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Abstract

Objective: This study aimed to evaluate the impact of an exclusively vegetarian diet, com-
bined with physical activity and lifestyle interventions, on metabolic parameters in patients
with metabolic syndrome, with a focus on preventing premature aging and improving over-
all health status. Materials and Methods: A total of 150 participants (82 females, 68 males;
aged 36-80 years, with a mean age of 61.45 years) diagnosed with metabolic syndrome
were enrolled. Participants followed an exclusively vegetarian diet (=22100 kcal/day; 65%
carbohydrates, 23% lipids, 15% proteins, 52.4 g dietary fiber, and 0 mg cholesterol) along
with a structured lifestyle program that included physical activity (2.5 h/day, intensity
2-6 METs), psychological counseling, smoking cessation support, weight and blood pres-
sure management, hydrotherapy, massage, phytotherapy, and stress-reduction sessions.
Baseline and post-intervention assessments were performed to measure total cholesterol,
LDL, HDL, triglycerides, glycemia, BMI, and blood pressure. Results: After 10 days of in-
tervention, significant improvements were observed across all measured parameters: total
cholesterol decreased by 41.21 mg/dL (—19.54%), triglycerides decreased by 72.86 mg/dL
(—34.9%), LDL cholesterol decreased by 26.24 mg/dL (—19.71%), fasting glycemia de-
creased by 30.4 mg/dL (—21.61%), BMI decreased by 3%, systolic blood pressure decreased
by 10.82 mmHg, and diastolic blood pressure decreased by 6.44 mmHg. Conclusions: Our
findings demonstrate that a structured lifestyle intervention, centered on a vegetarian diet
and physical activity, has a significant beneficial effect on metabolic health. This approach
improves cardiovascular risk factors, glycemic control, and body composition, and may
play a preventive role against premature aging.
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1. Introduction

Based on their effects on metabolic function, nutritive substances are classified into
five groups: proteins, carbohydrates, minerals, vitamins, and water. Each of these should
represent a specific percentage of a daily diet: 11-13% protein, 55-65% carbohydrates, and
20-30% lipids. Essential nutrients that cannot be synthesized by the human body must be
obtained from a balanced diet. These are represented by water, fatty acids (alpha-linolenic
and linolenic acid), amino acids (leucine, isoleucine, lysine, methionine, phenylalanine,
threonine, tryptophan, and valine), some minerals, and vitamins [1].

In order to achieve good nutrition, we must follow the eight principles of a healthy
diet, promoted by Dr. Colin Campbell, director of the China—Oxford-Cornell Project, as
mentioned in his book, “China Project” [2].

Over the past few decades, many doctors, nutritionists, and researchers have devel-
oped various diets, each with distinct goals, objectives, and outcomes. Below, we refer to
the most popular and well-researched diets, published by news outlets such as Medical
News Today and U.S. News [3,4]. Some well-known diets include the Atkins, Zone, Keto,
vegetarian, raw vegetarian, South Beach, Weight Watchers, Mediterranean, traditional, and
Western diets.

Aside from its positive effects, the vegetarian diet has multiple metabolic benefits,
including an increase in butyrate in intestinal microbiota, which induces incretin secretion
and improves glucose metabolism (similar to the effects of plant-based polyphenols),
thereby boosting the functions of 3-pancreatic cells. In contrast, saturated fats and rich
meats affect 3-pancreatic cells, while omega-3 fatty acids found in fish decrease insulin
secretion and post-prandial GLP-1 levels. This diet has been shown to significantly improve
mental health and quality of life [5-8]. These benefits are demonstrated in relatively small
population groups, known for their longevity and good health conditions (Okinawa Island
inhabitants, the Hunza Tribe from Central Asia, the Sherpa people from Nepal, the Otomi
Indians, and the inhabitants of Vilcabamba Valley from South America) [9].

Metabolic syndrome (insulin resistance, X syndrome) represents a significant risk
factor for cardiovascular diseases, type 2 diabetes, and hepatic steatosis, encompassing a
broad spectrum of metabolic disorders: abdominal obesity, arterial hypertension, dyslipi-
demia, and endothelial dysfunction [10,11]. Its causes are complex, involving a series of
interactions between genetic, metabolic, environmental, and hormonal risk factors, which
ultimately result in the hallmarks of metabolic syndrome, including obesity/overweight,
sedentary lifestyle, frailty, and lipodystrophy. Insulin resistance is a central factor in the
development of metabolic syndrome. An intracellular excess of fatty acid metabolites
contributes to changes in intracellular signaling pathways, leading to insulin resistance and
the formation of triglyceride conglomerates in skeletal and heart muscles, as well as the
liver, which increases hepatic glucose production. Excess adipose tissue is associated with
the overproduction of proinflammatory cytokines [11,12].

According to a consensus published in 2009 by the American Heart Association and
the National Heart, Lung, and Blood Institute, metabolic syndrome is diagnosed based on
three or more of the five main criteria: central obesity, hypertriglyceridemia, low levels of
HDL, high blood pressure, and fasting blood glucose [10,12]. Regarding its management,
the following treatment scheme should be followed: bariatric surgery, lifestyle changes,
and drug therapy.

Therefore, the main aim of this study was to evaluate the short-term effects of a
10-day lifestyle intervention—combining an exclusively vegetarian diet, structured physical
activity, and complementary therapies—on serum lipid profile, fasting glycemia, body
weight, BMI, and blood pressure in patients with metabolic syndrome, to assess its potential
role in improving metabolic health and preventing premature aging.



Obesities 2025, 5, 77

30f22

Post-Intervention Re-Evaluation
- Repeat labs & anthropometry
- BB, BMI, weight loss

Data Analysis & Results
1 Cholesterol, LDL, TG
1l Glycemia, B, BMI
T Overall Health

2. Materials and Methods

Plant-based diets are recognized for their significant impact on the prevention and
treatment of various diseases. The studied cohort comprised 150 patients diagnosed with
metabolic syndrome who followed an exclusive vegetarian diet tailored to their individual
physiological needs. The caloric intake was approximately 2100 calories/day, formulated
to target:

e Normalizing cholesterol plasmatic levels, with lipids providing 23% of total daily
caloric intake (5% saturated fats, 5% monounsaturated fats, 13% polyunsaturated fats,
and 3,8g of linoleic acid);

e  Normalizing fasting blood glucose levels, with carbohydrates providing 66% of total
daily caloric intake (mostly derived from complex carbohydrates found in whole
wheat bread and cereals, which provide 52.4 g of fiber);

e  Normalizing uric acid serum levels, with proteins providing 12% of total daily caloric
intake (only plant-based proteins) [13].

The study cohort underwent an intensive procedure that included several protective
factors in addition to a vegetarian diet, a physical program, antistress and psychological
counseling, support for quitting smoking, body weight control, blood pressure manage-
ment, and group therapy [11]. The key aspects of this program were physical activity
and diet.

Ten-day treatment plan. All participants remained within the facility during the
intervention to ensure full adherence to the program and standardized conditions.

Patient Selection
(150 patients with metabolic syndrome)

Baseline Evaluation & Blood Tests
- Cholesterol (total, LDL, HDL)
- Triglycerides
- Glycemia
- Uric Acid
- BMI & Blood Pressure

‘ Lifestyle Intervention Program (10 days)

\

Physical Activity
5 h/day, 2-6 METs

3. Complementary Therapies
- Stress mgmt & counseling
- Smoking cessation
- Hydrotherapy, massage, phytotherapy
- Weight & BP management

1. Exclusive Vegetarian Diet
- 2100 kcal/day
- 65% carbs, 23% lipids, 15% proteins
- 52.4g fibers, Omg cholesterol

2.
- 2.

2.1. Exclusive Vegetarian Diet

The diet was cholesterol-free and rich in vitamins (beta-carotene, folic acid, B1, B3, B6,
C, E), minerals (Mg, Fe, K, Se), and phytochemicals. It was created based on the vegetarian
diet pyramid, as elaborated by Dr. Ella Haddad from the University of Medicine of Loma
Linda (2008 version) (Figure 1) [13].
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Vegetarian Diet Pyramid

Sugary Foods
Minimal, occasional intake

Dairy / Eggs (Optional)
0-2 servings/day
(B12 supplement if vegan)

Plant-based Oils
Use in moderation

Nuts & Seeds
1-2 servings/day

Fruits
2-4 servings/day

Vegetables
4-5 servings/day

Legumes (Soy, Beans, Lentils, Chickpeas)
1-3 servings/day

Cereals / Whole Grains
5-8 servings/day

Figure 1. Vegetarian diet pyramid showing the recommended daily servings of major food groups
included in the 10-day lifestyle intervention program.

Cereals/Whole-grains: 5-8 servings/day (e.g., whole wheat bread, oats, brown rice);
Vegetables: 4-5 servings/day, emphasizing variety and color;

Fruits: 24 servings/day;

Legumes (soy, beans, lentils, chickpeas): 1-3 servings/day;

Nuts and Seeds: 1-2 servings/day (unsalted, unroasted);

Plant-Based Oils: Used in moderation, preferably cold-pressed;

Dairy/Eggs (Optional): 0-2 servings/day; for vegan diets, ensure vitamin
B12 supplementation;

Sugary Foods: Occasional consumption, minimal amounts.

The vegetarian diet pyramid includes the main food groups: those at the top are

necessary in small quantities, while at the base, the most important foods, such as those for

nutritional intake, are necessary in larger amounts [13]. As a result, in designing the daily

menu, we considered these nutritional groups, but with fewer portions from each category.

@

Additionally, the following principles were respected in planning the menu:

The quality principle:

Choose foods from the above list (Figure 1);

Avoid refined or fiber-lacking foods;

Fiber-rich foods include whole-grain cereals, vegetables, and fruits;

Foods with lower amounts of fiber include refined foods, such as white flour,
sugar, and products made from meat, milk, and eggs.
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(2) The quantity principle:

Breakfast represents the most important meal of the day, and it should be com-
posed of whole-grain cereals, nuts, milk, and fruits;

Lunch is also an important meal, as it needs to satisfy the body’s nutrient needs
for the rest of the day. It should include a product rich in protein;

Dinner should be the lightest meal of the day, composed mainly of fruits. It
is recommended that elderly individuals and those who are sedentary should
abstain from it.

(8) Time principle:

Adhere to an organized and regular food schedule, ensuring the last meal is had
by 19:00 at the latest;

Maintain a 5-6 h interval between meals, prohibiting snacks;

Allocate at least 30 min for each meal.

(4) Diversity principle:

Daily food selection should be varied;
Eat a maximum of 2-3 types of dishes at each meal.

(5) The cooking principle:

Keep the natural taste of food and avoid salt and irritant spices (pepper, chili)
in excess;

Avoid frying and boiling; steam or bake the food;

Reduce consumption of high-sodium foods, such as pickles, cheese, and
canned foods.

2.2. Each Patient’s Menu Included
(1) Breakfast: 40-50% of total daily calorie intake

Boiled cereals (oat flakes, wheat, and groats), granola, muesli, and cornflakes;

e  Whole-grain bread;

e  Fruits: apples, pears, bananas, apricots, citrus, forest fruits, and other
seasonal fruits;

e  Spreadable creams, fruit jam, peanut butter, avocado, and soy pate;

e  Nuts or seeds;

e  Soy/rice/coconut/almond/sesame milk [13].

(2) Lunch

e Main dish: meat/veggie balls, veggie burgers, vegetables, nutty and
seed derivatives;

e  Side dishes made from raw or boiled vegetables;

e  Raw salads, fish with dressings or salads;

e  Whole-grain bread;

e  Desserts [13].

(3) Evening Dinner

Soups or salads;

Fruits, fruit crisps, and fruit salads;

Smoothies;

Whole-grain bread, biscuits, whole-grain cereals, and popcorn [13].

Patients who wanted to lose weight (to balance their metabolic disorders in situations
like type 2 diabetes) could have tea at 6 o’clock.

Table 1provide an example of a specific 2000-kilocalorie/day menu that was consumed
for 11 days.
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Table 1. An example of a 2000-kilocalorie/day menu that was consumed for 11 days.

Day 1 3 4 5
Granola
Cornflakes Millet pudding Apple crisp Wheat pudding Whole-grain nut pasta
Sour cherry sauce Pineapple sauce with forest fruits Strawberry sauce Carob sauce Blackberry sauce
Breakfast Soy milk Almond milk Peanut milk Millet milk Cashew milk
(7:00 AM) Apples Pumpkin seeds Sunflower seeds Pumpkin seeds Sunflower seeds
Sunflower seeds Nut butter Eggplant pate White bean pate Almond butter
Mushroom pate Whole-grain bread Whole-grain bread Whole-grain bread Whole-grain bread
Whole-grain bread
Baked French fries Spinach and Vegetable cabbage rolls
Vegei Baked celery Barley with baked tofu lasagna .
eggie burgers G . with sour cream
; reen pea pate vegetables Boiled corn .
Dill pea stew . - Lentil pate
Lunch (13:00) Onion and cucumber salad Tofu balls Chickpea .
Tomato salad . D Olive and tomato board
Tomato salad Onion and shepherd’s pie . -
Lettuce Cupcakes with raisins and
Seed buns pepper stew Tomatoes, peppers,
Bran bread . wheat germ
and onion salad
Dinner Fruit board Spinach soup Fruit compot Mushroom soup
e Filled rolls or Cream soup with olives and spiced croutons with tofu it compote with millet
(18:00) . Whole-grain bread
cinnamon rolls Seed buns Popcorn
Day 6 7 8 9 10 11
Baked apples O.a t ﬂakgs Rice pudding Waffles Cereal flakes Semolina with milk
R with fruits . . and granola
aspberry sauce . Blueberry sauce Apricot sauce Rose hip paste .
. Fresh fruit sauce . ; R ; Plum jam
Breakfast Peanut milk - Soy milk Millet milk Almond milk .
. Milk . . Cashew milk
(7:00 AM) Pumpkin seeds Sunflower seed Pumpkin seeds Sunflower seeds Pumpkin seeds Sunflower seed
Olive pate (léhic(l):;:a i)e;etes Cauliflower pate Veggie caviar Soy pate Glrleenogte inS;:s tSe
Whole-grain bread Whole-grain bread Whole-grain bread Whole-grain bread Whole-grain bread Whole-grain bread
Baked cauliflower
Polenta Baked pasta . Lentil Baked potatoes
Garlic sauce with beans Soy pizza P . . .
; . . shepherd’s pie Rosemary Baked rice with olives
Coriander and Mushroom Oriental broccoli - . L
Lunch (13:00) . . Spinach salad chickpea stew Zucchini stew
cabbage stew veggie balls Green rice . . . .
. . Tomato salad with Mediterranean salad ~ Cucumber salad with onion
Mushroom schnitzel Lettuce with celery Lettuce d B lad
Veooie salad d oarli peppers an eet sala
ggie sala and garlic
cucumbers
Dinner Carrot cream soup Country-style soup Begﬁs:;;(zjup Green pea soup caulifi:\v/j:; sou Fruit board
(18:00) Spiced croutons Popcorn Apple dessert P Brioche

pepper board

Toast with garlic

a. Physical Activity (Kinesiotherapy)

Physical activity, the second key element of the program, included any movements

produced by muscular-skeletal activity that led to a substantial increase in energy produc-

tion above resting levels. There are over 640 muscles in the human body, which represent
30-45% of total body weight, consuming approximately 25% of the energy used while at
rest. It is known that moderate physical activity, such as running, power walking, and

swimming, regularly practiced for at least 30 min per day, lowers blood pressure by approx-
imately 4-9 mmHg [14]. The most important outcomes to consider are decreased insulin
secretion before meals and increased insulin sensitivity, which reduces cardiovascular risk
factors and promotes weight loss [15].

Our study cohort participated in a 2.5-h physical activity program with intensities
ranging from 2 to 6 METs, tailored to their individual chronic disease status.

b. Patient Educational Workshops: Health, Nutrition, and Healthy Cooking Classes

c. Other Therapies
- Hydrotherapy [15];

- Swedish massage for relaxation and posture (50 min);

- Clay and paraffin packing;
- Charcoal and plant patches;
- Phytotherapy;

- Psychological counseling.
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d. Blood Test Parameters

- Total cholesterol optimal value: <200 mg/dL;

- HDL cholesterol optimal value: >50 mg/dL (females) and > 40 mg/dL (males);
- LDL cholesterol optimal value: <100 mg/dL;

- Serum triglycerides levels: <150 mg/dL;

- Fasting blood glucose level between 65 and 110 mg/dL;

- Based on BMI value, patients can be classified as:

* Underweight: <18.5 kg/m?;

* Normal range: 18.5-24.9 kg/m?;
* Overweight: 25-29.9 kg/m?;

* Obese: >30 kg/mz.

- Other routinely investigated parameters included uric acid, urea, creatinine, athero-
genic coefficient, calcium, and magnesium.

e. Blood Pressure Monitoring

Blood pressure in healthy adults is classified as follows:

- Ideal blood pressure: 110/60 mmHg;

- Optimal blood pressure: <120/80 mmHg;

- Normal blood pressure: <130/85 mmHg;

- Borderline blood pressure: <140/90 mmHg;

Patients with a value of 140/90mmHg or higher are diagnosed with arterial hyperten-
sion, which can be classified into class I, class II: mild, and class III: severe [14].

f. Patient Index

In total, 150 patients were involved in our study (82 females and 68 males), ranging
from 36 to 80 years old, with an average age of 61.45 years old:

Between 35 and 45 years old: 7 patients;
* Between 46 and 55 years old: 31 patients;
* Between 56 and 65 years old: 65 patients;
* Between 66 and 75 years old: 36 patients;
Over 75 years old: 11 patients.

g. Blood Tests

We analyzed venous blood samples to evaluate metabolism and different parameters.

Describing dietary intervention: Table 1 present the list of food options available for
each meal category during the 10-day vegetarian intervention program. Participants could
choose freely among the listed dishes/foods within each meal category (breakfast, lunch,
and dinner) to achieve the target energy and macronutrient distribution for the day, as
guided by the nutritionist supervising the program. The tables are not prescriptive single-
meal menus but rather a selection of standardized options from which individualized
meals were composed.

Participants were provided with a fully plant-based menu prepared under the super-
vision of a certified nutritionist. Meals were served three times per day (breakfast, lunch,
and dinner) with two optional snacks. Individual energy needs were calculated based on
age, sex, weight, and activity level, in accordance with the WHO/FAO recommendations.
Daily food intake was monitored by direct observation and food records. The nutrition
staff ensured that each participant consumed the entire portion served, and any leftovers
were accurately recorded.
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Anthropometric Measurements

Body weight was measured to the nearest 0.1 kg using a calibrated digital scale
(SECA®, SECA GmbHé& Co.KG, Hamburg, Germany), with participants wearing light
clothing and no shoes. Height was measured at baseline using a stadiometer and used to
calculate BMI (kg/ m?).

Blood Pressure Measurement

Systolic and diastolic blood pressure were measured using an automated sphygmo-
manometer (Omron® HEM series, Omron Corporation, Shimogyo-ku, Kyoto, Japan) in a
seated position, after 5 min of rest. Measurements were taken twice daily (morning and
evening), and the mean value was recorded.

Biochemical Analysis

Venous blood samples were collected at baseline (day 0) and at the end of the in-
tervention (day 10) after an overnight fast of at least 10 h. Serum total cholesterol, LDL
cholesterol, HDL cholesterol, triglycerides, and fasting blood glucose were analyzed using
an automated chemistry analyzer in the certified laboratory. Quality control procedures
were implemented in accordance with international standards.

Inclusion and Exclusion Criteria for the Participants

Participants were recruited from outpatient clinics and hospital referrals.
Inclusion criteria:

e  Adults aged 35-80 years;

e Diagnosis of metabolic syndrome according to the criteria of the American Heart
Association/National Heart, Lung, and Blood Institute (>3 of 5: central obesity,
hypertriglyceridemia, low HDL, high blood pressure, fasting hyperglycemia);

o  Willingness to adhere to a 10-day lifestyle program including diet, physical activity,
and counseling;

e  Written informed consent was obtained before participation.

Exclusion Criteria

Severe cardiovascular, renal, or hepatic failure;
Active malignancy or acute infection;
Psychiatric disorders preventing participation in group activities;

Use of lipid-lowering or weight loss medications initiated within 3 months prior to
the study;
e  Pregnancy or lactation.

Participant Characteristics

A total of 150 participants were included (82 females and 68 males), with an average
age of 61.45 years. Age distribution was as follows: 7 participants aged 3545 years,
31 participants aged 46-55 years, 65 participants aged 5665 years, 36 participants aged
6675 years, and 11 participants aged > 75 years. Participants were clinically stable at
baseline and had no contraindications to moderate physical activity.
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2.3. Statistical Analysis

All data collected in this study were expressed as mean =+ standard deviation (SD).
Statistical analysis was performed using IBM SPSS Statistics for Windows, Version 26.0
(IBM Corp., Armonk, NY, USA).

Comparisons between baseline (admission) and post-intervention (end of program)
values were carried out using paired Student’s t-test for normally distributed variables and
Wilcoxon signed-rank test for variables with non-normal distribution. Categorical variables
were analyzed using the Chi-square (x?) test.

A p-value < 0.05 was considered statistically significant. All bar charts (Figures 2-19)
represent mean values with standard deviation bars, and each figure indicates statistical
significance (* p < 0.05, * p < 0.01, ns = not significant) where applicable.

Total Cholesterol Level - Males
250+ 241.40 237.00 e
HEl Admission

B End of the programme

202.24

200

150
=
£

100

50

0 35-45 46-55 56-65 66-75 >75
Years

Figure 2. Total cholesterol levels in males at baseline (admission) and after 10 days of the lifestyle
program. Data are presented as mean =+ standard deviation (SD). TC = Total cholesterol (mg/dL).
p < 0.05 compared with baseline (paired t-test).

Total Cholesterol Level - Females

222.97 225.80

Emm Admission
200} B End of the programme
181.50

35-45 46-55 56-65 66-75 >75
Years

Figure 3. Total cholesterol levels in females at baseline (admission) and after 10 days of the lifestyle
program. Data are presented as mean =+ SD. TC = Total cholesterol (mg/dL). p < 0.05 compared with
baseline (paired t-test).
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fay

()]

o
T

LDL-Cholesterol Level - Males

145.14 B Admission

153.60

149.00

140 133.62 WM End of the programme

120 116.12

35-45 46-55 56-65 66-75 >75
Years

Figure 4. LDL cholesterol levels in males at baseline and after 10 days of the program. Data are

presented as mean £ SD. LDL = Low-density lipoprotein cholesterol (mg/dL). p < 0.05 compared
with baseline (paired t-test).

mg/dL

140
120

100+

LDL-Cholesterol Level - Females

149.90

I Admission 141.56

| mmm End of the programme
122.38

80
60
40
20

35-45 46-55 56-65 66-75 >75
Years

Figure 5. LDL cholesterol levels in females at baseline and after 10 days of the program. Data are
presented as mean £ SD. LDL = Low-density lipoprotein cholesterol (mg/dL). p < 0.05 compared
with baseline (paired t-test).

35} 34.40

HDL-Cholesterol Level - Males

3343 3314 33.00

35.20

33.33 WM Admission
B End of the programme

32.38

35-45 46-55 56-65 66-75 >75
Years

Figure 6. HDL cholesterol levels in males at baseline and after 10 days of the program. Data are

presented as mean £ SD. HDL = High-density lipoprotein cholesterol (mg/dL). p < 0.05 compared
with baseline (paired t-test).
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160 149.90

141.56

140 -

130.07
122.38

122.70

1204 111.59

99.50 103.29

100 - 96.38

80 - 76.50

mg/dL

60 -

40

20 1

35-45 46-55 56-65 66-75 >75
Years

I Admission End of the programme

Figure 7. HDL cholesterol levels in females at baseline and after 10 days of the program. Data are
presented as mean £ SD. HDL = High-density lipoprotein cholesterol (mg/dL). p < 0.05 compared
with baseline (paired t-test).

Triglycerides - Males
300 288.21

E Admission

B End of the programme
250

154.00 154.00

35-45 46-55 56-65 66-75 >75
Years

Figure 8. Serum triglyceride levels in males at baseline and after 10 days of the program. Data are
presented as mean + SD. TG = Triglycerides (mg/dL). p < 0.05 compared with baseline (paired t-test).

Triglycerides - Females

212.00 211.08

B Admission
B End of the programme

35-45 46-55 56-65 66-75 >75
Years

Figure 9. Serum triglyceride levels in females at baseline and after 10 days of the program. Data are
presented as mean + SD. TG = Triglycerides (mg/dL). p < 0.05 compared with baseline (paired t-test).
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Glycemia - Males
167.40
160 EEE Admission

B End of the programme

134.00

35-45 46-55 56-65 66-75 >75
Years

Figure 10. Fasting glycemia levels in males at baseline and after 10 days of the program. Data are
presented as mean + SD. FBG = Fasting blood glucose (mg/dL). p < 0.05 compared with baseline
(paired t-test).

Glycemia - Females

161.44

160 pprv B Admission

B End of the programme

140
121.00 122.70
120
100

80

mg/dL

60
40
20

35-45 46-55 56-65 66-75 >75
Years

Figure 11. Fasting glycemia levels in females at baseline and after 10 days of the program. Data are
presented as mean + SD. FBG = Fasting blood glucose (mg/dL). p < 0.05 compared with baseline
(paired t-test).

Body Weight - Males
120+ 11453
110.58 EEm Admission

B End of the programme
100 96.02 o) o0

80

60

Kilograms

40

20

35-45 46-55 56-65 66-75 >75
Years

Figure 12. Body weight in males at baseline and after 10 days of the program. Data are presented as
mean £ SD. BW = Body weight (kg). p < 0.05 compared with baseline (paired ¢-test).
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Figure 13. Body weight in females at baseline and after 10 days of the program. Data are presented
as mean + SD. BW = Body weight (kg). p < 0.05 compared with baseline (paired ¢-test).

Body Mass Index (BMI) - Males

37.29
36:00 = Admission

32.43 Wm End of the programme

35-45 46-55 56-65 66-75 >75
Years

Figure 14. Body mass index (BMI) in males at baseline and after 10 days of the program. Data are
presented as mean = SD. BMI = Body mass index (kg/m?). p < 0.05 compared with baseline (paired
t-test).

Body Mass Index (BMI) - Females
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35-45 46-55 56-65 66-75 >75
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Figure 15. Body mass index (BMI) in females at baseline and after 10 days of the program. Data are
presented as mean + SD. BMI = Body mass index (kg/m?). p < 0.05 compared with baseline (paired
t-test).
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Figure 16. Systolic blood pressure in males at baseline and after 10 days of the program. Data are
presented as mean + SD. SBP = Systolic blood pressure (mmHg). p < 0.05 compared with baseline
(paired t-test).

Systolic Blood Pressure - Females
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Figure 17. Systolic blood pressure in females at baseline and after 10 days of the program. Data are
presented as mean + SD. SBP = Systolic blood pressure (mmHg). p < 0.05 compared with baseline
(paired t-test).
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Figure 18. Diastolic blood pressure in males at baseline and after 10 days of the program. Data are
presented as mean £ SD. DBP = Diastolic blood pressure (mmHg). p < 0.05 compared with baseline
(paired t-test).
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Figure 19. Diastolic blood pressure in females at baseline and after 10 days of the program. Data are
presented as mean & SD. DBP = Diastolic blood pressure (mmHg). p < 0.05 compared with baseline
(paired t-test).

3. Results

The patients in our study consumed a 100% vegetarian diet with a daily caloric intake
of 2100 calories, 65% mostly complex carbohydrates, 52.4g of fiber, <23% fats with a
2.24/1 ratio of polyunsaturated and saturated fats, 3.8 mg of essential linolenic acid, 0 mg
of cholesterol, and 15% protein. This diet was planned according to the guidelines issued
by the Academy of Nutrition and Dietetics, the American Diabetes Association, and the
Medical Institute of the American Academy of Science, which recommend distributing the
energy intake from various sources: 45-65% from carbohydrates, 20-35% from lipids, and
10-35% from protein [16].

The first graphic (Scheme 1) shows the overall calorie consumption, as well as the
calories from sugar, fats, and proteins, at different times of the day. Notably, there
was a higher calorie intake during breakfast and lunch, and a gastro-protective and
hypocaloric dinner.

Exclusively vegetarian diet

1200
1000
800
8 M Total Calories
5 600
3 M Sugars
400 \d Fats
200 M Proteins
0
Breakfast Lunch Dinner
Time ot the day

Scheme 1. Total calorie intake of our study cohort, the result of our study.

A comparative analysis of blood test parameters before and after 10 days of lifestyle
changes is shown in Figures 2-16. The results are statistically significant.
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Our findings show the following:
e  Serum cholesterol levels:

Of the 150 patients, 83 had cholesterol levels over 200 mg/dL on admission, and after
10 days, only 29 patients still had values higher than normal.

On average, in males, cholesterol levels decreased by 36.98 mg/dL, with the best
results observed in patients aged between 46 and 55 years, where the average value
decreased by 60.71 mg/dL following this program (Figure 2).

In the female group, cholesterol levels decreased on average by 39.07 mg/dL, but the
most significant results were observed in the age group between 56 and 65 years, in which
the average value decreased by 45.07 mg/dL (Figure 3).

e LDL cholesterol:

Of the 150 patients, 114 had LDL-cholesterol values over 100 mg/dL upon admission,
compared with only 72 patients who had higher LDL cholesterol levels after 10 days.
In males, LDL levels decreased on average by 20.57 mg/dL, but the best results were
observed in males aged between 66 and 75 years, in which the average value decreased by
32.62 mg/dL (Figure 4).

In females, LDL levels decreased on average by 26.65 mg/dL, but the best results were
observed in females aged between 56 and 65 years, in which the average value decreased
by 29.97 mg/dL (Figure 5).

e HDL Cholesterol:

On the first day of admission, 60 males had HDL levels below 40 mg/dL, and
70 females had HDL levels below 50 mg/dL. After the 10-day program, the best results
were observed in patients aged between 35 and 45 years, in whom HDL levels increased on
average by 0.8 (Figure 6) in males and by 5 mg/dL in females (Figure 7).

e  Serum triglycerides

On the first day of admission, 108 patients had serum triglyceride levels above
150 mg/dL, while at the end of the program, only 42 patients, less than a third, had
serum triglyceride levels within normal range. In males, serum triglyceride levels de-
creased on average by 84.26 mg/dL, but the best results were observed in males aged
between 46 and 55 years, in whom the average value decreased by 153.85 mg/dL (53.38%)
after the program (Figure 8).

In females, serum triglyceride levels decreased on average by 57.03 mg/dL, but the
best results were observed in females aged between 35 and 45 years, in whom the average
value decreased by 74 mg/dL after the program (Figure 9).

e  Glycemia

Fasting glycemia levels measured on admission were over 110 mg/dL in 125 patients,
while after the program, their levels decreased to 82 mg/dL.

In males, glycemia levels decreased on average by 37.7 mg/dL, but the best results
were observed in males aged between 35 and 45 years old, in whom the average value
decreased by 55 mg/dL (32%) after 10 days of treatment (Figure 10).

In females, glycemia levels decreased on average by 25.5 mg/dL, but the best results
were observed in females aged between 46 and 55 years, in whom the average value
decreased by 47.75 mg/dL (29%) after the 10-day program (Figure 11).

e  Body weight

We followed the evolution of fat percentage in correlation with body weight in our
150 patients, from which males managed to lose on average 3.25 kg, more than females,
who lost only 2.33 kg on average. The best results were observed in individuals aged
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56-65 years, where the average weight loss was 3.95 kg in males and 2.76 kg in females
(Figures 12 and 13).

e  Body mass index (BMI)

On the first day of admission, 119 patients registered a BMI of 30 kg/m?, while at the
end of the program, only eight patients managed to lower their BMI. The best results were
observed in individuals aged 5665 years, where the average BMI decreased by 1.29 kg/m?
in males and by 1.08 kg/m? in females (Figures 14 and 15).

e  Systolic and diastolic blood pressure

Of the 150 patients involved in this study, 99 had a systolic blood pressure of over
130 mmHg on admission, while 69 had a diastolic blood pressure of over 85 mmHg.

After 10 days of lifestyle changes, systolic blood pressure decreased by 5.57 mmHg in
males, while in females, systolic blood pressure decreased by an average of 11.84 mmHg,
which is twice that in males. The best results were observed in males aged between 66
and 75 years, in whom systolic blood pressure decreased by 14.67 mmHg (Figure 16), and
in females aged 35-45 years, of whom systolic blood pressure decreased by 19.5 mmHg
(Figure 17).

After 10 days of lifestyle changes, diastolic blood pressure decreased on average by
9.39 mmHg in males, while females registered a slight decrease, averaging 2.85 mmHg. The
best results were observed in males aged between 35 and 45 years, whose diastolic blood
pressure decreased by 14.2 mmHg (with 15% from the initial measurement) (Figure 18),
and in females aged between 56 and 65 years, whose diastolic blood pressure decreased by
7.36 mmHg (Figure 19).

4. Discussion

This study demonstrates that a short-term, intensive lifestyle intervention combining
an exclusively vegetarian diet with physical activity, psychological counseling, and sup-
portive therapies produced significant improvements in metabolic health in patients with
metabolic syndrome.

Our findings align with previous studies, which have shown that plant-based diets
are associated with lower total cholesterol, LDL cholesterol, and triglyceride levels, as
well as improved glycemic control [17]. The magnitude of lipid reduction observed in
our study (—19.5% total cholesterol) is clinically relevant and comparable to the effect of
moderate-dose statin therapy reported in randomized clinical trials [18].

Improvements in blood pressure and BMI further support the potential of lifestyle
modification as a first-line approach for managing metabolic syndrome. Reductions in
systolic blood pressure of >10 mmHg have been shown to lower the risk of cardiovascular
events by up to 20% [19].

Interestingly, the increase in HDL cholesterol levels was modest and not statistically
significant, which is consistent with other studies indicating that dietary interventions have
less impact on HDL levels compared to LDL levels [20].

The short duration of the intervention is a limitation, as long-term sustainability of
the results was not assessed. However, the rapid metabolic response suggests that even
short-term dietary and lifestyle changes can yield measurable health benefits. Future
studies with longer follow-up are warranted to confirm the persistence of these effects.

Overall, this study supports the integration of structured lifestyle programs into
routine care for patients with metabolic syndrome as an effective, non-pharmacological
approach to reduce cardiometabolic risk and promote healthy aging.
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A key finding of this study is the high dietary fiber intake observed in participants
(mean 52.4 g/day), which substantially exceeds the recommended dietary allowance
(RDA) of 25-38 g/day for adults. This elevated fiber consumption likely contributed to
the improvements in fasting glycemia and serum lipid profile observed in this cohort,
consistent with previous studies that demonstrate soluble and insoluble fiber enhances
insulin sensitivity, promotes satiety, and reduces cholesterol absorption [21,22].

However, excessive fiber intake (>50-60 g/day) may be associated with gastrointesti-
nal symptoms such as bloating, abdominal cramping, diarrhea, or constipation. Although
no clinically significant adverse events were reported during the 10-day intervention, care-
ful monitoring is recommended in long-term interventions. Additionally, high-fiber diets
may reduce the bioavailability of minerals such as iron, zinc, calcium, and magnesium [23].
While our program was nutritionally supervised and designed to meet recommended
micronutrient intakes, these potential limitations should be considered, particularly for par-
ticipants who adhere to strict vegan diets without access to fortified foods or supplements.

Future studies should evaluate both gastrointestinal tolerance and micronutrient status
(e.g., serum ferritin, zinc, and vitamin B12) to ensure the safety and nutritional adequacy of
high-fiber vegetarian interventions over prolonged periods.

Our observed reduction in total cholesterol (—19.5%) and LDL cholesterol (—19.7%)
is comparable to that reported by Barnard et al. [24], who found a 22% reduction in LDL
levels after three weeks of a low-fat, plant-based diet combined with exercise. Similarly,
reported rapid improvements in lipid profiles within two weeks using a “portfolio diet”
rich in viscous fiber, soy protein, and nuts.

The decrease in triglyceride levels (—34.9%) observed in our participants aligns with
the findings of Toumpanakis et al. [7], who documented substantial reductions in TG
levels after four weeks of a vegan diet. Improvements in glycemic control (—21.6%) are
also consistent with Kahleova et al.’s study 2019 [17], who showed that a plant-based diet
enhanced insulin sensitivity and reduced HbAlc within 16 weeks.

Reductions in body weight, BMI, and blood pressure in our cohort confirm earlier
findings from the Adventist Health Study 2 and the DASH trial, which demonstrated the
benefits of plant-rich diets and lifestyle interventions in lowering cardiometabolic risk
factors [25,26].

Taken together, these results support the evidence that lifestyle interventions can
rapidly improve metabolic health and may serve as a first-line approach for patients with
metabolic syndrome. Longer-term studies are needed to evaluate the sustainability of these
benefits and to identify which components of the program contribute most strongly to
risk reduction.

The relatively short duration of the intervention (10 days) reflects the design of the
standardized lifestyle program implemented, which is intended as an intensive, structured
introduction to healthier habits rather than a long-term diet plan. Despite the brief time-
frame, significant improvements were observed in total cholesterol, LDL, triglycerides,
fasting glycemia, BMI, and blood pressure, confirming previous evidence that the metabolic
benefits of dietary and lifestyle changes can occur rapidly [24,27].

While the results are encouraging, they should be interpreted as short-term effects.
Longer follow-up studies are warranted to evaluate the sustainability of these benefits
and to determine the relative contribution of each intervention component (diet, physical
activity, stress management).
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4.1. Strengths and Limitations of This Study
4.1.1. Strengths

Well-defined study population of 150 participants diagnosed with metabolic syndrome,
with detailed baseline characterization (age, sex distribution, and clinical status).
Standardized 10-day lifestyle intervention including a vegetarian diet, physical activity,
stress management, and complementary therapies.

Objective and reproducible biochemical and anthropometric measurements performed
at baseline and post-intervention.

Statistically robust analysis using paired tests, ensuring reliable comparisons.
Inclusion of both sexes and multiple age groups, allowing subgroup analyses
and generalizability.

4.1.2. Limitations

A short intervention period (10 days) does not allow assessment of the long-term
sustainability of improvements.

Lack of a parallel control group limits the ability to exclude placebo or Hawthorne effects.
Self-reported adherence to lifestyle interventions (such as diet and exercise) may
introduce reporting bias.

Results may not be generalizable to populations with severe comorbidities or different
dietary patterns.

HDL cholesterol changes were not statistically significant, and clinical relevance should
be interpreted with caution.

5. Conclusions

This study was conducted on a group of 150 patients, all of whom were diagnosed

with metabolic syndrome.

A total of 68 males and 82 females;
Age range between 36 and 80 years.

After 10 days of treatment, the following results were observed:

Total serum cholesterol decreased on average by 41.21 mg/dL, with 19.54% less than
the value registered on admission;

Serum triglycerides decreased on average by 72.86 mg/dL, with 34.9% less than the
value registered on admission;

LDL cholesterol decreased on average by 26.24 mg/dl, with 19.71% less than the value
registered on admission;

Glycemia decreased on average by 30.4 mg/dL, with 21.61% less than the value
registered on admission;

Body weight decreased on average by 2.99 kg, resulting in a 3% BMI reduction from
the initial value registered on admission;

Systolic blood pressure decreased on average by 10.82 mmHg, but the diastolic blood
pressure decreased by 6.44 mmHg, meaning a 7.6% reduction in blood pressure from
the initial value registered on admission.

A 10-day intensive lifestyle intervention combining an exclusively vegetarian diet,

physical activity, and complementary therapies produced significant short-term improve-

ments in lipid profile, glycemia, BMI, and blood pressure in patients with metabolic

syndrome. These findings suggest that even short-term, structured programs can rapidly

improve cardiometabolic health and may serve as an effective non-pharmacological strat-

egy for preventing and managing metabolic syndrome. Further studies are needed to

confirm the long-term sustainability of these benefits.
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There is increasing scientific interest in the factors that contribute to healthy longevity
and extended lifespan in certain populations and regions worldwide [28]. Among the
many determinants of aging, environmental exposures and dietary patterns have been
shown to exert a major influence on health span and the onset of age-related diseases [28].
Diet, in particular, represents a modifiable risk factor that can either accelerate or mitigate
the biological aging process. Understanding how different dietary patterns influence
aging trajectories and age-related diseases can inform the development of personalized
nutritional recommendations and lifestyle interventions designed to promote healthy aging
and reduce morbidity [28].

Recent evidence highlights the growing global popularity of vegetarian diets, although
their precise impact on healthy aging in older adults remains to be clarified [29]. Some
studies suggest that the limited inclusion of nutrient-dense, animal-derived foods may
improve overall health outcomes in older individuals [29]. Moreover, adherence to vegan
dietary patterns has been associated with decelerated epigenetic aging, underscoring the
need for additional well-designed studies to further elucidate the mechanistic links between
diet and biological aging [30]. Large, prospective cohort studies and randomized clinical
trials remain essential to confirm these findings and translate them into actionable dietary
guidelines for healthy aging [30].
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