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THE COMPOSITION OF GUT MICROBIOTA IN PATIENTS WITH HYPERLIPIDEMIA

K.B. Kvit
Danylo Halytsky Lviv National Medical University, Lviv, Ukraine

The aim of the study – to explore the human gut bacterial composition in patients with 
hyperlipidemia in comparison to subjects without high lipids range.
Materials and methods. 105 patients with hyperlipidemia and 52 controls were included 
into the study. The examination involved the biochemical parameters, ultrasound data, 
elastography, identifi cation of gut microbial composition by real-time PCR. Patients of 
both groups were matched by age, BMI and metabolic characteristics
Results. There was signifi cant diff erence between composition of microbiota in patients 
of both groups – Actinobacteria and F/B index were signifi cantly higher in patients with 
hyperlipidemia. There was negative correlational relationship between Bacteroidetes 
and Firmicutes and Firmicutes/Bacteroidetes ratio in patients with hyperlipidemia 
(r= –0.74, r= –0.69 respectively)). Furthermore, there was strong positive correlation 
between Firmicutes and CRP (r=0.6) and apo B (r=0.8). Meanwhile, Actinobacteria in 
patients with hyperlipidemia had the positive correlation within triglycerides (r=0.67) 
and cholesterol (r=0.51).
Conclusions. The composition of the intestinal microbiota is diff erent between group 
of patients with hyperlipidemia and controls. The decreasing of Bacteroidetes leads to 
Firmicutes growth, that infl uences on CRP and apo B level increasing in patients with 
hyperlipidemia. The increasing of Actinobacteria in patients with hyperlipidemia leads to 
cholesterol and triglycerides level growth.

СКЛАД МІКРОБІТИ КИШКІВНИКА У ПАЦІЄНТІВ ІЗ ГІПЕРЛІПІДЕМІЄЮ

Х. Б. Квіт
Львівський національний медичний університет імені Данила Галицького, Львів, Україна

Мета дослідження – вивчити бактерійний склад кишківника людини у пацієнтів 
із гіперліпідемією порівняно з групою пацієнтів без підвищення показників 
ліпідограми.
Матеріали та методи. До дослідження залучено 105 пацієнтів із гіперліпідемією 
та 52 особи контрольної групи. Дослідження включало визначення біохімічних 
показників, ультразвукове обстеження, еластографію печінки, визначення 
мікробного складу кишечнику методом ПЛР у реальному часі. Групи пацієнтів були 
релевантні за віком, індексом маси тіла та метаболічними показниками.
Результати. Склад мікробіоти достовірно відрізнявся у пацієнтів із гіперліпідемією 
порівняно з пацієнтами контрольної групи за рахунок вищого показника 
Actinobacteria та індексу Firmicutes/Bacteroidetes (F/B). Відзначено зворотну 
кореляцію між групами бактерій Bacteroidetes і Firmicutes та співвідношенням 
F/B у пацієнтів із гіперліпідемією (r= –0,74, r= –0,69 відповідно). Окрім того, 
встановлена пряма кореляція середньої сили між групою бактерій Firmicutes 
і СРБ (r=0,6) та aполіпопротеїном B (r=0,8). Водночас, группа Actinobacteria 
у пацієнтів із гіперліпідемією позитивно корелювала з тригліцеридами (r=0,67) 
та холестерином (r=0,51).
Висновки. У пацієнтів із гіперліпідемією та без підвищення показників ліпідограми 
склад кишкової мікробіоти різний. Зменшення Bacteroidetes призводить до росту 
Firmicutes, що впливає на підвищення рівня С-реактивного білку і аполіпопротеїну 
В у пацієнтів із гіперліпідемією. Зростання кількості Actinobacteria у пацієнтів 
із гіперліпідемією може призводити до підвищення рівня холестерину 
та тригліцеридів.

Introduction
In recent years, the evidence about intestinal 

microbiota impact on the advancement of such dangerous 
conditions as metabolic syndrome, obesity, atherosclerosis 
and non-alcoholic fatty liver has been expanding. There 
are plenty of studies that demonstrate that adjustments in 
gut microbiota lead to increased intestinal penetrability 

and endotoxemia. It assumes an essential role in chronic 
infl ammation occurrence by contributing metabolic 
diseases progress. Currently, microbiota has been seen 
as a separate organ that eff ects on the metabolic health, 
comparative in abilities of the liver [1,2].

Development of modern molecular genetic methods 
signifi cantly improved the knowledge about gut bacterial 
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composition. Sequencing of 16S ribosomal RNA genes of 
amplifi ed bacterial nucleic acids got from feces or biopsy 
examples of the intestinal mucosa, permitted to re-identify 
and classify representatives of the intestinal microfl ora. It 
has been presented that the adult human gastrointestinal 
tract contains around 1012 microorganisms in 1 ml of 
substance, which are represented by approximately 
1000 species. Also, the investigations have demonstrated 
that this number can be a lot bigger – no less than 
1,800 genera and 15,000-36,000 species of bacteria [3].

The dominant classes in human intestine are 
Bacteroidetes and Firmicutes, they constitute more than 
90% of all bacteria. Actinobacteria as one of the basic 
phylum of intestinal microbiota are similarly imperative 
part of bacteria. Human studies have demonstrated 
that a decreasing of Bacteroidetes and increasing of 
Firmicutes are directly connected with obesity and type 2 
diabetes. Also, a decrease of Bifi dobacterium was found 
in patients with overweight, obesity and type 2 diabetes. 
Additionally, a decrease of Bifi dobacterium was found 
in patients with overweight, obesity or type 2 diabetes. 
Interestingly, the level of Bifi dobacterium correlated with 
anti-infl ammatory eff ect, according to some data [4,5,6].

Currently, the studies, dedicated to the microbiota 
composition in patients with hyperlipidemia, are 
insuffi  cient. Hence, there is an interest in exploring the 
hyperlipidemia as the result of the syndrome, that includes 
bacterial violation, with profound analysis of preventive and 
aggressive factors that impact on cholesterol level changes.

The aim of study 
To explore the composition of the intestinal microbiota 

in patients with hyperlipidemia (including its diff erent 
types), as well as the potential connection of biochemical 
markers with diff erent types of bacteria.

Research materials and methods
105 patients with hyperlipidemia (64 men and 

41 women) aged from 32 to 64 years (average age 
52.17±2.09 years) were examined in «Medicover Ukraine» 
(Lviv, Ukraine), «Agency «Truskavetskurort» (Truskavets, 
Ukraine), Lviv, Lviv Emergency Hospital (Lviv, Ukraine) 
during 2017-2020 years. 52 control subjects (28 men 
and 24 women) aged from 30 to 56 years (an average 
48.25±2.47 years) were matched with main group by age 
and metabolic characteristics. All control subjects had 
normal lipid range and no history of coronary disease. 
The average waist circumference in the main group was 
98.6±1.09 cm (in men), 86.3±0.65 cm (in women), while 
in controls – 91.2±2.1 cm in men, 82.7±1.8 in women. 
The exclusion criteria for both groups were – diabetes 
mellitus, viral hepatitis, autoimmune hepatitis, acute 
coronary syndrome in last 10 years. None of both groups 
subjects was taking drugs known to aff ect lipid profi le or 
microbiota composition, including antibacterial medicines 
1 month before and during the data. All patients have got 
the recommendations for diet, that required to avoid the 
Western diet products and high cholesterol containing 
products, with the aim to exclude the impact of exogenous 
cholesterol on the microbiota composition, during the study.

Biochemical tests. Both groups of patients underwent 
biochemical evaluation of serum that included blood cell 

count, lipid profi le (total cholesterol (TC), high-density 
lipoproteins (HDL), low-density lipoproteins (LDL), 
very low-density lipoproteins (VLDL), triglycerides 
(TG), C-reactive protein (CRP), alaninaminotransferase 
(ALT), aspartataminotransferase (AST), gamma- 
glutamyl transpeptidase (GGTP), bilirubin (total, direct, 
indirect), apolipoprotein B (apo B), apolipoprotein 
A1 (apo A1). Biochemical tests were carried out using 
commercially available test kits.

Ultrasound examination of liver was proved to all 
patients of both groups with the aim to diagnose the 
fatty liver infi ltration as one of the additional factor, that 
infl uences on hyperlipidemia occurrence. The ultrasound 
signs for fatty infi ltration included a diff use increase 
in the echogenicity of the liver parenchyma, decreased 
attenuation on the liver and the ratio between the 
brightness level of the liver and the right kidney, that was 
calculated for the hepato- renal index (HRI) determination 
[7]. Also, the diagnosis of fatty liver infi ltration was 
based on liver transient elastography. According to this 
data, patients with fatty liver disease characteristics from 
both groups were excluded from the study.

Sample collection and DNA extraction. Fresh 
stool samples were provided by each subject in a stool 
container on site. Within 10 min upon defecation, the fecal 
sample was aliquoted and aliquots were immediately 
stored at 20 °C for 1 week until DNA isolation. DNA 
was extracted from 1.5-2 frozen stool aliquots using the 
phenol- chloroform method by protocol. DNA was fi nally 
eluted in 200 μl elution buff er. The DNA quantity and 
quality was measured by NanoDrop ND-8000 (Thermo 
Scientifi c, USA). Samples with a DNA concentration less 
than 20 ng or an A 260/280 less than 1.8 were subjected 
to ethanol precipitation to concentrate or further purifi ed, 
respectively, to meet the quality standards.

Oligonucleotide primers. Quantifi cation of 
diff erent taxa by qPCR using primers targeting the 16S 
rRNA gene, specifi c for Firmicutes, Actinobacteria 
and Bacteroidetes, as well as universal primers was 
performed. The primer sequences were: Bacteroidetes: 
798cfbF AAACTCAAAKGAATTGACGG (Forward) 
and cfb967R GGTAAGGTTCCTCGCGCTAT 
(Reverse); Firmicutes: 928F–fi rm 
TGAAACTYAAGGAATTGACG (Forward) and 
1040FirmR ACCATGCACCACCTGTC (Reverse); 
Actinobacteria: Act920F3 TACGGCCGCAAGGCTA 
(Forward) and Act1200R TCRTCCCCACCTTCCTCCG 
(Reverse) and universal bacterial 16S rRNA sequences: 
926F AAACTCAAAKGAATTGACGG (Forward) and 
1062R CTCACRRCACGAGCTGAC (Reverse).

PCR amplifi cation. PCR reaction was performed in 
real-time thermal cycler Rotor- Gene 6000 (QIAGEN, 
Germany). The PCR reaction conditions consisted of an 
initial denaturing step of 5 min at 95 °C, 30 cycles of 
95 °C for 15 s, annealing for 15 s and 72 °C for 30 s, 
and a fi nal elongation step at 72 °C for 5 min. Every 
PCR reaction contained 0.05 units/μl of Taq polymerase 
(Sigma Aldrich), 0.2 mM of each dNTP, 0.4 μM of 
each primer, 1× buff er, ~10 ng of DNA and water to 
25 μl. Samples were amplifi ed with all primer pairs in 
triplicates. The Cts (univ and spec) were the threshold 
cycles registered by the thermocycler. The average Ct 
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value obtained from each pair was transformed into 
percentage with the formula.

Identifi cation of microbial composition. Determination 
of microbial composition at the level of major microbial 
phyla was carried out by identifi cation of total bacterial 
DNA, and DNA of Bacteroidetes, Firmicutes and 
Actinobacteria was performed with quantitative real-
time PCR (qRT-PCR), using gene-targeted primers.

Statistical analysis was carried out using Statistica 
11.0. Statistical analysis of the independent variables 
was done using the Student’s t-test (two-tailed) for 
unpaired data. Associations between biochemical 

parameters, bacteria phyla and serum lipoproteins in the 
whole group, were examined by calculating Pearson’s 
product moment correlation coeffi  cients (r) on raw data. 
Between- group diff erences for normally distributed data 
were compared using an independent sample t-test, with 
correction for multiple parameter testing. Diff erences 
with p-values0.05 were considered to be statistically 
signifi cant. The results are expressed as means±s. e. m.

The results and their discussion
Patient characteristics are shown in Table 1.

Table 1
Clinical and biochemical variables for patients with hyperlipidemia (n=105) and controls (n=52)

Variable (normal range) Main group (105) Control group (52) p
Age (years) 43.03±2.67 37.5±2.6 0,05
BMI, kg/m2 26.15±0.67 24,2±1.21 0,05
Glucose, mm/l 5.4±0.28 5.1±0.12 0,05
Apo B, g/l (normal range 0.66-1.33-men, 0,6-1,17 women) 1.25±0.05 0.84±0.03 0,05
ApoA1, g/l (normal range 1.04-2.02 men, 1,08-2,25 women) 1.47±0.04 1.5±0.03 0,05
Bilirubin total, mmol/l (normal range 21) 12.9±1.44 11,14±1.16 0,05
Direct bilirubin, mmol/l (normal range 5) 3.1±0.28 2.65±0.31 0,05
Indirect bilirubin, mmol/ (normal range 75% of bilirubin total) 10.4±1.28 8.4±1.16 0,05
AST, IU/L (normal range 40) 28.9±4.5 22.7±1.8 0,05
ALT, IU/L (normal range 41) 42,1±8.4 26.7±3.8 0,05
AST/ALT ratio (normal range 0,91-1,75) 0.87±0.08 0.98±0.05 0,05
GGTP, IU/L (normal range 55 men, 38 women) 49,2±10.7 27.5±4.95 0,05
CRP, mg/l (normal range 5) 3,310,6 2,170,31 0,05
Cholesterol, mmol/l (normal range 5,2) 6,30,26 4,450,13 0,05
Triglycerides, mmol/l (normal range n1,7) 1.770,29 1,10,14 0,05
LDL, mmol/l (normal range 2,59) 4.030,23 2,340,08 0,05
VLDL, mmol/l (normal range =0.26-1,0) 0,940,13 0,580,07 0,05
HDL, mmol/l (normal range =1,56) 1,40,08 1,560,08 0,05

According to the Table 1, patients of main and control 
groups were well matched for age and BMI. Besides, 
the level of apo B and ApoA1 in both groups was not 
signifi cantly diff erent (0,05). The bilirubin level was 
almost equal for patients of the main and control groups, 
except indirect bilirubin, that was higher in patients with 
hyperlipidemia.

The signifi cant diff erence was matched between 
AST, ALT, GGTP and CRP level between comparative 
groups, where these markers were higher in patients with 

hyperlipidemia. Furthermore, the level of almost all lipids 
components (TC, LDL, VLDL, TG) was reliably higher 
in patients of the main group (0,05), except the HDL 
cholesterol, which rate was slightly lower than in controls.

As well as groups were relevant, the microbiota 
composition was evaluated, where the main phylum 
of bacteria was explored – Bacteroidetes, Firmicutes, 
Actinobacteria. Similarly, the Firmicutes/Bacteroidetes 
ratio was used. The results of analysis are presented in 
the Table 2.

Table 2
The composition of intestinal microbiota in patients with hyperlipidemia and in controls

The composition of intestinal microbiota Main (n=105) Control (n=52) p
Bacteroidetes (%) (normal range 15-40) 40.70±25.43 52.98±13.62 ≤0,05
Firmicutes (%) (normal range 20-60) 39.43±23.77 33.85±12.47 0,05
Actinobacteria (%) (normal range 10-30) 8.95±9.41 5.36±1.76 ≤0,05
Firmicutes/Bacteroidetes ratio (normal range 1-5) 2.98±1.61 0.75±0.54 ≤0,05

In view of the Table 2, the composition of microbiota 
was signifi cantly diff erent between group of patients 
with hyperlipidemia and controls – the proportion of 
Actinobacteria, Firmicutes/Bacteroidetes ratio was 
higher in hyperlipidemia group, Bacteroidetes was 
higher in controls.

Taking into account the results, we have processed 
the correlational relationship between diff erent phylum 
of bacteria and biochemical markers in patients with 
hyperlipidemia.

Firstly, the positive correlation between total 
cholesterol and LDL, CRP and apo B was fi xed in patients 
with hyperlipidemia (r=0.9, r=0.7, r=0.96 respectively). 
The positive strong relationship between LDL and CRP 
(r=0.7), direct (r=0.55), indirect (r=0.61) bilirubin and 
apo B (r=0.9) was marked. Also, the positive correlation 
was fi xed among TG and VLDL (r=0.98) and TG and 
apo B (r=0.6). The biggest number of correlational 
relationships was associated with CRP and apo B. CRP, 
except the previously marked correlations, had the strong 
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association with ALT (r=0.74), AST (r=0.8) and GGTP 
(r=0.99). Apo B was linked with total (r=0.96), indirect 
(r=0.96), direct bilirubin (r=0.98) and CRP (r=0.79).

Remarkably, there was found strong negative 
correlation between Bacteroidetes and Firmicutes 
(r= –0.74), Bacteroidetes and Firmicutes/Bacteroidetes 
index (r= –0.69) in patients of main group. Moreover, 
there was strong positive correlation among Firmicutes 
and CRP (r=0.6) and apo B (r=0.8). Actinobacteria in 
patients with hyperlipidemia had the positive correlation 
within triglycerides (r=0.67) and cholesterol (r=0.51).

Published data, dedicated to gut microbiota in patients 
with hyperlipidemia, are limited and controversial. 
Considering the current evidence, the main attention is 
paid to the system of impact the gut microorganisms to 
the metabolic health, including the lipid profi le [8,9]. On 
instance, the data, where authors emphasized the way of 
infl uence through the short chain fatty acids (SCFAs). 
In vitro studies demonstrated that propionate reduces 
cholesterol rate by decreasing the enzyme activity of hepatic 
3-hydroxy-3-methylglutaryl- CoA synthase (HMGCS) and 
3-hydroxy-3-methylglutaryl- CoA reductase (HMGCR). 
Likewise, in vivo data using H2O as a tracer demonstrated 
that cholesterol synthesis rate was diminished in rodent 
livers by dietary propionate supplementation [10,11].

The role of acetate in cholesterol homeostasis has got 
less consideration, however Fushimi et al. suggested that 
serum cholesterol levels are infl uenced by acetate. The 
mRNA dimension of cholesterol 7α-hydroxylase was 
increased in the liver upon acetate supplementation. In 
accordance with this perception, acetate supplementation 
diminished hypercholesterolemia in humans. The 
Bacteroidetes phylum mostly produces acetate and 
propionate, while the Firmicutes phylum has butyrate 
as its essential metabolic fi nished result. Most bacterial 
movement happens in the proximal colon where substrate 
accessibility is highest. Close to the distal colon, the 
accessibility of substrate decreases and the extraction of 
free water reduces diff usion of substrates and microbial 
products. This makes the proximal part of the colon the 
foremost site of fermentation. Especially, nondigestible 
carbohydrates are fermented in the proximal colon 
by saccharolytic microorganisms, primarily by such 
essential fermenters as Bacteroidetes [12,13].

We did not investigate the level of SCFAs in patients 
of the main and control group, taking into account another 
design of study. On the other hand, we have examined 
the composition of microbiota, including bacteria’s 
phyla– Bacteroidetes, Firmicutes and Actinobacteria, that 
are closely connected with SCFAs. There was signifi cant 
higher level of Actinobacteria and Bacteroidetes in 
hyperlipidemia group.

Based on the literature evidence, obesity is often 
accompanied by Firmicutes phylum, that increases in 
patients with BMI higher than 30 and correlates with 
visceral adiposity. Conversely, the Bacteroidetes is 
named as the preventers of fat deposition [14].

In the course of the study, the correlational relationship 
between diff erent biochemical markers and gut bacteria 
phylum was examined.

In summary, there was negative correlation 
between Bacteroidetes and Firmicutes in patients 

with hyperlipidemia. The decreasing of Bacteroidetes 
was provoking the Firmicutes growth. Moreover, the 
Firmicutes rise infl uenced on the CRP and apo B ratio 
increasing. There is well-known fact about the direct 
impact of apo B and CRP on the atherosclerosis occurrence. 
Based on this, the possibility of Firmicutes to rise up the 
level of CRP and apo B in patients with hyperlipidemia 
is worsening risk factor and must be known in care of 
patients with lipids dysregulation (Fig. 1).

Fig. 1. The correlational relationship between 
Bacteroidetes, Firmicutes and biochemical markers 

in patients with hyperlipidemia.

Noticeably, there was positive correlation between 
Actinobacteria and triglycerides and cholesterol (r=0,48) 
(Fig. 2). This fact is one more point to consider that 
Actinobacteria could be the important factor in patients 
with hyperlipidemia because the increasing of lipids 
could be the fi rst step for atherosclerosis development.

Fig. 2. The correlational relationship between 
Actinobacteria and biochemical markers in patients with 

hyperlipidemia.

The result, that are demonstrated in our study are 
quaintly contradictory. Simultaneously, this data could be 
explained by profound understanding the possible impact of 
gut microbiota on metabolic balance, among the lipids rate.

According to the data, along with the liver, intestinal lint 
cells are an important source of endogenous cholesterol. 
Microorganisms of the digestive tract signifi cantly aff ect 
the rate of restoration of the intestinal epithelium, and, 
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subsequently, additionally control the arrangement of 
endogenous cholesterol. The dimension of cholesterol 
in serum relies upon the severity of its absorption from 
the digestive tract [15]. The absorption is identifi ed with 
the transit rate of neutral sterols through the digestive 
system, the concentration of ions in the intestine, the 
nearness and level of affi  nity of intestinal receptors for 
lipoproteins or microorganisms associated with the 
transformation of cholesterol [16]. Likewise, numerous 
intestinal microorganisms eff ectively deconjugate bile 
acids. Free bile acids reduce cholesterol absorption from 
the digestion tracts. Contingent upon the quantitative 
substance in the lumen of volatile fatty acids formed 
by bacteria during anaerobic digestion of carbohydrates 
and fats, the absorption of calcium, magnesium and 
zinc cations diff ers generally, which in the indirect way 
infl uences the rate of cholesterol in the blood [17].

Not surprisingly, that diff erent studies in humans 
tried to connect the association of the gut microbiome 
and lipid levels correlating with circulating TG, LDL, 
TC, and HDL levels [18]. Unfortunately, the majority 
of these studies have compared type 2 diabetic (T2D) 
or obese individuals with healthy controls. They have 
consistently reported a negative correlation between TG 
levels and gut microbiome diversity, a general measure 
of gut health. Concomitantly, there are some opposite 
data, where the Firmicutes are connected with lower 
lipids rate. For example, circulating TG levels in obese 
and T2D individuals were found to associate with lower 
abundance of Clostridium species (Firmicutes phylum), 
independently of body mass index (BMI). Negative 
correlations with gut microbiome diversity were also 
reported for LDL. On the other hand, HDL cholesterol 
was found to be positively associated with microbial 
richness and with abundance of Clostridium species 
(Firmicutes phylum) [19].

A recent study by Fu and coworkers examined for 
the fi rst time the association between the gut microbial 
composition and lipids in the general population. They 
assessed gut microbial composition in 893 individuals 
from the LifeLines cohorts using 16s rRNA sequencing. 
The gut microbiome explained 6% of the variation 
in triglycerides and 4% of the variation in HDL at the 
population level. Gut microbiome diversity was found to 
correlate negatively with TG levels and positively with 
HDL levels in line with several reports linking increased 
diversity to more favorable cardiometabolic outcomes. 
They also identifi ed several taxa to be associated with TG 
and HDL independently of BMI. These include Eggerthella 
(Actinobacteria Phylum), Pasteurellacea (Proteobacteria 
Phylum), and Butyricimonas (Bacteroidetes Phylum). 
One of the most cited microbiome factors in obesity is the 
shift in the ratio of the Firmicutes and Bacteroidetes phyla. 
Reversal of this ratio has not yet been demonstrated, and 
whether it can alter cholesterol levels in humans remains 
disputed [20,21].

With regards to our study, there was diff erence 
between balance of bacteria phylum in patients with 
hyperlipidemia in comparison with patients with normal 
lipid range. Additionally, there was strong correlational 
relationship, that showed the tendency of infl uence the 
Bacteroidetes phylum decreasing with Firmicutes and 

Firmicutes/Bacteroidetes ratio increasing in patients with 
hyperlipidemia. Moreover, this factor infl uenced on the 
CRP and apo B level growth. Both of these markers are 
connected with future atherosclerosis development [22].

Our next studies will be in continuing of this work 
with profound analysis of microbiota in patients with 
hyperlipidemia. Moreover, our future interest will be 
paid to including the further factors that could impact 
on progress and occurrence of hyperlipidemia – genetic, 
environmental factors and liver and intestine status. 
Especially, the main attention will be dedicated to 
possible preventive impact of diff erent bacteria phyla on 
the pro-atherosclerosis biochemical markers growth in 
patients with hyperlipidemia.

Conclusions
1. The composition of gut microbiota in patients with 

hyperlipidemia is signifi cantly diff erent from controls.
2. The composition of microbiota is diff erent in 

group with hyperlipidemia and controls – Actinobacteria 
and F/B index are signifi cantly higher in patients with 
hyperlipidemia.

3. The decreasing of Bacteroidetes leads to 
Firmicutes increasing, that infl uences on CRP and apo B 
level growth in patients with hyperlipidemia.

4. Actinobacteria increasing could provoke 
triglycerides and cholesterol level growth.
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