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ABSTRACT 

 

Recognized as a prominent contributor to liver-related morbidity and mortality, Nonalcoholic Fatty 

Liver Disease (NAFLD) holds significance due to its potential progression to cirrhosis and liver failure. 

Scientific literature indicates that dietary supplements containing betaine, a naturally occurring 

chemical compound, demonstrate efficacy in reducing hepatic fat accumulation. The primary objective 

of our study is to assess the impact of trimethylglycine (TMG) in patients diagnosed with NAFLD, with 

or without fibrosis. 

Methods: Approval for this study was obtained from the local ethics committee, and participants were 

enrolled based on a diagnosis of NAFLD. This hospital-based interventional investigation involved 244 

NAFLD patients, aiming to evaluate the safety and efficacy of TMG. Trimethylglycine, administered 

orally, consisted of 2 sachets TDS (three times a day) for 1 month, followed by 1 sachet TDS for the 

subsequent 2 months (each sachet containing 3 gm Betaine). Ultrasonography with elastography was 

conducted on NAFLD subjects before and after trimethylglycine treatment to assess liver grade, 

stiffness, and spleen size. 

Results: Significant positive correlations were identified between BMI and ultrasonography with 

elastography parameters, including spleen size (p value = 0.002), liver stiffness (p value < 0.001), and 

visceral fat thickness (p value < 0.001). Abdominal circumference also exhibited positive correlations 

with spleen size (p value = 0.020), liver stiffness (p value = 0.002), and visceral fat thickness (p value 

< 0.001). 

Conclusions: These findings suggest a crucial role for betaine in the treatment of NAFLD. However, 

further validation of its effectiveness is imperative through extensive, multicenter randomized studies. 

Keywords: betaine, trimethylglycine (TMG), non-alcoholic fatty liver disease (NAFLD), non-alcoholic 

steatohepatitis (NASH), SAM (S-adenosyl-L-methionine), metabolic disease 

 

1.INTRODUCTION 

Non-alcoholic fatty liver disease (NAFLD) 

constitutes a comprehensive spectrum, 

ranging from simple steatosis to 

steatohepatitis that may progress to cirrhosis 

of the liver and hepatocellular carcinoma [1]. 

In 1980, Ludwig et al [2] introduced the term 

Non-Alcoholic Steatohepatitis (NASH) to 

characterize a form of liver injury 

histologically consistent with alcoholic 

hepatitis but occurring in obese, diabetic  

 

 

females who deny alcohol use. The estimated 

prevalence of NAFLD and NASH in the 

general population varies between 10% and 

24%, and 1% to 5%, respectively. In the 

United States, NAFLD prevalence ranges 

from 57.5% to 74% in obese individuals and 

is reported as high as 90% in morbidly obese 

individuals [3] [4] [5]. In India, NAFLD 

prevalence is approximately 9% to 32% of 

the general population. NAFLD is not 

confined to hepatic manifestations; it is a 

multisystem disorder affecting extra-hepatic 
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organs and regulatory pathways. It escalates 

the risk of type 2 diabetes mellitus, 

cardiovascular and cardiac diseases, chronic 

kidney disease, and establishes a causal link 

with sleep apnea, colorectal cancers, 

osteoporosis, psoriasis, and various 

endocrinopathies such as polycystic ovary 

syndrome [6] [7]. 

A direct correlation between body mass 

index (BMI) and the prevalence and severity 

of NAFLD is evident. Lonardo and 

colleagues conclude that emerging high-

quality evidence suggests a complex and 

bidirectional interaction between metabolic 

syndrome components and NAFLD [8]. 

Most NASH patients are asymptomatic, with 

liver enzyme elevation noted incidentally in 

biochemical investigations. While alanine 

aminotransferase and aspartate 

aminotransferase levels are commonly 

elevated, they do not reliably correlate with 

hepatic injury, inflammation, or cirrhosis in 

NAFLD. Early diagnosis and risk 

stratification are crucial for effective 

management. 

Current imaging methods, such as 

ultrasound, CT, and MRI, have proven 

valuable as noninvasive imaging biomarkers 

to assess NAFLD progression [9]. However, 

they remain somewhat limited in detecting 

inflammation, which is more critical than 

steatosis in terms of its high risk for fibrosis, 

cirrhosis, and hepatocellular carcinoma 

(HCC). In our study, we utilized 

ultrasonography with elastography to 

compare changes at the beginning and end of 

trimethylglycine (TMG) treatment. 

In addition to its complex pathological 

nature, there is currently no FDA-approved 

therapy for NASH treatment. Nevertheless, 

several therapeutic options with varying 

efficacy are available for certain patients. 

These include Pioglitazone, Vitamin E, 

Pentoxifylline, and betaine, all of which have 

demonstrated positive results [10, 11, 12]. 

Our study aims to investigate changes 

observed in the liver and adjacent organs in 

patients after trimethylglycine (TMG) 

administration.

 

 
Figure 1: Pathogenesis of liver disease and mechanism of action of betaine at reversible stages.

 

2.MATERIALS & METHODS 

A hospital-based interventional prospective 

study was conducted in the Department of 

General Medicine at Bhaktivedanta Hospital  

 

and Research Institute, Mira Road, Mumbai, 

between August 2019 and August 2021. The 

study enrolled a total of 244 patients with 

fatty liver disease, with or without fibrosis. 
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Based on the literature [13], the overall 

prevalence of non-alcoholic fatty liver 

disease was observed to be between 15% and 

40% in Western countries and 9% to 40% in 

Asian countries. For the determination of our 

sample size, considering an assumed overall 

prevalence of Non-alcoholic fatty liver 

disease at 20%, and allowing for a 5% 

allowable variation, the calculated sample 

size at a 95% confidence level is 246 

patients. Thus, the final sample size of 246 

patients, accounting for a 5% dropout rate, 

brings the total enrollment in the study to 260 

patients. 

Step wise calculation of sample size:  

𝑁 = [𝑍2 ∗ 𝑝 ∗ (1 − 𝑝)] 𝑒2 

Here N is sample size, Z2 =1.96, p=0.20, (1-

p) =0.80 and e2 = 0.05    

𝑁 = [1.962∗0.20∗ (1−0.20)] 0.052 = 244 

patients  

This led to the determination of an initial 

sample size of 244 patients. 

Patients (>18 years) diagnosed on 

elastography enrolled for the study. Those 

with advanced stages of liver conditions and 

known diagnosis of malignancy were 

excluded from the study. Post Ethics 

Committee approval, clinical history, 

anthropometry, and physical examination 

were conducted. Apart from fasting and 

postprandial blood sugar, liver function test, 

HbsAg (Hepatitis B surface antibody), Anti 

HCV, and fasting lipid profile for patients 

diagnosed with metabolic syndromes 

(diagnosed as per NCEP ATP 3 criteria) [14], 

liver elastography for early detection of 

NASH, visceral fat thickness (VFT), and 

NAFLD. Abdominal girth measurements 

were taken midway between the umbilicus 

and lower costal margin and blood pressure, 

measured in sitting posture in both the upper 

limbs. 

Trimethylglycine is 2 sachet TDS (three 

times a day) for 1 month and 1 sachet for 

TDS (three times a day) for 2 months (Each 

sachet =3 gm Betaine) was administered for 

study patients. 

 

2.1 STATISTICAL ANALYSIS  

The numeric data summarized descriptive 

statistics like; n, Mean ± SD, median, 

minimum, maximum. Normality test was 

performed before applying for any statistical 

test. For statistical significance of numeric 

data t-test was used. For ordinal type data, the 

analysis was done by non-parametric test like 

Wilcox on Signed-Rank test. The categorical 

data was summarized by frequency count and 

percentage and significance, analyzed using 

Chi-square/ fisher exact test. A p-value less 

than 0.05 was considered statistically 

significant. An SPSS version 26 was used to 

calculate the results. 

 

3.RESULT 

Amongst the total identified subjects of 260, 

16 subjects were not willing to participate, 

hence a total of 244 NAFLD subjects post 

consenting were included as study 

participants. (Table: -1) 150 (61.5%) were 

male while 94 (38.5%) were female. And a 

majority were in the age group of 41-50 years 

(n=81; 33.2%) followed by 31-40 years 

(n=52; 21.3%) and 51-60 years (n=49; 

20.1%). Only 3 (1.2%) subjects belonged to 

less than 20 years. The participants' mean 

SGOT level was 34.74±14.28 IU/L and 

SGPT level was 40.78±19.03 IU/L in 

NAFLD patients.

 

Table 1: -Demographic details of the study participants 

 

Parameter Categories Number of study subjects Percentage 

Age Up to 20 years 3 1.2 

 21-30 years 14 5.7 

 31-40 years 52 21.3 

 41-50 years 81 33.2 

 51-60 years 49 20.1 

 61-70 years 31 12.7 

 >70 years 14 5.7 

Gender Male 150 61.5 

 Female 94 38.5 

BMI Upto 22.99 kg/m2 18 7.4 
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 23.0-27.5 kg/m2 65 26.6 

 >27.5 kg/m2 161 66.0 

Risk Factor Diabetes mellitus 203 83.2 

 Hypertension 197 80.7 

 Dyslipidaemia 209 85.7 

 Cardiovascular disease 48 19.6 

3.1 Changes in fatty liver and fibrosis 

grade 

In our study, it was observed that NAFLD 

patients after providing treatment with 

betaine had a mean decrease in fatty liver 

grade i.e. 0.72±0.61 (Table: - 2). The 

proportion of patients in the trimethylglycine 

group, in whom fatty liver grade improved by 

≥1 grade was 66.4%, remained unchanged in 

32.8%; and worsened by ≥1 grade in only 2 

patients. We have also reported liver fibrosis 

grade based on Metavir score in NAFLD 

study subjects before and after 

trimethylglycine (Table 3).
 

Table 2: - Fatty liver grade in NAFLD study subjects before and after trimethylglycine treatment (n=244) 

 

Fatty Liver Grade Baseline At end of treatment 

Grade 1 64(26.2%) 218(89.3%) 

Grade 2 160(65.6%) 25(10.2%) 

Grade 3 17(7.0%) 1(0.4%) 

Grade 4 3(1.2%) 0 

                                                 P value < 0.001 

                      Changes seen in the liver at the end of treatment 

Change in fatty liver grade No of subjects Percentage of subjects 

Decreased - 1 149 61.1% 

Decreased - 2 10 4.1% 

Decreased - 3 3 1.2% 

No change 80 32.8% 

Increased 2 0.8% 

                                                P value < 0.001 

At baseline grade I fatty liver disease was 

seen in 64(26.2%) patients, grade II in 160 

(65.6%) patients, grade III in 17 (7.0%) 

patients and grade IV in 3 (1.2%) patients. At 

the end of treatment by trimethylglycine 

grade II and grade III fatty liver were reduced 

to only 10.2% and 0.4% respectively while 

89.3% were in grade I. 
 

Table 3: - Liver fibrosis grade based on Metavir score in NAFLD study subjects before and after trimethylglycine treatment 

(n=244) 

 

Liver fibrosis grade based on Metavir score Baseline At end of treatment 

F0 136 (55.7%) 203 (83.2%) 

F1 31 (12.7%) 6 (2.5%) 

F2 64 (26.2%) 25 (10.2%) 

F3 8 (3.3%) 6 (2.5%) 

F4 5 (2.0%) 4 (1.6%) 

                                                 P value < 0.001 

Description of scores: Fibrosis stage 1 (F1) 

Zone 3 perisinusoidal fibrosis; focally or 

extensively present, Fibrosis stage 2 (F2) 

Zone 3 perisinusoidal fibrosis with portal 

fibrosis, Fibrosis stage 3 (F3) Zone 3 

perisinusoidal fibrosis and portal fibrosis 

with bridging fibrosis, Fibrosis stage 4 (F4) 

Cirrhosis, Fibrosis stage 0 (F0) is the absence 

of fibrosis. 

 Above table 3 represents liver fibrosis grade 

based on Metavir score in NAFLD study 

subjects before and after trimethylglycine 

treatment. At baseline F0 grade was seen in 

136 (55.7%) patients, grade F1 in 31(12.7%) 

patients, grade F2 in 64 (26.2%) patients, 

grade F3 in 8 (3.3%) patients and grade F4 in 

(2.0%) patients. At the end of treatment by 

trimethylglycine, grade F1 patients were 

reduced to 6 (2.5%) patients, grade F2 was 

seen in only 25 (10.2%), grade F3 was 

observed in only 6 (2.5%) and Grade F4 was 

observed in 4 (1.6%) patients respectively 

while 89.3% were in grade I while grade F0 

were seen in 203 (83.2%) patients. 
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3.2 Results of Ultrasonography (USG) 

with elastography, Pre and Post 

Treatment of TMG 

In our study we have done USG with 

elastography in NAFLD study subjects 

before and after trimethylglycine (TMG) 

treatment. 
 

Table 4: -USG with elastography findings in NAFLD study subjects before and after trimethylglycine treatment. 

 

 Baseline End of treatment P Value 

Spleen (in cm) 

Mean ±SD 10.32±1.69 9.52±1.66  

< 0.001 Median 10.1(9.1-11.5) 9.4(8.22-10.60) 

Range 6.1-16.4 6.2-15.7 

Liver Stiffness (Kpa) 

Mean 6.30±1.20 5.79±1.16  
< 0.001 Median 6.32(5.65-6.80) 5.67(5.2-6.32) 

Range 3-13.21 3.0-12.6 

Visceral fat thickness (in cm) 

Mean 10.10±1.93 9.32±1.73  

< 0.001 Median 10(9.01-11.1) 9.4(8.3-10.4) 

Range 4.45-15.80 4.4-14.4 

Above table 4 shows USG with elastography 

findings in NAFLD study subjects before 

and after trimethylglycine treatment. Mean 

spleen size before treatment was 10.32±1.69 

cm which was significantly reduced to 

9.52±1.66 cm (p<0.001) at the end of 

treatment. Mean liver stiffness at baseline in 

study subjects was 6.30±1.20 kPa which was 

significantly reduced to 5.79±1.16 kPa 

(p<0.001) at the end of treatment. Mean 

visceral fat thickness at the start of treatment 

was 10.10±1.93 cm which was also 

significantly reduced to 9.32±1.73 cm after 

betaine treatment.
 

Table: -5 Correlation of different clinical and biochemical parameters with USG -elastography parameters 

 

 Abdominal 

Circumference 

(cm) 

Splenomegaly (in 

cm) 

Liver 

Stiffness 

(kPa) 

Visceral Fat Thickness 

(cm) 

Body Mass Index 
p 

value 
.000 .002 .000 .000 

Total Cholesterol 
p 

value 
.374 .645 .435 .785 

Triglycerides 
p 

value 
.873 .895 .953 .723 

SGOT (IU/L) 
p 

value 
.015 .202 .042 .012 

SGPT (IU/L) 
p 

value 
.057 .536 .972 .037 

Abdominal Circumference 
(in cm) 

p 
value 

NA .020 .002 .000 

Splenomegaly (in cm) 
p 

value 
.020 NA .000 .000 

Liver Stiffness (k Pa) 
p 

value 
.002 .000 NA .000 

Visceral Fat Thickness 

(cm) 

p 

value 
.000 .000 .000 NA 

Above Table: -5 shows correlation of 

different clinical and biochemical parameters 

with USG-elastography parameters. 

Significant positive correlation was observed 

between BMI and USG elastography 

parameters like spleen size (p value = 0.002); 

liver stiffness (p value < 0.001) and visceral 

fat thickness (p value <0.001). Abdominal 

circumference was also found to be 

positively correlated with spleen size (p 

value = 0.020), liver stiffness (p value = 

0.002) and visceral fat thickness (p value < 

0.001). 

 

4.DISCUSSION 
Nonalcoholic steatohepatitis is a common 

condition that progresses to cirrhosis in up to 

20–30% of patients [15-16]. Several 

mechanisms have been proposed in the 

pathogenesis of NASH, including oxidative 
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stress, endotoxins, cytokines, chemokines, 

and nutritional deficiencies. Increasing 

evidence suggests that altered 

methionine/folate metabolism contributes to 

the development of hepatic steatosis [17]. 

Betaine, an important human nutrient 

obtained from a variety of foods, is absorbed 

from the intestine, and transported to the 

liver. In the liver, betaine serves as a methyl 

donor to homocysteine to form methionine, 

resulting in decreased concentrations of 

homocysteine and increased concentrations 

of methionine (Figure 1).The consequent 

increase in SAM (S-adenosyl-L-methionine) 

can trigger a cascade of events leading to the 

activation of the phosphatidyl ethanolamine 

methyltransferase pathway, 

phosphatidylcholine synthesis, formation of 

very low-density lipoprotein, export of 

triacylglycerol, and attenuation of fatty liver 

(Figure:1) [18-20]Decreased hepatic 

concentrations of homocysteine can 

attenuate endoplasmic reticulum (ER) stress, 

resulting in the downregulation of pro-

apoptotic genes and, thus, the attenuation of 

apoptosis, inflammation, and fibrosis [21]. 

Down-regulation of another ER stress gene, 

sterol response element-binding protein-1, 

can reduce hepatic fatty acid synthesis, 

resulting in reduced fatty liver. Increased 

hepatic concentrations of SAM can activate 

cystathionine β-synthase and lead to the up-

regulation of the transsulfuration pathway, 

increased synthesis of glutathione, and 

attenuation of oxidative stress [22]. Thus, 

betaine can potentially attenuate fatty liver 

disease by improving steatosis, 

inflammation, and fibrosis. 

Although not extensively studied for NASH, 

betaine has been shown to attenuate alcoholic 

liver injury by increasing the concentrations 

of hepatic SAM and decreasing the 

concentrations of homocysteine and SAH (S-

adenosyl-L-homocysteine) in animal studies 

[21,22]. By increasing hepatic SAM levels, 

betaine may provide protection against liver 

injuries by 1) Increasing hepatic glutathione, 

a potent antioxidant; 2) Down-regulating 

TNF-α and up-regulating IL-10 synthesis; 

and 3) By inhibiting the apoptosis of normal 

hepatocytes. An increase in hepatic SAM can 

restore the hepatic mitochondrial glutathione 

concentration [23], which is critical for 

maintaining mitochondrial function and 

rescuing mitochondria from free radical 

damage. In addition to protecting 

hepatocytes from oxidative stress, elevated 

glutathione concentrations have been shown 

to rescue hepatocytes from TNF-toxicity, 

such as necrosis [24]. 

Our study's findings are in line with a study 

by Tinohen K et al [25], in which the visceral 

fat thickness at baseline was 93.9±16.9 cm2, 

which improved to 92.6±16.4 cm2 after 12 

weeks of betaine treatment. The liver/spleen 

ratio at baseline was 1.01±0.3, which 

increased to 1.03±0.2 after 12 weeks of 

betaine treatment. In a study by Miglio F et 

al[26], liver size was 1.41 ± 0.07 at baseline, 

which improved to 1.33 ± 0.07 after the end 

of treatment, a 6% decrease in liver size from 

baseline. 

Different studies showed these risk factors in 

their study population. In our study, 83.2% of 

subjects were diabetic, 80.7% were 

hypertensive, and 85.7% had dyslipidemia, 

while cardiovascular diseases were present in 

48 (19.6%) patients. In a study by 

Abdelmalek MF et al [27], diabetes mellitus 

was seen in 9 (33.0%) patients, 

hyperlipidemia in 18 (67%) patients while 

hypertension was present in 11 (41%) 

patients. Another study by Miglio F et al 

(2000) found 30% had hyperlipidemia, 35% 

had diabetes, and 24% of subjects were obese 

[28]. In Abdelmalek MF et al study (2001), 

six (60%) patients had hyperlipidemia, one 

(10%) diabetes, four (40%) fatigue, and six 

(60%) vague abdominal pain. 

During our study period, two patients 

experienced mild adverse events (AEs) like 

nausea and slight abdominal discomfort but 

did not warrant stoppage of medication). 

Miglio F et al reported AEs during the 

treatment with betaine which were mild or 

moderate, regarded mainly the 

gastrointestinal tract and they were all 

reversible, did not require discontinuation of 

treatment [26]. Tinohen K et al reported 5 

non-serious adverse events in three cases in 
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the betaine group and 12 non-serious adverse 

events occurred in five cases in the placebo 

group. Amongst them, there was only one 

adverse effect (loose stool) in the betaine 

group that could have causal relationship 

with the product. All the events were mild, 

and the symptoms resolved without 

interruption of the intervention.[25] 

Our findings were encouraging, as a 

statistically significant improvement was 

observed on USG with elastography. The 

results of this study suggest that betaine 

holds promise as a therapy for patients with 

NAFLD. Furthermore, the study was 

conducted at a single center and included 

only the intervention group without a control 

group. 

 

5.CONCLUSION 
There is still an ongoing intensive search for 

the management of NASH especially in view 

of its deleterious cascading to end stage liver 

disease. In this scenario, our study renews its 

focus on trimethylglycine as a potentially 

effective nutraceutical molecule in the 

management of NAFLD. 

 
Declaration by Authors 

Ethical Approval: Approved 

Acknowledgement: We would like to thank Ms Ria 

Vijay and Ms Vrutti Mistry, the Clinical Research 

Associates of the Medical Research Department. 

Source of Funding: None 

Conflict of Interest: The authors declare no conflict 

of interest. 

 
REFERENCES 

1. Y. Falck-Ytter, Z. M. Younossi, G. 

Marchesini, and A. J. McCullough, “Clinical 

Features and Natural History of 

Nonalcoholic Steatosis Syndromes,” 

Seminars in Liver Disease, vol. 21, no. 01, 

pp. 017–026, 2001, doi: 

https://doi.org/10.1055/s-2001-12926. 

2. J. Ludwig, T. R. Viggiano, D. B. McGill, and 

B. Oh, “Nonalcoholic steatohepatitis: Mayo 

Clinic experiences with a hitherto unnamed 

disease.,” PubMed, vol. 55, no. 7, pp. 434–8, 

Jul. 1980. 

3. B. Neuschwander-Tetri, “Nonalcoholic 

steatohepatitis: Summary of an AASLD 

Single Topic Conference,” Hepatology, vol. 

37, no. 5, pp. 1202–1219, May 2003, doi: 

https://doi.org/10.1053/jhep.2003.50193. 

4. A. J. Sanyal, “AGA technical review on 

nonalcoholic fatty liver disease,” 

Gastroenterology, vol. 123, no. 5, pp. 1705–

1725, Nov. 2002, doi: 

https://doi.org/10.1053/gast.2002.36572. 

5. P. Angulo, “Nonalcoholic Fatty Liver 

Disease,” New England Journal of Medicine, 

vol. 346, no. 16, pp. 1221–1231, Apr. 2002, 

doi: https://doi.org/10.1056/nejmra011775. 

6. Ajay Duseja and Y. Chawla, “Nonalcoholic 

fatty liver disease in India--how much? How 

soon?,” PubMed, vol. 26, no. 1, pp. 1–3, Jun. 

2005. 

7. Shivaram Prasad Singh et al., “Prevalence of 

nonalcoholic fatty liver disease in coastal 

eastern India: a preliminary ultrasonographic 

survey.,” PubMed, vol. 25, no. 2, pp. 76–9, 

Oct. 2004. 

8. A. Lonardo, F. Nascimbeni, A. Mantovani, 

and G. Targher, “Hypertension, diabetes, 

atherosclerosis and NASH: Cause or 

consequence?” Journal of Hepatology, vol. 

68, no. 2, pp. 335–352, Feb. 2018, doi: 

https://doi.org/10.1016/j.jhep.2017.09.021. 

9. Q. Li, M. Dhyani, J. R. Grajo, C. Sirlin, and 

A. E. Samir, “Current status of imaging in 

nonalcoholic fatty liver disease,” World 

Journal of Hepatology, vol. 10, no. 8, pp. 

530–542, Aug. 2018, doi: 

https://doi.org/10.4254/wjh.v10.i8.530. 

10. Van Wagner LB, Koppe SW, Brunt EM, 

Gottstein J, Gardikiotes K, Green RM, 

Rinella ME. Pentoxifylline for the treatment 

of non-alcoholic steatohepatitis: a 

randomized controlled trial. Annals of 

hepatology. 2016 Mar 15;10(3):277-86 

11. K. F. Petersen, S. Dufour, D. Befroy, M. 

Lehrke, R. E. Hendler, and G. I. Shulman, 

“Reversal of Nonalcoholic Hepatic Steatosis, 

Hepatic Insulin Resistance, and 

Hyperglycemia by Moderate Weight 

Reduction in Patients With Type 2 

Diabetes,” Diabetes, vol. 54, no. 3, pp. 603–

608, Feb. 2005, doi: 

https://doi.org/10.2337/diabetes.54.3.603. 

12. Lewis JD, Ferrara A, Peng T, Hedderson M, 

Bilker WB, Quesenberry CP, Vaughn DJ, 

Nessel L, Selby J, Strom BL. Risk of bladder 

cancer among diabetic patients treated with 

pioglitazone: interim report of a longitudinal 

cohort study. Diabetes care. 2011 Apr 

1;34(4):916-22. 

https://doi.org/10.1055/s-2001-12926
https://doi.org/10.1053/jhep.2003.50193
https://doi.org/10.1053/gast.2002.36572
https://doi.org/10.1056/nejmra011775
https://doi.org/10.1016/j.jhep.2017.09.021
https://doi.org/10.4254/wjh.v10.i8.530
https://doi.org/10.2337/diabetes.54.3.603


Dhaval Dalal et al. Prospective study on safety and efficacy of trimethylglycine in patients with non-alcoholic fatty liver 

disease with or without fibrosis 

                                  International Journal of Health Sciences and Research (www.ijhsr.org)  69 

Volume 14; Issue: 2; February 2024 

13. D. Amarapurkar et al., “Prevalence of non-

alcoholic fatty liver disease: population-

based study,” Annals of Hepatology, vol. 6, 

no. 3, pp. 161–163, Jul. 2007, doi: 

https://doi.org/10.1016/s1665-

2681(19)31922-2. 

14. Expert Panel on Detection, Evaluation, and 

Treatment of High Blood Cholesterol in 

Adults: Executive Summary of the Third 

Report of the National Cholesterol Education 

Program (NCEP) Expert Panel on Detection, 

Evaluation, and Treatment of High Blood 

Cholesterol in Adults (Adult Treatment 

Panel III). JAMA 285: 2486–2497,2001 

15. Powell EE, Cooksley WG, Hanson R, et al. 

The natural history of nonalcoholic 

steatohepatitis: A follow-up study of 42 

patients for up to 21 years. Hepatology 1990; 

11:74–80. 

16. Lee RG. Nonalcoholic steatohepatitis: A 

study of 49 patients. Hum Pathol 1989; 

20:594–8. 

17. Halsted CH, Villanueva JA, Devlin AM. 

Folate deficiency, methionine metabolism, 

and alcoholic liver disease. Alcohol 2002; 

27:169-172. 

18. Barak AJ, Beckenhauer HC, Junnila M, 

Tuma DJ. Dietary betaine promotes 

generation of hepatic S-adenosylmethionine 

and protects the liver from ethanol-induced 

fatty infiltration. Alcohol Clin Exp Res 1993; 

17:552-555 

19. Zhu X, Song J, Mar MH, Edwards LJ, Zeisel 

SH. Phosphatidylethanolamine N-

methyltransferase (PEMT) knockout mice 

have hepatic steatosis and abnormal hepatic 

choline metabolite. 

20. Kharbanda KK, Mailliard ME, Baldwin CR, 

Beckenhauer HC, Sorrell MF, Tuma DJ. 

Betaine attenuates alcoholic steatosis by 

restoring phosphatidylcholine generation via 

the phosphatidylethanolamine 

methyltransferase pathway. J Hepatol 2007; 

46:314-321 

21. Ji C, Kaplowitz N. Betaine decreases 

hyperhomocysteinemia, endoplasmic 

reticulum stress, and liver injury in alcohol-

fed mice. Gastroenterology. 2003; 124:1488-

1499. 

22. Barak AJ, Beckenhauer HC, Mailliard ME, 

Kharbanda KK, Tuma DJ. Betaine lowers 

elevated s-adenosylhomocysteine levels in 

hepatocytes from ethanol-fed rats. J Nutr 

2003; 133:2845-2848. 

23. Garcia-Ruiz C, Morales A, Colell A, Ballesta 

A, Rodes J, Kaplowitz N, et al. Feeding S-

adenosyl-L-methionine attenuates both 

ethanol-induced depletion of mitochondrial 

glutathione and mitochondrial dysfunction in 

periportal and perivenous rat hepatocytes. 

HEPATOLOGY 1995; 21:207-214 

24. Colell A, Garcia-Ruiz C, Miranda M, Ardite 

E, Mari M, Morales A, et al. Selective 

glutathione depletion of mitochondria by 

ethanol sensitizes hepatocytes to tumor 

necrosis factor. Gastroenterology 1998; 

115:1541-51. 

25. K. Tiihonen and M. T. Saarinen, “Effect of 

Dietary Betaine on Metabolic Syndrome 

Risk Factors in Asian,” Journal of Diabetes 

& Metabolism, vol. 7, no. 7, 2016, doi: 

https://doi.org/10.4172/2155-6156.1000692. 

26. Miglio F, Rovati LC, Santoro A, Setnikar I. 

Efficacy and safety of oral betaine 

glucuronate in non-alcoholic steatohepatitis. 

A double-blind, randomized, parallel-group, 

placebo-controlled prospective clinical 

study. Arzneimittelforschung 2000; 50:722-

727. 

27. Abdelmalek MF, Sanderson SO, Angulo P, 

et al. Betaine for nonalcoholic fatty liver 

disease: results of a randomized placebo-

controlled trial. Hepatology 2009; 50:1818-

26. 

28. Abdelmalek MF, Angulo P, Jorgensen RA, 

Sylvestre PB, Lindor KD. Betaine, a 

promising new agent for patients with 

nonalcoholic steatohepatitis: results of a pilot 

study. The American journal of 

gastroenterology. 2001 Sep 1;96(9):2711-7. 

 

 
How to cite this article: Dhaval Dalal, Puneet 

Jain, Susanna Jose Puthenpurayil. Prospective 

study on safety and efficacy of trimethylglycine 

in patients with non-alcoholic fatty liver disease 

with or without fibrosis. Int J Health Sci Res. 

2024;14(2):62-69. DOI: 

 https://doi.org/10.52403/ijhsr.20240208

 

******

 

https://doi.org/10.1016/s1665-2681(19)31922-2
https://doi.org/10.1016/s1665-2681(19)31922-2
https://doi.org/10.4172/2155-6156.1000692

