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The European Atherosclerosis Society and American 
College of Cardiology and American Heart Association 
guidelines have introduced several new recommenda-
tions, according to which vegetarian diets are concerned 
as beneficial for the cardiovascular system. This study 
was aimed to investigate the lipid profile in 56 healthy 
Polish young women – 13 vegans, 18 lacto-ovo-vegetar-
ians and 25 omnivores. HDL cholesterol concentrations 
were higher in the vegans and vegetarians than in the 
omnivores. LDL cholesterol levels were lower in the ve-
gans than in both other diet groups. The use of a veg-
etarian – especially vegan – diet in Polish conditions is 
associated with a favorable lipid profile and may have 
cardioprotective effects.
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INTRODUCTION

The World Health Organization reports that in 2016 
CVD was the leading cause of death in Poland, re-
sponsible for 46% of deaths from noncommunicable 
diseases (WHO, 2020). It is commonly known that 
diet is a crucial factor affecting cardiovascular health 
(Mozarrafian et al., 2016). Nowadays, more and more 
people adopt dietary patterns based on plant foods 
(Kamiński et al., 2010). It is worth noting that – if 
composed properly – such diets meet all nutritional 
requirements according to the Academy of Nutrition 
and Dietetics (Melina et al., 2016). Moreover, they ap-
pear to be beneficial in the prevention and treatment of 
certain diseases like diabetes type 2, obesity, and vari-
ous afflictions of the cardiovascular system (Oussalah 
et al., 2016). Indeed, the European Atherosclerosis So-
ciety, and the American College of Cardiology, and the 
American Heart Association guidelines have introduced 
several new suggestions and Mediterranean and vegetar-
ian diets are examples of diet patterns that are currently 
being deliberated upon, as to whether they are healthy 
for the cardiovascular system (Arnett et al., 2019; Wo-
jda et al., 2020).

Inter alia, hypercholesterolemia, and hypertriglyceri-
demia are considered risk factors in the development of 
CVD, and the lipidogram is the most frequently per-
formed test in primary care, even in the population of 
healthy people. To the best of our knowledge, there 
is no research comparing lipid profiles in vegans, veg-
etarians, and omnivores in Poland; thus, this study was 
aimed to assess the plasma levels of total cholesterol, 
low density lipoprotein (LDL) cholesterol, high density 
lipoprotein (HDL) cholesterol, and triglycerides (TG) 
in healthy women from three diet groups – lacto-ovo-
vegetarian (hereafter referred to as the vegetarian group), 
vegan, and omnivore – in order to evaluate the influence 
a meat-free diet may have on the lipid profile and, as a 
consequence, on the cardiovascular risk.

MATERIALS AND METHODS

The study involved 56 healthy women – 13 vegans 
(median age 30.0 (3.5) years), 18 lacto-ovo-vegetarians 
(29.5 (4.0) years), and 25 omnivores (24.0 (1.0) years). 
All participants had normal Body Mass Index (BMI), i.e. 
18.5-24.99. Participants of the study group were recruit-
ed into the study via electronic media. The study was ap-
proved by the local Independent Bioethics Commission 
for Research (NKBBN/508/2012).

The inclusion criterion (for the non-omnivores) was 
refraining from eating meat for at least one year con-
tinuously for both (vegetarian/vegan) study groups and 
from consuming any other animal-derived products (i.e. 
dairy, eggs, honey) for the vegan group. Additional crite-
ria were the absence of any chronic diseases and eating 
disorders, and the absence of pregnancy or lactation.

The control (omnivore) group was recruited from 
among employees and students of the Medical University 
of Gdańsk. The additional inclusion criteria were simi-
lar; however, subjects from the control group consumed 
meat regularly. The basic characteristics of the study 
groups are presented in Table 1.

Table 1. Comparison of basic characteristics in different diet 
groups. Data are shown as median ± quartile deviation.

Variables Vegan 
(n=13)

Vegetarian 
(n=18)

Omnivore 
(n=25) p value

Age 30.0±3.5 29.5±4.0 24.0±1.0 <0.01

BMI 20.0±1.4 20.6±1.4 20.7±1.5 0.62

Body fat (%) 18.9±1.8 22.2±3.8 24.7±3.0 0.21
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Diet assessment

Prior to the onset of the study, all the included wom-
en provided informed consent. They had a consultation 
with a well-trained, experienced interviewer during which 
they performed a 24-hour diet recall in order to estimate 
their nutrient intake. To avoid potential modifications 
of eating habits, respondents were not informed about 
the dietary assessment method before the interview. 
Respondents had the opportunity to use an album of 
photographs of popular food products and meals, show-
ing portion sizes for corresponding food quantities; this 
made assessing of the portion sizes easier and more reli-
able. None of the participants was using any diet sup-
plements during, and prior to, the onset of the study. 
The data collected from the interviews was used to es-
timate the intake of energy and selected diet compo-
nents, which was calculated using Cronometer® (https://
cronometer.com/). During consultation respondents also 

described their feeding habits; this information allowed 
for the assessment of food sources of basic macronutri-
ents, which are presented in Table 2.

Anthropometry

Body mass was measured by the electronic scale (Tan-
ita TBF-400A, Japan) and body fat content was meas-
ured using the bioelectrical impedance method with 
Bodystat 1500 (UK). The consultant also measured the 
height of the participants, which was essential for calcu-
lating the BMI.

Laboratory parameters

The blood was collected (after an overnight fast) by 
a nurse. It was immediately centrifuged; the obtained 
plasma was stored at –80°C. Plasma concentrations of 
HDL and LDL total cholesterol, and triglycerides were 
examined directly using enzymatic colorimetric tests (Co-

Table 2. Food sources of principal macronutrients in different diet groups. The order od products reflects the frequency of intake.

Diet type
Food sources of macronutrients

protein carbohydrates fat

vegan pulses (variuos), tofu, soy milk, nuts, 
seeds

wholemeal bread, oats, groats, rice, 
potatoes, pulses, confectionery

avocado, nuts (various), seeds (flax-
seed, seasame), oils (olive, flaxseed, 
rapeseed)

vegetarian
dairy (yogurth, milk, cheese, cottage 
cheese), pulses (various), soy milk, 
tofu, eggs, nuts

wholemeal bread, oats, groats, rice, 
potatoes, pulses, confectionery

butter, oils (olive, rapeseed), avocado, 
nuts (various), eggs

omnivore
dairy (cheese, yogurth, milk, cottage 
cheese), meat (chicken, pork), eggs, 
fish

white bread, oats, confectionery, 
groats, rice, potatoes, pasta butter, mayonnaise, nuts (almonds)

Table 3. Serum levels of lipid fractions in different diet groups. After exclusion of outliers values, data were analysed using one-way 
ANOVA (*) or Kruskal-Wallis test. 

Variables Diet type Me ± QD Min Max p value n

TG [mg/dl]

 vegan 67.0±12.5 43.0 82.0

0.42 54vegetarian 70.0±20.5 40.0 153.0

omnivore 66.0±18.0 46.0 233.0

Total cholesterol [mg/dl]*

vegan 126.0±18.0 104.0 189.0 p1=0.09

56vegetarian 168.5±21.0 117.0 207.0 p2=0.004

omnivore 150.0±16.0 116.0 205.0 p3=0.23

LDL [mg/dl]*

vegan 61.0±18.0 43.0 107.0 p1=0.04

55vegetarian 90.5±9.5 52.0 118.0 p2=0.02

omnivore 84.0±18.5 44.0 148.0 p3=0.88

HDL [mg/dl]

vegan 61.2±1.3 56.6 66.2 p1=0.001

51vegetarian 63.0±1.6 56.0 66.8 p2=0.82

omnivore 57.1±1.1 47.7 68.9 p3<0.001

Me, median; QD, quartile deviation; Min, minimum value; Max, maximum value. Post-hoc analysis: p1, vegan vs. omnivores; p2, vegetarian vs. ve-
gan; p3, omnivore vs. vegetarian.

https://cronometer.com/
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bas, Roche Diagnostic, Germany). These widely applied 
methods are based on several enzymatic reactions; the 
last one is catalyzed by peroxidase and gives pigment. 
The color intensity of the final product was determined 
photometrically with an automatic chemistry analyzer, 
Hitachi 704 (Roche Diagnostic, Germany).

STATISTICAL ANALYSIS

All statistical analyses were performed in Statistica 12 
(Statsoft). Since the distributions of the most analyzed 
variables were not normal (based on the Shapiro-Wilk 
test), the Kruskal-Wallis test was used for comparison 
between different diets. Dunn’s test was applied post-
hoc. For normally distributed variables a one-way ANO-
VA test was used, with the Tuckey test applied post-hoc. 
To examine if there is a relationship between cholesterol 
fractions and selected diet components, Spearman’s rank 
correlation coefficient was used. Values were regarded 
as outliers based on visual assessment; for which box-
plots were used, such values were excluded from further 
analysis. Results were regarded as statistically significant 
when p≤0.05.

RESULTS

There were statistically significant differences in total 
cholesterol, in both LDL and HDL cholesterol levels. 
HDL was higher in vegans and vegetarians than in om-
nivores (H2,51=31.06, p<0.001). LDL levels were lower 
in vegans than in both other diet groups (F2,55=4.45, 

p=0.02). Total cholesterol levels were higher in vegetar-
ians compared to vegans, but there were no statistically 
significant differences between omnivores and both plant 
diet groups (F2,56=4.72, p=0.01). There were no differ-
ences in TG levels (H2,54=1.74, p=0.42) between the 
analyzed groups (Table 3).

Analysis of 24-h dietary recalls showed disparities 
in consumed diet components. Both vegans and veg-
etarians ate more polyunsaturated fatty acids (PUFA) 
(H2,50=23.16, p<0.001) than the control group, while 
only vegans consumed less saturated fatty acids (SFA) 
(H2,52=8.95, p=0.01) compared to the control group. 
There were no differences in monounsaturated fatty ac-
ids (MUFA) (H2,51=1.61, p=0.45) intake (Table 4).

Within PUFA, vegans consumed more both n-3 
(H2,50=15.27, p=0.0003) and n-6 (H2,49=18.14, p=0.0003) 
fatty acids than omnivores. There were no differences in 
the intake of these fatty acids between vegans and veg-
etarians (p=0.16 and p=0.71 respectively). Vegetarians ate 
more n-6 fatty acids than omnivores (p=0.008), while we 
found no difference in n-3 consumption between these 
groups (p=0.18).

All the analyzed groups presented different choles-
terol consumption (H2,50=30.54, p<0.001). Medians of 
cholesterol intake were 0 mg/day for vegans, 40.80 mg/
day for vegetarians, and 217.65 mg/day for omnivores. 
Omnivores ate significantly more protein than both 
plant diet groups (F2,53=10.65, p<0.001). Additionally, 
all groups differed in fiber consumption (F2,49=17.21, 
p<0.001), which was the highest in vegans and the 
lowest in omnivores. There were no differences in to-

Table 4. Daily intake of selected nutrients (shown as median± quartile deviation). After exclusion of outliers values, data were anal-
ysed using one-way ANOVA (*) or Kruskal-Wallis test.
 

Diet component
Daily intake

p value n
Vegans Vegetarians Omnivores

Lipids [g] 49.15±38.30 64.00±13.50 55.55±11.42 0.46 51

Proteins [g/kg b.w.]* 0.78±0.27 0.81±0.22 1.23±0.31

p1=0.003

53p2=0.98

p<0.001

Carbohydrates [g] 276.55±51.62 221.50±62.00 232.60±35.10 0.14 51

Fiber [g]* 50.90±7.18 32.50±8.50 24.90±6.65

p1<0.001

49p2=0.01

p3=0.03

Cholesterol [mg] 0.00±0.00 40.80±71.80 217.65±104.85

p<0.001

50p2=0.049

p3=0.01

SFA [g] 8.65±7.60 18.00±9.90 22.95±5.95

p1=0.01

52p2=0.17

p3=0.84

MUFA [g] 16.50±19.82 20.90±7.00 18.25±3.95 0.45 51

PUFA [g] 20.60±7.42 14.50±3.60 8.80±2.10

p1<0.001

50p2=0.24

p3=0.01

Me, median; QD, quartile deviation. Post-hoc analysis: p1, vegan vs. omnivores; p2, vegetarian vs. vegan; p3, omnivore vs. vegetarian.
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tal lipid (H2,51=1.53, p=0.46) and total carbohydrate 
(H2,51=3.92, p=0.14) consumption (Table 4).

There was a weak but statistically significant positive 
relationship between LDL cholesterol levels and body 
mass (Rs=0.36, p=0.007), as well as BMI (Rs=0.29, 
p=0.03) and percentage body fat (Rs=0.39, p=0.003). 
HDL cholesterol concentrations were moderately nega-
tively correlated with cholesterol intake (Rs=–0.44, 
p=0.002), weakly positively correlated with fiber con-
sumption (Rs=0.33, p=0.02) and moderately positively 
correlated with PUFA intake (Rs=0.45, p=0.002).

DISCUSSION

We observed lower levels of LDL cholesterol in ve-
gans compared to omnivores, which is in accordance 
with other studies (Kim et al., 2012; Elorinne et al., 2016). 
Positive impact of plant diets on LDL cholesterol was 
also observed after nutritional intervention in numerous 
studies; for instance, in male and female Ethiopians who 
were supposed to follow a vegan diet for 7 weeks. Af-
ter a one-week washout they switched to the omnivo-
rous diet for another 7 weeks. This short-term vegan 
diet contributed to lower LDL cholesterol levels in both 
sexes compared to the omnivorous diet (Mekonen et al., 
2018). It is worth noting that there were no differences 
in BMI between the studied groups in our work. Ad-
ditionally, in each group participants consumed a similar 
amount of lipids.

LDL cholesterol was significantly higher in vegetar-
ians than in vegans, and so was the total cholesterol. 
This may be attributed to several factors. Firstly, lacto-
ovo-vegetarians – in contrast to vegans – consume ani-
mal-derived products, such as dairy and eggs, which are 
natural sources of exogenous cholesterol. Indeed, all ana-
lyzed groups presented significantly different cholesterol 
consumption (Table 3). Secondly, we noted statistically 
lower consumption of dietary fiber in the vegetarian 
group than among vegans, while the latter had the high-
est intake of this component among all the analyzed diet 
groups (Table 3). It has been recognized that a high con-
sumption of fiber-rich foods displays strong hypocho-
lesterolemic effects, and its cardioprotective action was 
confirmed in meta-analysis, which revealed a significant 
dose-dependent relationship between fiber (both soluble 
and insoluble) intake and the incidence and mortality of 
coronary heart disease (Wu et al., 2015).

In our study, HDL cholesterol was slightly but signifi-
cantly higher in both vegans and vegetarians compared 
to the omnivores. Most papers demonstrate levels of 
each fraction of cholesterol-bearing lipoproteins lower in 
vegans than in their meat-eating counterparts (Elorinne 
et al., 2016), though there are some articles showing no 
differences between diet groups in HDL cholesterol lev-
els (Kim et al., 2012; Kuchta et al., 2016). In a recent 
study, Brazilian vegetarians had statistically significantly 
higher levels of HDL cholesterol than their meat-eat-
ing counterparts, although they also had lower body 
weight and BMI (De Mello Barros Pimentel et al., 2019). 
A possible explanation for the observed levels of HDL 
cholesterol may be the dietary composition of fatty ac-
ids. As summarized by Manuelli and others (Manuelli et 
al., 2017) n-3 PUFA seem to induce a small increase in 
HDL cholesterol levels and in our work the intake of 
these fatty acids was considerably higher both in vegans 
and vegetarians compared to controls. What is more, we 
observed a positive correlation between HDL cholester-
ol and PUFA consumption. It is commonly known that 

vegetarians, especially strict ones, consume more n-6 ac-
ids than n-3, and the latter ones are associated with bet-
ter lipid profiles and cardiovascular health (Saunders et 
al., 2013). Indeed, the intake of n-6 fatty acids was high-
er in both vegans and vegetarians from our study. How-
ever, vegans also consumed significantly higher amounts 
of n-3 PUFA than omnivores. Presumably, they con-
sumed α-linolenic acid, a natural precursor of eicosapen-
taenoic and docosahexa enoic acids in the human body. 
Most participants from this group consumed flaxseed oil 
and nuts (walnuts), which are a good source of this fat-
ty acid for vegans. On the other hand, omnivores con-
sumed no flaxseed and only little amounts of nuts, and 
– more importantly – fish, which are the basic source of 
n-3 PUFA in a non-vegan diet. Unfortunately, we found 
no difference in n-3 PUFA intake between vegetarians 
and omnivores.

We observed a positive correlation between HDL cho-
lesterol and fiber consumption, which positively affects 
HDL cholesterol concentrations (Zhou et al., 2015). Ad-
ditionally, it has been recognized that a lower consump-
tion of sugars and refined carbohydrates is associated 
with increased HDL cholesterol levels (Lee et al., 2014). 
In our work there were no differences in total carbohy-
drate consumption. As vegans and vegetarians consumed 
significantly more fiber than meat-consumers, and the 
overall carbohydrate intake was statistically the same, it 
suggests less highly-absorbed mono- and disaccharides, 
and starch in the diet, which may be an additional factor 
promoting higher HDL cholesterol levels. Lastly, there 
are some papers describing the positive effects of soy 
consumption on the lipid profile, namely lowering LDL 
cholesterol and increasing HDL cholesterol blood levels 
(Jassi et al., 2010; Chi et al., 2016). It is commonly known 
that the intake of this legume is considerably higher in 
non-meat-eaters than in meat-consumers (Rizzo & Bar-
oni, 2018), and – as opposed to omnivores – partici-
pants from both plant-based diet groups consumed soy 
products, which may be another explanation for the ob-
served results.

We observed no differences in serum TG concentra-
tions between the analyzed diet groups (Table 2). Gen-
erally, studies on serum TG levels are inconsistent. The 
review of over twenty controlled and randomized trials 
showed that adopting dietary patterns based mainly on 
plant products, but also eggs and dairy, is effective in 
lowering blood concentrations of TG and LDL choles-
terol; the effectiveness of intervention was bigger for 
strict plant diets (Ferdowsian & Barnard, 2009). How-
ever, in the study conducted by Elorinne and others 
(Elorinne et al., 2016) in Finnish subjects, there were 
no statistically significant differences between vegans 
and their meat-eating counterparts in TG levels. On the 
contrary, Chiu and colleagues (Chiu et al., 2015) in their 
cross-sectional study including lacto-ovo-vegetarians, lac-
to-vegetarians, and vegans, observed that all meat-avoid-
ing diet groups had higher TG levels than meat-consum-
ers. A recent meta-analysis of 30 observational studies 
and nearly 20 controlled trials showed that diets exclud-
ing meat contribute to lower levels of all cholesterol 
fractions (total, LDL, and HDL), but not to any chang-
es in TG levels (Yokoyama et al., 2017). Altogether, one 
can make a conclusion that levels of TG are under the 
influence of specific (individual) diet and life-style fac-
tors, rather than solely a general feeding pattern, and this 
issue requires further research.

The advantage of our work is the presentation of re-
sults in a homogeneous group of vegetarians and vegans 
in the Pomeranian region. Although, we are aware that 
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the following study has some limitations. First, the num-
ber of participants was relatively small, and second, we 
used 24-hour dietary recall for diet assessment.

CONCLUSIONS

We conclude that diets devoid of meat, especially a 
strict vegan diet, may positively affect the lipid profile 
by lowering LDL and increasing HDL cholesterol lev-
els, without altering TG concentrations. These changes 
in blood cholesterol fractions may be partially explained 
by higher consumption of PUFA and fiber by subjects 
on both types of plant diets. The encouraging effects of 
plant-based diets with a high fiber and PUFA content 
should be part of individualized primary and second-
ary prevention of CVD. Enriching omnivore diets with 
these nutrients may also be beneficial for cardio-vascular 
health.
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