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The Effects of a Lacto-Ovo-Vegetarian Diet vs. A Standard-Weight-Loss Diet on Obese and Overweight 

Adults with Non-Alcoholic Fatty Liver Disease: A Randomized Clinical Trial. 

 

Abstract:  

Objective: The aim of the present study was to compare and determine the effects of a lacto-ovo-vegetarian diet 

(LOV-D) versus a standard weight-loss diet (SWL-D) on obese and overweight adults with NAFLD. 

Design: Randomized clinical trial  

Setting: the present study recruited 75 overweight/obese adults with Nonalcoholic fatty liver disease (NAFLD), 

who were randomly assigned into LOV-D and SWL-D groups.  

Intervention: The participants were instructed to follow each diet for 3-months. The LOV-D was designed based 

on eliminating meat, poultry, and fish; while including dairy products and eggs. The SWL-D was planned 

according to the standard food pyramid, comprised of all food sources. 

Main outcome measures: Outcomes of interest included liver enzymes as primary outcomes, and anthropometric 

measures, lipid profiles, glycemic related markers, blood pressure, and grade of NAFLD as secondary outcomes.  

Results: Adherence to the LOV-D significantly outperformed the SWL-D in reducing levels of alanine 

aminotransferase (ALT), body weight, waist circumference, BMI, fasting blood sugar, insulin, hemostasis model 

assessment of insulin resistance (HOMA-IR), triacylglycerol, cholesterol, LDL-C, and systolic blood pressure (all 

P<0.05). However, no significant differences were found between the two diets in terms of HDL-C, aspartate 

aminotransferase (AST), ALT/AST, diastolic blood pressure, and mean arterial pressure levels. Furthermore, 

ultrasonography revealed a higher alleviation in NAFLD grade among participants following the LOV-D, 

compared with the SWL-D. 

Conclusions: The present study suggests that adherence to a LOV-D for 3-months may elicit beneficial effects 

on NAFLD improvement, anthropometric indices, glycemic related markers, and lipid profile. However, 

additional studies are needed to confirm the veracity of these results.  

Keyword: Lacto-ovo-vegetarian diet, standard weight-loss diet, Non-alcoholic fatty liver, Randomized clinical 

trial.  

 

 

Introduction: 



2 

 

Nonalcoholic fatty liver disease (NAFLD) is the most common cause of liver disease worldwide, with NAFLD 

being defined as evidence of excessive hepatic fat accumulation in the absence of excessive alcohol consumption 

and secondary causes of hepatic steatosis 1, 2. Indeed, NAFLD is present in ~14–30% of the general population in 

different parts of the world, and it is speculated with NAFLD incidence will increase over the next two decades 3, 

4. The exact etiology of NAFLD is not clearly understood; however, several non-modifiable factors, such as age, 

race, genetic background, and baseline histology, as well as a number of modifiable factors, including 

inappropriate diet, physical inactivity, weight gain, insulin resistance, and drug abuse, have been suggested as the 

most common contributors in the onset and progression of NAFLD 5, 6. The NAFLD spectrum ranges from simple 

hepatic steatosis without evidence of hepatocyte injury, to non-alcoholic steatohepatitis (NASH) with associated 

hepatocellular injury. In this regard, if NAFLD is not managed appropriately, it may progress to chronic liver 

damage, including cirrhosis and hepatocellular carcinoma 7, 8. Thus, determining efficacious treatments is an 

important issue faced by healthcare systems, globally. Currently, lifestyle modifications (in the form of healthy 

diet, physical exercise, and weight loss) remain the cornerstone of NAFLD management 9. Implementing a weight-

loss diet, in the form of caloric restriction, which is standard for omnivorous people, is regarded the most important 

intervention for NAFLD treatment, and can reduce visceral, subcutaneous, and hepatic fat, as well as promoting 

weight loss 10, 11. Indeed, empirical evidence has demonstrated that NAFLD patients who lose 5-7% of their total 

body weight show improvements in liver enzymes, hepatic fat, insulin sensitivity, and histological changes 12-14.  

A lacto-ovo-vegetarian diet (LOV-D), which is characterized by variable servings of dairy and eggs, as well as 

vegetables and grains, is posited to be beneficial for general health and, in particular, cardiovascular health 15, 16. 

Adherence to this diet is associated with improved lipid profiles 17 and lower weight gain 18, in comparison to a 

western diet. Additionally, studies have suggested that a vegetarian diet is generally more acceptable, palatable, 

and satiating,  compared with other weight-loss diets 19, 20. Given that a vegetarian diet is typically high in calcium, 

magnesium, antioxidant constituents, and fiber, improvements in human insulin sensitivity can be seen, 

irrespective of weight loss or physical activity 21. Although a standard weight-loss diet (SWL-D) has long been 

suggested as a front-line treatment for NAFLD, there is a lack of evidence regarding the effects of LOV-D on 

NAFLD, in comparison with SWL-D. Therefore, we sought to compare and determine the effects of LOV-D and 

SWL-D on obese and overweight adults with NAFLD. 

Methods: 
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The present study was a single-center, randomized clinical trial. The study protocol was approved by the Ethics 

Committee of Isfahan University of Medical Sciences (IR.MUI.REC.1396.3.249).  

Study Participants  

Patients were identified and recruited from February to April 2018. Inclusion criteria necessitated that participants 

were diagnosed with NAFLD, motivated to participate in the study, aged between 20 and 55 years, obese or 

overweight (BMI > 25 kg/m2), and non-consumers of alcohol (<40 g/week). NAFLD was clinically diagnosed via 

ultrasonography, concurrent to a persistently elevated alanine aminotransferase (ALT) concentration, higher than 

19 U/L for women and 30 U/L for men, respectively 22. Participants were excluded from the study if they were 

following a special diet, pregnant, breastfeeding, or suffering from viral hepatitis, diabetes mellitus, untreated 

hypothyroidism, or other causes of chronic liver disease. The sample size was calculated based on a type one error 

of (α)=0.05 and power=0.80%, in addition to considering a potential dropout of 20%; accordingly,80 patients 

were estimated as the final sample size.  

Study Design 

All eligible participants were entered into a two-week run-in period. They were requested to provide their 

demographic information and a signed written informed consent. After the two-week run-in period, 80 NAFLD 

patients were randomly assigned to the LOV-D or SWL-D groups, in a 1:1 ratio, for three months. Randomization 

was performed using by random-generation software, and was stratified according to age, sex, and BMI. Patients 

were instructed to follow their habitual physical activity regime, and not to consume any supplements and/or 

medication which might affect the outcomes of interest. All subjects received their dietary plan at the beginning 

of each month, for three consecutive months. The participants’ adherence to the administration of diets was 

monitored weekly by phone interview. In addition, subjects were asked to complete a 3-day dietary record, in 

order to determine compliance with the study’s dietary goals.  

Diet Intervention 

Both diets were calorie-restricted and involved 500 kcal less than the energy requirements, computed individually 

for each subject. The total energy requirements of each patient were calculated by using the Mifflin-St. Jeor 

equation, according to resting energy expenditure, and the individual’s habitual physical activity levels 23. Both 

diets were planned to consist of, approximately, 50-55% energy from carbohydrate, 15-20% from protein, and 25-

30% from total fat. The LOV-D was designed based on restraining in consumption of meat and meat products, 
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poultry, fish and seafood, and flesh of any other animal; but, consisted of dietary products and eggs, as well as all 

the other food groups. In this regard, LOV-D included protein sources from egg (24%), dairy (19%), gluten (26%), 

soy (16%), nuts (8%), and vegetables and fruits (7%). The SWL-D was planned according to the food pyramid, 

in which all sources of food were freely available. Approximately 18% of protein source in SWL-D was provided 

from meat and meat products, poultry, fish and seafood, and flesh of any other animal. 

Blood Sampling and Biochemical Analyses 

A 10ml blood sample was drawn from participants, after a 12-h overnight fast, to determine the concentration of 

liver enzymes, lipid profiles, and glycemic status markers. All samples were well-stored in the laboratory at -80°C 

before analysis. Fasting plasma glucose (FBS), fasting insulin, lipid profile, including triacylglycerol (TG), total 

cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-

C), and liver enzymes, such as alanine aminotransferase (ALT) and aspartate aminotransferase (AST), were 

measured by an enzymatic method (Pars Azmoon Co. kit, Tehran, Iran). Serum insulin concentration was 

measured by an ELISA kit (Lise-Meitner-Straße, Kiel, Germany), and the homeostasis model assessment of 

insulin resistance (HOMA-IR) was calculated using a previously described formula 24. 

Anthropometric Measurements and Ultrasonographic Assessment  

Anthropometric indices, including body weight, height, and waist circumference, were measured by expert staff 

at the beginning of study and after the 12-week intervention. The weight and height of participants were measured, 

while wearing light clothing and unshod, to a precision of 0.1kg and 0.1cm, respectively (Seca, Hamburg, 

Germany). Waist circumference was measured at the midway between the last rib and the iliac crest. BMI was 

calculated as weight in kg divided by height in meters squared. Systolic (SBP) and diastolic blood pressure (DBP) 

were measured 3 times, after 5 minutes of rest, using a mercury sphygmomanometer (ALPK2, Zhejiang, China; 

Datis Co, Tehran, Iran). The average of the 3 measurements was then recorded and used for analyses. 

An ultrasonography blinded assessment was made to determine the extent of hepatic steatosis at the beginning 

and end of the study. Fatty infiltration of the liver was graded from 0 to III, which indicated normal liver, mild, 

moderate, and severe steatosis, respectively, based on several parameters, including the attenuation of 

echogenicity, blurred vessels, the liver-to-kidney contrast ratio, and the brightness of the liver.  

Dietary and Physical Activity Assessments 



5 

 

In order to evaluate dietary intakes, participants received a 3-day food record at the beginning, middle, and end 

of the trial. The subjects were instructed to record their daily dietary intake for 3 non-consecutive days (two 

weekdays and one weekend day). The data of the food record were then analyzed using Nutritionist 4 software 

(First Databank, San Bruno, CA, USA), modified for Iranian foods. In order to enhance the accuracy of the portion 

size assessment, food scales and models, as well as national food composition tables, were used as a reference 

guide for participants 25. Physical activity was also examined by using the metabolic equivalent of task (MET) 

questionnaire 26 at the beginning and end of the trial. 

Primary and Secondary Outcomes 

The primary outcome consisted of ALT and AST blood levels. The secondary outcome measurements included 

changes in anthropometric values, insulin metabolic markers, lipid profiles, blood pressure, and NAFLD grade 

among participants. 

Statistical Analysis 

All statistical analyses were performed using SPSS software version 21 (SPSS Inc, Chicago, IL, USA).  The 

Kolmogorov-Smirnov test was applied to assess the normality of variables distribution. Based on the normality 

of data distribution, a paired-sample t test was used to evaluate the change of each variable from baseline values. 

Due to the comparison of changes between the LOV-D and SWL-D groups, group comparison procedures 

(including analysis of variance (ANOVA), repeated measures ANOVA, independent t-test, or the Chi-square test) 

were performed, with respect to the type of variables. Analysis of covariance (ANCOVA) was applied to compare 

the effects of LOV-D and SWL-D on the main outcomes, while controlling for identified covariates. All results 

are expressed as means and standard deviation, and statistical significance was accepted at P<0.05. 

Results: 

Participant Characteristics  

A total of 80 NAFLD patients who met the eligibility criteria were randomly assigned into the LOV-D or SWL-

D groups. During 3-months follow-up, 3 participants were excluded due to discontinued intervention adherence 

(n=2) and emigration (n=1) from the LOV-D group. Also, 2 patients were excluded from the SWL-D group 

because of discontinued intervention adherence (n=1) and travel (n=1). The attrition rate was not significantly 

different between the 2 groups. Finally, 75 subjects were included in the final analysis (Figure 1).  
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Table 1 displays the demographic characteristics of the two groups at the beginning of the study. Besides grade 

of NAFLD, there were no significant differences between individuals following the LOV-D and SWL-D in terms 

of anthropometric measurements and demographic information.  

Based on the 3-day dietary records, no significant difference was found between the two groups at baseline. In 

addition, physical activity was not significantly different between the two groups pre- and post-intervention 

(Table 2), and no adverse events were reported among participants throughout the study. 

Primary Outcomes 

The liver enzyme concentrations, including ALT and AST, were significantly reduced after the 3-month 

intervention, in comparison with the baseline values in both groups. The ALT/AST was significantly decreased 

in the LOV-D group (P<0.001), whereas the reduction of ALT/AST did not reach significance in the SWL-D 

group (P=0.078). Adherence to the LOV-D yielded a significantly greater reduction in ALT (-21.32±19.77 vs -

10.15±20.30; P=0.04), but not in AST (-8.51±11.25 vs -4.15±9.82; P=0.08) and ALT/AST (P=0.47), in 

comparison with the SWL-D (Table 3).   

Secondary Outcomes 

Body weight, BMI, and waist circumference significantly decreased in both groups. In comparison with SWL-D, 

a significantly greater reduction in body weight (-5.85±3.09 vs -2.20±2.14; P<0.001), BMI (-2.13±1.04 vs -

0.73±0.75; P<0.001), and waist circumference (-7.54±3.64 vs -2.38±1.72; P<0.001) was observed in the LOV-D 

group. Within-group differences demonstrated significant reductions in TG, TC, LDL-C, FBS, insulin, and 

HOMA-IR in the LOV-D group. Moreover, adherence to the LOV-D diet yielded significant reductions in TG (-

48.00±78.20 vs 10.07±78.54; P=0.006), TC (-23.29±29.21 vs 2.18±44.67; P<0.001), LDL-C (-21.24±24.30 vs 

3.36±40.81; P<0.001), FBS (-8.40±6.20 vs -1.86±8.50; P=0.001), insulin (-4.94±5.40 vs 0.81±8.35; P=0.006), 

and HOMA-IR (-1.62±1.48 vs 0.02±2.14; P<0.001), compared with the SWL-D group. Significant decreases in 

SBP (-0.66±1.06 vs -0.31±0.99; P=0.023) were also found in the LOV-D group, vs. The SWL-D group. However, 

there was no difference in HDL (1.56±10.15 vs -1.23±15.89; P=0.77), DBP (-0.29±1.03 vs -0.30±0.89; P=0.31), 

and MAP (-0.41±0.88 vs -0.30±0.76; P=0.13) between the two groups (Table 3).  

Liver Doppler Sonography 

The findings from the liver ultrasonography revealed a significantly graeater improvement in the LOV-D group, 

compared to the SWL-D group (P =0.01). The rate of improvement in LOV-D subjects was 67%, vs. 21% in the 
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SWL-D group, and the frequencies of increased NAFLD grade were 0.02% and 0% in the SWL-D and LOV-D 

groups, respectively (Figure 2).  

Discussion: 

The present randomized clinical trial was conducted to determine the effect of a LOV-D on obese/overweight 

adults with NAFLD, independently and compared with a SWL-D. The results revealed that adherence to the LOV-

D for 3-months had significantly greater effects on anthropometric indices, ALT, TG, TC, LDL-C, FBS, insulin 

metabolic markers, and SBP, in comparison with the SWL-D. However, no significant differences were observed 

between the LOV-D and SWL-D in terms of AST, ALT/AST, HDL, MAP, and DBP.   

Dietary modification is been widely regarded as a first-line management strategy for NAFLD 9. However, there 

is a dearth of evidence regarding the possible beneficial effects of a LOV-D on this disease. Concordant with our 

results, favorable effects from high plant-based diets have previously been shown. For instance, the Mediterranean 

diet, which is rich in vegetables and fruits, has been suggested to improve hepatic insulin sensitivity 27, liver 

enzymes 28, 29 and hepatic steatosis 30. In addition, the effect of the Dietary Approach to Stop Hypertension 

(DASH) diet, a different vegetable- and fruit-rich diet, which is characterized by higher content of vegetables, 

fruits, whole grains, low-fat dairy products, fish, poultry, nuts and legumes, while being limited in sodium, total 

fat, saturated fat, cholesterol and added sugars intake 31, on NAFLD has been investigated. In this regard, Razavi 

Zade et al. 28 showed that the DASH diet can reduce liver enzyme concentrations, body weight, inflammatory 

factors, some lipid profiles, and improve insulin sensitivity, in comparison with a control group.  

The current study revealed that the LOV-D has a significantly greater weight reduction effect, compared with the 

SWL-D. There are pauce data regarding whether vegetarian diets differ in terms of weight-loss efficacy; however,  

concordant with our results, Valachovičová et al32 reported that non-vegetarians had higher insulin, glucose, and 

homeostasis model assessment measurements than vegetarians, and suggested that vegetarianism may confer a 

protective effect against excess BMI. However, in contrast with the current results, Burke at al. 20 indicated that 

adherence to a LOV-D has no effect on anthropometry measurements, compared with a SWL-D, in overweight 

and obese adults. Indeed, the cause of this inconsistency might be due to a declining adherence in abstaining from 

meat and meat-related products over time, as implicated in the study 20.   

The main difference between the LOV-D and SWL-D is the prohibition of meat. Previous studies have shown 

that high meat intake is associated with higher risk of diabetes type 2, mediated through increases in glucose 

intolerance and impaired insulin sensitivity. Although diabetes and insulin resistance are well-known as NAFLD 
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risk factors, the direct effect of meat on NAFLD has not been investigated. A cross-sectional study suggested that 

meat intake, such as lamb, beef, liver, sausage, chicken, and turkey, was higher in NAFLD patients, in comparison 

with healthy adults 33; however, more studies are needed to discern the direct effects of meat, and related products, 

on NAFLD and its metabolic parameters, and in particular, liver enzymes.  

The role of higher energy intake on NAFLD risks has been well-documented 34; however, the relationship between 

NAFLD and diet is complicated, multi-faceted, and not solely limited to energy intake. Several studies have shown 

that NAFLD patients have a higher carbohydrate intake, in comparison to healthy controls 35, 36; in addition, some 

empirical data indicates that protein intake in NAFLD patients is higher than in healthy participants 34-36. Diets 

consisting of higher vegetables and fruits content provides lower energy density and can act as an essential factor 

in weight management; however, the role of vegetables and fruits are not limited to their associations with lower 

energy density. Indeed vegetables and fruiys also contain polyphenols and carotenoids, which can improve 

metabolic homeostasis, act as anti-inflammatory factors, and suppress hepatic stellate cell activation 37.  

A possible mechanism underlying the efficacy of the LOV-D on NAFLD might be its high vegetable and fruit 

content, concurrent to elimination of meat consumption. Obesity and insulin resistance are regarded as the most 

important risk factors for the onset of NAFLD, largely due to their ability to increase excess fat deposition in 

hepatocytes and elevate hepatocyte lipotoxicity and oxidative stress 38. Impaired insulin signaling, due to 

compensatory hyperinsulinemia, also provides more substrate for lipogenesis, elevates hepatic FFAs uptake, 

decreases β-oxidation, and inhibits glycogen synthesis 39, 40. Furthermore, higher calcium and magnesium intake 

has favorable effects on improving insulin sensitivity, stimulating anti-inflammatory response 41, 42, suppressing 

the peroxidation of lipids cells, and enhancing microsomal triglyceride transfer protein hepatic cells 43, 44. 

Recently, the role of the gut microbiome in many diseases has been investigated 45, and it has been suggested that 

the gut microbiome is fundamentally different in individuals with obesity, diabetes, metabolic syndrome, and 

NAFLD 46. The pivotal role of the gut-liver axis in the onset and progress of NAFLD is well-documented 47; 

indeed, gut-derived lipopolysaccharides, which are produced by gram-negative bacteria, can induce liver injury, 

resulting in metabolic deregulation, gut permeability, elevated hepatic oxidative stress, and fibrosis 48, 49. The 

effect of the LOV-D on NAFLD might, therefore, also be related to its fiber content, and how its prebiotic effects. 

Prebiotics can modify gut microbiota, inhibit pathogen growth, stimulate the bacterial products of short chain fatty 

acids, and improve lipid and glucose metabolism 46, whilst the prebiotics can improve liver function and alleviate 

levels of ALT and AST 50.  
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To the best of our knowledge, this is the first study to have examined the effect of a LOV-D on NAFLD treatment 

in comparison with a SWL-D. With regard to the expected difficulties in maintaining dietary adherence, and the 

high projected rate of attrition during the study, there was excellent retention after 3 months in the trial. In addition, 

adjustments were made in the analyses to account for major potential confounders. However, despite the evident 

strengths of the study, there are several limitations which should be considered when interpreting the data. First, 

due to the nature of dietary interventions, blinding was not applicable, which might have resulted in reporting 

bias. Second, the study duration was relatively short. However, even over this modest time period, we were able 

to demonstrate beneficial effects of the LOV-D on NAFLD treatment. Third, the patients’ adherence to the diet 

relied on self-reporting, which is inevitably liable to misreporting. To manage this bias, the patients’ diet was 

assessed by 3-day food record, and checked against the participant’s compliance with the advised diet. Lastly, due 

to the limitations of the study’s resources, ultrasonography was used to diagnose and detect NAFLD improvement 

instead of a fibroscan test. Although ultrasonography is a validated method for NAFLD detection 51, there are 

more precise tests in terms of the quantification of hepatic fat content 52. In this regard, liver enzyme levels, which 

have been used clinically as surrogate diagnostic and monitoring markers of NAFLD 53, were measured to enhance 

the overall accuracy of the results. Also, due to the small number of participants, the results cannot be generalized 

to large-scale population groups. 

Conclusion:  

The present study suggested that a LOV-D is more effective in treating NAFLD, compared with a SWL-D. 

Although the SWL-D is often regarded as a first-line treatment for NAFLD, our results revealed that a LOV-D 

may be a promising treatment regimen, eliciting a greater impact in comparison with the SWL-D. In addition, 

adherence to the LOV-D resulted in several beneficial impacts on general health, including promoting health and 

protecting against chronic disease risk factors. However, future studies of longer duration are warranted to confirm 

these results.  
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Table 1. Baseline characteristics of study participants. 

Variables 
LOV-D  

Number (37) 

SWL-D  

Number (38) 
P-value* 

Grade of fatty liver 

(%)based on US 

Grade I 8 18 

0.02 Grade II 29 20 

Grade III - - 

Age (year) 43.51±9.85 42.84±9.85 0.769 

Sex 

Woman (%) 
22 

(59.5%) 

17 

(44.7%) 
0.202** 

Man (%) 
15 

(40.5%) 

21 

(55.3%) 

Smoking 
5 

(13.5%) 

6 

(15.8%) 
0.781 

Physical activity (met) 37.14±3.28 37.19±4.10 0.680 

Weight (kg) 87.16±18.15 85.97±15.46 0.234 

BMI (kg/m2) 32.02±4.57 30.06±3.81 0.105 

Waist (cm) 109.97±12.29 106.01±10.81 0.240 

Data are means ± SDs. BMI, body mass index; US, ultrasonography. 
* Obtained from independent t-test. 
** Obtained from Chi-square test. 

Abbreviation: LOV-D: Lacto-Ovo-Vegetarian Diet; SWL-D: Standard-Weight-Loss Diet; BMI: body 

mass index. 
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Table 2. Energy, macronutrient intakes and physical activity at all-time points. 

Variables Group Baseline Middle of study End of study P-value* 

Energy (Kcal) 

LOV-D 2332.07±366 2055.50±312 1941.02±290 

0.025 SWL-D 2429.17±323 2245.27±318 2143.54±280 

P-value** 0.228 0.013 0.003 

Protein (g) 

LOV-D 80.40±12.01 79.31±10.57 81.28±10.161 

0.540 SWL-D 80.83±10.50 78.79±12.17 77.09±11.33 

P-value** 0.868 0.845 0.96 

Carbohydrate (g) 

LOV-D 354.75±69.88 299.68±63.24 278.44±49.11 

0.009 SWL-D 376.23±57.36 335.39±55.38 326.54±58.72 

P-value** 0.137 0.015 <0.001 

Fat (g) 

LOV-D 70.34±10.27 66.31±8.71 60.36±8.62 

0.408 SWL-D 69.27±10.69 68.11±10.89 64.81±10.67 

P-value** 0.659 0.432 0.051 

SFA (g) 

LOV-D 22.56±3.52 19.32±3.08 18.38±3.11 

0.004 SWL-D 23.14±4.54 22.49±4.36 21.69±4.46 

P-value** 0.544 0.001 <0.001 

MUFA (g) 

LOV-D 23.32±3.61 23.09±3.38 20.65±3.33 

0.991 SWL-D 22.90±4.09 22.57±3.926 21.61±3.90 

P-value** 0.642 0.543 0.256 

PUFA (g) 

LOV-D 17.70±4.34 17.67±3.04 15.26±2.39 

0.131 SWL-D 16.33±3.28 16.30±3.37 15.16±3.11 

P-value** 0.128 0.069 0.877 

Vitamin C (mg) 

LOV-D 3466.51±4254.76 7533.25±9050.96 9430.13±10548.09 

0.004 SWL-D 2630.75±2205.18 3840.82±5744.96 3035.47±3453.65 

P-value** 0.287 0.038 0.001 

Calcium (mg) 

LOV-D 770.58±190.48 1075.84±155.31 1081.95±170.88 

<0.001 SWL-D 847.53±177.96 828.32±195.24 792.90±171.34 

P-value** 0.075 <0.001 <0.001 

Magnesium (mg)  

LOV-D 365.84±73.33 470.61±76.43 482.88±78.67 

<0.001 SWL-D 370.24±62.16 382.32±58.69 397.40±53.41 

P-value** 0.352 <0.001 <0.001 

Fiber total (g) 

LOV-D 27.18±6.05 40.72±7.95 42.32±7.02 

<0.001 SWL-D 28.21±4.96 29.24±4.99 27.56±6.31 

P-value** 0.421 <0.001 <0.001 
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Physical activity 

(met) 

LOV-D 37.14±3.28 - 38.53±3.95 

0.721** SWL-D 37.19±4.10 - 37.14±3.27 

P-value** 0.219 - 0.101 

* obtained from repeated measures ANOVA. 

** obtained from ANOVA. 

 

 

 

 

 

 

 

 

 

 

Table 3. Metabolic profiles, anthropometrics measures and blood pressure at baseline and after 12-week 

intervention in patients with NAFLD. 

Variables Before After MD 
P 

value* 

P-value 

** 

Weight (kg) 
LOV-D 87.16±18.15 81.30±17.20 -5.85±3.09 <0.001 

<0.001† 
SWL-D 85.97±15.46 83.77±15.40 -2.20±2.14 <0.001 

BMI (kg/m2) 
LOV-D 32.02±4.57 29.88±4.54 -2.13±1.04 <0.001 

<0.001† 
SWL-D 30.06±3.8 29.33±3.98 -0.73±0.75 <0.001 

Waist 

circumference (cm) 

LOV-D 109.97±12.29 102.43±11.68 -7.54±3.64 <0.001 
<0.001† 

SWL-D 108.39±10.91 106.01±10.81 -2.38±1.72 <0.001 

ALT (IU/L) 
LOV-D 46.02±28.58 24.70±15.82 -21.32±19.77 <0.001 

0.04 
SWL-D 42.26±23.37 32.10±18.55 -10.15±20.30 0.004 

AST (IU/L) 
LOV-D 30.94±13.20 22.43±6.93 -8.51±11.25 <0.001 

0.08 
SWL-D 29.94±11.14 25.78±9.36 -4.15±9.82 0.013 

ALT/AST 
LOV-D 1.470  ± 0.51 1.08±0.46 -0.38±0.51 <0.001 

0.47 
SWL-D 1.39±0.52 1.21±0.48 -0.17±0.60 0.078 

Triacylglycerol 

(mg/dl) 

LOV-D 169.43±82.95 121.43±49.42 -48.00±78.20 0.001 
0.006 

SWL-D 171.84±74.45 181.92±81.82 10.07±78.54 0.434 

Cholesterol 

(mg/dl) 

LOV-D 189.24±26.93 165.94±26.81 -23.29±29.21 <0.001 
<0.001 

SWL-D 205.97±44.76 208.15±39.38 2.18±44.67 0.765 

LDL-C 

(mg/dl) 

LOV-D 114.16±25.75 92.91±24.33 -21.24±24.30 <0.001 
<0.001 

SWL-D 123.42±38.48 126.78±30.96 3.36±40.81 0.614 

HDL-C 

(mg/dl) 

LOV-D 44.75±8.61 46.32±10.37 1.56±10.15 0.354 
0.77 

SWL-D 47.91±12.17 46.68±11.96 -1.23±15.89 0.635 

FBS 

(mg/dl) 

LOV-D 99.05±8.43 90.62±8.77 -8.40±6.20 <0.001 
0.001 

SWL-D 97.00±10.16 95.13±8.01 -1.86±8.50 0.184 

Insulin 

(μU/ml) 

LOV-D 22.75±17.70 17.80±17.47 -4.94±5.40 <0.001 
0.006 

SWL-D 26.77±24.63 27.59±22.59 0.81±8.35 0.550 

HOMA-IR LOV-D 5.59±4.42 3.97±3.75 -1.62±1.48 <0.001 <0.001 
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SWL-D 6.53±6.46 6.56±5.56 0.02±2.14 0.932 

SBP 

(mmHg) 

LOV-D 12.52±1.34 11.86±1.14 -0.66±1.06 0.001 
0.023 

SWL-D 13.03±1.37 12.72±1.28 -0.31±0.99 0.058 

DBP 

(mmHg) 

LOV-D 9.82±0.71 9.52±0.75 -0.29±1.03 0.090 
0.31 

SWL-D 10.03±0.97 9.73±0.87 -0.30±0.89 0.045 

MAP 

(mmHg) 

LOV-D 10.72±0.84 10.30±0.78 -0.41±0.88 0.007 
0.13 

SWL-D 11.03±1.00 10.73±0.93 -0.30±0.76 0.018 

*obtained from paired t-test. 

** obtained from ANCOVA. Adjusted for baseline measures, BMI, physical activity, carbohydrate 

and difference in before/after energy intake. 

† Adjusted for baseline measures, carbohydrate and energy. 

Abbreviation: LOV-D: Lacto-Ovo-Vegetarian Diet; SWL-D: Standard-Weight-Loss Diet; BMI: body 

mass index; TG: triacylglycerol; TC: total-cholesterol; LDL-C: Low-density lipoprotein; HDL-C: 

High-density lipoprotein; FPG: Fasting plasma glucose; HOMA-IR: homeostasis model assessment of 

insulin resistance; SBP: systolic blood pressure; DBP: diastolic blood pressure; ALT: alanine 

aminotransferase; AST: aspartate aminotransferase.  

 

 

Figure titles: 

Figure 1. Participant flow diagram. 

Figure 2. Comparison the changes in liver improvement after 3-mounths intervention with LOV-D and SWL-D. 

Between group P-value was obtain from Chi-square test. Abbreviations: LOV-D: Lacto-Ovo-Vegetarian Diet; 

SWL-D: Standard-Weight-Loss Diet. 
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