 vs. 123; P < 0.001), TG exhibited an
opposite profile, being higher in males than females
(177.6 vs. 150.8; P < 0.001).

Because gender did not significantly contribute to the
levels of total cholesterol or HDL-C, we then focused
our analysis on TG and LDL-C levels and sought to
determine if age contributes to the observed gender

differences.

Interestingly, LDL-C as well as TG levels showed a
statistically significant increase with age in both males
and females (P < 0.05 for TG and P < 0.001 for LDL-C).
TG levels were higher in males in the two age groups
[15-35] and [35-55], whereas LDL-C were higher in
females in these two age groups. Interestingly, in the
= 55 age group, there was no significant difference in
either of LDL-C or TG levels [Table 3].

The prevalence of high levels of cholesterol, TG or
LDL-C in the different dietary or lifestyle-related groups
is shown in Table 4.

Table 3: Means of serum levels of cholesterol, HDL-cholesterol, LDL-cholesterol and triglycerides in males and

females according to different age groups

Age interval (years) Gender/number Triglycerides level LDL level
Male/189 132.9 + 117.2 109.7 + 37.3
[15-35] Female/197 96.4 + 48.6 123.9 + 36.4
P value < 0.001 0.0001
Male/211 183.1 + 114.6 118.4 + 39.5
[35-55] Female/190 159.0 = 89.0 147.6 £ 45.5
P value < 0.001 < 0.001
Male/102 228.5 + 125.9 142.9 + 54.8
> 55 Female/114 210.3 + 1221 151.2 + 46.4
Pvalue 0.283 0.23

Data presented as mean + SD. LDL: low density lipoprotein; HDL: high density lipoprotein

Table 4: Prevalence of hypercholesterolemia, high triglyceridemia and high LDL-C among individuals with

different lifestyle and dietary habits

Percent of Prevalence of Prevalence of high Prevalence of
population (%) hypercholesterolemia (%) triglyceride (%) high LDL (%)
Gender
Male 50.05 51.3 56.6 36
Female 49.99 48.7 43.3 64
P<0.01 P<0.01 P<0.01
Cigarette
Non-smokers 62.4 45.12 40.6 36.6
Smokers 37.6 70.02 50.4 63.4
P <0.01 P=0.002 P<0.01
Physical activity
Sedentary 68.4 64.4 89.4 791
Active 31.6 32.9 10.6 20.9
P<0.01 P < 0.001 P < 0.001
Fatty meat
= 3 servings/day 50.1 721 60.2 53.3
< 3 servings/day 49.3 37.4 39.8 46.5
P<0.01 P < 0.001 P=0.01
Whole milk
= 1 servings/day 91.9 55.8 98.2 84.7
< 1 serving/day (on average) 8.1 46.9 1.8 1513
P=0.122 P < 0.001 P <0.001
Skimmed milk
> 1 serving/day 10 55,8 4.5 5%
< 1 serving/day 90 45.9 95.5 84.7
P =0.087 P < 0.001 P <0.001
Eggs
= 4-7 servings/week 74 58.1 80.5 77.9
< 3 servings/week 26 43.9 19.5 221
P < 0.001 P < 0.001 P < 0.001
Fruits and vegetables
= 3 servings/day 98 455 1.8 315
< 3 servings/day 2 56.4 98.2 96.5
P=0.33 P < 0.001 P <0.001

LDL-C: low density lipoprotein cholesterol
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The prevalence of hypercholesterolemia and
triglyceridemia was significantly higher in males than
females (both P < 0. 01), but prevalence of high LDL-C
was higher in females (P < 0.01).

Cigarette smokers have significantly higher prevalence
of high cholesterol (P < 0.01), TG (P = 0.002) and
LDL-C levels (P < 0.001). Likewise, sedentary
individuals exhibited higher prevalence of all the three
hyperlipidemias (P < 0.01 for cholesterol and P < 0.001
for TG and LDL-C).

With respect to the dietary factors, consumption of
3 or more servings of either fatty meat or eggs was
significantly associated with higher prevalence of
the three hyperlipidemias. Consumption of whole or
skimmed milk did not significantly affect the prevalence
of hypercholesterolemia. However, participants who
reportedly consumed 1 or more servings of skimmed
milk had significantly lower incidence of high TG
or LDL-C levels (P < 0.001). The exact opposite is
noted for those who consumed 1 or more servings of
whole milk; these individuals had significantly higher
prevalence of high TG and LDL-C levels (P < 0.001).

The number of serving of fruits/vegetables per
week did not seem to contribute to the prevalence
of hypercholesterolemia. However, those who
consumed 3 or more servings of fruits/vegetables had
a significantly lower prevalence of high TG and LDL-C
levels (P < 0.001).

DISCUSSION

To the best of our knowledge, this is the first study to
determine the prevalence of hypercholesterolemia
in Lebanon. In fact, it is also the largest and
most comprehensive study examining a health-
related issue in Lebanon, a small country with a
total population of around 4 million people. The
relatively large number of participants and their
wide demographic distribution covering all parts of
Lebanon are two strengths of this study.

In this study, we first determined the prevalence of TC,
LDL-C, HDL-C and TG in the Lebanese population.
We then evaluated how age, gender, some dietary
and lifestyle-related habits modulated the lipid
profile. We herein report that 53% of the Lebanese
population is hypercholesterolemic. Alarmingly, most
of these subjects were unaware of their lipid profile.
This mandates concerted efforts to educate the public
about the danger of dyslipidemia as well as its relation
to various cardiovascular diseases. Unfortunately,
no large-scale studies have determined the CVD-

associated mortality and morbidity in Lebanon.
Moreover, given the lack of sufficient available
literature, we could not find a study that analyzed
the effect of gender or dietary/lifestyle habits on
the prevalence of atherosclerosis in the Lebanese
population. This has hindered us from making a
meaningful conclusion on the interplay between these
parameters and atherosclerosis.

Compared with other countries, the prevalence of
hypercholesterolemia in Lebanon is higher than that
in Turkey,”® Saudi Arabia,?¥ India,”® Guadeloupe,?®
but lower than that in England,?” and similar to that in
Finland,”?® and the USA.?*

Gender appeared to play an important role in the
prevalence of the lipidemia studied. Although there
was no difference in mean cholesterol levels between
males and females, more males suffered from
hypercholesterolemia. In addition, prevalence of high
TG was higher in males than females. This lower
prevalence in females may suggest that female sex
hormones, particularly estrogen, offers a protective
effect against the elevation of cholesterol or TG
levels in the Lebanese population. Indeed, such a
protective role for estrogen has been previously
reported, but remains controversial.3 Interestingly,
in the female population included in this study, the
levels of cholesterol and TG increased with age,
even beyond menopause. On the other hand, it is
possible that estrogen contributes to the increased
levels of TG. While this would be consistent with other
reports where estrogen was shown to precipitate
hypertriglyceridemia,®! it remains inconsistent with
other studies suggesting that menopausal women
have higher levels of LDL-C and TC compared with
pre-menopausal women.B>%*! Moreover, estrogen
injection has been shown to reduce hepatic cholesterol
synthesis thereby leading to decreased blood levels of
LDL-C.B637

Itis also possible that the male hormone, testosterone,
predisposes men for hypercholesterolemia and
triglyceridemia. Indeed, some reports suggest that
testosterone levels are inversely proportional to
serum lipid levels in males.®® Moreover, animal
studies show that testosterone-deficient male mice
exhibit higher cholesterol levels, clearly suggesting a
favorable role for testosterone in regulating blood lipid
levels. However, testosterone is unlikely to explain
the higher prevalence of hypercholesterolemia in
males, particularly because the population average of
cholesterol did not differ between males and females.

Because it increased the prevalence of
hypercholesterolemia and triglyceridemia, smoking
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may explain the higher prevalence of these
dyslipidemias in males versus females. This would
be supported by our observation that smoking is
more common among men than women in the study
participants. This is not surprising since smoking
is still not socially very acceptable for women in
some regions of Lebanon, particularly in some rural
areas. Surprisingly, when we adjusted for smoking,
females were found to be at higher risk of developing
hyperlipidemias. However, it is important to note that
the prevalence of hyperlipidemia is not always higher
in smokers versus non-smokers. For instance, the
prevalence of hyperlipidemia among smokers was
not significantly higher than that in non-smokers in an
Asian population.*? On the contrary, in a Romanian
population, current smokers appear to have a worse
lipid profile in both men and women.*"!

Contrary to cholesterol's and TG’s prevalence, LDL-C
was more prevalent in females than males. This may
be due to the higher BMI in females [Table 1]. Indeed,
we observed that high levels LDL-C are more prevalent
in individuals with higher BMI (data not shown). This
is consistent with the well-known notion that high BMI
correlates with unfavorable lipid profile.*243

Levels of LDL-C and TG increased with age, in both
males and females. However, the sex difference in the
values of LDL-C and TG becomes insignificant in the
oldest age group (= 55 years). This could be explained
by the aforementioned presumed effects of estrogen
and/or testosterone, since both of these hormones
dramatically decrease with age. Importantly and
perhaps not unexpectedly, the vast majority (> 89%)
of individuals within this age group were sedentary.
We report herein that prevalence of high TG or LDL-C
levels is lower in individuals with a physically active
lifestyle. Taken together, these findings suggest that
the sedentary lifestyle in this age group may account,
at least in part, for the insignificant differences between
both genders.

The levels of HDL-C remained relatively constant in all
age groups, regardless of the gender (data not shown).
This is consistent with what is previously reported in
other population groups.?44

Data on the impact of egg consumption on lipid profile
is inconsistent. Some report a positive association
between egg consumption and unfavorable lipid profile;
while others suggest a negative or no association.54°
Because of this inconsistency, we investigated
whether egg consumption affects the prevalence
of different hyperlipidemias. The prevalence of
hypercholesterolemia, hypertriglyceridemia  and
elevated LDL-C was higher in the group where egg

consumption was = 4 servings/week. Therefore, in
the Lebanese population, consuming an average
of one or more eggs per day is likely to negatively
impact lipid profile. It is important to note that egg
consumption itself is reported to increase intake
of total fat or cholesterol.®® Further studies are
warranted to determine if this effect is modulated by
other factors, like gender, age, or other dietary and
lifestyle related factors.

Previous studies have suggested that consumption of
skimmed milk does not modulate serum cholesterol
level.b However, another study showed lower levels
of serum cholesterol and LDL-C after isocaloric
substitution of whole with skimmed milk.5? In this
report, we found that consumption of whole milk
or skimmed milk did not affect the prevalence of
hypercholesterolemia. Nonetheless, consumption of
skimmed milk decreased the prevalence of high TG
and high LDL-C but whole milk consumption increased
this prevalence.

Consumption of a diet rich in fruits and vegetables
is reported to favorably modulate the lipid
profile in humans.®® Indeed, high fruit intake is
significantly associated with reduced odds of
hypertriglyceridemia.® This is further supported by
a recent study in the Korean population showing
strong association between fruit intake and reduced
prevalence of hypertriglyceridemia.™ Interestingly,
this study reported no association between the
consumption of vegetables and blood lipid levels.!*!
However, several other studies report little or no
effects of fruits and vegetable consumption on
lipid profile.***®! More recently, soya products were
shown to favorably modulate lipid levels of TC,
TG, and LDL-C and HDL-C.59 These seemingly
paradoxical results could be the result of different
study designs as well as the data analysis.®” It may
also depend on whether the consumed vegetables
are cooked/boiled or not, as boiling reduces some
of the bioactive phytochemicals.®" In this study, we
found that the prevalence of hypertriglyceridemia
and elevated LDL-C was lower in the group with the
high consumption of fruits and vegetables.

It was strikingly surprising that most of the participants
were unaware of their lipid profiles. This is perhaps
owing to the absence of effective patient and public
education. This is also in line with other reports
indicating that some types of dyslipidemias are both
underdiagnosed and under-treated.? It is hoped that
this study will increase the awareness of the Lebanese
community with respect to hyperlipidemia and its
detrimental consequences. It is recommended that
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patient education as well as national programs be put
in place to further reduce the major risk factors of CVD.
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