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ABSTRACT 

Background: Obesity in female students affects metabolic profiles and reproduction. Consuming a plant-based diet can 

inhibit the synthesis of fatty acids and cholesterol, thereby reducing the risk of obesity. The lipid profile plays a crucial 

role in metabolism and includes high-density lipoprotein (HDL), which has a protective effect against cardiovascular 

disorders, obesity, hypertension, and dyslipidemia. 

Objective: To analyze the effect of flexitarian diets on changes in serum HDL levels in obese female students. 

Methods: A quasi-experimental design with pre-post-test control group was employed. Twenty-two female students aged 

19-25 years were selected using consecutive sampling. The subjects were divided into intervention and control groups. 

The intervention group received a flexitarian diet for 4 weeks consisting of three meals and two snacks totaling 1500 

calories per day. Both groups were provided with educational leaflets about obesity and balanced nutrition. Food intake 

was assessed using a 3x24-hour food recall, while physical activity was measured using the IPAQ-SF questionnaire. 

Serum HDL levels were analyzed enzymatically before and after the intervention. Statistical analysis was conducted using 

SPSS 25, including the Shapiro-Wilk test for normality, paired t-tests, independent t-tests, and the Mann-Whitney test. 

Results: There was a significant decrease in serum HDL levels in the intervention group (2.00 ± 2.83 mg/dL), while 

serum HDL levels in the control group increased (3.27 ± 8.25 mg/dL), although this increase was not statistically 

significant. There was no significant difference between the two groups in terms of the mean change in HDL levels (p > 

0.05). 

Conclusion: A flexitarian diet for 4 weeks can lead to a significant reduction in serum HDL levels. 
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BACKGROUND  

Obesity is a topic of a global problem until now it continues to increase every year reaching 1,9 billion 

and even more than 650 million people in the world according to WHO.1 The prevalence of overweight with 

indicators of BMI 25 to <27 kg/m2 was 11,2% (Riskesdas 2013) increasing to 13,6% (Riskesdas 2018).2 

While the prevalence of obesity BMI 27 kg/m 2 is 14,8% (Riskesdas 2013), an increase of 21,8% (Riskesdas 

2018).2 It is estimated that 38% of the world's population will be overweight and 20% will be obese in 2030.3 

The prevalence of obesity based on the 2013 Riskesdas for women was 42.1% higher than 11.3% for 

men. Whereas in Southeast Asia, the prevalence of obesity in women is 8-52%, in men 8-30%.4 Obesity profile 

in Central Java is 6,32%, Semarang City is 2,66% with a higher percentage of women than men, and belongs 

to the productive age group.5  

Obesity, especially in women, has doubled, this is influenced by physical activity patterns, energy 

imbalances, and the accumulation of fat distribution in women is higher than in men.6,7 In addition, there is an 

increase in hormones and the distribution of peripheral fat to the abdomen. Women of childbearing age (WUS) 

aged 18-25 years are at risk for obesity.8 Influenced by the consumption of fast food high in energy and fat, 

low physical activity, psychological, age, socioeconomic status, imbalanced diet, environment, and genetics 

of a person.9 The choice of food intake high in carbohydrates, protein, fat, low in fiber, triggers an increase in 

triglyceride levels and a decrease in High-Density Lipoprotein (HDL) levels so that it affects a person's lipid 

metabolism.10 Obese women have a 1,89 times risk of experiencing reproductive disorders.8 These disorders 

include menstruation, pregnancy disorders because of the potential for preeclampsia.11,12 Long-term impact, 

obesity in productive women can cause reproductive disorders such as subfertility.13 College students are a 

group of women of childbearing age who are at risk of obesity due to the influence of lifestyle.13  

Obese who have low HDL levels have a risk of 1,12 times compared to non-obese.14 Several 

components of the obesity disorder can be at risk of developing metabolic syndrome, with at least three markers 

of several risks, such as type 2 diabetes mellitus, cardiovascular disease, dyslipidemia, glucose intolerance, 
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and hypertension.15 Metabolic syndrome has become an epidemic problem where it affects 12-37% of the 

Asian population and 12-26% of the European population.16 The incidence rate in Indonesia is 39% at the age 

of 45-65 years, especially in women with a prevalence of metabolic syndrome 46% and 28% in men.16 Women 

are at risk for abdominal obesity, low HDL levels, and hypertension.6,8,16  

HDL is a cholesterol transporting lipoprotein in lipid metabolism, rich in antioxidants and anti-

inflammatory against the incidence of obesity.17 The protective effect of HDL can reduce the risk of 

cardiovascular disease, obesity, hypertension, and dyslipidemia.17 Low HDL levels occur when levels are 50 

mg/dL for women, ≤40 mg/dL for men.18 HDL plays a role in the incidence of dyslipidemia where the lipid 

profile contains triglyceride levels, Very Low-Density Lipoprotein (VLDL), Intermediate Density 

Lipoprotein (IDL), Low-Density Lipoprotein (LDL) is high and HDL is low.19 The higher the classification of 

a person's obesity, the lower the HDL cholesterol level. For every 1 kg/m2 increase, HDL decreased by 0,8 

mg/dL.20  

Based on the problems above, there is a need for interventions aimed at reducing these risks. One 

effort that can be done is to regulate food intake through diet. The diet trend that is easy to apply is 

the flexitarian or semi-vegetarian diet. This diet includes the type of vegetarian that is flexible because it can 

still consume animal protein.21 The flexitarian diet was created by Dawn Jackson Blatner from the United 

States in 2003, effectively losing 15% of body weight, reducing the risk of diabetes and metabolic syndrome.22 

Research a plant-based diet for 4 weeks can significantly reduce HDL levels by 4.3 mg/dL.24 The Research 

with similar explain there was a decrease in HDL levels by 3.6 mg/dL.25  

Other research explain that the subjects who were given a plant-based diet for 7 months, triglycerides 

decreased from 171 mg/dL to 103 mg/dL, and HDL levels could increase significantly from 48,3 mg/dL to 

54.6 mg/dL.26 Based on research referring to the American Heart Association (AHA), there is a lifestyle 

change in the form of providing a diet with functional foods and reducing energy (-500 kcal), on days 45 to 75 

there is a significant increase in HDL levels by 8.6%.20 

The flexitarian diet is effective because it reduces the consumption of red meat, which is potentially 

carcinogenic and high in calories.27 The benefits of a plant-based diet on weight loss have reduced the world's 

mortality rate by up to 23%.28 High fiber content and low in saturated fat can lower total cholesterol and 

increase HDL.29 The content of phenolic acids, unsaturated fatty acids, and fiber can inhibit the synthesis of 

fatty acids and cholesterol by increasing bile salts thereby inhibiting HMG CoA reductase activity, reducing 

the breakdown of ApoA-1, and increasing HDL levels.30 Fiber intake of 18 g/day – 30 g/day can increase HDL 

cholesterol by 10,1% and triglyceride and LDL cholesterol levels decrease by 14,4% in men and 11,1% in 

women.31 Research related to the provision of a flexitarian or semi-vegetarian diet is still not widely carried 

out in Indonesia. This has sparked interest among researchers and serves as a reference for studies aiming to 

analyze the effect of implementing a flexitarian diet on changes in HDL levels in obese female students. 

 

MATERIALS AND METHODS 

Types of Research 

This research falls within the scope of community nutrition and employs a quasi-experimental design 

in the form of a pre-post test control group setup. The study was conducted in the City of Semarang and the 

CITO Setiabudi Lab in Semarang from July to September 2021. Ethical clearance for this research was 

obtained from the Medical/Health Research Bioethics Commission, Faculty of Medicine, Sultan Agung 

Islamic University, Semarang (Approval No. 328/IX/2021/Commission on Bioethics). Given the ongoing 

Covid-19 pandemic, strict health protocols were implemented throughout the research process. Researchers 

ensured adherence to these protocols by administering Covid-19 vaccines and rapid antigen tests before 

conducting screenings, collecting lab data with assistance from CITO laboratory officers, and maintaining 

proper spatial arrangements, including regular disinfection spraying, with a minimum distance of 1 meter 

between individuals. 

Sampling and Techniques 

A total of 22 subjects were enrolled in this study, determined using the formula for hypothesis testing 

on the mean of two independent populations. Considering a requirement of 10 subjects per group plus an 

estimated 10% dropout rate, 11 subjects were allocated to each group. The study comprised two groups: the 

flexitarian diet intervention group and the control group. Subject data were collected using a consecutive 

sampling method. 



The effect of flexitarian diets on high-densit- lipoprotein (HDL) serum in obese female students 

 

Copyright © 2024 by the Authors, Published by Jurnal Gizi Indonesia (The Indonesian Journal of Nutrition), Volume 12 (2), 2024 

e-ISSN : 2338-3119, p-ISSN: 1858-4942 

This is an open access article under the CC BY-SA License(https://creativecommons.org/licenses/by-sa/4.0/) 

  117  

Inclusion criteria consisted of female students aged 19-25 years with a BMI of 25 kg/m2, HDL levels 

of 50 mg/dL, residing in Semarang during the study period, absence of physical or specific diseases (such as 

diabetes mellitus, kidney disorders, cardiovascular disease, or infections), no adherence to a specific diet in 

the past three months (e.g., diabetes diet, DASH diet, low-salt diet, vegan diet, etc.), non-smoking status, not 

breastfeeding or pregnant, not taking specific medications for at least the last three months (e.g., cholesterol-

lowering drugs such as statins, niacin, gemfibrozil, etc.), and willingness to participate in the research by 

providing informed consent. Exclusion criteria included resignation, illness, or death during the research 

process, non-adherence to the intervention (failure to meet <80% of diet days, or unwillingness to provide 

blood samples). 

The subjects were then randomly assigned to either the treatment or control group. The treatment group 

received the intervention in the form of a flexitarian diet, while the control group did not undergo dietary 

intervention. However, both groups received nutritional education on obesity management and balanced 

nutrition. Education was provided through Zoom Meetings, and leaflets related to obesity management with 

balanced nutrition were distributed. 

Data Collection and Measurement 

The independent variable in this study is a flexitarian diet, while the dependent variable is HDL levels. 

The confounding variable is physical activity, and there are intermediate variables in the form of energy intake, 

carbohydrates, protein, fat, and fiber. Subject data taken were anthropometry, nutrient intake (energy, 

carbohydrates, protein, fat, fiber, cholesterol, vitamin C, PUFA, MUFA, and SFA), physical activity, and HDL 

levels measured before and after the intervention. Data on subject characteristics, food intake, and physical 

activity were collected through interviews using a questionnaire. Weighing using a scale of Tanita brand BC-

730 Body Compact Composition Monitor with an accuracy of 0.1 kg and a capacity of 150 kg. Height was 

measured by microtoise brand GEA number 26SM with an accuracy of 0.1 cm and a capacity of 200 cm. 

Subjects were categorized as obese if their body mass index (BMI) was 25 kg/m 2.32 HDL levels were 

measured by laboratory staff at CITO Setiabudi Semarang with the enzymatic method taken through a vein 

and the subject had previously fasted for 8-10 hours. Subjects who are obese on average are followed by low 

HDL levels of 50 mg/dL and if normal >50 mg/dL.33 

The flexitarian diet is given for 4 weeks in stages in the form of flexitarian beginner-advanced – expert. 

The 1st week was given a beginner stage flexitarian diet in the form of 2 days without meat/poultry 

consumption, a minimum of 737 grams of meat consumption/week. Weeks 2 and 3 of the advanced flexitarian 

diet in the form of 3 days without meat/poultry consumption, at least 510 grams of meat consumption/week. 

Then in the 4th week of the expert stage flexitarian diet in the form of 5 days without meat/poultry 

consumption, a minimum of 255 grams of meat consumption/week.22 Subjects calculated the average need for 

energy, carbohydrates, protein, and fat using the Mifflin-St. Jeor calculation and then reduced by 500 kcal. So 

that the number of calories given is ±1500 kcal/day with details of 300 kcal for breakfast, 400 kcal for lunch, 

500 kcal for dinner, and an interlude of 2 x 150 kcal. The composition of the flexitarian diet consists of 

carbohydrates as much as 50-57% (187.5 – 213.8 grams), protein 13-16% (48.75-60 grams), fat 25-35% (41.6- 

58.3 grams), fiber 25-35 grams, cholesterol <200 mg per day.34 

The diet regimen consisted of three main meals and two snacks per day, provided for a duration of 4 

weeks. Food distribution was conducted via researcher home visits from Monday to Friday, while on Saturday 

and Sunday, subjects were responsible for their own meal preparation, monitored by the researcher. 

Compliance with the flexitarian diet was monitored daily through WhatsApp and Google Forms, which 

included questions about diet adherence and required subjects to upload photos of any leftovers. Subjects were 

provided with a flexitarian booklet guide in both soft and printed formats to serve as a reference for consuming 

a plant-based diet, facilitating comprehension and application. Additionally, subjects received motivational 

support for adhering to the diet and could seek consultation via a WhatsApp Group regarding independent 

meal provision or lapses in adherence. 

Data on nutrient intake was obtained from interviews with food and beverage consumption during the 

past month through the SQ-FFQ to determine the subject's food consumption habits before the intervention.35 

Meanwhile, intake during the intervention of the two groups was recorded using the 3x24 hour food recall 

method (2 weekdays and 1 weekend ) on Wednesday, Friday, and Sunday for 4 weeks.35 SQ-FFQ food intake 

interviews and 3x24 hour food recalls were conducted online via WhatsApp and used food book photo 

references. Physical activity data were recorded using the International Physical Activity Questionnaire Short 

Form (IPAQ-SF) questionnaire via a google form. This questionnaire contains details of all activities related 
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to the type, frequency, and duration of physical activity within the last 7 days for 4 weeks, analyzed in MET-

minutes/week units. Physical activity scores were then categorized as mild (<600 MET-minutes/week), 

moderate (600-2999 MET-minutes/week), and severe (≥3000 MET-minutes/week).36  

Data Analysis 

The data were processed and analyzed using Statistical Package for the Social Sciences (SPSS) version 

25.0 for Windows. Normality of the data was assessed using the Shapiro-Wilk test due to the small sample 

size (≤50 subjects). HDL levels before and after the intervention were compared using the paired t-test. 

Differences in HDL level changes (∆HDL) between the treatment and control groups were assessed using the 

independent t-test. Disparities in energy, carbohydrate, fat, fiber, PUFA, MUFA, and SFA intake between the 

treatment and control groups were evaluated with the independent t-test, while discrepancies in protein, 

cholesterol, and vitamin C intake were examined using the Mann-Whitney test. Physical activity differences 

between the two groups were analyzed with the independent t-test. A p-value <0.05 was considered indicative 

of a significant effect. 

 

RESULTS 

Characteristic of Research Subjects 

A total of 22 research subjects were divided into two groups, namely the treatment and control groups. 

The characteristics of the initial subjects in the study, including age, weight, height, nutritional status, physical 

activity, energy intake, protein, fat, carbohydrates, fiber, cholesterol, vitamin C, and HDL levels, are presented 

in table 1. 
Table 1. Characteristic of Research Subjects 

Characteristic 

Intervention Control 

p Mean ± SD 

Median (Min-Max)1 

Mean ± SD 

Median (Min-Max)1 

Age (years) 22,6 ± 1,2 22,3 ± 1,4 0,525a 

Weight (kg) 73,8 (65 – 116,5)* 78,9 (54,7 – 101,8)* 0,768b 

Height (cm) 155,7 ± 3,4 153,9 ± 6,6 0,446a 

IMT (kg/m2) 33,3 ± 7,4 32,0 ± 4,2 0,615a 

Physical Activity (MET-min/week) 1201 ± 731,0 2216 ± 1433,7 0,054a 

Nutrients Intake    

     Energy (kkal) 2559 ± 460,6 2779 ± 599,7 0,347a 

     Protein (gram) 89,3 ± 24,9 78,4 ± 26,6 0,336a 

     Fat (gram) 111,9 ± 34,5 122,3 ± 38,8 0,517a 

     Carbohydrates (gram) 289,1 (241,7 – 414,1)* 346,3 (186,8 – 532,4)* 0,818b 

     Fiber (gram) 10,2 (7,5 – 26,6)* 15,1 (4,7 – 27,7)* 0,533b 

     Cholesterol (mg) 271,7 (145,8 – 1198,2)* 278,9 (127,4 – 801,4)* 0,718b 

     Vitamin C (mg) 37,7 (6,9 – 517,1)* 85,3 (10,5 – 673,4)* 0,412b 

     PUFA (gram) 26,1 ± 13,6 18,0 ± 9,6 0,752a 

     MUFA (gram) 18,8 ± 6,2 20,3 ± 6,7 0,549a 

     SFA (gram) 39,8 ± 15,3  44,5 ± 13,5 0,454a 

HDL pre-intervention (mg/dL) 42,4 ± 4,1 41,8 ± 6,8 0,822a 
 aIndependent T-Test bMann-Whitney Test            
1Data with abnormal distribution is presented in Median (Min-Max)               

HDL Levels Before and After Intervention  

The differences in HDL levels before and after the 4-week intervention are presented as follows: a 

significant difference was observed in the treatment group (p = 0.041), while no significant difference was 

found in the control group. 
Table 2. HDL Levels Before and After Intervention 

Group 
HDL Pre (mg/dL) HDL Post (mg/dL) 

p 
Mean ± SD Mean ± SD 

Intervention 42,4 ± 4,1 41,8 ± 6,8 0,041a 

Control 40,4 ± 5,5 45,1 ± 5,1 0,218a 
aUji Paired T-test 
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Differences in Physical Activity, Nutrient Intake During the Intervention and Changes in HDL Levels  

The table also indicates whether significant differences were observed in physical activity and intake 

(energy, protein, fat, carbohydrate, fiber, cholesterol, vitamin C, PUFA, MUFA, SFA), as well as changes in 

HDL levels, between the treatment and control groups. 
 

Table 3. Differences in Physical Activity, Nutrient Intake During the Intervention and Changes in HDL Levels 

Characteristic 

Intervention Control 

p Mean ± SD 

Median (Min-Max)* 

Mean ± SD 

Median (Min-Max)* 

Physical Activity (MET-min/week) 789 ± 406,1 1445 ± 503,6 0,003a 

Intake    

     Energy (kkal) 1271 ± 88,7 1853 ± 712,2 0,022a 

     Protein (gram) 53,0 (44,0 – 60,14)* 57,1 (35,2 – 100,8)* 0,250b 

     Fat (gram) 40,6 ± 5,6 76,7 ± 41,2 0,016a 

     Carbohydrates (gram) 190,7 ± 12,2 231,5 ± 84,7  0,143a 

     Serat (gram) 13,5 ± 1,6 9,8 ± 5,8 0,067a 

     Kolesterol (mg) 73,4 (39,6 – 170,9)* 255,9 (151,1 – 543,9)* <0,001b 

     Vitamin C (mg) 96,5 (75,1 – 126,5)* 45,4 (8,97 – 237,6)* 0,001b 

     PUFA (gram) 9,5 ± 1,5 14,8 ± 8,6 0,071a 

     MUFA (gram) 5,9 ± 1,5 14,4 ± 7,3 0,003a 

     SFA (gram) 10,7 ± 25,2 16,0 ± 13,6 0,006a 

Δ HDL (mg/dL) -2,0 ± 2,8 3,27 ± 8,2 0,067a 
aIndependent T-test bMann-Whitney Test            

*Data with abnormal distribution is presented in Median (Min-Max)               

 

Table 4. Percentage of Changes in HDL Levels in the Treatment and Control Groups 

 

 

Table 4 shows that when looking at the increase or decrease in HDL levels of subjects after being 

given the flexitarian diet intervention, it is indeed found that more subjects in the intervention group 

experienced an decrease in HDL levels (81,8%) compared to subjects in the control group (54,5%). 

 

DISCUSSION 

The results of this study showed a decrease in HDL levels of 2 mg/dL in the treatment group before 

and after the intervention, which was statistically significant, indicated by the p-value = 0.041. However, in 

the control group, there was an increase in HDL levels of 3.27 mg/dL which was not significant. These findings 

indicate that giving a plant-based diet in the form of a flexitarian diet can reduce a person's HDL levels. 

In line with other studies explain that consumption of a plant-based diet without consumption of 

animal products for 4 weeks and did not change the pattern of physical activity, was able to significantly reduce 

HDL levels by 5,2 mg/dL.24 There is a study that states that a vegetarian diet for 4 weeks can significantly 

reduce HDL levels by 3,6 mg/dL in the treatment group and 3.4 mg/dL in the control group.37 Research with 

similar explain that a plant-based diet for 8 weeks can significantly reduce HDL levels by 7.3 mg/dL.38 Based 

on the theory, this plant-based diet is appropriate that a low-fat plant-based diet can reduce HDL levels, but 

the cardiovascular risk improves even though HDL levels decrease. So there is a tendency for low serum 

triglycerides and LDL. The HDL parameter alone cannot predict cardiovascular risk, it needs to be completed 

using the TG/HDL ratio. HDL's anti-inflammatory properties and its ability to protect LDL from oxidation 

play an important role in Reverse Cholesterol Transport (RCT).23 

Still, in line with plant-based diet research, giving a plant-based lifestyle intervention for 30 days to 

4654 subjects given a high-fiber and low-fat diet with an emphasis on consumption of whole grains in the form 

of grains, nuts, fruits, vegetables, consuming 2-2,5 L of water. Daily, limiting sugar, salt, and fat as well as 

doing physical activity with an intensity of 30 minutes every day and managing stress, can reduce HDL levels 

by 4.77 mg/dL or 8.7% significantly.23 The study, is similar to the principle of a “balanced nutrition” 

diet. However, in this study, this principle has not been fully implemented, from the flexitarian diet 

intervention given there are still food residues such as vegetables, vegetable side dishes, and fruits. In addition, 

the level physical activity is still low so it has not reached the guidelines of the principle of "balanced nutrition". 

HDL Levels Intervention Control 

Increase 18,2% 45,5% 

Decrease 81,8% 54,5% 
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The subject spends most of the time in sedentary life style activities, such as sitting, lying down, sleeping.  This 

decrease in HDL levels is correlated with the principle of plant-based diet intervention, where there is a 

decrease in apolipoprotein-A production, thereby reducing HDL concentrations. A vegetarian diet low in 

cholesterol, total fat, and saturated fatty acids can reduce the absorption and conversion of blood cholesterol. In 

addition, in terms of the phytochemical content in vegetables, fruits, nuts, seeds can improve health through 

several mechanisms. Phytosterols can reduce cholesterol absorption in the intestine, phenolics can inhibit LDL 

oxidation, flavonoids can inhibit cholesterol micelles, and sulfides reduce lipid profiles, namely triglycerides, 

non-HDL, and LDL by inhibiting cholesterol biosynthesis.39   

Guidelines for a plant-based diet using references from the American Heart Association (AHA) were 

also carried out proved that a diet with functional foods and a reduction in energy of 500 kcal can significantly 

increase HDL levels by 8.6% in women.20 This study had similar results in increasing HDL levels in the control 

group, which experienced an increase of 3,27 mg/dL possibly because the choice of food was not limited to 

plant materials but consumption of animal protein, as well as a higher difference in physical activity in the 

control group.  

This study found that energy intake influences the lipid profile. The energy between the treatment and 

control groups had a significant difference. Energy intake in the treatment group was not as planned which 

should be 1500 kcal, but it was sufficient as much as 84.73%. Research with similar explain that giving 

a low energy moderate carbohydrate diet (MCD diet) for 4 weeks can increase HDL levels by 7.31 mg/dL.40 

When compared before the intervention, both groups experienced a decrease in energy. So the lower the energy 

intake, the higher the HDL level, and vice versa. However, this study does not follow the theory. It was 

explained that the high accumulation of energy will be stored in the form of adipose tissue and fat, then 

metabolized, increasing LDL levels causing a decrease in HDL levels.41  

There was no significant difference in protein intake during the intervention. Protein given to the 

treatment group of 14.2% was sufficient for planning for 13-16% of energy. Protein sourced from vegetable 

ingredients is the hallmark of a plant-based diet. The protein consumed has an influence on the lipid profile, 

one of which is HDL levels. The composition of foods containing protein, especially animal protein in the 

form of red meat and its processed products, increases the risk of cardiovascular disorders because of the high 

content of saturated fatty acids.42 Then, it was different with the fat intake in the two groups when the 

intervention had a significant difference. The fat intake of this flexitarian diet is 24.36% or lower than the plan 

of giving 25-35% of the total energy. Fat is a component that has a major influence on cholesterol 

metabolism.43 Reducing fat intake in the food consumed is associated with lower HDL levels. Based on the 

theory states that the intake of foods with high fat will increase cholesterol in the blood.  

The application of a plant-based diet tends to contain monounsaturated fatty acids or monounsaturated 

fatty acids (MUFA) and polyunsaturated fatty acids or polyunsaturated fatty acids (PUFA), as well as low 

saturated fat or saturated fatty acids (SFA). Unsaturated fatty acids are beneficial in lowering LDL levels and 

increasing HDL levels. If it is seen from the PUFA, MUFA, and SFA intake data in the treatment group, it is 

much lower than the control group. The intake of MUFA and SFA of the two groups had a significant 

difference. This is related to the HDL levels in the treatment group which decreased, while the control group 

experienced an increase. Recommendations from PERKENI in 2019, intake of SFA <7% calorie requirement, 

PUFA <10%, and MUFA as much as 12-15%44 From this reference, the intake of SFA, PUFA, and MUFA for 

both groups was still lacking. There is a theory related to high consumption of SFA can increase LDL levels 

so that it has strong potential as atherosclerosis and carcinogenic effects.40 The randomized control trial, 

comparing the administration of animal-based protein and plant-based protein diets for 12 weeks, it turned out 

that PUFA and fiber levels were higher in the plant-based diet group but there was no change in HDL.45 

Vegetable fats and proteins rich in PUFA and MUFA can control the process of dyslipidemia. In addition, the 

explanation of plant-based diets with unsaturated fat content tends to have high phytonutrients, the mechanism 

for reducing HDL levels has been described previously. Then, the consumption of foods rich in PUFA and 

MUFA can reduce LDL production so that HDL levels can be increased. This phenomenon explains that low 

SFA intake accompanied by high PUFA and MUFA will inhibit HMG-CoA reductase activity which can 

control cholesterol synthesis to the liver.30 

 Carbohydrate intake during the intervention had a significant difference in both the treatment group 

and the control group. Carbohydrate intake in the treatment group was much lower than in the control 

group. However, it fulfills 50,8% so it is by the plan of giving carbohydrates 50-57% of energy needs. Previous 

research in the form of a low-carbohydrate diet was associated with an increase in HDL levels of 1,73 mg/dL.46 
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Supported by the research giving a low fat low carbohydrate diet for 12 months can significantly increase HDL 

levels and reduce triglycerides. Correlating with the theory of decreasing fat intake, there is an increase in 

carbohydrate metabolism that triggers hypertriglyceridemia.47 This is incompatible with carbohydrate 

metabolism and free fatty acids are oxidized to Acetyl-CoA to produce energy. If carbohydrate intake 

increases, the formation of Acetyl-CoA will also increase and then be stored in the liver and adipose tissue.  

Fiber intake during the intervention had no significant difference between the two groups. Fiber 

consumption in the treatment group met 54% of the recommendations given, so it was still less than 25-35 

grams/day. Based on research explain that fiber consumption from initially <18 g/day then increased to >30 

g/day, HDL levels will increase by 10,1%.31 There is still a low consumption of vegetables with leftovers in 

the form of vegetables. Therefore, this study is contrary to the theory that a plant-based diet can increase HDL 

cholesterol levels and reduce LDL levels through the inhibition of the oxidation process. The content of fatty 

acids in vegetable proteins such as Polyunsaturated Fatty Acids (PUFA) and Monounsaturated Fatty 

Acids (MUFA) or unsaturated fatty acids support an increase in HDL levels in the body.48 Consumption of 

high fiber can trigger an increase in the excretion of cholesterol and bile salts through the feces, which then 

enter into enterohepatic metabolism causing the bile salt content to decrease.49 The bile salts enter the liver 

pathway and there is low absorption of cholesterol so that total cholesterol can decrease. In the second cycle, 

fiber can convert bile salts from cholic acid to chenodeoxycholic acid, thereby inhibiting the activity of HMG 

CoA reductase in cholesterol synthesis. The third cycle, namely through the conversion of bacterial fiber, 

namely propionate, is in which the inhibition of fatty acids and cholesterol in the blood decreases with an 

increase in HDL levels.30,31  

Cholesterol intake in the treatment group had met <200 mg to reduce the incidence of cardiovascular 

disease and had a significant difference. This is related to the theory that consumption of cholesterol and 

saturated fat can increase LDL levels by decreasing the synthesis of VLDL and HDL receptors, inhibiting bile 

acid excretion, and increasing the formation of smaller VLDL. Therefore, the metabolism that occurs in 

extrahepatic tissues is slower and high cholesterol content can cause atherosclerosis. The mechanism of HDL 

reduction is due to a large amount of saturated fatty acids in cholesterol and causes a decrease in levels of 

apolipoprotein A-1 (the precursor for HDL formation) thereby inhibiting the synthesis of HDL levels in the 

blood.9,49  

When viewed from the intake of vitamin C it has met even more (128.6%). Based on the theory, the 

antioxidant content and several phytonutrients contained in a plant-based diet or vegetable sources can increase 

the activity of HDL levels and fight against ApoA-1.50,51 In addition, HDL levels will increase with the 

consumption of foods high in antioxidants. HDL has a metabolic pathway to transport lipid peroxidase and 

lysophospholipids to the liver and prevent the accumulation of LDL. In addition, the presence of antioxidants 

and polyphenolic compounds can support the activity of paraoxonase-1 (PON-1) as an enzyme to prevent HDL 

oxidation, thereby strengthening HDL as an antioxidant and anti-inflammatory.52 However, in this study, 

antioxidants in high consumption of vitamin C were not optimally able to increase HDL levels. High ascorbic 

acid may not only reflect vitamin C content, but there are other correlated nutrients such as potassium, folate, 

calcium, magnesium, and isoflavones that have cardiovascular benefits. Most likely the explanation for the 

decrease in HDL levels is due to the Reverse Cholesterol Transport (RCT) process. 

There was a significant difference between the physical activity of the two groups between the 

treatment group and the control group (p<0.05). The majority control group had light to moderate levels of 

physical activity. In the study giving physical activity can increase HDL levels by 0.27-5.41 mg/dL with certain 

variations of the exercise, duration, and intensity.53 When viewed in terms of the subject's physical activity 

before and after the intervention, 63.6% experienced a decrease. Physical activity is correlated with HDL 

levels, increased physical activity can help the formation of ATP, so the body will respond to the formation of 

HDL to facilitate excess cholesterol in peripheral tissues and then transfer to the liver for further metabolism.54 

Regular physical activity can help increase the activity of the lipoprotein lipase enzyme and decrease 

the hepatic lipase enzyme. Lipoprotein lipase will hydrolyze triglycerides and VLDL, thereby increasing the 

conversion of VLDL and IDL. IDL is then converted to LDL and the rest is taken up by the liver and peripheral 

tissues via LDL receptors. This is the reason cholesterol levels, LDL decreases, while HDL increases.9  

Based on the above discussion, it is necessary to improve the right intake to increase HDL levels, in 

the form of consumption of unsaturated fats, namely PUFA and MUFA which are found in several foodstuffs 

such as fish, coconut oil, avocado, vegetable protein, and low in saturated fat.43 This type of vegetarian diet 

needs to pay attention to the intake of vitamins A, D, B12, calcium, riboflavin, omega 3, protein, iron, and 
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zinc.22 Giving a low-fat, low-carbohydrate diet can also significantly increase HDL levels.47,55 Recommended 

diet pattern with high intake of fiber and fruit, low-fat dairy, nuts and seeds, reduced consumption of 

meat, sugar-sweetened foods, and snacks.22,56 Polyphenol compounds in vegetable protein also act as anti-

atherogenic. Polyphenols will increase the size and stability of HDL accompanied by a decrease in triglyceride 

levels.52 Therefore, a flexitarian diet can be recommended for a period longer than 4 weeks, to see the 

effectiveness of changes in HDL levels. 

This study aimed to analyze the effect of implementing a flexitarian diet on HDL levels among young 

adults, particularly obese female students. Given the awareness of the risks and dangers of obesity in this 

demographic, researchers were motivated to regulate food intake through interventions such as the flexitarian 

diet, which is not widely practiced in Indonesia. This study serves as a valuable reference for future research 

initiatives. 

Limitations of this study include the relatively short duration of the flexitarian diet and the limited 

sample size, which was constrained by the scope of the research grant. Nevertheless, efforts were made to 

ensure uniformity among subjects in terms of characteristics, provide optimal diet and motivation, and 

implement control measures through regular monitoring of intake and physical activity. 

 

CONCLUSIONS 

Providing a flexitarian diet for 4 weeks resulted in a significant reduction of 2 mg/dL in HDL levels 

within the treatment group. However, no significant difference was observed in the mean change in HDL 

levels. Energy and fat intake in the flexitarian diet treatment group were lower and significantly different from 

those in the control group. Although carbohydrate and protein intake were lower, fiber intake was higher in 

the treatment group, although not significantly so. When considering confounding variables such as physical 

activity, the control group exhibited greater physical activity compared to the treatment group, with significant 

differences noted. 

 

SUGGESTION 

Further research is needed on plant-based diets for longer durations and with larger sample sizes to 

fully ascertain the effects of plant-based diets, particularly flexitarian diets, on changes in HDL levels. 

Additionally, during the administration of a flexitarian diet, it may be more effective to implement control 

measures for food intake and balance it with regular and structured physical exercise. 
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