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Abstract: Nonalcoholic fatty liver disease (NAFLD), which is associated with obesity, is the most
common reason for chronic hepatitis in developed countries. Its therapy includes a low-energy diet,
physical activity and also various antioxidative compounds, such as milk thistle (Silybum Marianunt)
seeds, which are a natural source of silymarin. The aim of the study was to assess the influence
of 3 months of therapy including dietary and physical activity recommendations combined with
a daily milk thistle supply on the biochemical parameters of NAFLD patients. The study was
conducted on a group of 20 patients (11 females, 9 males) with NAFLD and excessive body mass
diagnosed. For 3 months, participants received daily doses of 7.1 g of milk thistle as a source of
silymarin (210 mg a day). They also received dietary and physical activity recommendations and
were monitored every 2 weeks. Their diet, body composition and biochemical parameters were
assessed. It was observed that the studied patients did not follow their dietary recommendations,
as when comparing the baseline diet and the diet after 3 months, there were no differences (for the
vast majority of nutrients; p < 0.05). Patients also did not follow their physical activity recommen-
dations, as when comparing baseline results with those after 3 months, there were no differences
(for the vast majority of parameters; p < 0.05). However, when comparing baseline biochemical
parameters and those after 3 months, it was indicated that blood triglyceride levels (140.36 & 14.92
vs. 110.04 & 37.23 mg/dL; p = 0.0017) and gamma-glutamyltransferase (GGT) activity decreased
(23.03 £12.87 vs. 12.77 £5.24 U/L; p =0.0008). As the diet and physical activity of the studied
patients were not changed within the studied period, it may be supposed that the beneficial decrease
in blood triglyceride levels and GGT activity were obtained due to the milk thistle supply as a source
of silymarin. It may be indicated that including milk thistle in an everyday diet may be an additional
recommendation for NAFLD patients, as it allows one to obtain beneficial effects, even if the other
recommendations are not followed.

Keywords: nonalcoholic fatty liver disease; milk thistle; Silybum Marianum; silymarin; obesity; diet;
body mass; lipid profile; liver enzymes

1. Introduction

Liver diseases are a serious global health problem contributing worldwide to about
2 million deaths per year [1]. In the developed countries, the most common reason for
chronic hepatitis is nonalcoholic fatty liver disease (NAFLD), as in various countries its
frequency is attributed to 12-32% [2]. NAFLD is associated with lipid accumulation in
the liver, as it is defined as steatosis in over 5% of hepatocytes observed in individuals
neither consuming excessive amounts of alcohol nor diagnosed with concurrent liver
diseases [3], and it may develop into nonalcoholic steatohepatitis (NASH), progressing to
liver cirrhosis [4,5]. As a result, NAFLD is indicated as one of the most important factors
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contributing to gastrointestinal cancers, including especially hepatocellular carcinoma,
which is the most common type of liver cancer [6].

The pathogenesis of NAFLD is complex, associated with various genetic, metabolic
and environmental factors [7], resulting from oxidative stress, lipid peroxidation, mito-
chondrial disfunction and release of pro-inflammatory cytokines [4]. NAFLD is commonly
concurrent with other diseases and disorders, including obesity, diabetes, dyslipidemia, hy-
pertension, cardiovascular diseases and chronic renal insufficiency [8-10]. Taking into con-
sideration that the majority of indicated conditions are included as elements of metabolic
syndrome, it is suggested that NAFLD may be a liver manifestation of a metabolic syn-
drome [11].

It seems that a crucial element for NAFLD development is excessive body mass,
as about 80% of NAFLD patients are obese [12], which corresponds with the increasing
prevalence of obesity and NAFLD observed worldwide at the same time [2]. It may be
indicated that both diseases result from following the western diet, associated with a high
intake of simple carbohydrates and fat, leading to lipid accumulation and contributing
to the development of liver steatosis [13]. Taking this into account, the major element of
the behavioral therapy of NAFLD is associated with lifestyle changes in order to reduce
body mass, which must be accompanied by the control of metabolic syndrome risk factors
or its treatment [14,15]. It is recommended to combine dietary modifications (low-energy
diet) and physical activity, as such a combination is the most effective form of therapy for
NAFLD and obesity [16,17].

In spite of the fact that there are no uniform standards of NAFLD treatment due to
its complex pathophysiology, various medications were found to reduce liver steatosis,
fibrosis and inflammation [18]. Recently, growing attention is paid to the possibility of
using natural therapeutic options and herbal treatment in NAFLD therapy, not only due
to their effectiveness and low risk of side effects but also due to their availability for
patients [19]. The most promising options are grapes, being a source of resveratrol; milk
thistle (Silybum Marianum) seeds, being a source of silymarin; or more complex products,
such as ginkgo, ginseng, turmeric, garlic, ginger or cinnamon [20]. However, in a number
of studies on NAFLD, not natural products but rather their extracts were studied while
passed in a form of dietary supplements [21,22]; this is in spite of the fact that the natural
product may also be an effective therapeutic option provided in an everyday diet as a
source of various beneficial compounds. Moreover, for patients with metabolic syndrome,
as NAFLD individuals commonly are [10,23], with a specific pharmacotherapy associated
with their condition [24], using various dietary supplements may be potentially harmful
due to the high risk of excessive supply of active components; thus, it may be especially
beneficial for them to use natural products instead of supplements.

Milk thistle is a well-known plant that was used for many years for the treatment of the
liver and gallbladder due to its content of natural polyphenols and flavonolignans, such as
isosilychristin, silychristins A and B, silydianin and silybins A and B, as well as isosilybins
A and B [25]; this complex is called silymarin, presenting antioxidative and antifibrotic
activities [26,27]. Such effects may be of great value for NAFLD patients, as oxidative
processes play an important role in pathogenesis and progression of this disease [4]. The
studies conducted to date in animal models indicated positive effects of milk thistle extract
reducing hepatic steatosis [28]. Moreover, it is supposed that silymarin may reduce oxida-
tive stress and resultant cytotoxicity, protecting hepatocytes from damage [29]. Silymarin
acts as a free radical scavenger, and it modulates the action of enzymes associated with cell
damage, hepatic fibrosis and cirrhosis, as was observed for patients with NAFLD, including
those with cirrhosis [29]. At the same time, it was stated that in NAFLD patients, silymarin
reduces inflammatory parameters, liver enzyme blood levels and hepatic steatosis [30].
Moreover, it is indicated that silymarin may reduce the development of atherosclerosis,
also being important for individuals with NAFLD [31]. As a result, for NAFLD patients,
combining a low-energy diet, physical activity and milk thistle supply may exert a positive
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influence on liver function [32]. It should be possible, as milk thistle is often well tolerated
by patients and any side effects are very rare [29].

Taking this into account, the aim of the current study was to assess the influence of
3 months of therapy including dietary and physical activity recommendations combined
with a daily milk thistle supply on the biochemical parameters of NAFLD patients.

2. Materials and Methods
2.1. Study Design

The study was conducted based on the guidelines of the Declaration of Helsinki. It
was approved by the Ethics Committee of the Central Clinical Hospital of the Ministry of
Interior in Warsaw (9/2016). Written informed consent was provided by all participants of
the study.

The study was based on a monitored intervention, including dietary and physical
activity recommendations combined with daily milk thistle supply. The milk thistle was
provided to participants, and each participant was supervised by a physician and dietitian
to monitor their wellbeing as well as to control following recommendations. Participants
were not excluded from the study if they did not follow the dietary and physical activity
recommendations, but only if they did not consume the provided daily milk thistle doses.

2.2. Participants

The study was conducted on a group of patients with NAFLD diagnosed by a gas-
troenterologist based on an ultrasound examination (USG) with liver steatosis observed,
which was confirmed to not be associated with alcohol overconsumption—alcoholic fatty
liver disease (AFLD) was ruled out.

The inclusion criteria were as follows:

—  Patients aged >18 years;

- NAFLD diagnosed and confirmed by gastroenterologist;

- Liver steatosis diagnosed and confirmed by gastroenterologist;

—  Daily alcohol intake lower than 20 g—assessed based on the dietary interview;

—  Excessive body mass—assessed based on body mass index (BMI), for BMI > 25 kg/m?.

—  The exclusion criteria were as follows:

—  Pregnancy or lactation;

- Oncological treatment;

- Diseases potentially responsible for liver steatosis, including hemochromatosis, viral
hepatitis B and C, autoimmune hepatitis and Wilson’s disease;

—  Other factors potentially responsible for liver steatosis, including medications and toxins.

Participants of the study were recruited and qualified for the study by gastroenterol-
ogists, and they were informed about the study either by them or based on the local
press advertisement.

In total, 21 patients were recruited for the study, but within the study, 1 of them did
not consume the provided daily Silybum Marianum doses, resulting in exclusion from the
study. The final sample size analyzed within the study was 20 participants, including
11 female participants and 9 male participants. The general baseline characteristics of the
studied group of participants are presented in Table 1.

Table 1. The general baseline characteristics of the studied group of participants.

Parameter Total (n = 20) Females (n =11) Males (n =9) p**
Age (years) Mean =+ SD 523 4+ 10.9 56.1 4+ 11.9 476 +79 0.0869
sely Median (min-max) 51.0 (36-76) 55.0 (36-76) 47.0 (38-64) :
Mean =+ SD 365459 393 + 6.1 332439
2
BMI (kg/m%)  \fedian (min-max) 36.3 (26.6-55.7) 38.8 (32.8-55.7) * 34.2 (26.6-37.0) 0.0873

* nonparametric distribution (Shapiro-Wilk test; p < 0.05); ** compared while using t-Student test or Mann-Whitney test (based on distribution).
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2.3. Experimental Procedures

Participants received milk thistle seeds (HerbaNordPol-Gdansk LLC, Nowy Staw,
Poland) as a source of silymarin. Taking this into account, the daily dose of milk thistle
was calculated based on the required silymarin dose. In clinical studies, various silymarin
doses are applied, differing from 210 mg to 1200 mg a day [33]. At the same time, silymarin
is indicated to be well tolerated, without any side effects, when applied in doses from
200 mg to 900 mg, but doses higher than 1500 mg may cause excessive bile production and
laxative effects [34]. The silymarin content in the applied grinded milk thistle seeds was
assessed based on the method of high-performance liquid chromatography (HPLC) [25]
in a certified laboratory of the Institute of Natural Fibres and Medicinal Plants in Poznan
(Poland), and it was observed to amount to 2.96%, including silybins A and B (1.76%),
silychristins (0.78%), isosilybins A and B (0.40%) and silydianin (0.06%). On the basis
of this assessment, participants received a daily dose of 7.1 g of milk thistle (210 mg of
silymarin). They received it for 3 months, and they were provided daily servings in air-tight
containers. They received them during their medical and dietary checkup, every 2 weeks
for the following 14 days.

Participants received commercially available grinded milk thistle seeds and were
instructed to consume them within their regular dishes, as the product is characterized by
a neutral taste, smell and flavor; thus, it may be added to any product. They were informed
that it may be added, e.g., to yoghurt, soup, salad, etc.

At the same time, participants received dietary and physical activity recommendations
as essential elements of the therapy for NAFLD and obesity [16,17]. Their diet, physical
activity and milk thistle consumption were monitored every 2 weeks, and not following
the dietary and physical activity recommendations they were encouraged to follow was
not a reason to exclude participants from the study.

The dietary and physical activity recommendations were individually developed for
each participant based on their dietary and physical activity baseline assessments, as well
as their energy requirement that was calculated based on the Harris-Benedict equation [35].
They were recommended to follow a diet with a 600 kcal energy deficit per day, which
is in agreement with recommendations for NAFLD patients to meet the energy deficit of
500 kcal-750 kcal within their diet [36]. Based on the 3-day dietary record, provided by
each participant, the usual intake was established and individual dietary recommendations
were planned. The recommendations included the energy deficit, an adequate number
of meals per day (4-5), intervals between meals of about 3 h, changes of food product
choice (increased intake of whole grain cereals, vegetables, no sweets and fast foods)
and recommended methods of thermal treatment (cooking or baking instead of frying),
which is in agreement with general recommendations for NAFLD patients and within the
Mediterranean dietary pattern [37]. The diet that was planned for each participant was
individualized, taking into account concurrent diseases. Each patient received individual
recommendations as well as individual menus with information on how to use them and
how to diversify them.

At the same time, physical activity recommendations were developed to obtain an
additional deficit of 400 kcal, which is also in agreement with recommendations for NAFLD
patients [36]. The physical activity recommendations were associated with moderate
intensity physical activity as recommended for NAFLD patients [38], and the recommended
activity was based on a target daily number of steps, as well as encouraging patients to
walk, jog, cycle and swim, if possible [36]. Patients were recommended to engage in
physical activity for at least 30-60 min and at least 3-5 days a week, and the detailed
recommendations were based on guidelines for NAFLD patients [39].

2.4. Measurements
2.4.1. Physiological Parameters

Body mass was assessed using a calibrated weighing scale, with an accuracy of £0.1 kg,
and height was measured using a stadiometer, with an accuracy of £0.5 cm. The waist
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and hip circumferences were assessed using a non-elastic flexible measuring tape, with an
accuracy of £0.5 cm. All the measurements were conducted by a qualified dietitian. Based
on the conducted measurements, BMI [40] and waist-to-hip ratio (WHR) [41] were obtained.

Body composition was assessed using a bioelectrical impedance measurement con-
ducted with a frequency of 50 kHz by a BIA 101/SC device (Akern Srl, Firenze, Italy). The
measurement was conducted by a qualified dietitian using a commonly applied methodol-
ogy and procedure—after a day characterized by a typical diet, without any alcohol, coffee
or other caffeine beverages and moderate physical activity, in a fasting state [42].

Diet was assessed using the method of a 3-day dietary record as recommended by the
Food and Agriculture Organization of the United Nations (FAO) [43]. The serving sizes
were allowed to be either weighted or recorded in household measures to provide accurate
assessment of the intake. Based on the recorded intake, the energy value of the diet and
nutrient intake were calculated using a Polish table of the nutritional value of foods [44]
and Polish software—Energia 4.1 (1997 /2006 by Andrzej Miego¢, Warsaw, Poland). The
daily intake was compared with the Polish recommendations on the estimated average
requirement (EAR) or adequate intake (Al) level, depending on the nutrient [45].

As an additional element of dietary assessment, the diet quality indices were cal-
culated. The atherogenic index of Keys was calculated based on the intake of saturated
fatty acids (SFA), polyunsaturated fatty acids (PUFA) and cholesterol, according to the
following formula: the atherogenic index of Keys = 1.35 x (2 x %SFA — %PUFA) + 1.5
X 4/(Cholesterol /1000 kcal), while: %SFA and %PUFA present % of energy value from
indicated fatty acids, and cholesterol expressed in mg [46].

Physical activity was monitored using a SenseWear Armband Pro3 (SenseWear, Body-
Media, Pittsburgh, PA, USA), which is a monitor of energy expenditure, physical activity
level and number of steps, as well as time spent while moving. The measurement was
conducted for 3 consecutive days while the monitor was placed on the upper dominant arm.

2.4.2. Biochemical Parameters

The biochemical parameters were assessed based on the blood samples collected in a
fasting state and centrifuged at 3500 x g rpm at 4 °C for 15 min. The obtained blood plasma
samples were stored at —21 °C until analysis.

The triglyceride level in plasma was measured by a spectrophotometric method, while
the Liquick Cor-TG (PZ Cormay, Lomianki, Poland) was used, and the results are expressed
as mg/dL.

The total cholesterol level in plasma was measured by a spectrophotometric method,
while the Liquick Cor-CHOL (PZ Cormay, Lomianki, Poland) was used, and the results are
expressed as mg/dL.

The high-density lipoprotein (HDL) cholesterol level in plasma was measured by a
spectrophotometric method, while the Cormay HDL Direct (PZ Cormay, Lomianki, Poland)
was used, and the results are expressed as mg/dL.

The low-density lipoprotein (LDL) cholesterol level in plasma was measured by a
spectrophotometric method, while the Cormay LDL Direct (PZ Cormay, t.omianki, Poland)
was used, and the results are expressed as mg/dL.

The alanine aminotransferase (ALT) activity in plasma was measured by a spectropho-
tometric method, while the Liquick Cor-ALAT (PZ Cormay, Lomianki, Poland) was used,
and the results are expressed as U/L.

The gamma-glutamyltransferase (GGT) activity in plasma was measured by a spec-
trophotometric method, while the Liquick Cor-GGT (PZ Cormay, Lomianki, Poland) was
used, and the results are expressed as U/L.

2.5. Statistical Analysis

The distribution was verified while using the Shapiro-Wilk test. Afterward, the results
were compared using the t-Student test or Mann—-Whitney test (based on distribution), as
well as the chi? test.



Appl. Sci. 2021, 11, 5836 60f19

During analysis, participants following and not following the dietary and physical
activity recommendations were compared. To conduct this comparison, their following
of the recommendations was assessed. The following of dietary recommendations was
assessed based on the energy deficit obtained after 3 months—as the deficit of 600 kcal
was recommended, participants were divided into those following recommendations (of
deficit >500 kcal) and those not following recommendations (of deficit <500 kcal). The
following of physical activity recommendations was assessed based on the physical activity
duration obtained after 3 months—as the physical activity duration of at least 30-60 min
was recommended, participants were divided into those following recommendations (of
physical activity duration >30 min) and those not following recommendations (of physical
activity duration <30 min).

The values of p < 0.05 were interpreted as statistically significant differences. The
statistical analysis was conducted using the Statistica 13.1. software (StatSoft Inc., Tulsa,
OK, USA) and Statgraphics Plus for Windows 5.1 (Statgraphics Technologies Inc., The
Plains, VA, USA).

3. Results

The body mass and body composition of the female participants at baseline and after
3 months of intervention are presented in Table 2. It was observed that all the parameters
were comparable before and after intervention, and no statistically significant differences
were observed for female participants (p > 0.05). The additional analyses of the body
mass and body composition of the participants after 3 months of intervention compared
between sub-groups following recommendations and not following recommendations are
presented in the Supplementary Materials (Table S1), and they confirmed some effects
of following physical activity recommendations. Similarly, analyses of the body mass
and body composition of the female participants not following dietary recommendations
and following dietary recommendations, respectively, at baseline and after 3 months of
intervention, are presented in the Supplementary Materials (Tables 52 and S3, respectively),
and they are in agreement with the results for the total studied group.

The body mass and body composition of the male participants at baseline and after
3 months of intervention are presented in Table 3. It was observed that all the parameters
were comparable before and after intervention, and no statistically significant differences
were observed for male participants (p > 0.05). The additional analyses of the body mass
and body composition of the male participants not following dietary recommendations
and following dietary recommendations, respectively, at baseline and after 3 months of
intervention, are presented in the Supplementary Materials (Tables S4 and S5, respectively),
and they are in agreement with the results for the total studied group.

Table 2. The body mass and body composition of the female participants at baseline and after 3 months of intervention.

Baseline After 3 Months of Intervention 5
Parameter Mean + SD Median (Min—-Max) Mean + SD Median (Min-Max) p

Body mass (kg) 99.2 + 18.6 91.2 (83.0-142.6) * 96.1 +18.3 89.1 (78.2-138.8) * 0.5545
BMI (kg/m?) 39.3+6.1 38.8 (32.8-55.7) 38.1+6.4 37.6 (29.8-54.2) 0.5253
Waist circumference (cm) 1124+ 75 110.0 (104-128) 109.0 + 8.9 107.0 (96-124) 0.9536
Hip circumference (cm) 124.6 £ 10.0 123.0 (105-145) 1209 £ 8.9 122.0 (105-141) 0.3767
WHR 0.90 + 0.04 0.89 (0.85-1.01) * 0.90 + 0.05 0.88 (0.84-0.99) * 0.8696
Fat mass (kg) 462 +11.1 40.8 (36.2-73.0) * 52.1 +83 49.6 (43.1-69.2) * 0.1890
Fat free mass (kg) 529 + 8.9 49.4 (43.3-69.6) 52.1 +84 49.6 (43.1-69.2) * 1.0000
Body cell mass (kg) 252 +49 25.9 (18.7-36.7) 251 +34 24.4 (19.6-32.5) 0.9447
Total body water (L) 399 +£6.2 39.0 (32.6-51.0) 39.3+57 37.7 (32.6-50.6) 0.8137
Extracellular water (L) 19.7 + 39 19.5 (14.2-25.8) 194 + 3.6 19.4 (14.2-26.5) 0.8538
Intracellular water (L) 202 £33 19.9 (15.2-27.1) 199+27 19.5 (15.1-25.2) * 0.6695

BMI—body mass index; WHR—waist-to-hip ratio; * nonparametric distribution (Shapiro-Wilk test; p < 0.05); ** compared while using
t-Student test or Mann-Whitney test (based on distribution).
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Table 3. The body mass and body composition of the male participants at baseline and after 3 months of intervention.

Baseline After 3 Months of Intervention .
Parameter Mean + SD Median (Min—-Max) Mean + SD Median (Min—Max) p

Body mass (kg) 103.4 +14.2 104.6 (77.0-129.4) * 98.7 £ 14.9 100.4 (72.7-125.3) * 0.5007
BMI (kg/m?) 332+39 34.2 (26.6-37.0) 31.6 +£3.9 31.8 (25.2-36.3) 0.4190
Waist circumference (cm) 1134+ 9.8 113.0 (94.0-133.0) 107.7 £ 11.8 103.0 (92.0-132.0) 0.3109
Hip circumference (cm) 1124 + 6.0 113.0 (97.0-133.0) 1089 +7.9 109.0 (92.0-117.0) 0.3005
WHR 1.90 £+ 0.05 0.99 (0.94-1.12) * 0.98 + 0.05 0.88 (0.92-1.12) * 0.9271
Fat mass (kg) 35.6 +10.3 36.6 (20.5-53.2) 309 £9.7 29.9 (19.1-48.8) 0.3372
Fat free mass (kg) 679 +7.1 68.3 (54.7-76.2) 67.8 +74 68.5 (52.4-76.5) 0.9743
Body cell mass (kg) 30.1£59 30.3 (23.6-42.3) 289 £25 29.2 (25.5-33.4) 0.5895
Total body water (L) 50.1 +4.8 50.0 (40.0-55.7) 50.1 £54 52.1 (38.4-56.0) 0.9891
Extracellular water (L) 22.1£29 22.1 (17.2-25.6) 22.8 +3.0 23.4 (16.4-25.8) 0.6165
Intracellular water (L) 28.0 £3.2 28.9 (21.6-31.5) 273+24 27.7 (22.0-30.6) * 0.5839

BMI—body mass index; WHR—waist-to-hip ratio; * nonparametric distribution (Shapiro-Wilk test; p < 0.05); ** compared while using
t-Student test or Mann—-Whitney test (based on distribution).

The energy and nutritional value of the diet of the female participants at baseline
and after 3 months of intervention are presented in Table 4. It was observed that all the
parameters were comparable before and after intervention, and no statistically significant
differences were observed for female participants (p > 0.05). The additional analyses of the
energy and nutritional value of the diet of the participants after 3 months of intervention
compared between sub-groups following recommendations and not following dietary
and physical activity recommendations, respectively, are presented in the Supplementary
Materials (Tables S6 and S7, respectively), and they indicated some effects of following
dietary recommendations for the energy value of the diet and protein and sodium intake.
Similarly, analyses of the energy and nutritional value of the diet of the female participants
not following dietary recommendations and following dietary recommendations, respec-
tively, at baseline and after 3 months of intervention, are presented in the Supplementary
Materials (Tables S8 and S9, respectively), and they are in agreement with the results for
the total studied group.

The energy and nutritional value of the diet of the male participants at baseline and
after 3 months of intervention are presented in Table 5. It was observed that the vast major-
ity of the parameters were comparable before and after intervention, and no statistically
significant differences were observed for male participants (p > 0.05). Only the protein
(16.44 £1.88 vs. 18.70 £ 2.52% of energy; p = 0.0464) and vitamin C intake increased
(56.09 + 25.69 vs. 85.50 £ 29.35 mg; p = 0.0326). The additional analyses of the energy and
nutritional value of the diet of the male participants not following dietary recommenda-
tions and following dietary recommendations, respectively, at baseline and after 3 months
of intervention, are presented in the Supplementary Materials (Tables 510 and S11, respec-
tively), and they indicated some differences for protein intake.

The nutritional value of the diet compared with the recommended values depending
on the age of the female participants at baseline and after 3 months of intervention is
presented in Table 6. It was observed that all the parameters were comparable before
and after intervention, and no statistically significant differences were observed for fe-
male participants (p > 0.05). The majority of participating women consumed excessive
amounts of protein, sodium, phosphorus, magnesium, iron, zinc and copper, as well as
vitamins A, E, C, B1, B2, B6 and B12 and niacin. They also consumed insufficient amounts
of carbohydrates, fiber, calcium, iodine, vitamin D and folate.
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Table 4. The energy and nutritional value of the diet of the female participants at baseline and after 3 months of intervention.

Parameter

Baseline

After 3 Months of Intervention

*%

P

Mean + SD Median (Min—-Max) Mean + SD Median (Min—Max)
Energy (kcal) 1655.8 + 416.8 1661.7 (789.6-2319.4) 1471.6 + 287.6 1422 (1137.4-2167.2) 0.2418
Protein (% of energy) 20.11 £ 3.78 19.24 (13.81-26.90) 20.75 £ 3.78 20.82 (15.06-27.36) 0.6982
Carbohydrate (% of energy) 4418 £ 7.15 43.02 (32.81-55.59) 4226 + 8.48 41.87 (26.82-53.01) 0.5720
Fat (% of energy) 35.66 £+ 7.09 35.28 (22.02-37.89) 35.74 £+ 8.35 34.41 (21.03-48.09) 0.9807
Saturated fat (% of energy) 1293 +£2.15 13.51 (8.74-15.18) 12.25 +2.29 12.84 (8.39-14.93) 0.4823
Sugars (% of energy) 10.37 4+ 5.05 10.81 (1.71-18.59) 7.72 +4.44 5.69 (3.63-17.82) * 0.1891
Cholesterol (mg) 310.4 +94.3 316.9 (194.5-438.3) 268.8 + 105.2 2449 (143.9-423.6) 0.3398
Fiber (g) 20.83 £7.10 21.99 (9.04-32.3) 22.64 + 8.42 21.38 (9.98-37.45) 0.5926
Sodium (mg) 1863.9 4+ 698.9 1667.9 (1264.8-3421.4) * 1616.9 + 616.6 1648.9 (851.6-2715.1) 0.5909
Potassium (mg) 3226.0 +910.3 3654.4 (1491.9-4322.4) 3526.7 + 892.8 3303.8 (1832.2-4545.8) 0.4433
Phosphorus (mg) 1294.3 + 320.4 1251.5 (663.1-1749.7) 1250.7 + 284.3 1245.9 (747.3-1796.6) 0.7393
Calcium (mg) 691.3 +273.2 633.5 (240.6-1079.7) 619.4 +229.1 646.8 (219.6-961.4) 0.5111
Magnesium (mg) 306.2 £+ 89.5 307.5 (130.5-425.5) 320.9 £93.5 309.2 (136.3-498.4) 0.7099
Iron (mg) 11.12 +2.53 11.11 (7.00-15.64) 11.57 + 2.41 11.08 (6.46-14.87) 0.6714
Zinc (mg) 10.24 +2.84 10.52 (5.41-15.29) 10.29 + 247 9.92 (5.78-14.73) 0.9595
Cooper (mg) 1.31 £ 0.37 1.42 (0.57-1.79) 1.34 + 0.36 1.32 (0.60-1.96) 0.8286
Manganese (mg) 5.39 + 241 5.04 (1.10-10.99) 4.85 +2.19 4.90 (1.36-9.87) 0.5846
Todine (png) 32.56 +12.79 29.20 (11.30-57.21) 48.80 + 23.86 50.05 (9.64-90.05) 0.0605
Vitamin A (ug) 879.8 + 343.3 762.3 (433.6-1471.5) 981.5 + 338.4 965.7 (611.0-1579.8) 0.4881
Vitamin D (ug) 4.59 + 5.57 1.96 (0.93-19.05) * 292 +2.19 2.25 (0.63-6.92) 0.7911
Vitamin E (mg) 9.33 +2.79 10.37 (2.50-12.24) * 10.79 +£2.21 10.70 (7.81-14.87) 0.8598
Vitamin C (mg) 85.93 + 56.82 86.92 (13.52-223.9) * 87.96 + 39.99 109.6 (24.33-144.07) 0.9238
Vitamin B1 (mg) 1.02 £+ 0.29 1.00 (0.43-1.49) 0.98 +0.21 1.02 (0.55-1.28) 0.6799
Vitamin B2 (mg) 1.70 £ 0.41 1.82 (0.98-2.43) 1.62 + 0.35 1.61 (1.07-2.01) 0.6292
Vitamin B6 (mg) 1.64 4+ 0.52 1.66 (1.04-2.68) 1.72 £ 0.46 1.67 (0.97-2.51) 0.7204
Vitamin B12 (ug) 4.68 + 3.71 3.24 (1.75-14.62) * 3.52 +1.31 3.19 (2.29-6.52) * 0.1853
Folate (ug) 2243 £ 8191 223.8 (67.26-360.7) 253.8 + 108.7 233.2 (127.7-508.6) 0.4797
Niacin (mg) 17.40 £+ 3.51 17.53 (12.09-22.61) 19.87 +5.93 18.43 (10.81-29.36) 0.2481

* nonparametric distribution (Shapiro-Wilk test; p < 0.05); ** compared while using t-Student test or Mann-Whitney test (based on distribution).

Table 5. The energy and nutritional value of the diet of the male participants at baseline and after 3 months of intervention.

Parameter

Baseline

After 3 Months of Intervention

p**

Mean + SD Median (Min-Max) Mean + SD Median (Min—Max)
Energy (kcal) 2416.0 + 592.6 2359.5 (1712.8-3591.5) 1885.0 + 495.6 1874.0 (1416.8-2952.6) 0.0558
Protein (% of energy) 16.44 + 1.88 15.81 (14.62-19.09) 18.70 £ 2.52 19.45 (13.91-21.68) 0.0464
Carbohydrate (% of energy) 46.01 £+ 6.41 48.71 (37.92-55.58) 43.53 +5.99 42.69 (36.76-54.57) 0.4094
Fat (% of energy) 36.61 +5.73 34.57 (29.77-45.79) 36.47 + 5.64 39.09 (23.76-41.58) 0.6588
Saturated fat (% of energy) 13.45 +3.22 12.91 (9.78-20.14) 12.92 + 3.69 14.77 (6.45-16.43) 0.7528
Sugars (% of energy) 10.47 + 5.15 12.60 (3.82-18.79) 8.51 +4.55 6.53 (4.39-18.58) * 0.4026
Cholesterol (mg) 421.2 +216.8 419.3 (114.0-796.1.3) 331.1 +147.9 332.2 (116.1-628.8) 0.3183
Fiber (g) 20.57 +7.48 19.92 (10.48-34.4) 22.26 +4.68 21.82 (15.71-29.01) 0.5743
Sodium (mg) 2807.3 + 1124.6 2578.9 (1562.6-4956.9) 1971.6 + 840.6 1814.8 (996.8-3929.7) 0.0931
Potassium (mg) 3547.1 + 869.9 3866.2 (2253.2-4654.6) 35319 +511.4 3573.5 (2732.9-4297.1) 0.9646
Phosphorus (mg) 1465.7 + 332.8 1434.7 (976.3-2029.3) 1439.5 + 314.6 1566.5 (874.4-1898.6) 0.8659
Calcium (mg) 623.1 + 304.8 518.5 (444.0-1407.2) * 631.2 £129.4 649.9 (386.0-817.5) 0.1577
Magnesium (mg) 318.9 +74.3 339.6 (196.3-441.2) 346.7 + 85.2 341.5 (218.5-462.7) 0.4714
Iron (mg) 13.27 + 3.32 11.86 (9.22-18.49) 12.57 + 3.69 12.49 (8.39-20.93) 0.6757
Zinc (mg) 12.64 + 3.49 12.80 (8.19-17.71) 11.73 £2.71 10.81 (8.75-17.59) 0.5459
Cooper (mg) 1.32 +£0.31 1.36 (0.90-1.89) 1.37 £ 0.20 1.48 (0.97-1.58) 0.6347
Manganese (mg) 5.78 +2.54 4.33 (3.78-11.42) * 5.67 = 1.52 5.52 (3.45-7.99) 0.9296
Iodine (ug) 36.98 + 15.33 37.99 (17.68-66.31) 41.19 +11.98 40.98 (28.18-68.84) 0.5253
Vitamin A (ug) 876.5 + 367.1 1050.4 (365.6-1428.1) 1047.3 £512.3 1007.4 (468.1-2219.2) 0.4281
Vitamin D (pug) 5.59 +4.28 3.78 (1.72-13.87) * 442 +4.05 2.15(1.15-13.34) * 0.8830
Vitamin E (mg) 11.69 +1.43 11.43 (9.76-14.34) 12.04 +4.89 11.25 (6.37-21.82) 0.8427
Vitamin C (mg) 56.09 + 25.69 59.68 (26.25-99.23) * 86.50 + 29.35 73.69 (49.42-134.77) 0.0326
Vitamin B1 (mg) 1.43 +0.59 1.40 (0.85-2.57) * 1.32 +0.54 1.15 (0.86-2.66) * 0.7911
Vitamin B2 (mg) 1.76 +0.51 1.81 (0.88-2.58) 1.76 + 0.40 1.66 (1.04-2.37) 0.9762
Vitamin B6 (mg) 2.06 + 0.62 2.09 (1.04-2.95) 2.18 +0.38 2.23 (1.61-2.68) 0.6180
Vitamin B12 (ug) 5.51 4+ 3.49 3.92 (1.34-10.27) * 3.81 £1.07 3.98 (1.72-5.22) 0.1801
Folate (ug) 235.1 + 65.18 243.7 (114.2-325.6) 263.99 + 53.38 258.73 (166.99-347.66) 0.3181
Niacin (mg) 23.58 + 7.98 21.59 (13.02-39.94) * 20.05 + 5.66 19.57 (14.32-33.84) * 0.1853

* nonparametric distribution (Shapiro-Wilk test; p < 0.05); ** compared while using t-Student test or Mann-Whitney test (based on distribution).
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Table 6. The nutritional value of the diet compared with the recommended values depending on the age of the female

participants at baseline and after 3 months of intervention.

Baseline After 3 Months of Intervention

Parameter Recommendations o

Lower Range Higher Lower Range Higher
Protein 10-15% 0 (0%) 1(9.1%) 10 (90.9%) 0 (0%) 1(9.1%) 10 (90.9%) 1.0000
Carbohydrate 40-70% 8 (72.7%) 3 (27.3%) 0 (0%) 8 (72.7%) 3 (27.3%) 0 (0%) 1.0000
Fat 20-35% 0 (0%) 5 (45.5%) 6 (54.5%) 0 (0%) 6 (54.5%) 5 (45.5%) 1.0000
Sugars <10% - 5 (45.5%) 6 (54.5%) - 8 (72.7%) 3 (27.3%) 0.3858
Cholesterol <300 mg - 5 (45.5%) 6 (54.5%) - 6 (54.5%) 5 (45.5%) 1.0000
Fiber >25¢g 8 (72.7%) 3 (27.3%) 0 (0%) 7 (63.6%) 4 (36.4%) 0 (0%) 1.0000
Sodium 1200/1300/1400/1500 mg * 3(27.3%) 0 (0%) 8 (72.7%) 5 (45.5%) 0 (0%) 6 (54.5%) 0.6576
Potassium 3500 mg * 5 (45.5%) 0 (0%) 6 (54.5%) 6 (54.5%) 0 (0%) 5 (45.5%) 1.0000
Phosphorus 580 mg * 0 (0%) 0 (0%) 11 (100%) 0 (0%) 0 (0%) 11 (100%) 1.0000
Calcium 800/1000 mg * 10 (90.9%) 0 (0%) 1(9.1%) 11 (100%) 0 (0%) 0 (0%) 1.0000
Magnesium 265 mg * 3 (27.3%) 0 (0%) 8 (72.7%) 2 (18.2%) 0 (0%) 9 (81.8%) 1.0000
Iron 6/8 mg* 0 (0%) 0 (0%) 11 (100%) 0 (0%) 0 (0%) 11 (100%) 1.0000
Zinc 6.8 mg* 2 (18.2%) 0 (0%) 9 (81.8%) 1(9.1%) 0 (0%) 10 (90.9%) 1.0000
Cooper 0.7 mg* 1(9.1%) 0 (0%) 10 (90.9%) 1(9.1%) 0 (0%) 10 (90.9%) 1.0000
Manganese 1.8 mg ** 1(9.1%) 0 (0%) 10 (90.9%) 1(9.1%) 0 (0%) 10 (90.9%) 1.0000
Iodine 95 ug* 11 (100%) 0 (0%) 0 (0%) 11 (100%) 0 (0%) 0 (0%) 1.0000
Vitamin A 500 pg * 2 (18.2%) 0 (0%) 9 (81.8%) 0 (0%) 0 (0%) 11 (100%) 0.4583
Vitamin D 15 ug ** 11 (100%) 0 (0%) 0 (0%) 11 (100%) 0 (0%) 0 (0%) 1.0000
Vitamin E 8 mg ** 3 (27.3%) 0 (0%) 8 (72.7%) 0 (0%) 0 (0%) 11 (100%) 0.2140
Vitamin C 60 mg * 3 (27.3%) 0 (0%) 8 (72.7%) 3 (27.3%) 0 (0%) 8 (72.7%) 1.0000
Vitamin B1 09 mg* 3(27.3%) 0 (0%) 8 (72.7%) 3(27.3%) 0 (0%) 8 (72.7%) 1.0000
Vitamin B2 09 mg* 0 (0%) 0 (0%) 11 (100%) 0 (0%) 0 (0%) 11 (100%) 1.0000
Vitamin B6 1.1/1.3 mg* 2 (18.2%) 0 (0%) 9 (81.8%) 2 (18.2%) 0 (0%) 9 (81.8%) 1.0000
Vitamin B12 20ug* 1(9.1%) 0 (0%) 10 (90.9%) 0 (0%) 0 (0%) 11 (100%) 1.0000
Folate 320 ug* 10 (90.9%) 0 (0%) 1(9.1%) 10 (90.9%) 0 (0%) 1(9.1%) 1.0000
Niacin 11 mg* 0 (0%) 0 (0%) 11 (100%) 1(9.1%) 0 (0%) 10 (90.9%) 1.0000

* EAR—estimated average requirement; ** Al—adequate intake;

** compared while using chi? test.

The nutritional value of the diet compared with the recommended values depending
on the age of the male participants at baseline and after 3 months of intervention is
presented in Table 7. It was observed that all the parameters were comparable before
and after intervention, and no statistically significant differences were observed for male
participants (p > 0.05). The majority of participating men consumed excessive amounts of
protein, cholesterol, sodium, phosphorus, iron, zinc, copper and manganese, as well as
vitamins A, E, B1, B2, B6 and B12 and niacin. They also consumed insufficient amounts of
carbohydrates, fiber, magnesium, calcium, iodine, vitamins D and C and folate.

The atherogenic index of Keys was also comparable for the baseline diet and the
diet after 3 months of intervention, both for females (71.98 + 14.79 vs. 71.58 + 16.68;
p = 0.9530; t-Student test) and for males (75.39 & 24.87 vs. 78.92 £+ 29.89; p = 0.4799;
Mann-Whitney test).

The basic physical activity parameters of the female participants at baseline and after
3 months of intervention are presented in Table 8. It was observed that all the parameters
were comparable before and after intervention, and no statistically significant differences
were observed for female participants (p > 0.05). The additional analyses of the basic
physical activity parameters of the participants after 3 months of intervention compared
between sub-groups following recommendations and not following dietary and physical
activity recommendations, respectively, are presented in the Supplementary Materials
(Tables S12 and S13, respectively), and they indicated differences for energy expenditure,
physical activity duration, active energy expenditure, number of steps and average METs.
Similarly, analyses of the basic physical activity parameters of the female participants not
following dietary recommendations and following dietary recommendations, respectively,
at baseline and after 3 months of intervention, are presented in the Supplementary Materials
(Tables S14 and 515, respectively), and they are in agreement with the results for the total
studied group.
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Table 7. The nutritional value of the diet compared with the recommended values depending on the age of the male
participants at baseline and after 3 months of intervention.

Baseline After 3 Months of Intervention

Parameter Recommendations o

Lower Range Higher Lower Range Higher
Protein 10-15% 0 (0%) 3 (33.3%) 6 (66.7%) 1(11.1%) 0 (0%) 8 (88.9%) 0.1173
Carbohydrate 40-70% 6 (66.7%) 3 (33.3%) 0 (0%) 7 (77.8%) 2 (22.2%) 0 (0%) 1.0000
Fat 20-35% 0 (0%) 5 (55.6%) 4 (44.4%) - 3 (33.3%) 6 (66.7%) 0.6353
Sugars <10% - 3 (33.3%) 6 (66.7%) - 6 (66.7%) 3 (33.3%) 0.3458
Cholesterol <300 mg - 2 (22.3%) 7 (77.8%) - 3 (33.3%) 6 (66.7%) 1.0000
Fiber >25¢g 6 (66.7%) 3 (33.3%) 0 (0%) 6 (66.7%) 3 (33.3%) 0 (0%) 1.0000
Sodium 1400/1500 mg * 0 (0%) 0 (0%) 9 (100%) 3(33.3%) 0 (0%) 6 (66.7%) 0.2059
Potassium 3500 mg * 3 (33.3%) 0 (0%) 6 (66.7%) 1(11.1%) 0 (0%) 8 (88.9%) 0.5707
Phosphorus 580 mg * 0 (0%) 0 (0%) 9 (100%) 0 (0%) 0 (0%) 9 (100%) 1.0000
Calcium 800/1000 mg * 8 (88.9%) 0 (0%) 1(11.1%) 9 (100%) 0 (0%) 0 (0%) 1.0000
Magnesium 350 mg * 6 (66.7%) 0 (0%) 3 (33.3%) 6 (66.7%) 0 (0%) 3 (33.3%) 1.0000
Iron 6 mg * 0 (0%) 0 (0%) 9 (100%) 0 (0%) 0 (0%) 9 (100%) 1.0000
Zinc 94 mg* 2 (22.2%) 0 (0%) 7 (77.8%) 0 (0%) 1(11.1%) 8 (88.9%) 1.0000
Cooper 0.7 mg* 0 (0%) 0 (0%) 9 (100%) 0 (0%) 0 (0%) 9 (100%) 1.0000
Manganese 2.3 mg ** 0 (0%) 0 (0%) 9 (100%) 0 (0%) 0 (0%) 9 (100%) 1.0000
Iodine 95 ug* 9 (100%) 0 (0%) 0 (0%) 9 (100%) 0 (0%) 0 (0%) 1.0000
Vitamin A 630 pg * 4 (44.4%) 0 (0%) 5 (55.6%) 0 (0%) 0 (0%) 9 (100%) 0.0890
Vitamin D 15 ug ** 9 (100%) 0 (0%) 0 (0%) 9 (100%) 0 (0%) 0 (0%) 1.0000
Vitamin E 10 mg ** 1(11.1%) 0 (0%) 8 (88.9%) 3 (33.3%) 0 (0%) 6 (66.7%) 0.5707
Vitamin C 75mg* 7 (77.8%) 0 (0%) 2 (22.2%) 5 (55.6%) 0 (0%) 4 (44.4%) 0.6171
Vitamin B1 1.1mg* 4 (44.4%) 0 (0%) 5 (55.6%) 3(33.3%) 0 (0%) 6 (66.7%) 1.0000
Vitamin B2 1.1mg* 1(11.1%) 0 (0%) 8 (88.9%) 1(11.1%) 0 (0%) 8 (88.9%) 1.0000
Vitamin B6 1.1/1.4mg* 1(11.1%) 0 (0%) 8 (88.9%) 0 (0%) 0 (0%) 9 (100%) 1.0000
Vitamin B12 2.0 ug* 2 (22.2%) 0 (0%) 7 (77.8%) 1(11.1%) 0 (0%) 8 (88.9%) 1.0000
Folate 320 ug * 8 (88.9%) 0 (0%) 1(11.1%) 7 (77.8%) 0 (0%) 2 (22.2%) 1.0000
Niacin 12mg* 0 (0%) 0 (0%) 9 (100%) 0 (0%) 0 (0%) 9 (100%) 1.0000

%%

* EAR—estimated average requirement; ** Al—adequate intake; *** compared while using chi? test.

Table 8. The basic physical activity parameters of the female participants at baseline and after 3 months of intervention.

Baseline After 3 Months of Intervention

X3k
Parameter Mean + SD Median (Min-Max) Mean £+ SD Median (Min-Max) P

Total energy expenditure (kcal) 1293.9 4+ 170.9 1283.0 (1066.0-1601.0) 1401.9 + 269.8 1308.5 (1090.0-1955.5) 0.2819
Physical activity duration (min) 27.7 £16.7 25.3 (10.7-69.0) * 39.5+324 28.2 (10.7-122.7) * 0.3981
Lying down duration (min) 220.9 +57.0 207.0 (112.7-334.7) 236.3 +80.9 244.0 (82.3-362.0) 0.6181
Active energy expenditure (kcal) 173.3 £ 98.4 152.3 (59.7-404.3) 246.6 + 186.3 183.7 (62.3-703.0) * 0.2751
Number of steps 4599 + 1839 3867 (2945-8948) * 5471 + 2409 5276 (2271-10964) 0.2751
Sleep duration (min) 179.3 +56.2 181.7 (89.3-295.3) 186.4 +75.3 200.8 (55.0-295.0) 0.8097
Average METs 1.08 £+ 0.16 1.07 (0.87-1.43) 1.20 £ 0.28 1.12 (0.93-1.87) 0.2248

MET—metabolic equivalent of task; * nonparametric distribution (Shapiro-Wilk test; p < 0.05); ** compared while using t-Student test or
Mann-Whitney test (based on distribution).

The basic physical activity parameters of the male participants at baseline and after
3 months of intervention are presented in Table 9. It was observed that the majority of
parameters were comparable before and after intervention, and no statistically signifi-
cant differences were observed for male participants (p > 0.05). Only metabolic equiva-
lents of tasks (METs) increased (1.02 £ 0.41 vs. 1.34 £ 0.12; p < 0.0001). The additional
analyses of the basic physical activity parameters of the male participants not following
dietary recommendations and following dietary recommendations, respectively, at base-
line and after 3 months of intervention, are presented in the Supplementary Materials
(Tables S16 and 517, respectively), and they are in general agreement with the results for
the total studied group.

The biochemical parameters of the participants at baseline and after 3 months of
intervention are presented in Table 10. It was observed that blood triglyceride levels
(140.36 & 14.92 vs. 110.04 £ 37.23 mg/dL; p = 0.0017) and gamma-glutamyltransferase
(GGT) activity decreased (23.03 &= 12.87 vs. 12.77 & 5.24 U/L; p = 0.0008), but the other
parameters did not differ (p > 0.05). The additional analyses of the biochemical parameters
of the participants after 3 months of intervention compared between sub-groups following
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recommendations and not following recommendations are presented in the Supplemen-
tary Materials (Table S18), and they indicated differences for total cholesterol and LDL
cholesterol levels. Similarly, analyses of the biochemical parameters of the female partici-
pants not following dietary recommendations and following dietary recommendations,
respectively, at baseline and after 3 months of intervention, are presented in the Supple-
mentary Materials (Tables S19 and 520, respectively), while the analyses of the biochemical
parameters of the male participants not following dietary recommendations and following
dietary recommendations, respectively, at baseline and after 3 months of intervention, are
presented in the Supplementary Materials (Tables S21 and S22, respectively), and they indi-
cated differences for GGT levels in female participants following dietary recommendations
and for male participants following dietary recommendations, as well as for triglyceride
levels for male participants not following dietary recommendations. At the same time, the
analyses of the biochemical parameters after 3 months of intervention compared between
sub-groups based on gender, age and body mass status are presented in the Supplementary
Materials (Table 523), and they indicated differences for GGT and ALT levels.

Table 9. The basic physical activity parameters of the male participants at baseline and after 3 months of intervention.

Baseline After 3 Months of Intervention o
Parameter Mean + SD Median (Min-Max) Mean + SD Median (Min—-Max) P

Total energy expenditure (kcal) 1617.9 £ 431.9 1522.0 (1266.3-2704.0) * 1624.6 £+ 239.5 1628.0 (1250.7-1931.5) 0.5317
Physical activity duration (min) 55.7 +73.4 38.7 (10.7-247.7) * 50.2 +13.9 52.7 (30.7-70.0) 0.1358
Lying down duration (min) 211.4 +37.2 227.3 (154.3-248.0) * 220.7 4+ 68.9 207.0 (110.3-345.0) 0.8099
Active energy expenditure (kcal) 379.4 + 509.0 281.3 (58.0-1705.7) * 327.9 +100.5 324.3 (181.0-474.3) 0.2685
Number of steps 4482 + 2033 3785 (2380-8065) 5512 + 2038 5792 (2356-8326) 0.3142
Sleep duration (min) 168.9 + 34.0 159.3 (112.0-224.0) 170.0 £+ 48.9 165.5 (81.3-255.0) 0.9568
Average METs 1.02 £ 041 1.00 (0.87-1.17) 1.34 +0.12 1.35(1.10-1.47) <0.0001

MET—metabolic equivalent of task; * nonparametric distribution (Shapiro-Wilk test; p < 0.05); ** compared while using t-Student test or
Mann-Whitney test (based on distribution).

Table 10. The biochemical parameters of the participants at baseline and after 3 months of intervention.

Baseline After 3 Months of Intervention
Parameter p**
Mean + SD Median (Min—-Max) Mean + SD Median (Min-Max)

Triglycerides (mg/dL) 140.36 £+ 14.92 138.95 (116.98-185.52) 110.04 + 37.23 127.26 (64.03-166.99) * 0.0017
Total cholesterol (mg/dL) 153.73 + 39.94 143.61 (105.73-252.26) 145.78 £+ 39.74 135.72 (91.24-234.65) 0.5374
HDL-C (mg/dL) 3227 +11.13 30.01 (19.56-66.66) * 29.73 + 7.56 28.11 (18.11-50.23) 0.5457
LDL-C (mg/dL) 93.38 + 35.15 88.99 (40.21-171.34) 94.05 + 37.02 82.99 (51.3-179.70) 0.9544
ALT (U/L) 11.36 + 5.78 11.90 (2.09-21.59) 13.66 + 6.43 13.21(7.33-34.48) * 0.4857
GGT (U/L) 23.03 + 12.87 20.28 (9.18-58.75) * 12.77 £ 5.24 11.55 (7.00-27.89) * 0.0008

HDL-C—high-density lipoprotein cholesterol; LDL-C—low-density lipoprotein cholesterol; ALT—alanine aminotransferase; GGT—gamma-
glutamyltransferase; * nonparametric distribution (Shapiro-Wilk test; p < 0.05); ** compared while using t-Student test or Mann-Whitney
test (based on distribution).

4. Discussion

The dietary management of NAFLD is associated mainly with a low-energy diet,
as body mass reduction is the most effective way to reduce liver steatosis [47]. It is
indicated that a body mass reduction of 7-10% resolves steatohepatitis and improves
fibrosis, confirmed by liver histopathology [36,48]. In this conducted study, body mass
reduction was not observed in spite of the fact that patients received the recommendation
of a low-energy diet, which was encouraged to be followed every 2 weeks. However, it
should be emphasized that body mass reduction is a long-term process, and, in the case of
NAFLD patients, it is commonly unsuccessful [49]. As a result, the risk of fibrosis caused
by NASH progression still exists [50].

Within the possible reasons of unsuccessful body mass reduction, caused by not
following the low-energy diet, there may be an association with socializing and spending
time with friends. This results from the fact that the study was conducted in the period
of spring and summer, which is typically associated with barbecue socializing, indicated
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to be a serious health risk factor [51]. Other authors also observed body mass increase
during weekends [52], as well as holidays [53], associated with people quitting diets in
those periods. Moreover, such body mass increases after weekends or holidays may not
be corrected in the following period [54], resulting in a cumulative body mass increase
over years. Even in the case of patients undergoing a body mass reduction, such a body
mass increase is observed in holiday periods [55]; therefore, during this period, it should
be planned to include any additional elements of therapy (such as phone and e-mail
counselling [56]) to motivate patients to follow their diet. This is associated with the fact
that the observed body mass increase during the indicated periods results mainly from the
increased intake of food accompanied by a weakened satiety response, not from reduced
energy expenditure [57].

In the case of obese patients, both individual and group diet therapy may be used to
reduce excessive body mass [58]. In the presented study, individual dietary therapy was
chosen in order to provide individual recommendations for each participant and to provide
the possibility of individual correction of the diet and to motivate patients. However,
as indicated above, the applied model for some patients was not effective, which was
proposed to be caused by their participation in socializing and the associated additional
consumption of food. It may be supposed that increased effectiveness may have been
obtained by including additional behavioral therapy, which is effective in supporting
body mass reduction [59]. At the same time, the duration of the applied intervention may
have been too short to obtain effective changes in dietary and physical activity habits,
which may be supposed based on the suggestions by other authors indicating that body
mass reduction therapy should be planned for 10 months or even 18 months to increase
its effectiveness [60]. Moreover, group therapy may have been a better approach for this
group, as some studies suggest that group therapy is characterized by a higher effectiveness
even for patients who declare that they prefer to participate in individual therapy [61].
Taking this into account, further studies should be planned also with a model of group
therapy, including behavioral therapy, and planned for a longer time to verify the potential
influence of various models of therapy on body mass reduction in NAFLD patients.

In spite of the fact that no effective body mass reduction and no change in diet were
observed in the conducted study, some biochemical parameters after 3 months of the
experiment changed. This may be attributed to the milk thistle seed supply, which as a
source of silymarin, may have caused a change in GGT levels. Silymarin extract is known
to cause an effective decrease in ALT and aspartate aminotransferase (AST) blood levels in
NAFLD patients, which is confirmed by the meta-analysis by Zhong et al. [62]. In the study
by Cacciapuoti et al. [30], in a group of patients receiving silymarin extract (in tablets) for
6 weeks twice a day, it was observed that their ALT, AST and GGT blood levels decreased.
While in the present study, GGT activity decreased, but ALT did not change; it may be
supposed that either the doses were too low or the intervention was too short to induce
such effects. However, the observed results are promising and should be analyzed in
the future.

It should be emphasized that in the studies published to date, mainly milk thistle
seed extract was studied; therefore, it may be supposed that the effect observed in the
present study may be incomparable, and it may also be attributed to other components
of milk thistle seeds. Taking this into account, the effects of milk thistle seeds, extract and
silymarin should be compared in further research. Moreover, it should be hypothesized
that depending on the agricultural conditions, the composition of seeds may differ, which
may also influence the observed results. However, while analyzing the literature, it must
be noted that milk thistle seeds contain linoleic acid and oleic acid and also «-tocopherol
and phenolic acids, such as vanillic acid, p-coumaric acid and silybin [63]. Therefore, it
may be supposed that the effect observed in the current study may be attributed to various
components including p-coumaric acid, which is an antioxidative and anti-inflammatory
component, as it was stated by Amalan et al. [64] that it may modulate lipid metabolism,
reducing observed disturbances. Similarly, in the study by Cha et al. [65], it was observed
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that p-coumaric acid improves triglyceride levels in the blood of rats after myocardial
infarction. In another study, phenolic acids, from berries, including p-coumaric acid,
were effective in reducing triglyceride accumulation in hepatocytes in the early stage of
NAFLD [66].

In the current study, the triglyceride levels, after the experiment, were significantly
lower than at baseline. This may be compared with the results of the study by Hu-
seini et al. [21], as in their study, the group with type 2 diabetes mellitus received 200 mg of
silymarin in the form of tablets 3 times a day, which caused a decrease in total cholesterol,
LDL cholesterol, triglycerides and liver enzyme blood levels after 4 months of treatment.
Similarly, in the study by Famouri et al. [67], conducted on a group of children aged 5-16
with NAFLD, using 5 mg of silymarin per kg of body mass (in the form of tablets) that
was combined with lifestyle modifications for 12 weeks, triglyceride and liver enzyme
blood levels were corrected, while neither LDL nor HDL cholesterol blood level changed.
Such results are similar as those presented in the current study, and it may be supposed
that triglyceride blood levels may be more prone to change after silymarin supply than
cholesterol blood levels. In the current study, the applied daily dose of milk thistle seeds
provided 210 mg of silymarin, while in the other studies, higher doses were applied to pro-
vide 280 mg of silymarin [68-71], 1260 mg of silymarin [72] or 2100 mg of silymarin [72,73].
Moreover, it should be noted that while the above-mentioned studies by Huseini et al. [21]
and Famouri et al. [67] presented interventions based on silymarin extracts, the current
study revealed that milk thistle seeds included in the diet may also be effective. It needs
to be emphasized that some studies indicated, similarly to the current study, improved
biochemical parameters of patients using silymarin even if their body mass reduction
was not obtained, as it was observed by Kalopitas [74] for transaminase levels based on a
number of studies [68,69,73,75]. In the current study, no statistically significant effect on
ALT level was observed, but at the same time, GGT and TG levels were significantly lower
in spite of there being no significant reduction of body mass. This may have been caused
by dietary changes that were associated with a choice of products that were different to
those previously chosen, but that did not contribute to a lower energy value of diet, thereby
not causing body mass reduction; however, when accompanied by silymarin supply, they
may have supported the correction of some biochemical parameters.

In spite of the fact that patients in the current study received specific dietary recom-
mendations, their diet at baseline and after 3 months of treatment were comparable—the
significant differences were observed neither for the nutritional value of the diet nor for
the share of the group following the specific dietary recommendations. While compar-
ing the diet that was followed by the participants of the current study with the general
recommendations [45], as well as with the dietary recommendations for NAFLD patients
undergoing body mass reduction [36,37], it should be noted that in the studied group, there
were some serious problems. The most important was the very low fiber supply, which
was not improved within the experiment, as increased fiber intake is recommended both
during body mass reduction and for NAFLD patients [76].

The liver plays a crucial role in the metabolism of minerals, which may be disturbed
in the case of chronic liver diseases, but at the same time, excessive or insufficient supply
of minerals may increase disturbances of homeostasis [77]. In the studied group, it was
observed that the common problems were excessive supplies of sodium, phosphorus
and iron, accompanied by insufficient supplies of potassium, magnesium, calcium and
zinc. Similar results were observed by Da Silva et al. [78] in a group of patients with
NAFLD, as they observed excessive supplies of sodium, iron and zinc, accompanied by
insufficient supplies of magnesium and calcium. The described results indicate that there is
a serious need for change in the dietary behaviors of NAFLD patients, as sodium intake is
positively correlated with NAFLD progression, and this disease is more common in cases
of individuals characterized by an excessive intake of this nutrient than in cases of the
other ones [79,80]. Sodium intake should be reduced by the limitation of processed food
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consumption, and it should be accompanied by an increased intake of potassium, which as
a sodium antagonist, may be obtained by increased fruit and vegetable consumption [81].

The phosphorus intake in the studied group was also excessive, but while it is proven
that its level may be harmful, little is known about the direct influence of its excessive
dietary intake [82]. At the same time, insufficient magnesium intake observed in the
studied group of NAFLD patients is a common problem in patients with liver steatosis,
while insufficient magnesium intake may promote inflammation and insulin resistance in
this group, and increased intake reduces the risk [83], but excessive intake may also have a
negative impact, including the increased risk of death for patients with liver steatosis [84].
Similarly, it was noted that low zinc intake is a common problem in patients with liver
diseases, which may also lead to insulin resistance and promote liver steatosis; therefore, it
is recommended that NAFLD patients apply adequate supplementation of this mineral [85].

In the case of vitamins, in the studied group it was observed that the common prob-
lems were excessive supplies of vitamins A, E, B1, B2, B6 and B12 and niacin, accompanied
by insufficient supplies of vitamin D and folate. Similar results were observed in the
above-mentioned study by Da Silva et al. [78] in a group of patients with NAFLD, as they
also found low vitamin D intake. This problem is not only common in NAFLD patients, but
a low vitamin D level is associated with NAFLD progression; thus, vitamin D supplemen-
tation may relieve NAFLD symptoms, especially those associated with inflammation [86].
At the same time, an excessive supply of B vitamins is not a problem, as it is removed from
the body with urine [87].

The general quality of the diet is reversely associated with NAFLD progression [88],
and a higher quality diet may decrease the risk of the disease, as well as be beneficial for
patients with already diagnosed NAFLD [89]. However, the diet of the studied patients
was not corrected within the study, and that corresponds with the atherogenic index of
Keys, which did not change within the study and which may suggest a high atherogenic
potential of the diet. When combined with a low fiber intake, this situation may promote the
development of cardiovascular diseases [90]. Taking this into account, it seems necessary to
promote changes in diet and lifestyle in a more effective way to a group of NAFLD patients,
as well as to provide them with adequate counselling and support their motivation. It may
be supposed that inadequate motivation was a key problem in the studied group, as in
spite of the fact that participants were supervised, to follow recommendations, they did not
follow them but only applied the milk thistle. This is confirmed by other authors indicating
that motivation and engagement is necessary for a proper body mass reduction [91]; thus,
not only should a physician and dietitian have been planned to participate in the therapy,
but also a psychologist [92].

5. Conclusions

As the diet and physical activity of the studied patients were not changed within the
studied period, it may be supposed that the beneficial decrease in blood triglyceride levels
and GGT activity was obtained due to the milk thistle supply as a source of silymarin.
It may be indicated that including milk thistle in an everyday diet may be an additional
recommendation for NAFLD patients, which allows one to obtain beneficial effects, even if
the other recommendations are not followed.
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